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Preface 

After over a century of worldwide production of all kinds 
of products, the plastics industry is now the fourth largest 
industry in the United States. This brief, concise, and prac- 
tical book is a cutting edge compendium of the plastics 
industry’s information and terminology-rangng from 
design, materials, and processes, to testing, quality control, 
regulations, legal matters, and profitability. New and use- 
ful developments in plastic materials and processing con- 
tinually are on the horizon, and the examples of these de- 
velopments that are discussed in the book provide guides 
to past and future trends. 

This practical and comprehensive book reviews the 
plastics industry virtually from A to Z through its more 
than 25,000 entries. Its concise entries cover the basic is- 
sues (such as plastic’s melt flow behavior during pro- 
cessing) as well as advanced issues (such as the design and 
fabrication of products that are targeted to meet perfor- 
mance and cost requirements with zero defects). 

Extensive crossreferences-between a subject’s defini- 
tion and the many other subjects it relates to-contribute 
significantly to keeping the book to a manageable size. 
Readers can search for either a major definition or its 
cross-referenced components, depending on need. This 
approach helps to simplify understanding of any single 
subject and highlights the many similarities and interac- 
tions that exist among subjects in the World of Plastics. 

This book is a guide to understanding the worldwide 
technology and business of plastics-how to design, pro- 
totype fabricate, and volume manufacture the many differ- 
ent marketable plastic products that exist worldwide. The 
book can help readers apply the correct performance and 
safety factors that ensure that plastics continue to be pro- 
cessed successfully-with high quality, consistency, and 
profitability. As such, it helps people who are not familiar 
with plastics to grasp the benefits and advantages of plas- 
tics. It  also can enhance the intuitive skills of those people 
who are already working in plastics. The theorist, for ex- 
ample, can gain insights into the limitations of plastics rela- 
tive to other materials, such as steel and wood. In short, 
the book is useful for both technical and nontechnical 
readers-such as people working in production, manag- 
ers, engineers, designers, marketers, educators, trainers, 
salespeople, venture capitalists, lawyers, workshop leaders, 
librarians, information providers, testing and quality con- 

trol persons, cost estimators, buyers, vendors, consultants, 
and others. 

The bulk of the book is the alphabetical listing of en- 
tries. Preceding those entries is A Plastics Overview: Fig- 
ures and Tables (which presents eight summary guides on 
the subjects examined in the text) and then the World of 
Plastics Reviews (which presents 14 articles that provide 
general introductory information, comprehensive updates, 
and important networking avenues within the world of 
plastics). Following the alphabetical listing of entries, at the 
end of the encyclopedia, seven appendices provide back- 
ground and source guide information keyed to the text of 
the book. The extensive and useful Appendix A, List of 
Abbreviations, lists all abbreviations used in the text. 

This book predominantly uses the word plurtic to refer 
to polymer, resin, elastomer, and so on because most of 
the industry worldwide uses this term. It uses the term 
reinforced plustic to refer to composite, laminate, and so on. 

Limited information on the material properties of plas- 
tics is provided as a comparative guide. Readers can obtain 
the latest information from suppliers and industry software. 
Our focus in this book is to present, interpret, analyze, 
and interrelate the basic elements of plastics fabrication and 
industry. Even though more than 17,000 plastic materials 
exist worldwide (some estimates are as high as 50,000), 
selecting the right plastic requires applying certain factors 
such as setting up performance target requirements, choos- 
ing and adapting the process to be used, and intelligently 
preparing a specification purchase document and work or- 
der. New developments in plastic materials, requiring up- 
dates, are always on the horizon. Some plastics meet high 
performance requirements such as long time-creep resis- 
tance, fatigue endurance, toughness, and so on. Others are 
volume and cost driven in their use. 

Examples of subjects include: additive, adhesive, alloy- 
ing, amorphous plastic, ASTM, auxiliary equipment, bag 
molding, barrel analysis, barrier material, biodegradable, 
blending, blow molding, business, calendering, casting, 
catalyst, certification, chemical structure, clamping, coat- 
ing, coefficient factor, coextrusion, coinjection, color, com- 
pounding, compression molding, computer analysis, con- 
trol, cost, creep, crystalline plastic, curing, data (theoretical 
and actual), decomposition, decorating, defect, design anal- 
ysis, die, directional property, dynamic condition, dry- 
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ing, dye, economic, elastomer, electrical, electronic, en- 
capsulation, energy, environment, extruder (film, sheet, 
coating, etc.), fabricating process, failure analysis, fatigue, 
fiber type and process, filament winding, filler, fire, fluid- 
ized bed coating, foam, friction, fusion, gauge, GDP, gela- 
tion, glass transition, graphite, hazard, heat resistance, hy- 
draulic, hysteresis, impact behavior, incineration, injection 
molding (solid, gas, foam, etc.), inspection, IK behavior, 
ISO, joint behavior, legal matter, light behavior, niachin- 
ing, maintenance, manufacture, market, material handling, 
melt behavior and characteristic, metal, nietallocene cata- 
lyst, mixer, modeling, modulus, mold, molding, molecular 
behavior, morphology, motion control, niyth/fact, natu- 
ral, nondestructive test, nonwoven fabric, orientation, 
packaging, paint, patent, pelletizing, people, perfection, 
pigment, plant operation, plasticator, plastic consumption, 
plastic type and characteristic, plastisol, polynierization, 
postforming, prefomi, prepreg, pressure characteristic, 
printing, problem 8r solution, process control, processing 
type, processor, product, productivity, profit, property 
(mechanical, physical, chemical, optical, etc.), prototype, 
purging, quality characteristic, radiation, reaction injec- 
tion molding, recycling, reinforced plastic, reinforce- 
ment, resin transfer molding, rheology, risk, rotational 
molding, rubber, safety, safety factor, sandwich, screw 
analysis, sensor, servo control, shrinkage, software, 
solvent, specification/standard, spraying, statistic, steril- 
ization, storage, surface finish, synthetic, temperature 

analysis, testing, thermal analysis, thermoforming, thermo- 
plastic, thermoset plastic, tolerance, tooling, training, 
troubleshooting, ultrasonic device, UV characteristic, vac- 
uum process, viscoelasticity, viscosity, volatile, vulcaniza- 
tion, waste, weatherability, welding, wood/plastic, woven 
fabric, yield characteristic, zero defect, and so on. 

No authorization to utilize the patents or trademarks 
cited in the book is gven  or implied. The use of general 
descriptive names, proprietary names, trade names, com- 
mercial designations, or the like does not in any way imply 
that they niay be used freely. They are discussed for infor- 
mation purposes only. While information presented is be- 
lieved to be true and accurate, neither the authors nor the 
publisher can accept any legal responsibility for any errors, 
omissions, inaccuracies, or other factors. 

In preparing this book and ensuring its completeness 
and accuracy, the authors drew on their personal industrial 
and teaching experiences, as well as on information made 
available by industry associations, industry contacts, indus- 
try conferences, and books and articles written about plas- 
tics. We  wish to thank the countless people who have con- 
tributed to the World of Plastics in various capacities over 
many years-and who thereby made possible the publica- 
tion of this encyclopedia. 

Donald V. Rosato 
Marlene G. Kosato 
Dominick V. Kosato 
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F&. 4. Guide to the Plastic House. (Source: Owens Corning.) 
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W O R L D  O F  PLASTICS REVIEWS 
The following articles provide an overview of the World of Plastics. This background information introduces the 

comprehensive view in the text of this book and permits readers to interrelate the many different subjects discussed 
in the text, from raw materials to the fabricated products. 
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THE PLASTICS 
PHENOMENON 

Michael R. Cappelletti, Executive Director, 
Society of Plastics Engineers, 14 Fai@eld 
Drive, Brook$eld, CT 06804, telephone 203- 
775-0471, website: www. 4SPE.org 

The enterprise that plastics and the plastics industry have 
formed is nothing short of phenomenal. An entirely new 
industry emerged creating employment for an estimated 
5 million peoplc worldwide. The plastic products pro- 
duced and used worldwide have made a major contribu- 
tion to the progress of materials and civilization. The in- 
dustry is too young to begin to surniise its final direction. 

The plastics industry is experiencing interesting shifts in 
direction through globalization, consolidations, the in- 
creased demand for information, and the drive for quality. 
The Internet has fueled an information explosion, drasti- 
cally altering how we obtain the data and information nec- 
essary for successfully continuing the expanding growth of 
our industry. These changes give rise to opportunities that 
are imperative for survival today. N o  longer do suppliers 
stand alone. They are now an important part of the task 
forces designed to shepherd products through the value 
chain-designing, manufacturing, and meeting all kinds 
of performance and cost requirements. 

Alliances have been created worldwide as the need to 
exchange information grows. Not long ago collaborating 
with business partners in such places as China, South 
America, South Africa, and the Pacific Rim would have 
been impossible, but today global marketing is a prerequi- 
site for corporate success. 

Crossing one’s fingers and hoping for survival in this 
new inillenniurn will not be enough to ensure that sur- 
vival. An entire workforce needs continuing education to 
handle the expansion of the existing industry and the new 
developments always on the horizon. As the industry 
grows, science and technology will meet the challenges 
and opportunities to create new materials, new processing 
techniques, and solutions to new technical and marketing 
problems. 

The Society of Plastics Engineers has been gathering 
inforniation to help its worldwide members obtain the 
skills necessary to flourish in this exciting future. We  pro- 
vide our members with the means to better understand 
this industry and the products and service the industry de- 
mands. We  have decided to shift from a “make and sell” 
Inass-production paradigm to a “sense and respond” mass- 
customized paradigm. Our staff has been reorganized from 
a silo configuration into high-performance teams, thus 
aligning our initiatives directly with our strategic plan. 
New programs have been launched that target the specific 
needs of our members and customers. 

As we journey into the next inillenniurn, SPE continues 
to serve as the preferred provider oftechnical and business 
information for the entire plastics industry. 
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SPI: THE INDUSTRY’S VOICE 

Donald K.  Duncan, President, Bonnie Merrill 
Limbach, Vice President o f  Public AJairs, 
and Jennger S .  Dills, Vice President 
o f  Corporate Communications 
The Society o f  the Plastics Industry, Inc., 1801 
K Street NW, Suite 600K, Washington, DC 
20006, telephone: 202-974-5200, website: 
www.socplas. oyx 

The Society of the Plastics Industry, Inc. is a trade associa- 
tion of over 2,000 nienibers representing all segments of 
the plastics industry in the United States. SPl members 
include plastics processors, raw material suppliers, niachin- 
ery manufacturers, mold makers and other industry- 
related groups and individuals. Founded in 1937, SPI 
serves as the voice of the plastics industry. 

The mission of SPI is to promote the continued devel- 
opment of the plastics industry and enhance public under- 
standing of plastics’ contributions while meeting the needs 
of society. As the national trade association for the U.S. 
plastics industry, its strategy objectives are threefold: 

SPI represents and serves as the spokesperson for the 
industry locally, nationally, and internationally, with 
emphasis on influencing public policy on issues of con- 
cern to the industry. 
SPI works to ensure that plastics are a preferred mate- 
rial by actively denionstrating they are a responsible 
choice iii an environmentally conscious world. 
SPI promotes industry growth, competitiveness, and 
the advancement of technology. 

SPI accomplishes its objectives through a variety of pro- 
grams designed to communicate the value of the plastics 
industry and its products to key audiences and to provide 
foruiiis that enable the diverse iiiterects within the industiy 

to set policy and develop common goals and objectives. 
SPI represents the industry before federal and state govern- 
ment bodies, informs members about important legislative 
and regulatory policy developments, identifies trends and 
emerging issues of concern, and builds coalitions within 
the industry and with allied associations, customer groups, 
and other stakeholders to help achieve industry goals. 

SPI also serves as a resource for members who need 
technical expertise, statistical information, and regulatory 
conipliance assistance. It maintains liaisons with national 
and international technical and regulatory groups to de- 
velop standards for product performance and safety to pro- 
tect existing niarkets for plastics and to open new ones. 

Through its national, international, and regional activi- 
ties, SPI promotes industry development through a variety 
of programs to improve company perforniance and create 
a positive business environment for the plastics industry. 

SPI alco sponsors two major trade shows-National 
Plastics Exposition (NPE) and Plastics USA-which pro- 
vide a showcase for the industry and its products and an 
unparalleled forum for industry interaction. The triennial 
NPE attracts upward of 80,000 industry professionals from 
around the world to view the latest plastics innovations, 
products, technologies, and services. Plastics USA, also 
held every three years, serves as an industry update be- 
tween NPEs, with a focus on the North American market- 
place. 

Coniplemeiitiiig SPI’s core services, SPI’s business units 
and program committees serve the special needs of various 
industry segments. Some units are formed around specific 
materials, iiiaiiufacturing processes, arid end markets, 
while others represent plastics machinery and equipinelit 
niaiiufacturers or product manufacturers. 

In addition to its Washington, D.C., headquarters, SPI 
operates regioiial offices in the Boston, Chicago, and Los 
Angeles areas and iii Greenville, South Carolina. SPI’s re- 
gional offices and state chapters serve member needs on a 
niore localized basis. 
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CHALLENGE 2000: MAKING 
PLASTICS A PREFERRED 
MATERIAL 

Ronald H.  Yocum, President and C E O ,  
and Susan P. Moore, Vice President, 
Communications 
American Plastics Council, 1300 Wilson 
Blvd., Suite 800, Arlington, VA 22209, 
telephone: 703-253-0700, website: 
www.plastics. oy8 

When the American Plastics Council was formed just over 
six years ago, the U.S. plastics industry was still struggling 
with aftermath of the so-called garbage crisis of the late 
1980s. We  had been tagged as environmental bad guys- 
especially as the recycle-or-die mentality took root in 
the public consciousness. In the early 1990s, nearly half of 
all Americans-47 percent-thought the risks associated 
with using plastics outweighed the benefits. The plastics 
industry’s favorability rating with the general popula- 
tion was down for around 52 percent favorable, while 
competing industries were in the low to middle 60 percent 
range. 

Plastics are the iiiost efficient, functional, and cost- 
effective choice for many applications. But there are few 
applications for which plastics are the only choice. There- 
fore, lagging far behind our competitors in the public’s 
perception was a recipe for potential disaster, including the 
potential for the widespread deselecting of plastics. When 
faced with a risk-benefit equation that is unbalanced, you 
have two choices: you can drive up the benefits, or you 
can lessen the risk. Actually, there’s a third choice: do 
both. That’s what APC has worked to do. 

Driving Up Benefits and Lessening the Risk 

Our national ad campaign-Plastics Make It  Possible@- 
is the most visible of these efforts. The ads are focused 
on driving up the benefits-especially benefits related to 
health and safety. We  did a lot of research before making 
these ads because we wanted to know what kinds of 
messages would really affect public perceptions in a favor- 
able direction. We  found that our messages have to be 
personally relevant: they have to touch consumers’ funda- 
mental values. The ads display the messages that work the 
best. 

Five years into the campaign, the plastics industries’ fa- 
vorability rating is now over 60, which is in the band with 
our competitors. In our most recent tracking polls, 98 per- 
cent of Americans agreed that plastics make important 
safety contributions in products such as tamper-resistant 
packaging, shatter-resistant bottles, bicycle helmets, and 

toys, to name a few. And 88 percent agreed that niany 
products are safer because they are made with plastic as 
opposed to another material. 

The U.S. plastics industry is making this progrcss in 
large part because our advertising helps people make more 
informed risk-benefit evaluations for thernselvcs. What 
you don’t see in the ads is a lot of environmental messages. 
That’s because we’ve found the environmental benefits of 
plastics-source reduction, energy efficiency, combustion 
value-are difficult to communicate in a way that’s per- 
sonally relevant. Ads aren’t the right veliicles for those 
messages. 

Correcting Misperceptions About Plastics 

There is also the issue of credibility. The lingering iilisper- 
ception that we are a solid-waste bad guy undercuts our 
ability to communicate as an industry about the environ- 
ment. But as individuals we can communicate credibly and 
effectively on a wide range of issues-including the envi- 
ronment. 

Our industry is in a good position as we near the new 
millennium, but in many ways our industry and our prod- 
ucts are still misunderstood. Let’s take on this challenging 
opportunity to correct the public’s niisperceptions of plas- 
tics. For instance, although recycling is now firmly en- 
trenched as a societal goal, tlie solid-waste issue in general 
seems to have lost its urgency in recent years. Polls used 
to show that air and watcr pollution were dominant envi- 
ronmental concerns, but that trend may be changing. I n  
a recent poll, nearly seven in ten people said they believe 
that serious disposal or environmental problems are associ- 
ated with the use of plastics. This increase of 13 points 
over 1996 indicates that waste concerns are the primary 
source of negative perceptions of plastics. 

Part of our job is educating the public that plastics re- 
cycling is working and working well. In the United States, 
an independent, entrepreneurial industry has evolved to 
use postconsurncr resin (PCR) in ways that maxiniize its 
value. For instance, the industry is relatively stable and 
established with more than 52,000 Americans now 
employed in the plastics recycling business. In fact, at  last 
count more than 1,700 businesses were engaged in either 
handling or  reclaiming postconsunier plastics. The P C R  
they produce today goes into making more than 1,400 
products such as bottles, clothing, timbers for landscaping 
and decking, carpets, and stadium seating. And APC is 
actively involved in working with the industry to both 
research and promote recyclirig with a variety of audi- 
ences. 

Nevertheless, we’re seeing more state-level legislation 
pushing extended manufacturers’ responsibility. These 
proposals would require manufacturers to fund and oper- 
ate redemption centers for a wide variety of packaging. 
Proponents of these bills argue that they will increase tlie 
amount of material recovered for recycling, but as the Eu- 
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ropean experience has shown, this simply is not the case. 
Draconian measures such as Germany’s Green Dot pro- 
gram increase the regulatory and economic burden on 
manufacturers, but their impact on recycling rates is negli- 
gble. We’re also keeping a close eye on issues such as 
global climate change and allegations about the potential 
health effects of plastics additives. If any of these issues 
comes to the forefront, we need to be prepared as an in- 
dustry to mobilize and take advantage of the relationships 
we’re building today to communicate our messages. 

The Need for Worldwide Plastics Advocates 

Being an advocate for plastics isn’t a part-time role, and 
it isn’t something one becomes once every two years when 
there’s a summit. It’s an everyday thing. Every one of us 
has countless opportunities to be a spokesperson for plas- 
tics. Just think of all the different places you interact with 
the people ofyour community-the grocery store, a town 
meeting, your local school. We  all need to be enthusiastic 
volunteers to present the benefits of plastics to local associ- 

ations, clubs, voters, and any other service group that will 
grant us use of their podium. 

But above all else, keep in mind that being an advocate 
for plastics does not mean knowing all the answers. No 
one in our industry can safely claim to be an expert on 
every issue affecting plastics. For this reason, we all need 
to learn how to comfortably say: “You know, I don’t 
think you’re right about that. Let me look into that and 
get back to you.” 

APC is ready and willing to help the plastics industry 
worldwide become effective advocates, and we encourage 
you to visit our website at www.plastics.org and utilize 
our comniunications arsenal. Just about every piece of in- 
formation APC has is available through our website. Please 
take advantage of it in your daily activism while encourag- 
ing others to visit. It’s an easy way to refer people to a 
comprehensive source of facts on a wealth of subjects. 
APC is a resource and a partner in helping our industry 
to shape a future that creates a marketplace valuing plas- 
tics for their performance, versatility, and environmental 
profile. 
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ADVANCING THE PLASTICS 
INDUSTRY THROUGH 
EDUCATION AND 
RESEARCH 

Aldo Crugnola, Ph. D., Executive Director, 
Nick R. Schott, Ph.D., Director for 
Educational and Research Programs, and A. G. 
(Manny) Panos, Associate Director 
Plastics Institute o f  America, Inc., University o f  
Massachusetts Lowell, 333 Aiken Street, 
Lowell, M A  01 854-3686, telephone: 978- 
934-3 130, e-mail: PIA@uml.edu, website: 
www.eng. urnl.edu / -PIA 

The Plastics Institute of America is a not-for-profit organi- 
zation whose members come from industry, academia, and 
government. Its primary objective is to help advance the 
growth and progress of the plastics industry through edu- 
cation and research. Corporate members of the PIA in- 
clude large and small producers of plastics products, 
commodity and engineering resins, additives for plastics, 
plastics packaging, and process machinery, as well as edu- 
cators, international industry associations, government 
agencies, and trade publications. Major organizations that 
have representation on PIA’S board of directors include 
the Society of Plastics Industry, the Society of Plastics En- 
gineers, the Society of Manufacturing Engineers, the Plas- 
tics Pioneers Association, and the National Plastics Center. 

The Early Years 

The Institute was organized in 1961 by SPE because the 
Society’s board of directors felt the organization was plac- 
ing too much emphasis on sales and too little on science 
and technology. New polymers were being introduced at 
that time, and the industry lacked qualified personnel to 
work with these materials. PIA took steps to remedy this 
problem by awarding fellowships to graduate schools that 
offered programs and conducted research in polymer sci- 
ence. The few educational institutions addressing these is- 
sues in those years included Princeton University, Brook- 
lyn Polytechnic Institute, Lowell Technological Institute, 
and Stevens Institute of Technology. PIA made its head- 
quarters at  the Stevens’s campus in Hoboken, New Jersey. 
The organization soon began offering graduate fellowships 
and conducting short courses aimed at updating education 
industry personnel and university faculty members. By 

working in concert with colleges and universities, PIA was 
able to conduct courses featuring lecturers from both in- 
dustry and the academic world. The organization later ex- 
panded this effort to include three-day conferences on the 
“hot” industry issues of the day such as benchmarking, 
time-dependent effects, packaging technology, and re- 
cycling. In 1990, PIA left Stevens and established a new 
headquarters in Fairfield, New Jersey. Six years later, the 
Institute moved once again, this time to the Lowell, MA, 
campus of the University of Massachusetts. The PIA of- 
fices now reside there in the same building as the Institute 
for Plastics Innovation, a technology center for plastics 
manufacturing. Coincident with that move, the Institute 
named Dr. Aldo Crugnola of UMass Lowell as its new 
executive director. 

PIA Today 

The PIA today continues to offer a diverse array of ed- 
ucational programs for all segments of the industry 
from in-plant training for workers on the shop floor to 
industry-specific short courses and seminars for executives. 
In-house programs are tailored to enhance the skill levels 
of machine operators, plant mechanics, electronic techni- 
cians, and other support personnel. Executive courses con- 
centrate on administrative issues, including new technolo- 
gies, concurrent engineering, work organization, and legal 
issues. The Institute also conducts international confer- 
ences on emerging issues such as Recyclingplas, Foodplas, 
and Constructionplas. These events bring together repre- 
sentatives from industry, government, and academia. In 
addition, the PIA responds to a variety of industry needs 
not addressed by other organizations. These initiatives in- 
clude: 

Research Fellowships which are awarded to graduate 
students pursuing research in Plastics engineering and 
polynier science and Plastics Pioneers Association 
Technology Scholarships which go to students prepar- 
ing for a career in plastics. 
Publication of a Ilirectory of Plastics Education & 
Training (formerly Polymer Science & Enpeer ing)  
Programs-a guide listing two- and four-year college 
programs, vocational school programs, short courses, 
video training, and computer-based self-study pro- 
grains offered by commercial institutes. 
Industry surveys to determine research needs. (Empha- 
sis on industrial to research contact) 
An informal resource and “hot line,” providing 
knowledge/advice on plastics materials/processing. 

In all of its initiatives, PIA seeks to complement-not 
compete with-other nationally known plastics associa- 
tions and societies. 
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MODERN PLASTICS IN THE 
YEAR 2000 

Robert D. Leaversuch, Executive Editor, 
Patrick A.  Toensmeier, Editor in Chief; 
Thomas Nuebling, Group Vice President, 
Pub lis hers 
Modern Plastics, Two Penn Plaza, New York, 
N Y  10 12 1,  telephone: 2 12-904-6942, 
website: www. modplas .com 

Modern Plastics and Modern Plastics International 

Modern Plastics and Modern Plastics International, the undis- 
puted leaders in plastics trade publishing globally (77,000 
qualified subscribers and approximately 338,000 pass- 
along readers), are doing even more to help the plastics 
industry in 2000. W e  plan to again invest $2.1 niillion in 
qualifying and expanding our global circulation. This will 
guarantee our coverage of the plastic suppliers, processors, 
and end users that account for 80 percent and more of 
business and capital expenditures. This is part of the man- 
date we have fulfilled since 1924-that of providing supe- 
rior editorial and premier circulation to give the best re- 
turn for reading and advertisinb 7 investments. 

The New Modern Plastics World Encyclopedia 
in the Year 2000 

Our redesigned book features major changes and addi- 
tions. The Modern Plastics World Llncyclopedia now contains 
a chapter on each primary process and articles on the latest 
industry trends and developments. Each chapter contains 
machinery charts in U.S. and metric standards as well as a 
comprehensive global Buyers’ Guide by process, including 
sales and service offices and sales agents. 

Resins and chenlical charts are changed to accommodate 
I S 0  standards. New charts will include blowing agents, 
impact modifiers, and chemical resistance. Specific alloys 
will be added to the resin section of the classified product 
listing. A reformatted company index easily guides you to 
listings in the Buyers’ Guide by page nuniber and section. 

Modern Mold and Tooling 

Modern Mold and Tooling will be published 10 times in 
2000, with a North American and an international version. 
This will cnable us to better serve the moldmaking indus- 
try and provide a focused readership of nioldn-akers, 
molders, and industrial end-users who own, speciEy, and 
purchase molds. 

The Modern Mold and Tooling trade show, which is the 
largest and most successful event for the moldmaking in- 
dustry in the Americas, will become bigger and better. 
The exposition and conference takes place yearly in Chi- 
cago’s McCorniick Place, the premier exhibition site in 
America. 

The Plastics Platform 

The Internet-based Plastics Platform, which went online in 
mid-1998, is another example of a unique product we are 
investing in, one connecting suppliers of raw materials 
with plastics processors. Included in the basic package are 

Online resin offers and inquiries from the first polymer 
market. 
Spot pricing, price trends, and real-time news from 
Standard & Poor’s Platt’s. 
Background articles, trends, analyses by material type, 
and a global Buyers’ Guide of raw material suppliers 
from Modern Plastics and ibfodern Plastics Internutiold 

Plastics Handbook 

The Plastics Handbook provides a fundamental overview 
of all major process types and related primary machinery, 
auxiliary and secondary equipment, materials, and addi- 
tives. 

Resins Pocket Guide 

The Resins Pocket Guide is a global information source for 
plastics resins, additives, reinforcements, and fillers. It in- 
cludes information on suppliers, products, trade names, 
and sales offices. Suppliers from over fifty countries are 
listed with address, telephone, toll-free telephone, fax, 
telex, e-mail, and web information provided. Supplier 
representatives in 146 countries are also included with ad- 
dress, telephone, and fax inforniation. The product listings 
include information on resins, conipounds, additives, rein- 
forcenients, and fillers for 189 product catcgories. Each 
item under a product category includes supplier name, 
country, and trade name. 

The trade name listing includes all trade names for plas- 
tics resins, additives, reinforcements, and fillers. Each trade 
name is followed by a product description, supplier nanie, 
and supplier’s country. 

In the location index, suppliers are listed by country and 
by operation type (primary producer, compounder, 
distributor, and broker). 
In the operation index, suppliers are listed by operation 
type (primary producer, compounder, distributor, and 
broker). 
In the countvy, repmscntntive, and supplier index, couii- 
tries, representatives in these countries, and all the sup- 
pliers associated with each representative are listed. 
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PLASTICS TECHNOLOGY IN 
THE NEW MILLENNIUM 

Matthew H .  hTaitove, Editor, and James J .  
Callari, Publisher 
Plastics Technology, 355  Pavk Avenue South, 
New York, NY 1001 0- 1 789, telephone: 2 12- 
592-6580, website: www.plasticstechnology.com 

The first issue of Plastics Technology appeared in February 
1955. By 1961, Plastics Teclinolqqy had become the first 
magazine devoted entirely to the interests of plastics pro- 
cessors, and that has remained its focus ever since. Plastics 
Technology magazine reports on technical innovations and 
interprets manufacturing trends for fabricators of any kind 
of plastics product. Each month, managers of plastics-pro- 
cessing operations in the United States and Canada get 
early word of new materials, equipment, and techniques 
for keeping up with competitors around the world. They 
also get analysis of how new business challenges will affect 
their operations. 

We  report on all areas of plastics processing for every 
kind of application-from toys to electronics and dispos- 
able packaging to automobile and appliance parts. We  pro- 
vide practical problem-solving assistance a5 well as buyers’ 
guides to new or little-known categories of machinery, 
raw materials, software, or services. We  also provide 
monthly summaries of business and market news, updates 
on resin prices, analysis of regulatory developiiients that 
will affect our readers, and quarterly surveys of readers’ 
capacity utilization and inachine-hour pricing rates. 

We serve over 47,000 subscribers (and about 94,000 
pass-along readers) with positions in production, general 
corporate management, R&D, quality control, and tool 
design. Most readers share an engineering background and 
hands-on manufacturing experience. 

In addition to the monthly magazine, Plastics Terlznology 
publishes an annual Manufacturing Handbook and Buyers, 
Guide, which contains technical specifications on and 
product-line descriptions of plastics machinery, materials, 
and additives supplied in North America. A directory of 
products and suppliers is also included. Our processor ser- 
vice focus also extends to our unique online PIASPEC 
Databank and Plastic Technology AUXILIARIES, a bi- 

monthly new product tabloid. The PLASPEC 1)atabank 
of Materials and Equipment Specifications, plus a Supplier 
Directory, is featured on our website (www.plasticstec1ino- 
logy.com), which also offers a daily news column aiid 
searchable archives of Plastics Tehnolo~qy articles since 1993. 

The annual Processing Handbook and Buyers’ G u l ’ d ~  is iii- 
cluded as part of an annual subscriptioii to Plastics Teclin~l- 
ogy magazine (Table 1). 

Table 1 .  Content Headings of Thc Pvocessrng Handbook  and 
Buyers’ Guide. 

Conversion Chart (English to 
metric units and vice 
versa) 

Primary Machinery 
Injection Molding 
Blow Molding 
Extrusion Systems 
Pelletizers and Dicers 
Thernioformiiig 
Structural Foam 
Rotational Molding 
Compression/ Transfer 
RIM Machines 
Urethane Processing 
Reinforced Plastics 
Compounding, Mixing, 

Toolirig 
Injection Molds 
Blow Molds 
Hot-Kuniier Components 

Heaters and Heating Ele- 

Temperature Sensors, M o n -  

Pressure Sensors, Monitors, 

Liquid Temperature-Control 

Blending 

and Systems 

ments 

tors, Coiitrols 

Controls 

Equipment (Chillers, 
Mold-Temperature Con- 
trollers, Cooling 
Towers) 

Granulators aiid Pulverizers 
Recycling Systems 

Auxiliary and Secondary 

Materials Handling Equip- 

Robots and Other Parts 

Equipment 

inent 

Handling Equipment 
Decorating, Printing, Finish- 

ing Systeiiis 
Welding and Assembly Equip- 

ment 
Clieinicals and Additives 
Blowing Agents 
Catalyst and Curing Agent? 
Coloraiitr (Pigments, Dyes, 

Fillers 
Flame Retardants 
Itiipact Modifier? 
Lubricants and Processing 

Mold-Release Agents 
Plasticizer? 
Stabilizers 

Concentrates, Pastes) 

Aids 

Antioxidants 
PVC Heat Stabilizers 
UV Stabilizers 

Thermoplastic Materials 
Thermoset Materials 
Classified Directory of Suppli- 

ers (Primary Equipment, 
Auxiliary Equipment, 
Materials, Chemicals and 
Additives, Specialized 
Services) 

Alphabetical Directory of Sup- 
pliers 

Note: Many section5 are arcompdnied by supplier,’ ddta sheets 
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PLASTICS NEWS: BORN TO 
FEED NEED FOR NEWS 

Robert C. Grace, Editor/Associate Publisher, 
and Anthony J .  Eagan, Vice President / 
Publisher 
Plastics News, 1725 Merriam Road,  Akron, 
OH 443 13-5251, telephone: 330-836-2322, 
website: www.plasticsnews.com 

Plastic News: The Newspaper 

The seed that became Plastics News was planted in fall 
1988, when the board of Crain Coniinunications Inc. ap- 
proved the launch of North America’s first weekly plastics 
newspaper. The objective was to create a high-frequency, 
independent, news-driven publication to serve the thou- 
sands of North American plastics-processing companies 
whose actions seldom merited scrutiny anywhere but in 
their local community newspapers. P W s  mission is to pro- 
vide independent, niultisourced, timely coverage and 
analysis of plastics companies, markets, trade associations, 
people, events, and legslation. 

Plastics News was to differ sharply not only in frequency 
and format but also in substance and style from anything 
the plastics market had seen before. Plastics A~etus’ hard- 
hitting, controversial editorial columns put everyone on 
notice that PN would not follow in the trade press’s sup- 
plier-friendly pattern of never treading on toes, and PN’s 
weekly chart tracking U.S. market resin prices-as op- 
posed to list prices-also prompted controversy (and fury) 
among resin suppliers. 

Those early days were exhausting but exhilarating to PN 
staff, as the paper’s daily-style journalisni provoked strong 
reactions. Competitors maligned PN since it ran contro- 
versial stories that they wouldn’t dare touch-but the 
publication touched a chord with readers. Today, among 
U.S. plastics publications, Plastics N e w s  has risen from 
ninth to first place in total annual revenues. More than half 
its 60,000 readers have general and corporate management 
titles, the highest such percentage in the industry. 

Plastics News, in each weekly issue, covers the industry’s 
latest and most significant business, economic, pricing, 
legislative, environmental, technological, and end-niarket 
developments. It produces six annual, dollar-based rank- 
ings of North American plastics processors, with separate 
surveys of injection molders; therinoformers; rotational 
molders; film and sheet manufacturers; pipe, profile, and 
tube extruders; and blow molders. These rankings cur- 
rently cover more than 1,800 companies and include sales 
figures, markets served, number of plants, materials pro- 

cessed, and more. PN also ranks plastics recyclers and in- 
dustry executives’ salaries. Its annual, year-end Market Data 
Book summarizes in print forni the previous year’s coni- 
plete processors rankings and includes further data on key 
global industry trade associations, North American coni- 
pounders, resin pricing trends, and the coming year’s ini- 
portant conference/exhibit events. 

Plastics News-with an editorial staff of sixteen plus sev- 
eral news correspondents around the world-is distributed 
throughout North America and has licensing arrange- 
ments with publishers in China and Brazil that allow those 
fimis to translate and redistribute some of PN’s editorial 
content in those major markets. 

Other key Plastics News features include several online 
offerings. 

Plastics News on the Web 

Launched in April 1996, PN’s content rich website 
(www.plasticsnews.coin) serves as a global daily industry 
news wire, often posting and updating stories several times 
each day before they hit the streets in the following Mon- 
day’s print edition. The site offers much free data to all 
visitors and also includes a paid-subscriber zone that offers 
access to more than 12,000 searchable, full-text stories 
froin P N ’ s  archives (dating back to January 1994) and his- 
torical resin pricing data (in many cases dating to 1989). 
Website visitors can register to have breaking-news head- 
lines “pushed” to them daily, for free, via e-mail. 

Supplier Search 

An online interactive, global search tool is designed to help 
product manufacturers, designers, and specifiers find and 
qualiEy exactly the right supplier. Internet users worldwide 
can search the Supplier Search centralized database for free. 
Technically detailed templates and a powerful search en- 
gine allow users to identify and co~nmunicate with firms 
that meet their specific parameters in terms of process type, 
capabilities, and location. Several sections also include 
links to Dun & Bradstreet reports on the companies. 

W e b  Watch Directory 

The W e b  Watch directory, an online search engine of plas- 
tics industry-relevant websites, allows users to select from 
approximately sixty descriptions of companies or organi- 
zations (such as associations, blow molders, extrusion ma- 
chinery suppliers, compounders, consultants, and so on). 
When searching for a certain type of processor, users can 
filter further by choosing the type of end inarket served 
(such as injection molders and medical). The search-results 
pages provide links directly to the sites that match your 
search parameters. Inclusion in and use of the W e b  Watch 
directory is free. 
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MOLDING OUR 
FUTURE VISION 

Suxy Witxler, Editor, T. 
Publisher and C E O ,  and 
Vice President, Sales 

Peter Sullivan, 
Peter M.  Zacher, 

Injection Molding Magazine, 55 Madison 
Street, Suite 770, Denver, CO 80206, 
telephone: 303-321-2322, fax: 303-321- 
3552; Administrative and Sales Office: 10 
Fairmount Ave., Box 467, Chatham, NJ 
07928, telephone: 973-635-5646, fax:  973- 
635-71 41, website: www.immnet.com 

The Magazine 

Injection Molding Magazine, founded in 1993, is written for 
the injection-molding marketplace and reaches 37,000 
people throughout North Anierica who are involved in 
all aspects of creating and manufacturing injection-molded 
products. Its interdisciplinary approach seeks to create bet- 
ter comniunication among all those who touch the devel- 
opment of an injection-molded product. 

Product des@ IMM reaches OEM design depart- 
ments and independent design engineering firms 
throughout North America where molded products 
start. Here initial design concepts are developed, prod- 
ucts are engineered, and processes and materials are 
specified. IMM reaches the people who perform this 
critical function, where many important decisions are 
made that affect sales. 
Mold deskn and moldmaking IMM reaches nioldmak- 
ers, where product development is further refined, and 
moldmaking departments inside custom and captive 
molding operations, where mold niaintenance and re- 
pair occurs. Without the expertise of the moldmaker, 
products cannot be produced. 
Molding operations IiWM reaches the molding opera- 
tions themselves-both custom and captive-where 
products are manufactured, finished or decorated, as- 
sembled, and sold. Executive and management func- 
tions; sales and marketing departments; production 
managers, engineers, and technicians; and quality con- 
trol people work together to bring molded products 
to market. 
Technical support 1MM also reaches people who per- 
form the important technical functions at  conipanies 
that supply their products and services to injection 
molders. These include the R&D, technical service, 
design, and manufacturing professionals who influence 
the purchase not only of their own products but of the 

many other products that molders buy. Their technical 
guidance helps molders run effective operations. 

ZMMs editorial mission is to provide in-depth coverage 
of the issues that affect all job responsibilities in this niar- 
ketplace--management, sales and marketing, design, tool- 
ing, and manufacturing professionals. In addition to the 
monthly magazine, a nuniber of other resources are avail- 
able through the publication’s professional relationship 
with the injection molding community. 

IMM Book Club 

The ZMM Book Club offers the world’s largest collection 
of books, software, videos, CD/ROMs, and training pro- 
grams related to molding-all selected exclusively for in- 
jection molders. IMM Book Club selections have been 
chosen with the input of IMM reviewers, who are sea- 
soned injection-molding professionals. Members receive 
the IMM Book Club News, a quarterly newsletter con- 
taining insightful book reviews by the IMM reviewers, 
new book and sales announcements, and news about spe- 
cial events. The Book Club’s website (www.ininibook- 
club.corn) offers online ordering, access to reviews of all 
products, and an online forum. Those seeking resources 
may ask the ZA4M Book Club librarian for help. 

IMM Online 

The magazine’s website (www.iriininet.corn) is also a 
comprehensive source of technical and business informa- 
tion. Key area of the site include the following: 

Editorial Library An archive of three years of Znjcctiori 
Moldin2 Magazine offers full-text articles with graphics, 
plus a searchable database indexing all editorial material 
in the magazine’s history. A New Puoduct Showc-asc lists 
hundreds of recently introduced products related to in- 
jection molding. Economic forecasts for the molding 
industry are posted monthly. 
Networking Forum This moderated forum is used to 
network with injection-molding professionals from 
around the world. Search Threads allow searching for 
discussions on a specific subject; the search form will 
retrieve a k t  ofrelevant posts. Begivi Thread allows gen- 
eration of a new discussion by starting a unique thread 
of interested parties. 
Tricks ($the Trade This troubleshooting archive offers 
problems and solutions to coinmon molding problems. 
Calendar An events-related calendar lists conferences, 
expositions, technical meetings, seminars, and work- 
shops. 

Other Resources 

The IMM Almanac 

This searchable database lists hundreds of products used in 
injection molding operations and those who supply them, 
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including contact information, web and e-mail addresses; 
and product line descriptions. A series of Purclzasing Basics 
articles and a list of resin dictribution companies complete 
the package, which is available online at www.irnmnet. 
com or in print form. 

DircJrtory qf Manufacturers Reprerentatives The Directory 
is a comprehensive book and database listing those 
who call on injection-molding operations and the 
products they represent. 
Busirzers hooks IA4Malso publishes books relating to the 
business side ofinjection molding, specifically The BUS;- 
ness c$Custorn Injection Molding and the Moldiy  Sfrategies 
series of management, marketing, and sales texts. 

IMM roulferences and seminars IMM-sponsored man- 
agement conferences, technical seniinars, and work- 
shops are dedicated to injection-molding professionals. 
Other Products IMM also offers targeted niailing lists, 
reprints, postcard decks, customized research, and 
merchandising programs. 

Stated Simply 

IMM is comprehensively focused on the injection- 
molding professional, with an eye to molding an inter- 
active and personalized future vision for the molding 
c ominunity . 
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THINKING LIKE A MANAGER 
AND MANAGING FOR THE 
LONG RUN 

Leonard A.  Schlesinger 
Haward Business School, Soldiers Field R o a d ,  
Cambridge, M A  02 163 

Effective nianagenient is much more than the production 
of immediate results. Effective management includes cre- 
ating the potential for achieving good results over the long 
run. The manager who as president of a company pro- 
duces spectacular results for a three- to ten-year period can 
hardly be considered effective if, concurrently, he or she 
allows plant and equipment to deteriorate, creates an alien- 
ated or militant workforce, lets the company develop a 
bad name in the marketplace, and ignores new product 
development. 

Dealing with current or impending problems is a key 
reality of managerial behavior in almost all modern organi- 
zations. Coping with coniplexities associated with today 
and the immediate future absorbs the vast majority of time 
and energy for most managers. This review sets the stage 
for placing nianagenient in a longer time frame. How do 
managers develop their organizations to ensure the poten- 
tial for facilitating organizational effectiveness in the long 
run? 

The Long Run 

Most nianagers will readily admit that their ability to pre- 
dict their company’s future is limited. Indeed, with the 
possible exceptions of death and taxes, the only thing en- 
tirely predictable is that things will change. Even for the 
most bureaucratic company in the most mature and stable 
environment, change is inevitable. 

Over a period of twenty years, it is possible for a com- 

pany, even one that is not growing, to experience nu- 
nierous changes in its business, product markets, competi- 
tion, government regulations, available technologies, labor 
markets-and its own business strategy. These changes are 
the inevitable products of its interaction with a world that 
is not static. 

Growing organizations tend to experience even more 
business-related changes over a long period of time. Stud- 
ies have shown that growing businesses not only increase 
the volume of the products or services they provide but 
also tend to increase the complexity of their products or 
services, their forward or backward integration, their rate 
of product innovation, the geographic scope of their op- 
erations, the number and character of their distribution 
channels, and the number and diversity of their customer 
groups. While all of this growth-driven change is oc- 
curring, competitive and other external pressures also in- 
crease. The more rapid the growth, the more extensive 
the changes that are experienced. 

These types of business changes generally require orga- 
nizational adjustments. For example, if a company’s labor 
markets change over time, it must alter its selection criteria 
and make other adjustments to fit the new type of eni- 
ployee. New competitors might emerge with new prod- 
ucts, thus requiring renewed product-development efforts 
and a new organizational design to support that effort. In a 
growing company, business changes tend to require major 
shifts periodically in all aspects of its organization (see Ta- 
bles l and 2). 

The inability of an organization to anticipate the need 
for change and to adjust etkctively to changes in its busi- 
ness or in its organization causes problenis. These prob- 
lenis sometinies take the forni of poor collaboration and 
coordination; they may involve high turnover or low 1110- 
rale. Always, however, such problems affect the organiza- 
tion’s performance: goals are not achieved or resources are 
wasted. 

Because change is inevitable and because it can so easily 
produce problems for companies, the key characteristic of 
an effective organization from a long-run viewpoint is its 
ability to anticipate needed organizational changes and to 

Table 7 .  Greiner’s Summary o f  Required Changes in Organization Practices During Evolution in the Five Phases of Growth. 

Category Phase 1 Phase 2 Phase 3 Phase 4 Phare 5 

Management focus 

Organization 
rtructure 

Top inanagenient 
Ftyle 

Control system 

Management re- 
ward emphasis 

Make and sell 

Informal Centralized and 

Individualistic and Directive 

Market results Standards and cost 

Efficiency of oper- 
ations 

functional 

entrepreneurial 

centers 

increaser 
Ownership Salary and merit 

Expansion of 

Ilecentralized and 

D elegdtive 

market 

geographic 

Reports and profit 

Individual bonus 
centers 

Consolidation o f  Problem solving 

Line staff- and Matrix of teams 
organization and innovation 

product groups 
Watchdog Participative 

Plans m d  invest- 

Profit sharing and Team bonur 

Mutual goal set- 
inent centers ting 

stock options 

Source: Larry E. Greiner (1072), “Evolution and Revolution :IS Organizations Grow,” Haward Bii,inm Rniiw (July-August), 15 
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Table 2. Suinmaiy of Changes During Three Stages of Organizational Development. 

Company Characteristics Stage 1 Stage I1 Stage 111 

The Business 
l’rodu c t 
Distribution 

R&D 

Strategic choices 

The Organization 
Organization structure 

Product or service transac- 
tions 

Performance nieasurement 

Rewards 

Control system 

Single product or single line 
One channel or set of chan- 

nels 
Not institutionalized-ori- 

ented by owner-manager 

Needs of owner versus needs 
of firm 

Little or no formal struc- 

Not available 
ture-one-man show 

By personal contact and sub- 
jective criteria 

Unsystematic and often pater- 
nalistic 

Personal control of both stra- 
tegic and operating deci- 
sions 

Single product line 
One set of channels 

Increasingly institutionalized 
search for product or pro- 
c e s ~  developments 

Degree of integration; 
market-share objective; 
breadth of product line 

Specialization based on func- 

Integrated pattern of transac- 

A + B 3 C 3 Market 

tion 

tions: 

Increasingly impersonal using 
technical and/or Cost crit- 
eria 

Increasingly systematic with 
emphasis on stability end 
service 

Personal control of strategic 
decisions, with increasing 
delegation of operating 
decisions based on control 
by policies 

Multiple product lines 
Multiple channels 

Institutionalized search for 
riew products as well as for 
improvements 

Entry and exit from induc- 
tries; allocation of re- 
sources by inchtry rate of 
growth 

Specialization based on prod- 

Not integrated: 
ABC 

Market 
Increasingly impersonal using 

market criteria (return on 
investment and market 
share) 

Increasingly systematic with 
variability minted to per- 
formance 

llelegation of product or mar- 
ket decisions within ex- 
isting businesses with in- 
direct control bared on 
analysis of results 

uct or market relationship 

1Li 

Source: Adapted from Bruce Scott (1971), S f q s  qf Coyorntc. Dcvelopwwnf (Bmton: HBS Ca\c Service?) 

adapt as business conditions change. Anticipatory skills can 
help prevent the resource drain caused by organizational 
problems, while adaptability helps an organization avoid 
the problems that change can produce. Over long periods 
of time, this ability to avoid an important and recurring 
resource drain can mark the difference between success 
and failure for an organization. 

A Case of Organizational Decline 

To fully appreciate the importance of anticipatory skills 
and adaptability in the long run, consider this somewhat 
extreme case. This conipany was founded in the late 
192Os, primarily through acquisitions. It was created as the 
response of an entrepreneur to a variety of changing niar- 
ket conditions. Over a five- to ten-year period, he estab- 
lished an enormously successful venture. In its market, it 
became the largest and most profitable organization of its 
kind. 

Historical records do not reveal how much, if anything, 
the entrepreneur did to develop the company’s long- 
run organizational adaptability. Two facts, however, are 
known. First, the ongoing operations were so profitable 

that he submitted to the demands of the national union 
just to avoid a disruption of operations. This resulted in 
the establishment of innumerable work rules and the entry 
of first-line supervisors into the union. Second, he did al- 
most nothing to bring in or develop mid- or top-level 
managers. As an extremely talented person capable of 
making a large number of effective business decisions him- 
self, he saw no need for assistance from others. 

I!i the mid-1 940s, the entrepreneur died. His brother 
took over as president and tried to maintain the company’s 
existing policies and profitability. For the first few years 
of his tenure, everything seemed to work well. 

After World War 11, the company’s industry, like 
inany others, began to undergo significant changes. These 
changes occurred gradually but continuously over at least 
a ten-year period. During this time the company made 
very few organizational adjustirients to adapt to these 
changes, for a number of reasons. First, the few people 
who had any real decision-making authority in the coin- 
pany did not seem to see a need for many changes. They 
simply did not have the inforniation that would have 
shown them what was happening in their industry and in 
their market area. Second, when they did have informa- 
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tion on the changes that were occurring, they had diffi- 
culty deciding how to adjust to them. They were, for ex- 
ample, completely unaware of the typical development 
sequences shown in Tables 1 and 2. The intuitively bril- 
liant leadership supplied by the original entrepreneur was 
gone, and nothing had taken its place. Finally, when they 
did identify a change and saw what response was needed, 
the managers were generally unable to implement it. For 
one thing, union rules prohibited a great deal of change; 
for another, there was no niiddle inanagenient to help 
theni inipleiiient it. The firm was not at all flexible. 

Some of the company’s competitors were successful in 
identifying and reacting to the industry and market 
changes. As a result, the rate of increase of this company’s 
sales and profits began to decrease. At the same time, prob- 
lems with employees and the union began to surface. 

The company’s president initially focused his efforts on 
trying to stop the profit decline. In this endeavor, he was 
somewhat successful, yet in slowing the profit decline, he 
was forced to hold salaries and maintenance budgets down, 
thereby adding to the problems with his eniployees and 
the union. A climate of antagonisni and distrust developed. 

Between 1956 and 1965, the company’s real (nonin- 
flated) annual growth in sales declined from 5 to 0 percent. 
Its profits leveled out and then fell to a net loss in 1‘965. 
By that time, the company’s stock price was so low that 
a larger corporation successfully acquired a controlling in- 
terest. This corporation brought in its own top manage- 
ment group (which included a number of extremely SLIC- 

cessful managers) and predicted a quick turnaround. 
The company resumed profitable operations in 1969 

and, with the exception of 1973, has remained profitable 
to this time. Nevertheless, its profitability levels remain 
below the industry average, and its 1975 sales were, in real 
dollars, about the same as in 1965. It has gone through 
two more presidents since 1965, and the current one has 
been quoted in the business press as saying that the job of 
organizational “renewal” that is ahead of them remains 
extensive. 

Characteristics of an Effective Organization 
from a Long-Run Point of View 

It is possible to infer the characteristics that contribute to 
long-run effectiveness by looking for what was missing in 
the previous example. The picture that emerges is one of 
an organization where (1) changes in its business are antici- 
pated or quickly identified, (2) appropriate responses are 
quickly designed, and (3) the responses are implemented 
at a minimum cost. This behavior would be possible be- 
cause the company is staffed with talented managers who 
are skilled at  organizational analyses as well as having rela- 
tively adaptable employees. Trust, open communications, 
and respect for others’ opinions would characterize infor- 
mal relations among these people. The formal design 
would include effective integrating devices, sensitive and 

Table 3. Characteristics of a Highly Effective Organization: 
A Long-Run Point of View. 

Employees 
The company is staffed with more than enough managerial 

talent. 
Managers are skilled at organizational analysis and understand 

typical stages of organizational development. 
A large number of eniployers are relatively adaptive and have 

skills beyond a narrow specialty. 
Employees have realictic expectations about what they will get 

from, and have to give to, the company in the foreteeable 
future. 

Informal Relations 
A high level of trust exists between employees and manage- 

ment. 
Information flowc freely, with a minimum of distortion within 

and across groups. 
People in all positions of responsibility are willing to listen 

to, and be influenced by, others who might have relevant 
information. 

Formal Design 
The organizational structure includes more than enough effec- 

tive integrating niechanisms for the current situation and 
relies nnninially on rules and procedure?. 

Measurement systems thoroughly collect and dictribute all rel- 
evant data on the organization’c environment, its actions, 
its performance, and changer in any of these factors. 

Reward syctenir encourage people to identi6 needed changes 
and help inipleiiient them. 

Selertion and development syTtenir are drtigned to create 
highly skilled managerial and employee groups and to en- 
courage the kinds of informal relations described above. 

well-designed measurement systems, reward systems that 
encourage adaptability, and selection and development 
systems that help support all other characteristics (see 
Table 3). 

Unlike the declining company described earlier, an 
organization with the characteristics listed in Table 3, as 
well as other characteristics that specifically fit its current 
business, could successfully respond to growth, industry 
changes, top management turnover, and virtually any- 
thing else that came its way. Its adaptability would allow 
it to continue changing the organization to fit its changing 
business, and it would survive and even prosper over long 
periods of time. 

Bureaucratic Dry Rot 

Very few companies or nonprofit businesses have organi- 
zations with characteristics even close to those described 
in Table 3. This fact has been emphasized by a number 
of social scientists who, in the past decade, have expressed 
serious concern over what they call bureaucratic dqf rot. We 
all pay a heavy price, they note, for the large, bureaucratic, 
nonadaptive organizations that are insensitive to employ- 
ees’ needs, ignore consumers’ desires, and refuse to accept 
their social responsibilities. 



Existing evidence suggests that although most con- 
temporary organizations cannot be described as adaptive, 
many managers nevertheless appreciate the benefits of 
adaptability. When polled, managers often respond that 
ideally they would like to have the kind of organization 
suggested by Table 3, but they also admit that their current 
organization does not have all or even some of these char- 
acteristics. 

At least five reasons account for the inflexibility and 
shortsightedness of niost contemporary organizations. The 
first and niost significant relates to resources. Creating a 
highly adaptive organization requires time, energy, and 
money. In the case of the conipany that went into decline, 
creating an adaptive organization early in its history might 
have required 

Hiring, assimilating, and training a nianagement team, 
both at the top and in midlevel ranks, 
Selecting and training all other personnel, 
Concentrating efforts from the managers to develop 
integrative devices, nieasurenient systems, and the like, 
and 
Developing and maintaining good, informal relatioii- 
ships among managers and their employees. 

The organization may not have had the resources to invest 
in these systems. Had it tried, the company niight have 
been compelled to divert resources from some of its cur- 
rent operations. If its competitors did not choose to follow 
its lead but continued to invest as heavily as possible i n  
current operations, perhaps the company would have lost 
niarket chare and income and even gone out of business 
long before it could enjoy the benefits of its long-term 
investment in adaptability. 

A second reason for the noiiadaptive and bureaucratic 
behavior of modern organizations is that their managers 
are not very skilled at producing the characteristics of an 
effective organization in the long run. Organizations gen- 
erally invest resources in current operations and not in 
producing adaptive human systems. The on-the-job edu- 
cation of managers is usually focused on current opera- 
tions, not on producing adaptability. Generating the char- 
acteristics shown in Table 3 requires skills that have to be 
developed and nurtured. 

Still a third reason for the inflexibility of many conten- 
poraiy organizations is that some people clearly benefit 
from a static situation. The entrepreneur who established 
the nonadaptive organization described earlier thoroughly 
enjoyed the way he ran the company. It is doubtful that 
lie would have invested resources in developing a manage- 
ment team or developed one even had it cost hiin nothing. 
Furthermore, financial backers approved of how he ran 
the business, which included passing on a large share of 
the firm’s earnings in dividends. Had he tried to cut the 
dividends to invest more in something as intangible as 
adaptability, they undoubtedly would have protested. 

A fourth reason for nonadaptive behavior also is evident 
in the case of decline. Once an organization reaches a cer- 
tain size, if it has not developed a certain minimally adap- 

tive human organization, it becomes very difficult to turn 
things around without a gigantic infusion of resources. 
Considerable effort is required siniply to overcome the or- 
ganizational entropy that makes the organization even 
more nonadaptive and rigid. 

A fifth reason more companies do not have organiza- 
tional characteristics like those in Table 3 is their nianage- 
nient’s decision that such characteristics are unnecessary. 
Based on their projection oE what the future has in store 
for their company, nianagenient estimates how much 
adaptability they will need and then invests resources to 
produce only that level of adaptability. If the company is 
growing very quickly or if it is in a volatile market and 
inaiiagenient expects rapid changes to continue in their 
business, it would invest considerable resources in creating 
an adaptive human organization. However, if the con-  
pany is not growing, if it is in a stable market, and if nian- 
agement feels the future will not deniand many changes 
of them, it generally invests relatively few resources. 

In short, the forces that prevent organizations from de- 
veloping a high level of adaptability are strong. The forces 
that can push successful organizations into decline are nu- 
merous as well. As a result, one of the most difficult of all 
management tasks involves developing an  organization 
that has enough adaptability to promote effectiveness in 
the long run. 

Six Tasks of the Manager Who Manages for 
the Long Run 

If a manager’s goal is to create a lasting, high-perforniance 
company, focusing on the six key tasks that constitute the 
basics of the nianager’s job in any conipany is one way 
to achieve that elusive goal. These six basic tasks include 
( I )  building a positive work environment, (2) establish- 
ing strategic direction, (3) allocating and marshalling re- 
sources, (4) upgrading the quality of nianageiiient, (5) or- 
ganizing effort, and (6) creating excellence in operations 
and execution. 

Nothing should be surprising about this list; the funda- 
mentals of the job should sound familiar. The vast niajority 
of the activities that managers perform in any situation can 
be grouped into these headings. The tasks help a nianager 
define the scope of the job, set priorities, and see important 
interrelationships among the six areas. 

Task 1 : Building a Positive Work Enviromzeirt 

Every company has a particular work environment that 
dictates to a considerable degree how its managers respond 
to problems and opportunities. A company’s work envi- 
ronment-whether a small company, medium-sized one, 
or a giant like General Motors or General Electric-is 
partly a heritage of its past leaders. Shaping that enviroii- 
nient is a critically important part of every incunibent 
manager’s job, regardless of what he or she inherits from 
the past. Over time, niost managers exert influence on 
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their work environment by three types of actions: (1) es- 
tablishing goals and performance standards, (2) establishing 
values for the organization, and (3) establishing business 
and people concepts that are consistent with their goals 
and values. 

The basic goals of the conipany provide a unif+ng force 
for channeling efforts in chosen directions and elevating 
performance standards. Individually, they provide direc- 
tion in selected areas. Collectivcly, they influence the way 
people act in a company. Specific, action-oriented goals 
describe an aggressive and demanding work environment 
and influence the way people respond to strategic oppor- 
tunities and business problenis within the company. Con- 
versely, a company with no specific goals or vague or 
undemanding ones is much more likely to drift, be bu- 
reaucratic, or tolerate unexciting results. 

Successful managers typically set high standards across 
the whole business. High standards are reflected in many 
ways, including (1) the relative quality of the company’s 
functional strategies and its market leadership; (2) the de- 
tailed end results that are sought and achieved, as coni- 
pared to relevant competitors; (3) the quality of written 
plans and oral presentations that people make, both in 
terms of substance and style; (4) the relative quality of 
managers at all levels; (5) rising productivity in all functions 
of the business, particularly as compared with major coni- 
petitors; and (6) consistent product quality and reliability. 

Values reflect the relative concern that an organization 
has for its employees, customers, investors, suppliers, and 
other stakeholders. Values help define not only the man- 
ner in which business will be conducted (how these stake- 
holders will be treated) but the types of business in which 
an organization will engage. The fit between an individual 
and an organization is often determined by these values. 

An organization’s values are reflected in its business 
concepts, for example, (1) the kinds ofproducts or services 
the business will offer, (2) the company’s position or role 
in its industry, and (3)  structural devices, such as levels of 
organization, niethodc of communication, and planning 
processes to be employed in conducting business. Policies 
that support such values include (1) internal growth from 
operations; (2) hiring from within; (3) fairness in perfor- 
mance assessment and rewards; (4) fairness in dealing with 
people; and (.5) candor, integrity, and high ethical stan- 
dards in relationships. 

In any organization, the manager’s personal style influ- 
ences associates for better or worse. If the nianager insists 
on long Iiienios or frequent meetings, these usually will 
be the order of the day throughout the organization. A 
hands-on style will be widely copied. The cost-consciouc 
manager results in cost consciousness throughout much of 
the organization. If the manager favors complex systems, 
this too will usually have a ripple effect throughout the 
company. Other managers take their cues from the man- 
ner in which their nianager responds to others’ S U C C C S S ~ S  

or failures. 
The manager’s style influences the ethical tone of the 

business. The manager’s actions tell associates far more 
than words. A manager who lacks integrity, fairness, or a 
sense of commitment quickly creates confusion and cyni- 
cisni in the organization. Conversely, managers who set 
high standards in these areas usually find their associates 
following their lead. The importance of consistency be- 
tween what general managers say and how they act in cre- 
ating a sound working environment hardly can be over- 
stated. 

Managers can be most effective if they have an all- 
encompassing theine for the working environment. The 
theine can be converting a slow-moving company into a 
dynamic business, becoming an industry’s innovative mer- 
chandising leader, 01- becoming a blue-chip coiiipany. 
Successful leaders frequently use such broad themes to help 
focus the working environinent on one overriding pur- 
pose. 

Task 2: Establishiq Strategic Direction 

Whether the manager is the niain architect of the com- 
pany’s strategy, he or she is responsible for ensuring that 
a process is in place for strategic planning. There is no 
universally accepted definition of what constitutes a good 
strategy. Some conipariies make elaborate efforts to spell 
out what they mean by a strateLT; in others, the strategy 
consists largely of ideas contained in the manager’s head. 
In any case, the manager ic  the executive who must decide 
whether the business will be run on the basis of an explicit, 
fornialized strategy and, if so, the process to be employed 
in developing, reviewing, and iiiiplemeriting it. 

A coninionly accepted framework for strategy for- 
mulation and appraisal highlights the following elements: 
(1) the task, including the environment and concept of 
the business, its definition, mission, conipetitive position, 
and functional goals and efforts; (2) available resources, 
including leadership, human capital, financial assets, 
technological assets, customer franchises, stakeholder rela- 
tionships, and working environment; and (3) structure, in- 
cluding organization, controls, systems, standards, rewards, 
policies, processes, and values. 

A starting point in the process of strategy foriiiulation 
and appraisal is an understanding of the task facing the 
business. Devices such as Michael Porter’s “five forces 
analysis” can be useful here. Just as important is an under- 
standing on the part of the manager of the way a business 
runs and the important factors in its succes or failure. An 
opcvatioriul understanding of the business is critical. 

Managers typically face several issues in organizing peo- 
ple’s efforts to develop and review strategy, including 
making decisions about (1) those who will be directly in- 
volved and the role that they will play; (2) the format of 
the plans; (3) the mechanisms needed to gain the input, 
understanding, and conxnitnient of key nianager? as plans 
evolve; (4) the nature of the review and approval process; 
and (5) the manager’s individual role in the process. 

During the process of strategy formulation and review, 
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the manager is faced with a sequence of iniportant deci- 
sions that determine the effectiveness of the strategy. Suc- 
cessful strategies usually start with good ideas and evolve 
over time as they are exposed to the realities of the inarket- 
place. 

The scarce resource in strategy development often is 
bold, innovative ideas-those that provide a new vision 
for the business rather than a slight alteration of existing 
strategy. Hence, managers must stimulate everyone, in- 
cluding themselves, to think creatively and to be willing 
to consider fresh approaches. This is true whether the 
manager does most of the thinking personally or serves 
more as the prinie niover for the process. 

Task 3: Allocating and Marshallifzg Resources 

Successful strategies require resources to convert them into 
reality (including both hard resources [like cash, plant and 
equipment, and offices] and soft resources such as people 
and technology). The manager’s unique role in resource 
allocation steins froin three distinctive features of the job. 
First, the manager is the only person who can coniniit 
resources across the entire business. Since nearly every 
niajor strategy entails cross-functional commitments, the 
manager is normally the only executive empowered to 
make these commitments. 

Second, the manager must be the chief decision maker 
about tradeoffs among key projects and functions compet- 
ing for limited resources. Since most businesses lack the 
resources to do everything that is proposed, this is usually 
a major responsibility. 

Third, once a decision is made to pursue a strategy, the 
manager assumes the responsibility for marshalling the re- 
sources needed to ensure success. 

Marshalling resources often involves the manager in a 
series of negotiations with external entities (such as finan- 
cial institutions, major investors, government agencies, 
and labor unions) as well as internal constituents. 

While strategy decisions have an important influence 
on resource allocations, managers, of course, also routinely 
allocate resources to operate the business. It  is important 
for a manager to be sure that both kinds of resources- 
strategic and operational-are productively employed. 

Task 4: Upgrading the Quality of Management 

Many managers contend that the selection, development, 
and deployment of people are the most iniportant respon- 
sibilities. They also feel it is a satisfying part of the job to 
see managers grow and the organization strengthen as a 
result of their efforts. Managers who attach a high priority 
to this activity usually find their associates do also. 

In addition, most skillful managers personally involve 
themselves in (1) defining and supervising the process for 
selecting and developing the company’s senior and upper- 
middle management (such as stressing individual evalua- 
tions and development assignments), (2) seeing that each 

function periodically analyzes its skill requirements and 
people needs and has a strategy to fill those needs, (3) set- 
ting job requirement standards (at least at top levels), (4) 
making sure that outstanding managers have challenging, 
timely development assignments that effectively utilize 
their talents, (5) ensuring that compensation progranis are 
both competitive and rewarding for managers who meet 
assigned goals, and (6) making sure that entry-level man- 
agement jobs are sufficiently challenging to attract the best 
people. 

Task 5: Opniz ing  Efort 

Because of their cross-functioml responsibilities, managers 
normally play a dominant role in designing the company’s 
organization. This function usually includes three inipor- 
tant activities: 

DCfining the oyanizational conceptsfov the company This 
means deciding (in light of the company’s competitive 
and general environment) the appropriate level in the 
organization at which important business decisions 
should be made, how tightly or loosely controlled the 
business will be operated, and the role that measure- 
ments, controls, and policies play in running the busi- 
ness. 
Decidinx on the oyariization sfnnctuve at the top Iinpor- 
tant questions to be addressed here include, What is 
expected of each key functional area? Where does it 
report? What subunits will it contain? How will each 
function work together? What are the necessary line 
and staff relationships? What role will the general 
manager play? 
Defining interjiinctional relationships In most organiza- 
tions, the manager is the only executive who can be 
held responsible for coordinating major functional re- 
lationships. Moreover, how the manager defines and 
supervises these iniportant relationships usually deter- 
mines how smoothly functional groups work together. 

Organizations are naturally dynamic, they change with 
shifts in competitive conditions, strategic thrust, or the tal- 
ent available to the general manager. Therefore, the pro- 
cesses of organization design, staffing, and coordination are 
nearly always an ongoing, high-priority concern of the 
manager. 

Task 6: Creating Excellence in Operations 
and Execution 

Typically, the manager influences day-to-day operations 
in three major ways: (1) by his or her style, (2) by the 
nianagenient processes used (consistent with that style), 
and (3) by the way time is allocated. If the manager is a 
direct, personal leader, things will usually be done in a 
direct, personal way. Less direct leaders may rely on a con- 
sensus-driven approach. Whatever the style, the manager 
is responsible for understanding day-to-day operations and 
for establishing the processes that govern them. The nian- 
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ager will typically be involved in (1) operational planning 
including the development of annual plans and efforts to 
see that they are met; (2) coordination among the direct- 
report functions, with special concern that functional units 
work together so that proper tradeoffs are made, parochial 
departmental interests do not dominate, and inevitable in- 
terfunctional conflicts are resolved; (3) decision making, 
with primary emphasis on cross-functional matters and 
major commitments; and (4) problem identification and 
solution, whether through direct involvement or setting 
in motion a process for the purpose. 

The manager’s responsibilities cover a wide range of 
activities. Individually, they may not be as important or 
as interesting as the development of a business strategy. 
Taken together, however, they keep the business going 
effectively, meeting its short-term sales and profit goals. 
Without an understanding of day-to-day operations, a 
manager will have difficulty identifying important ele- 
ments of the strategic task facing the firm. 

personally. The manager may decide to put greater ern- 
phasis on strategy formulation; at another time, the focus 
will be on the development of people or the working ell- 
vironment. Knowing what to emphasize, when to enipha- 
size it, what and when to delegate, and to whom to delc- 
gate are crucial decisions. 

Success as a manager isn’t solely a function of focusing 
on these key tasks. Some managers are simply better lead- 
ers than others. Some bring a personal package of experi- 
ence or style that is especially suited to a particular situa- 
tion. 

However, whatever leadership skills or personal pack- 
age a manager brings to the job, he or she still must decide 
specifically how to focus efforts in order to fundamentally 
improve the business. Therefore, the key tasks come into 
play in nearly every situation. 

A skillful manager usually is the most important contrib- 
utor to an organization’s success over time. Those contri- 
butions are most effkctive when efforts are concentrated 
in the six areas described above. 

Concluding Comments 
For Further Reading 

These six basic tasks of the manager represent an arbitrary 
selection. However, they do represent discrete and broad 
responsibilities important to the successful performance of 
the manager’s job in most companies. 

A primary skill of the manager is to pick the specific 
areas where his or her involvement will have the greatest 
impact on business results. The scope of the job is such 
that a manager nearly always faces many more problems 
and opportunities than he or she can possibly deal with 

Bennis, W., et al. (1985). Tkr Stratrgiessfor Taking Cliugr. 

Itami, H.  (1 987). Mobilizing Invisible Assets. Cambridge, 
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MAKING MARKETING WORK 

Martin K. Pottle, APR 
Martin Thomas, Inc. /Marketing Services, 334 
County Road,  Barrington, RI 02806, 
telephone: 401-245-8500, fax:  401-245- 
1242, e-mail: mpottle@martinthoas.com, 
website: www.martinthomas.com 

“Marketing is the distinguishing, the unique function of 
the business. Any organization in which marketing is ei- 
ther absent or incidental is not a business and should never 
be run as if it were one.” This quotation, from Peter F. 
Drucker’s book The Practice (If Manqenzent (which was 
written more than forty years ago) is even more appro- 
priate today, in the global economy of the 2000s. Yet cv- 
eryone, it seems, questions both the need aiid the validity 
of marketing. 

First, we should define the term. Marketing is the series 
offunctions that help explain what one has to sell. Today, 
a company markets itself through advertisements, press re- 
leases, corporate literature, trade shows, mailing, papers 
and seminars, research, aiid more recently, a website on 
the Internet. All these, and more, are marketing. 

Corporate staff frequently questions the validity of mar- 
keting. Production asks why some of the best products are 
eliminated from production while less eficient models go 
right on selling, why a predictahle relationship is not estab- 
lished between price and cost, and why some of the very 
best test products are abandoned. Financial personnel ask 
why there is such a great expenditure on promotion and 
distribution, why there are so many identical products, and 
why independent distribution systems are not used. Even 
headquarters have queries, such as why the company uses 
outside firms and consultants, why so many niarketing de- 
cisions are made quickly, and why one magazine was se- 
lected over another for ad placement. 

Because marketing and management must work as a 
team, it is mandatory that both recognize and understand 
the various questions and points ofview. T o  a niarketer- 
even a successful one-such issues as shortest possible de- 
livery times and high-quality products relate to a loss or 
gain in sales. The niarketer is at the mercy of a faulty pro- 
duction schedule, insufficient funding, or records that are 
inadequate to help identify potential markets or customers. 
Marketing needs production, finance, and even headquar- 
ters. And they all must work together. 

There is a myriad of other factors that work against niar- 
keting, and many of these are outside the company. 
Rather than first looking at what niakes marketing work, 
one can begin by looking at the ten key reasons why mar- 
keting fails and why marketing is perceived as unable to 
achieve the desired results: 

Marketing may not be sending the correct message 1. 

to the correct audience. A good example is the case 
ofMercedes in past years: the messages about its new 
cars were coming froni the engineers, and new de- 
velopments based on customer demand were not 
forthcoming. As Mercedes raised prices and told cus- 
tomers what they should want on their cars, the 
more consunier-oriented BMW took away a sub- 
stantial niarket share. During a trade show, one can 
see the selling of features rather than benefits, and 
thus the wrong message, by going from exhibit 
booth to exhibit booth. 
Marketing fails when it does not match the budget 
to the goals. Sponsors of Indy 500 cars have a saying 
that “Speed costs money,” which applies to niarket- 
ing as well. A consumer-product success such as the 
Elmo craze during the 1996 Christmas season would 
not have done nearly so well if the product had not 
been promoted on the Rosie O’Donrzell SImu. Of 
course, both luck and timing were factors, but if the 
firm had not spent the money to have the toy placed 
on the show by high-priced professionals, perhapc 
Elmo would not have achieved such popularity. 
Marketing efforts fail if they do not make a signifi- 
cant impact. One can criticize the “King Around 
the Collar” ads and say “Who cares?” to the latest 
beer commercials, but in fact they do make impres- 
sions and do sell washing machine detergent and 
beer. 
A failure to use correct techniques is a certain way 
to fail at marketing. The advertising of a product on 
an appropriate television show, as discussed above, 
is an example of using a correct method. Examples 
abound, however, of coiiipaiiies that did not ade- 
quately plan a marketing campaign and then con- 
cluded that advertising does not work. 
Marketing f d s  if it is not persistent. Studies have 
shown that it takes a typical salesperson at least four 
to six contacts to close a sale. Yet these same studies 
have shown that most salespeople quit or beconie 
discouraged after the second call or contact. Market- 
ing efforts must be sustained. 
Marketing fails if it does not grab attention. Atteii- 
tioii-getters include the EverKeady bunny, the Alka 
Seltzer ads ofyore, and the BMW 2 3  sports car give- 
away by HPM Corporation at  the 1997 NPE. With 
regard to HPM’s efforts, 30,000 people entered the 
contest, and it is likely that most of them passed 
through the HPM booth. 
Marketing fails dismally when it does not understand 
the customer. Extensive research and coninion sense 
are the keys to success here. The marketing staffmust 
learn what the customer wants, not what they think 
the customer wants or what they want the c~istoiiier 
to hear. 
Marketing may fail if it does not use cutting-edge 
methods. T o  prove this point, one can look at firms 
that are successfully using the Internet to scll. At one 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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9. 

10. 

time, most people were content to purchase one 
computer; today, people seem to be buying new 
computers almost annually, convinced by computer 
manufacturers that they must have the new machines 
to stay current. 
Marketing fails ifit is not based on adequate research. 
Basic research before and after a marketing plan is 
vital, as evidenced by the Chrysler Corporation’s 
success with its Neon automobile. It is possible that 
General Motors’ Saturn is suffering because the cars 
are not viewed as cutting edge or as what consuiners 
want and need. Now, Chrysler is toying with a new 
concept car that ironically looks strangely similar to 
the old Citroen. But companies must also engage in 
ongoing research, as Volvo did, finding that con- 
sumers wanted changes in the relatively new 850 se- 
ries of autos. Volvo quickly responded with the 
newer and improved S70 and V70 series. 
And last, marketing will fail if one does not recognize 
results. Goals should be set at  the outset and the 
means of measuring results agreed on. More impor- 
tant, changes should be made as required to make 
sure intended outcomes can be achieved. 

Another approach to the issue of marketing practices is 
to discuss how to recognize-and thus avoid-the seven 
pitfalls that one may encounter in marketing. It is true that 
unforeseen events happen, which can force a company to 
take a closer look at its marketing: conipetition increases 
or becomes stronger, a new player enters the fray, market 
conditions change, or sales simply drop. 13ut in general, 
marketing is most effective if staff in the production, fi- 
nancial, or even corporate sectors learns to recognize these 
seven niisconceptions or strategic errors: 
1. 

2. 

3. 

4. 
5. 

- 

The belief that price is the driving force in increasing 
sales. It has been shown that customers fail to perceive 
any value in doing business with a firm that consis- 
tently offers deep discounts, makes special conces- 
sions, or engages in deals. That type of firm is viewed 
as a vendor, not a partner. 
Lack of differentiation of a conipany’s product or ser- 
vice from that of a competitor. The value-added qual- 
ities of one’s offerings must be evident. 
The presentation of sales gimmicks. When nothing is 
really special, customers know it. 
The constant changing of sales strategies. 
The assumption that most sales leads come froni the 
sales force. An ad, a trade show, or a magazine article 
can reach thousands of potential customers in the time 
it takes a salesperson to reach a few. Furthermore, 
many of these leads would not have been uncovered 
in any other way. 

Lack of cross-selling to current customers or lack of 
trying to resell products to them. If a company cannot 
coniplete new sales with established customers, it is 
difficult to expect success with those who are only 
prospects. 
An inadequate or nonexistent customer and prospect 
database. In most selling situations, a couple of years 
are needed for a purchaser to narrow down the list of 
suppliers and close the sale, during which time the 
potential customer may not remember a particular 
company’s name. Thus, databases should be utilized 
to contact the customer or the prospective customer 
on a continuing basis. 

It is important to consider what is actually required to 
gain a 1 percent share of the market. One can envision a 
situation in which a marketing manager has 100,000 pros- 
pects while the current sales staff can take on no new cus- 
tomers. The manager might add ten new people to the 
sales staff. If they were 100 percent efficient, they could 
see 1,000 prospects each month. Since studies have shown 
that sometimes four, but usually as many as six, calls are 
needed to close an average industrial sale, at least four 
months-and a million dollars-would be required to 
persuade 1 percent of the company’s prospects to buy a 
product from the firm. And this is without considering 
other factors that might influence a potential customer’s 
decision, such as the opinions of purchasing or manufac- 
turing personnel or of top management. 

In conclusion, the marketplace in which we all strive to 
sell and grow is both fast-paced and customer-dominated, 
making stronger marketing more important than ever be- 
fore. Our business system operates on the assumption that 
people, and thus companies, do their very best when they 
know that good perforniance will benefit them directly. 
As an example, if a company discovers that a competitor 
has a new product on the market with a price similar to 
that of an earlier product but of superior quality, the for- 
mer company should respond to the challenge by making 
its own products or services 

Marketing must be persistent, it can be measured, and 
it does have a positive effect on any company’s sales and 
growth. Long ago, a top marketing person at General Mo- 
tors made a claim that is still very viable today. He said, 
“I’ve discovered that 50 percent of my marketing really, 
truly works; I’ve also come to the conclusion that the 
other 50 percent doesn’t work very well. The problem is, 
I don’t know which 50 percent works, and which doesn’t. 
But I can only imagine how disastrous things might be if 
we didn’t market as aggressively as we do.” Thus, one can 
say that the more people that a company contacts, the 
niore likely a company can increase its sales. 
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THE PLASTICS INDUSTRY: 
ALL SECTORS, INCLUDING 
MACHINERY AND 
EQUIPMENT 

Angelo R. Firenxe, President 
Adaptive Instruments Corporation, 15 
Bonaxxoli Avenue, Hudson, M A  01 749, 
telephone: 978-567-8800, e-mail: 
a_firenxe@adaptiveinstruments.com, website: 
www. adaptiveinstruments. com 

The plastics industry is characterized by a wide variety of 
distinct processing methods or techniques that fabricate 
many different plastic niaterials into many different prod- 
ucts. Figures 1 and 2 provide a suniniary of the interrela- 
tions of plastics, processing, and products. This practical 
sequence of events shows how product< are fabricated to 
meet the performance and cost requirements that are used 
substantially in all industries. This back-to-basic approach 
suminarizes the logical sequence in manufacturing goods 
from the initial design concept to the custonier receiving 
the end use product. 
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Fig. 1.  The Plastics Industry. 
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BASICS AND OVERVIEWS OF 
PLASTICS FABRICATING 

and engineering principles. Plastics utilize the versatility 
and vast array of inherent plastic properties as well as high- 
speed, low-energy processing techniques to develop cost- 
effective products that are used worldwide. 

Figures 1 to 7 and Tables 1 to 6 provide an introduction 
to the many factors that are important to making plastics. 
All processes fit into an overall scheme that requires inter- 
action and proper control of different operations, such as 
using the FALLO Approach (Follow ALL Opportunities). 

PROCESSES 

M. G. Rosato and D. V. Rosato 

e-mail: fallo@banet. net 

The worldwide effect of plastics on people and industries 
is due to the intelligent application of modern chemistry 
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<5 lo3 PSI 

HIGH TENSILE STRENGTH I W A C T  STRENGTH 

<dFT-LES/lN. OF NOTCH 

POLYBUTVLENES 
THERMOPLASTIC ELASTOMERS 
FLUORDPLASTICS 
NYLONS 
CELLULOSICS 
POLYTHYLENE&CU'OLYMERS 
POLYURETHANE 
PVC L COPOLYMERS 
EPOXY 
THERMOSETTING POLYESTE RS 
ALKYDS 
VINYL ESTERS 
POLYPROPYLENE 
POLYCARBONATE 
MELAMINES 
PHENOLIC 
POLYIMIDE 
ALLYLS 
ACRYLIC 
ABS 
PPO BASED 
PDLYARYL ETHDR 
GLASSREINFORCED SILICONE 
POLYSTYRENE COPOLYMERS 

THE RMOPLASTIC ELASTOMERS 
POLYMETHYLPENTENE 
POLVBUTYLENE 
FURAN 
SILICONE 
POLVETHYLENELCDPOLYMERS 
CELLULOSICS 
POLYURETHANE 
PVC L COPOLYMERS 
FLUOROPLASTIC /COPOLYMERS 
POLYPROPYLENE 
PHENOLIC 
ABS 
EPOXY 
POLYSTYRENE 
THERMOPLASTIC POLYESTERS 
POLYAMIDE-IMIDES 
POLY IMIDES 
ALKYD 
VINYL ESTER 

G L A S R  NFORCED > 15 x 1LYPSI 
NON-GLASS FILLED 

> 10 lo3 PSI 

THERMOSET POLYESTER 
ALKYD 
VINYL ESTER 

THERMOSET POLYESTER 
ALKYD 
VINYL ESTER 
NYLON IINCLUDING AROMATICS) 
THERMOPLASTIC POLYESTERS 
IINCLUDING AROMATICS) 

NYLON IlNCLUDlNG AROMATICS1 
POLYlMlDES 
POLYAMIDE-IMIDES 

WLYCARBONATESI ALLOYS 
POLYSULFONES 
POLYSTYRENE I COPOLYMERS 

THERMOPLASTIC POLYESTERS 
IINCLUDING AROMATICS) 
POLYSULFONES 
POLYSTVRENE /COPOLYMERS 
(EXCEPT ABS) 
EPOXY 
POLYPHENYLENL SULFIDE 
PHENOLIC 
PPO EASED 
UREAS 
PVC & COPOLYMERS 

(EXCEPT ABS) 
EPOXY 
POLYPHENYLENESULFIDE 
ABS 
POLYACETAL 
PHENOLIC 
R O  BASED 
POLYIMIDES 
MELAMINE 

Fig. 6. Guide to Mechanical Properties 

r I 
LOW FRICTION ABRASION RESISTANCE 
< 0 8 0 N S T E E L  < lO.COOMG/KC I >N-FLAMMABILITY 

ABS 
POLY ACITALS 
SOME NYLONS 
POLYSULFONES 
THERMOPLASTIC POLY EST€ RS 
FLUORWLASTICS 

ABSROLVURETHANE ALLOY 

THERMOPLASTIC POLYESTER 

SOME POLYSTYRENES 
FLUORWLASTIC COPOLYMERS 
SOME FLUOROPLASTICS 

GRAPHITE FILLED COMPOUNDS J NYLONS 
POLYURETHANES 
POLYACETALS 
A C R V L I C I V C  ALLOY 

POLYSULFONES 
PPO BASED 

POLY IMIDES 

UHMWPE 

0.83-0 8A 
o.ea4.90 
0.844.91 
0.63-0.899 
0.90-0.917 

0.910-0.940 
0.924 95 
0.93 
0.93-0 96 

POLYMETHYLPENTENE 
POLYOLEFIN TPR 
POLYPROPYLENE 
POLY IETHVLENE CO PROPYLENE) 
POLYBUTY L E N l  FLUOROPLASTICS 

IONOMER 
MELAMINES 
POLYPHENYLENE SULFIDES 
POLVSULFONtS 
VINYLS 
POLYlMlDES 
POLYAMIDE-IMIOES 

.. 
POLYETHYLENE 
IINCLUDING UHMWPE) 
POLY IEHNLENE CO VINYL ACETATE) 
POLY IETHYENE CO ETHYL ACRVUTEI 
IONOMER 

GRAPHITE. MOLYBDENUM DISULFIDE 
AND FLUOROPLASTIC FILLED COMPOUNDS 

i I 
ABS 
ACETAL 
ACRYLIC 
ALUYO 
A L L Y L  

EPOXY 
FURAN 
PHENOLIC 
POLVAMIOE-IMIDE 
POLYIMIDE 
POLYPHENYLENE SULFIDE 
SILICONES 

ABS 
ACRYLIC 
ALKYD 

THICK SECTION > 0 100 I N  
ACRYLIC 
POLYCARBONATE 
POLYSTYRENE 
CELLULOSSICS 
SAN 
POLYESTERS ITPl 

~~ 

CELLULOSIC 
FLUDRWLASTICS 
MELAMINES 
NYLONS 
PPO BASE0 

CELLULOSE ACETATE 
ALLYLS 
EPOXY 
NYLONS 
PHENOLICS 

I 
POLYARYLETHER 
POLYCARBONATES 
THERMOPLASTIC E 
THERMOSETTING 
POLYESTER 
PDLOLEFINS 
POLYSTYRENES 
POLYURETHANES 
THERMDPLASTIC 
ELASTDMERS 
UREAS 
VINVLS 
V l V L  ESTERS 

I 
NYLON 
POLYSULFONE BPOLYETHER SULI  

POLYETHYLENE 
POLYPROPYLENE 
POLYVINYLS 
POLYBUTY LENES 
IONOMER 
POLYMETHYLPENTENE 
FLUROPLASTICS 

THIN SECTION (0.001 TO 0.050 IN.] 
PPO BASED 
POLYCARBONATE 
POLYESTER ITP E TSI 

:ONE 

POLVOLEFINS 
STYRENICS 
POLYURETHaNES 
SILICONES 
UREAS 

E,?. 7. Guide to Other Properties. 
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' fbblc I .  Guide to Proccssing Different Plastics. (All tables in this article are takrn from the source: IIVR, Injection Molding 
Division Newsletter, Society of I-'lastics Engineers.) 

Struc- Rp Dip 
Material Injec- Compres- Trans- Cold tural Extru- Lami- Sheet Molding Fila- and Rota- 

fer Casting Molding Coating Foam sion nating Forming FRP ment Slush Blow tional 
__ 

Family tion sion 

ABS X 
ACt!tal X 
Acrylic X 

X 
MY1 
ASA 
Cellulosic X 
EPOXY 
Fluoroplastic X 
Melamine- X 

formaldehyde 
Nylon X 

Poly X 

Phenol- X 
formaldehyde 

(amide-imide) 
Polyarylether X 
Polybutadiene X 
Polycarbonate X 
Polyester (TF') X 
Polyester- 

Polyethylene X 
Polyimide X 
Polyphenylene X 

Polyphenylene X 

Polypropylene X 

fiberglass (TS) 

oxide 

sulfide 

Polystyrene X 
Polysulfone X 
Polyurethane X 

S A N  X 
Silicone 
Styrene- X 

(E) (W 

butadiene 

formaldehyde 
Urea- 

Vinyl X 

X 

X 
X 
X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

x x  X X 
x x  X x x  

X X x x  X X 
x x  X X X X 

x x  X 
x x x x x  x x  

x x  X X X X 
X X X X X X 
x x  X X 

X x x x  
X X X X X 

x x  

X X 

X 

X 

X 
X X 

x x  X x x  
X X x x  

x x  x x  X 

x x x x x  
X X(TP) 

x x  

X 

x x  X 
x x  X 

X X 
x x  x x x ( m )  x x 

x x x  X 
X X 

X x x  

X 

x x  

X 

x x  
x x  

x x  

X 

x x x x  X x x x  

'Compounding permits using other pnxesses. 
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Table 2. Guide to Compatibility of Processes and Material. 

Thermosets Thermoplastics 

~~ - 

Injection X x x x x x x x x x x x x x  

Handlayup X X 
SPraYuP X X 

molding 

Compression X X X X 

Preform X X 

Filament X X 

Pultrusion X X 
Resin transfer X 

Reinforced X x x  X 

molding 

molding 

winding 

molding 

reaction 
injection 
molding 

X 

x x x  
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Table 3. General Information Rclating Processes arid Materials to Plastic Properties. 

Thermosets Properties Processes 
~~ 

Polyesters 
Properties shown 
also apply to 
some polyesters 
formulated for 
thermoplastic 
processing by 
injection molding 

Epoxies 

Phenolics 

Silicones 

Melamines 

Diallyl phthalate 

Thermoplastics 
Polystyrene 

Nylon 

Polycarbonate 

Simplest, most versatile, 
economical and most widely 
used family of resins, having 
good electricai properties, 
good chemical resistance, 
especially to acids 

Excellent mechanical 
properties, dimensional 
stability, chemical resistance 
(especially alkalis), low water 
absorption, self-extinguishing 
(when halogenated), low 
shrinkage, good abrasion 
resistance, very good 
adhesion properties 

Good acid resistance, good 
electrical properties 
(except arc resistance), high 
heat resistance 

water absorption, excellent 
dielectric properties, high arc 
resistance 

impact strength 

water absorption 

Highest heat resistance, low 

Good heat resistance, high 

Good electrical insulation, low 

Low cost, moderate heat 
distortion, good dimensional 
stability, good stiffness, 
impact strength 

High heat distortion, low water 
absorption, low elongation, 
good impact strength, good 
tensile and flexural strength 

Self-extinguishing, high 
dielectric strength, high 
mechanical properties 

Compression molding 
Filament winding 
Hand layup 
Mat molding 
Pressure bag molding 
Continuous pultrusion 
Injection molding 

Centrifugal casting 
Cold molding 
Comoform 
Encapsulation 
Compression molding 
Filament winding 
Hand layup 
Continuous pultrusion 
Encapsulation 
Centrifugal casting 

Sprayup 

Compression molding 
Continuous laminating 

Compression molding 
Injection molding 
Encapsulation 

Compression molding 

Compression molding 

Injection molding 
Continuous laminating 

Injection molding 
Blow molding 
Rotational molding 

Injection molding 
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Table 3. Continued. 

Thermoplastics Properties Processes 

Styrene- Good solvent resistance, 
acrylonitrile good long-term strength, 

good appearance 
Acrylics Good gloss, weather resistance, 

optical clarity, and color; 
excellent electrical properties 

Vinyls 

Acetals 

Excellent weatherability, 
superior electrical properties, 
excellent moisture and 
chemical resistance, self- 
extinguishing 

and stiffness, exceptional 
dimensional stability, high 
chemical and abrasion 
resistance, no known room 
temperature solvent 

Polyethylene Good toughness, light weight, 
low cost, good flexibility, 
good chemical resistance; 
can be ’welded’ 

Very high heat and chemical 
resistance, nonbuming, 
lowest coefficient of friction, 
high dimensional stability 

Polyphenylene Very tough engineering plastic, 

Very high tensile strength 

Fluorocarbons 

oxide, superior dimensional stability, 
modified low moisture absorption, 

excellent chemical resistancz 
Excellent resistance to stress or 

flex cracking, very light 
weight, hard, scratch-resistant 
surface, can be electroplated; 
good chemical and heat 
resistance; exceptional impact 
strength; good optical 
qualities 

Polysulfone Good transparency, high 
mechanical properties, heat 
resistance, electrical 
properties at high 
temperatures; can be 
electroplated 

Polypropylene 

Injection molding 

Injection molding 
Vacuum forming 
Compression molding 
Continuous laminating 
Injection molding 
Continuous laminating 
Rotational molding 

Injection molding 

Injection molding 
Rotational molding 
Blow molding 

Injection molding 
Encapsulation 
Continuous pultrusion 

Injection molding 

Injection molding 
Continuous laminating 
Rotational molding 

Injection molding 
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Tubk 5. Guide to Decorating Processec 

Economics Aesthetics Product Design Chemistry Manufacturing Comments 

1. Engraved 
mold 

2. In-mold label 

3. Inserted 
nameplates 

4. Twc-shot 
molding 

1. Applique 

2. Electrostatic 

3. Flexoraphic 

4. Hand 
painting 

Unit cost 
low; labor 
cost low; 
investment 
moderate 

unit cost 
high; labor 
cost high; 
investment 
none to 
moderate 

Unit cost 
high; labor 
cost high; 
investment 
moderate 

unit cost 
high; labor 
cost high; 
investment 
moderate 
to high 

Unit cost 
high; labor 
cost high; 
investment 
moderate 
to high 

Unit cost 
low to 
moderate; 
labor cost low; 
investment 
moderate 
to high 

Unit cost 
low; labor 
cost low; 
investment 
moderate 
to high 

Unit cost 
high; labor 
cost high; 
investment 
low 

Done in the mold 
Limited Unrestricted Not critical No extra Best for simple lettering 

operations and texture 

Good durability 

Unlimited Somewhat Critical Longer molding Good for thermoplastics 
restricted cycles and thermosets; 

automatic loading 

available 
Good durability equipment becoming 

Partially Restricted Not critical Longer molding Allows three- 
limited cycles dimensional as well as 

special effects 
Good durability 

Limited Somewhat Not critical Two molding Good where maximum 
restricted operations abrasion resistance 

necessary 
Good durability 

Done after molding 
Somewhat Unrestricted Not critical Hand operation Allows unusual effects 
limited 

Good durability 

Limited Somewhat Critical 
restricted 

Dry process, no tool 
contact with product 

Moderate to 
good durability 

Somewhat Restricted Critical Automates well Wet process, tool 
contacts product; limited 
sometimes requires 

Moderate topcoat 
durability 

Somewhat Unrestricted Critical Hand operation Wet process, tool 
limited contacts product 

Good durability 
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Table 5. Continued. 

Comments Economics Aesthetics Product Design Chemistry Manufacturing 

Critical Requires little 
floor space 

Dry process, tool 
contacts product 

5. Heat 
transfer 

Unit cost 
low to 
moderate; 
labor cost 
low to 
moderate; 
investment 
low to 
moderate 

Unit cost 
low; labor 
cost low to 
moderate; 
investment 
low to 
moderate 

Unit cost 
low to 
moderate; 
labor cost 
low to 
moderate; 
investment 
low to high 
Unit cost 
moderate to 
high; labor 
cost moderate 
to high; 
investment 
high 

Unit cost 
high; labor 
cost moderate 
to high; 
investment 
low to 
moderate 

Unit cost 
low; labor 
cost moderate; 
investment 
high 

Unlimited 

Limited 

Unlimited 

Limited 

Unlimited 

Unlimited 

Limited 

Somewhat 
restricted 

Good durability Multicolor graphics 

Requires little 
floor space 

Dry process, tool 
contacts product 

6. Hot 
stamping 

Somewhat 
restricted 

Critical 

Good durability Produces bright 
metallics 

Somewhat 
restricted 

Less critical Adaptable to 
many 
situations 

Dry process, no tool 
contact with product 
at times 

7. Labeling 

Multicolor graphics Moderate to 
good durability 

Critical 8. Metallizing Somewhat 
restricted 

Requires special 
technological 
know-how 

Wet and dry process, 
no tool contact with 
product 

Good durability 

Less critical 

Produces bright 
metallics 

Dry process, tool 
contacts product 

9. Nameplates Somewhat 
restricted 

Adaptable to 

situations 

Good durability Multicolor graphics 

10. Offset Restricted Critical Automates well Wet process, tool 
contacts product 

Multicolor graphics Moderate to 

durability 

Critical 

good 

11. Offset 
intaglio 

Unit cost 
low; labor 
cost moderate; 
investment 
moderate 

Unrestricted Requires little 
floor space 

Wet process, tool 
contacts product 

New process Moderate to 
good durability 
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Table 5. Continued. 

Economics Aesthetics Product Design Chemistry Manufacturing Comments 

12. Silk screen Unit cost Somewhat Somewhat Critical Flexible Wet process, tool 
moderate; limited restricted operation contacts product 
labor cost 
moderate; 
investment Good durability 
moderate 

13. Spray Unit cost Limited Unrestricted Critical Requires much Wet process, no tool 
moderate; floor space contact with product 
labor cost 
moderate; 
investment Good durability 
moderate 
to high 

14. \VWd- Unit cost Specialized Specialized Critical Mostly hand Wet process, tool 
graining high; labor operated contacts products 

cost high; 
investment Good durability 
moderate to 
hgh 
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Table 6. Guide to Decorating and Printing ProceTses. 

Process Description Equipment Applications 

Conventional 
spray 
painting 

Electrostatic 
spray 
painting 

Paint wiping 

Paint’s sprayed by air or 
airless p ( s )  for funct io~l  
or decorative coatings. 
Especially good for large 
areas, uneven surfaces or 
relief designs. Masking 
used to achieve special 
effects. 

Charged particles are 
sprayed on electronically 
conductive parts; process 
gives high paint 
utilization; more expensive 
than conventional spray. 

Paint is applied 
conventionally, then paint 
is wiped off. Paint is either 
totally removed, remaining 
only in recessed areas, or 
is partially removed for 
special effects such as 
wood-graining. 

Roller coating Raised surfaces can be 
painted without masking. 
Special effects like stripes. 

Screen 
printing through a finely woven 

Ink is applied to part 

screen. Screen is masked 
in those areas which won’t 
be painted. Economical 
means for decorating flat 
or curved surfaces, 
especially in relatively 
short rum. 

Hot stamping Involves transferring 
coating from a flexible foil 
to the part by pressure and 
heat. Impression is made 
by metal or silicone 
die. Process is dry. 

Heat 
transfers preprinted coating (with a 

Similar to hot stamp but 

release paper backing) is 
applied to part by heat 
and pressure. 

Electroplating Gives a functional metallic 
finish (matte or shiny) via 
electrodeposition process. 

Spray guns, spray booths, 
mask washers often 
required; conveying and 
drying apparatus needed 
for high production. 

Spray gun, high-voltage 
power supply; pumps; 
dryers. Pretreating station 
for parts (coated or 
preheated to make 
conductive). 

Standard spray-paint 
setup with a wipe station 
following. For low 
production, wipe can be 
manual. Very high-speed, 
automated equipment 
available. 

Roller applicator, either 
manual or automatic. 
Special paint feed system 
required for automatic 
work. Dryers. 
Screens, fixture, squeegee, 
conveyorized press setup 
(for any kind of volume). 
Dryers. Manual screen 
printing possible, for very 
low-volume items. 

Rotary or reciprocating hot 
stamp press. Dies. High- 
speed equipment handles 
up to 6000 parts per hour. 

Ranges from relatively 
simple to highly automated 
with multiple stations for, 
say, front and back 
decoration. 

Preplate etch and rinse 
tanks; Koroseal-lined 
tanks for plating steps; 
preplating and plating 
chemicals; automated 

Can be used on all’ 
materials (some require 
surface treatment). 

All plastics can be 
decorated. Some work, 
not much, being done 
on powder coating of 
plastics. 

Can be used for most 
materials. Products 
range from medical 
containers to furniture. 

Can be used for most 
materials. 

Most materials. Widely 
used for bottles; also 
finds big applications 
in areas like TV and 
computer dials. 

Most thermoplastics 
can be printed; some 
thermosets. Handles 
flat, concave or convex 
surfaces, including 
round or tubular 
shapes. 

Can handle most 
thermoplastics. A big 
application area is 
bottles. Flat, concave 
or cylindrical surfaces. 

Can handle special 
plating grades of ABS, 
PI‘, polysulfone, filled 
Noryl, filled polyesters, 
some nvlons. 

Effect 
~~ 

Solids, multicolor, overall 
or partial decoration, 
special effects such as 
wood-graining possible. 

Generally for one-color, 
overall coating. 

One color per pass; 
multicolor achieved in 
multistation units. 

Generally one-color 
painting, though 
multicolor possible with 
side-by-side rollers. 

Single or multiple 
colors (one station 
per color). 

Metallics, wood grains or 
multicolor, depending on 
foil. Foil can be specially 
formulated (eg., 
chemical resistance). 

Multicolor or single 
color; metallics (not as 
go6d as hot stamp). 

Very durable metallic 
finishes. 

systems available. 



Table 6. Continued. 

Process Description Equipment Applications Effect 

Vacuum 
metallization 

Depositing, in a vacuum, a 
thin layer of vaporized 
metal (generally aluminum) 
on a surface prepared 
by a base coat. 

Metallizer, base- and top- 
coating equipment (spray, 
dip or flow), metallizing 
racks. 

Most plastics, especially Metallic finish, generally 
PS, acrylic, phenolics, 
PC, unplasticized (e.g., gold, copper). 
PVC. Decorative 
finishes (e.g., on toys), 
or functional (e.g., as a 
conductive coating). 

High-tempera ture Metallic finish. Silver 
materials. Uniform and copper generally 
and precise coatings 
for applications like platinum, palladium 
microminiature 
circuits. 

Most plastics. For 
decorative items. bronze). 

silver but can be others 

used. Also gold, 

Metallic (silver and 

Cathode 
sputtering 

Uniform metallic coatings 
by using electrodes. 

Discharge systems to 
provide close control of 
metal buildup. 

Deposition of a metallic 
finish by chemical reaction 
of water-based solutions. 

Activator, water-clean and 
applicator guns; spray 
booths, top- and base- 
coating equipment if 
required. 

Metal plate, squeegee to 
remove excess ink, 

Spray 
metallization 

All plastics. Specially 
recommended for odd- 

Single- or multicolor - 
one printing station per 

Tamp 
printing 

Special process using a soft 
transfer pad to pick up 
image from etched plate 
and tamping it onto a 
part. 

conical-shaped transfer pad, shaped or delicate color. 
indexing device to move 
parts into printing area, 
dryers, depending on type 
of operation. 

park (e.g., drinking 
cups, dolls’ eyes). 

In-the-mold 
decorating 

Film or foil inserted in mold Automatic or manual feed Most plastics, Single- or multicolor 
especially polyolefins decoration. 
and melamines. For 
parts where decoration 
must withstand 
extremely high wear. 

Most plastics. Used on 
such areas as coding 
pipe and extruded 
profiles. 

Most plastics. Used in 
applications like decoration. 
coding pipe. 

Single- or multicolor. 

Multicolor print or 

is transferred to molten 
plastics as it enters the 
mold. Decoration becomes 
integral part of product. 

system for the transfers. 
Static charge may be 
required to hold foil in 
mold. 

Flexography Printing of a surface 
directly from a rubber or 
other synthetic plate. 

Manual, semi- or 
automatic press, dryers. 

Offset 
printing 

Roll-transfer method of 
decorating. In most cases 
less expensive than other 
multicolor printing 
methods. 

Ranges from low-cost 
hand presses to very 
expensive automated 
units. Drying, 
desta ticizers, 
feeding devices. 

Embosser with inking 
attachment or special 
package system. 

Equipment runs the 
gamut from hand 
dispensers to relatively 
high-speed machines. 

Valley 
printing 

Labeling 

Uses embossing rollers to 
print in depressed areas 
of a product. 

From simple paper labels 
to multicolor decals and 
new preprinted plastic 
sleeve labels. 

Used largely with PVC, Generally two-color 
PE for such areas as maximum. 
floor tiles, upholstery. 

Can be used on all 
plastics. Used mostly and types. 
for containers and for 
price marking. 

All sorts of colors 
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Melt Index 

GUIDE TO PROCESSING 
BASICS AND OVERVIEW 
INTO THE FUTURE WITH 
PICTORIAL VIEWS 

M. G. Rosato  and  D. V. Rosato  
email: fallo@banet. net 

These thirtysix figures and four tables provide a brief 
summary of the process of injection molding (IM) coin- 
pared to other processes, such as the plastic melting action 
during the extrusion and blow molding processes. 

IM is a siniplified description (Figure 1) of a compli- 
cated process that is controllable within specific limits. The 
goal is continual improvement of the relationship of pro- 
cess, plastic, and product (Figures 2 and 3), arid controlling 
this process (Figure 4). 

IM is a repetitive process in which melted or plasticized 
plastic is injected or forced into a mold cavity, where it is 
held under pressure until removed in a solid state, basically 
duplicating the cavity of the mold (Figure 5). The mold 
may consist of a single cavity or a number of similar or 
dissimilar cavities, each connected to flow channels or 
"ruiiners" that direct the flow of the melt to the individual 
cavities (Figure 6). Three basic operations exist: (1) raising 
the plastic temperature in the injection or plasticizing unit 
so that it will flow under pressure, (2) allowing the plastic 

1 Clamping Cylinder I Mold I Injection Unit I 
Fig. 1. IM Basic Elements. (All figure5 in thic article are taken 
from the source: DVR, Injection Molding Newsletter, Society 

of Plastics Engineers) 

I 1 , 

Performance Requirements 

I Practical I Approach 
I Engineering 

Approach I 

Material Selection u 

Ideal choicelCompromtse r 
Fg, 3 Ideal Choice/Coiiiproinix 

I PROCESS 1 PRODUCT ) 

Fiq. 4. Siiiiplified Proceo Step 

melt to solidify in the mold, and (3) opening the inold to 
eject the molded product. 

These three steps are the operations in which the me- 
chanical and thermal inputs of the injection equipment 
must be coordinated with the fundamental properties and 
behavior of the plastic being processed. They are also the 
prime determinants of the productivity of the process since 
iiianufacturing speed or cycle time (Figure 7) will depend 
on how fast the material can be heated, injected, solidified, 
and ejected. Depending on shot size and wall thicknesses, 
cycle times range from parts of a second to many minutes. 
Other important operations iii the injection process range 
from feeding the IM machine (IMM), usually gravimetri- 
cally through a hopper, to the mold clamping system to 
ensure that high-quality products are produced (Figure 8). 

An example of the complete IM operation is shown in 
Figure 9. This FALL0 approach (Follow ALL Opportuni- 
ties) suiiiiiiarizes what should be considered to ensure a 
good return on investment to produce all types and shapes 
of molded products. These important steps must come to- 
gether properly to produce products consistently nieeting 



Screw 
Nozzle 2 25 in dia 

Sprue 

Mold 
Runner 

Gate 12.000 psi 

Molded part 
4,000 psi 

15,000 psi e 2.000 psl 

F g  5 I'retrure Loading Melt 

4 COMPLETE CYCLE 

60 SEC. + 

CURE IN MOLD CAVITY 

4 

PLASTICIZING 
FOR NEXT SHOT 

PRCWCITJUIT .SLOW C U R C W S R A V J R S I  

TOTAL CYCLE TIME 

Fix. 6. Mechanicd Load Profile. 

perforiiiance requirements at the lowest cost: (1) design a 
inold (or die for extrusion) around the product, (2) put the 
proper auxiliary equipment around the mold (die), and (3) 
set up complete controls such as quality controls, trouble- 
shooting guides, preventative maintenance, and opera- 
tional safety procedures. To be effective, the evaluation of 
a product should proceed according to a logical step-by- 
step process (Figure 10) with a target of zero defects. 

INJECTION COOLING 

SCREW-RAM 
TRAVEL PLASTIC COOLING IN MOLD 

8 SEC. 47 SEC. 

FREE 
TRAVEL GATE SHRINKAGE OCCURS 

SEFtL IN MOLD 
4 TIME 4 

8 SEC. 17 SEC. 30 SEC. 

HIGH QUALITY 
MOLDED PARTS 

I I 

GOOD MOLD ADEQUATE MOLD 
CLAMPING FORCE 

h PROCESS 
MATERIAL 

MATERIAL TEMPERATURE PRESSURE 

FILLING RATE 

F g .  7. Example of IM Cycle. Fk. 8. Target Quality 
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4 Individual CONTROL for each operation. from soRware to hardware w, 

4 M 
SOFTWARE 

OPERATION 

that produce parts 
- HARDWARE OPERATION SOFTWARE 

lnteqrate all individual operations OPERATION 

I PART 
: PERFORMANCE 
' REQUIREMENTS 

* requ,rements 
: based on market 

Use VALUE 
ANALYSIS 
approach 
to meet 
prformancc 
to cost 
requirements 

Select Select 
PLASTIC HARD- 
material 

INJECTION MOLDING MACHINE 
ORGAN- 

DESIGN .) IZE , MATERIAL * PART PLANT ?HAND- 
LAYOUT : LING 

FALLO 

FOLLOW ALL OPPORTUNITIES 

: 

4 L-I-4 

TAKE THE ACTION 

Storage. Select 
HARD- 

blender. conveyor, MOLDED 
and I or 
others. ready +D 

delivery 
Secondary 
operation 
Fackging. 

+ 

Set up TESTING I QUALITY CONTROL - 

Set up practical /useful TROUBLESHOOTING 
GUIDE based on"causes 8 remedies" of 
potential "faults " 

Immediately after part is in 
production--next step -- 
IMPORTANT STEP - is to 
produce part to meet same 
requirements but produced 
at a lower cost. 

Use FALLO approach. 
Reevaluate all parameters 
used from palt design (use 
less plastic), use lower costs 
plastic with similiar process- 
ing costs (or plastic with 
higher cost-processes 
faster-results in total lower 
cost), check hardware per- 
formance, & other parame- 
ters described in the IM 
HANDBOOK. 

A 
Characterize propelties, mechanical, physical, 
chemical, thermal, etc. 

Receive and review product 

Develop design approach 7 

Fig. 9. FALLO Approach. 

People and Productivity 

r-4) Study approach 

Complete preliminary appraisal I 

Ll Assign d k  priority I 
..L, 

Produce product 1 
I I 

Ftq. I O .  Overall Product Approach 

The recipe for productivity includes a list of ingredients 
such as R&D, new technologies, updated equipment, 
coniputer automation systems, and adequate, modern 
facilities. But the one ingredient that ties thc recipe to- 
gether is people. For example, coniputer software controls 
(CAD, CAM, CIIM, etc.) all provide a iiieans of autoniat- 
ing the manufacturing line (Figure 11). But to have the 
line run efficiently, people must properly use these guides. 
Equipment and plastic materials are not perfect; they re- 
quire the human touch to ensure their repeatability. 

Achievable processing plans begin with the recognition 
that sniooth does not mean perfect. Perfection i s  an unre- 
alistic ideal. It  is a fact of life that the further someone 
is removed from a task, the more they are apt to expect 
perfection from those iiivolved in the processing. The ex- 
pectation of perfection can block genuine communication 
between workers, departments, nianagernent, customers, 
and vendors. 

A smoothly run program creates a product that meets 
performance specifications, arrives on time, and falls 
within budget. Perfection i s  never reached; there is always 
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F&. 1 1 .  Raw Materials to Products 

room for improvement. To live is to change, and to ap- 
proach perfection is to have changed often (in the right 
direction). 

Plastic Material 

Literally many thousands of different plastics (also called 
polyniers, resins, reinforced plastics, elastomers, etc.) are 
processed. Figure 2 1  is an example of the basic steps in a 
plant starting with incoming plastics to manufacturing the 
finished products and in turn packaging and shipping the 
products. Each of the plastics have their different melt be- 
haviors, product performances (Figures 12 and 13), and 

There are basically two types of plastic materials 
molded. Thevlnoplustics (TPs), which are predominantly 
used (representing 90 percent of all plastics processed), ba- 
sically can go through repeated heating/nielting [usually 

costs. 

TOUGH 

POLYESTER 

BRITTLE 

Note: With formulation changes (via additives, lillers. rein- 
forcements. alloying. etc.) position 01 plastic can move 
practically any place in the “pie.” 

ComDosites 

Strength 

Plastics 
/ Reinfcrced P!as:ics 

Wood 
Steel 

Aluminum 
Conc!ete 

Modulus of Elasticity 

Plastics 
Composites / Reinlorced P!astics Woad- 

Steel 
Aluminum 

Plastics 
Composites / Reinlorced P!astics 

Woad 
Steel 

Aluminum 
Concre:e 

0 

Specific Gravity 
,T n _ _  

6 
x 10 Psi 

Composites / Reinfcrced Plastics 

G 1 m  
Concrele - Stone / / / 

0 2 4 6  8 

Fig. 12. Range of Properties. Fix. 13. Comparing MaterialF. 
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Thermoplastic: 

TI  952 &stics haorrie soft whw tvportd 
to Sdfficient heat zqd haidcn wt-en cooled, 
r3 iw te r  how often tne process is iepea'ed 

a Start of process 

- ~- __ . . _- 
Thermosetting: 

The pl3sl cs w!eria s belonging to this group 
are set .nio periranent shape when heat and 
pressure die applied lo  lhem during forming 
Reheztiqg vri'i n3t so'tcn fhfse materials /=7'\\, 

Plastic Composition 

Interplay Between 
Composite Constituents 

Fig. 14. Plastic Types 

Fig. 16. Plastics Compositions 

at a low of 260°C (SOO'F)] to cooling/solidification cycles 
(Figures 14 and IS). The different TPs have different prac- 
tical limitations to the number of heating-cooling cycles 
before appearance or properties are affected. TkrJrmosets 
(TSs), on initial heating (usually at  a low of 12OoC 
(250°F)), become permanently insoluble and infusible. 
During heating they undergo chemical changes or cross- 
linking. Certain plastics require higher melt temperatures; 
some go up to at least 400°C (752°F). 

Extensive compounding of different amounts and conibi- 
nations of additives (colorants, flame retardants, heat and 
light stabilizers, and so on), fillers (calcium, carbonate, and 
so on), and reinforcements (glass fibers, glass flakes, graph- 

Example of a Thermoset 
Processing Heat-Time Profile Cycle 

Example of a Thermoolastic 
Processing Heat-Time Profile Cycle 

a. Start of process 
b Plastic melted 
G Plastic hard but can 

be resoftened 

Fix. 15. Melt Profiles 

ite fibers, and so on) are used with plastics (Figure 16). 
Compounding also embraces the mixing (alloying, hlend- 
ing) of two or more plastics that may be miscible or immis- 
cible with or without additives. 

With TPs, the mold is kept at a temperature below the 
solidifying point of the plastic. This approach causes the 
injected hot melt to initially start a surface "freezing" in 
the cavity followed with forming the solid product. After 
a sufficient cooling time, the mold opens, and the part is 
ejected. When processing TSs (from the injection/plasti- 
cizer), the hot melt entering the heated mold initially is 
permitted to remain below the temperature where it 
would cause premature solidification due to its exothermic 
reaction. After properly filling the cavity, the mold's 
higher temperature causes the melt to reach its final chem- 
ical cross-linking action, resulting in the melt's solidifica- 
tion. 

Commodity and Engineering Plastics 

By using different additives, fillers, and so on with the dif- 
ferent plastics, more than 17,000 compounds are commer- 
cially available worldwide. They are used in the different 
processes to meet the processes' specific melt-flow charac- 
teristics or provide cost-to-product performance advan- 
tages. They are classified as commodity plastics or engi- 
neering plastics. Commodities such as PES, PVCs, PYs, and 
PSs (see Appendix A, List of Abbreviations) account for 
over two-thirds of plastics sales. 

Engineering plastics are characterized with meeting 
higher or improved performances. Half a century ago the 
dividing line costwise was about $O.lS/lb; now it is about 
$l.OO/lb. Examples of engineering plastics are PAS, PCs, 
ABS, and PEEK. Many of the TS plastics are of the engi- 



Tabk 1. Plastics Morphology. (All tables in  this article are taken from thc source: DVR, Injection Molding Ilivision Newrletter, 
Society of Plastics Engineers) 

Property Crystalline Amorphous 

Melting or softening 
Density (same plastic) 
Heat content 
Volume change on heating 
After-molding shrinkage 
Effect of orientation 
Compressibility 

Fairly sharp melting point 
Increases as crystallinity increases 
Greater 
Grater 
Greater 
Greatcr 
Often greater 

Softens over a temperature range 
Lower that for crystalline plastic 
Lower 
Lower 
Lower 
Lowcr 
Sometimes lower 

neering type. Historically, as more competition and pro- 
duction occurs for certain engineering plastics, their costs 
go down and they become commodity plastics. 

Morphology and Performance 

Processability and performance of  TPs, such as meeting 
product tolerance requirements and mechanical proper- 
ties, are influenced by factors such as molecule size or 
weight, molecular distribution, and shapes or  structures of 
individual molecules. They arc formed by aligning them- 
selves into long chains of molecules, sometimes with 
branches or  lateral connections to form complex shapes. 
All these forms exist in  either two or  three dimensions. 
Because of their geometry, o r  m o q ~ h o l o g ~ ~ ,  some of  these 
molecules can come closer together than others. These are 
identified as c i q ~ u l l i n e  (such as PE, PP, and PA); the others 
are anior.phous (such as PMMA, PS, SAN, and ABS). Table 
1 provides examples of their characteristics. Morphology 
occurs with TPs but not TSs. When TSs are processed, 
their individual chain segments are strongly bonded to- 
gether during a chemical reaction that is irreversible. Table 
2 provides examples of thermal properties for TPs c o n -  
pared to  some other comnioii materials. 

Plastics are either truly homogeneous, amorphous solids 
or  heterogeneous, semicrystalline solids. There are n o  
purely crystalline plastics since so-called crystalline materi- 
als also contain different amounts of  amorphous material; 
semicrystalline is technically more accurate. Various meth- 
ods of defining and evaluating plastics are used such as their 
molecular weklzt distrihirtion (MWD).  A narrow MWD en- 
hances the performance of plastic products. M W I I  effects 
melt-flow rates. 

Melt Flow and Rheology 

Rheology is the science that deals with the deforniation 
and flow of  matter under various conditions; an example 
is plastic melt flow. T h e  rheoloby of plastics, particularly 
TPs, is complex but manageable. These materials combine 
the properties of  an ideal viscous liquid (pure shear defor- 
mations) with those of an ideal elastic solid (pure elastic 
deformation). Plastics are therefore said to be viscoelastic 
(Figure 17). T h e  mechanical behavior of plastics is d o m -  
nated by the viscoelastic phenomena such as tensile 

strengths, elongation at breaks, and rupture energi. The  
viscous attributes of  melt flows are very important consid- 
erations during any processing system. 

The  rion-A'ewtoitiun flow of plastics (solid line in Figure 
18) is compared to that of the relatively straight Neiutoniaul 
line of water. Virmsity is a material's resistance to viscous 
d~ formnt ion  (flow). T h e  resistance of elastic deformation is 
the modulus ofclasf ir i ty  (E). Not only are there two classes 
of deformation; there are also two modes in which defor- 
niation can be produced-simple shear and simple teii- 
sion. T h e  actual action during melting, as in a screw plas- 
ticator (injection unit), is extremely complex with all types 
of shear-tension combinations. Together with screw de- 
sign, deformation determines the pumping efficiency of 
the plasticator and controls the relationship between out- 
put rate and pressure drop through the melt flow to solidi- 
fication and ejection of  the product. 

Plasticating 

Many methods are used to melt or plasticate the plastics. 
T h e  most common is the siriglc-stage or the reciprocating siii- 
gle plasticating screw-barrel system (Figure 5). Melt is fed 
into a shot chaniber (front of screw). This motion gener- 
ates controllable low pressure (usually 50 to 300 psi (0.34 
to 2.07 MPa)), which cause? the screw to retract. When 
a preset device (such as a screw position transducer) is acti- 
vated, the shot r i z e  is met, and the screw usually stops rotat- 
ing. At a preset time the screw acts as a rani to push the 
melt into the mold. Lkpending on the plastics melt-flow 
characteristics, injection pressure at the nozzle takes place 
from 2,000 to 30,000 psi (14 to  200 MPa). A required 
pressure is basically determined by the plastic being pro- 
cessed and melts pressure required in the cavity, taking 
into account that pressure drops off as the melt travels in 
the mold. Molds are designed to meet different require- 
nientc. They include hot-runners or  cold-runners (TPs 
and TSs) with different lengths of  runners, gates, and so 
on. Adequate clamping p e s s u r e  must be used to eliminate 
the mold fi-om opening (jarhirig) during and after the fill- 
ing of the cavity. 

Other  I M  methods include different arrangements of 
tzvo-sta<qe screws. As an example, one of its stages is devoted 
to the melting and mixing through a rotating screw acting 
as an extruder where a melt continuously is produced. 
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Fig 17 VisLoelnstic Behaviors 
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This screw does riot require a reciprocating action (as in a 
single-stage IMM) since it conveys melts only by means of 
some type of diverter niechanisni or valve into a “holding” 
or injection cylinder. When a sufficient quantity ofnielt has 
been transferred, the diverter valve again shifts to create a 
flow path from the injection cylinder into the mold. The 
second-stage (injection stage) provides the pressure of the 
me!t (shot size) into the mold cavity. After injection is coni- 
pleted, the diverter valve shifts to direct the melt-flow path 
from its first-stage into the second-stage holding cylinder, 
and this operating cycle continually repeats. 

The various IMM designs that are used to proces plas- 
tics each provide advantages, such as reducing product 
weight (reducing plastic consumption), eliminating or 
niinimizing molded-in stresses, and improving perfor- 
mances and tolerances. Various gas-injcrtion molding marhine 
(GIMM) systems involve the injection of an inert gas, usu- 

Low --+ High forms a series of interconnecting hollow channels within 
the melt. The gas pressure at about 4,300 psi (30 MPa) is 
maintained through the cooling cycle. In effect, the gas 
packs the plastic against the cavity wall. 

Pressure 

Fig. 18. Plastics Rheology. 
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Iniection/Compression-Co,Ilng 

Mold Fi l l ina 

Open Position 

E 
Part ia l ly  Closed 

E 
Closed Position 

IG 
F&. 19. Injection/Compression. 

Another design is injection-compressiorl molding, also called 
injection stamping and more often coinirzg. It uses a compres- 
sion type mold having a male plug that fits into a female 
cavity (Figure 19). After a short shot (relatively no pressure 
in cavity) enters the preopened or preclosed cavity mold, 
its stress-free melt is compressed to inold the finished 
product. Other systems include coiriection, two-color 1211, 
counte$ow IM, multilive IM, oscillatory I M ,  reaction Lt4, liquid 
IM, foam IM,.fusible and soluble cow IM, tandem IM, injection 
blow molding, IM with rotation, continuous IM (Velcro strips, 
etc.), metal-plastic IM, vac14um IM, and so on. 

Screw Design 

The primary purpose for using a screw is to take advantage 
of its mixing action. The motion of the screw should keep 

any difference in melt temperature, melt uniformity, and 
melt output to a niiniinuni prior to entering the mold. 
Heat is applied from heater bands around the barrel and 
the mixing action that occurs when plastic moves via the 
screw (Figures 5 and 20). Both conduction and mechanical 
friction accomplish heating during screw rotation. As sum- 
marized in Figure 21, different controls during IM, such 
as back pressure and screw RPM, influence melt charac- 
teristics. 

Generally, most IMM use a single constant-pitch, 
metering-type screw for handling most of the plastics. 
Basically a screw has the three sections offeed, melting (tvan- 
sition), and metering (Figure 20). The feed section, which 
is at  the back end of the screw (where plastics first enter), 
can occupy froin about zero to 75 percent of the screw 
length but usually occupies 50 to 75 percent. Its length 
essentially depends on how much heat has to be added to 
the plastic that enters the hopper where it may be pre- 
heated. 

The melting (transition) section is whcre the softened 
plastic is transformed into a continuous melt. It can occupy 
from 5 to 50 percent of the screw length. This usual coni- 
pression zone has to be sufficiently long to niake sure that 
the plastic is melted. A straight compressioii-type screw is 
one having no feed or metering section. For certain plas- 
tics, particularly TSs, there tends to be no conipression 
zone since overheating and solidification of the melt could 
occur in the screw or barrel. 

In the metering section, the plastic is smeared and 
sheared to give a melt its final uniform composition and 
temperature for delivery to the mold. As high shear action 
will tend to increase the melt’s temperature, the length 
of the metering section is dependent on the plastic’s heat 
sensitivity and if any additional mixing is required. For 
certain heat-sensitive plastics very little or no metering ac- 
tion can be tolerated. For other plastics it averages about 
20 to 25 percent of the screw length. Both the feed and 
metering sections usually have a constant cross-section 
(zero conipression ratios). However, the depth of the flight 
for the feed section is greater than that in the metering 
section. The screw’s conzpression rutio can be determined by 
dividing the flight depth in the feed section by that in the 
metering section. Depending on plastics processed, ratios 
usually range from 0 to 4. 

Overall length (O.A.L.) 1-1 
Flight length (F.L.) 

F<q. 20. Screw Nomenclature 
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Nozzle Melt Ternceialure 

Fill Time 

Back Pressuie Boild U p  l i m e  
Bark P'essure 83116 Up I$% 

Peak Hydraulic Pressure 

Fi,?. 21. 1M Machine Controls 

A mold must be considered as an iniportant part of IM. 
It is a controllable coniplex device providing different 
functions or capabilities to permit molding the desired 
product (Table 3). If not properly operated, handled, and 
maintained, it will not be an efficient operating device. 
Under pressure, hot melt moves rapidly through the niold. 
Basically, temperature-controlled water (with ethylene 
glycol if the water has to operate below its freezing point) 
circulates in the mold to remove heat froni TPs; with TSs 
electrical heaters that are usually used within the mold pro- 
vide the additional heat required to solidify the plastic melt 
in the cavity. Air is released from the cavity to eliminate 
melt burning or voids in the products. 

Mclt moving through the mold basically consists of 
properly designed rp~uc, rtlnncr, '?ate, and cavity (Figure 5). 
The sprue is the channel, cut in the stationary platen that 
transports the melt from the plasticator nozzle to the run- 
ner. In turn, melt flows through the gate and into the cav- 
ity. With a single cavity mold, usually no runner is used, 
so inelt goes from the sprue to the gate. 

In use are different runner systems to meet different 
processing requirements. The more popular arc thc cold 
and hot Y I I M ~ I C Y S .  With a TP cold runner, the melt from the 
sprue to the gate solidifies by the cooling action of the 
inold as the melt in the cavity solidifies. A hot runner for 
TP has the sprue to the gate insulated from the chilled 
cavity and rennins hot so that the melt never cools; its 
next shot starts from the gate rather than the nozzle as in 

Ttible 3 Exaniplea of Mold Functions 

Mold Coinpoiient Functions Performed 

Mod base 
Guidc pin 
Sprue bushing 

Runner 
Gate 
vent 
Actuating device that operates mechanically, hydraulically, or 

Water channel for TPs or heater to TSs 
Ejector device that operates iriechanically with pins, bladec, 

plates, robots, with or without air 
Ejector return pili or other mechanical device 

electrically 

Locates cavity iii its pcriiiancnt or correct position 
Aligns the two basic mold halves 
Provides proper and leak-proof alignment with the plasticator 

Directs melt from the sprue to cavity gate 
Provides proper melt flow into the cavity 
Trapped air and gas escapes from the cavity 
Permits side holes or windows, undercuts, threaded sections 

I 1  0 221 e 

Provider proper cooling (TI'S) or hcatiiig (TSc) 
Required force or action is required to remove molded parts 

Used to return the ejector pin a s  mold closes after parts are 
at the end of their cycle 

ejectcd 
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Mold 
Uesign 

Cycle Time 

Part Shape 

Tolerances 

Number of 
Parts Required 

Tool Life 

) Mold ./f Number of Cavities 

Coo I I n g 
Analysis 

J 
Type Bushins 
Runner Length 
Runner Diameter 

2 2 r e  

b Melt Time .‘ 

Fg. 22. IM Mold Controls 

a cold runner. With TS, when the melt solidifies, it is 
called a hot runner. The cold runner TS remains as a melt 
using a cooled insulated manifold; its next shot starts froni 
the gate rather than the nozzle as in a TP hot runner. 

Molds with different operating actions include sliders, 
unscrewing devices, and knockout systems to eject prod- 
ucts as well as solidified runners at the proper time. These 
basic operations in turn require all kinds of interactions 
such as fill-time and hold pressure (Figure 22). 

Processing 

Processing steps are summarized in Figures 4. 7, 21, and 
22. Figure 23 is an example for processing reinforced 
plastics (RPs). Different machine requirements or mate- 
rial conditions are set to ensure use of the niost efficient 

IM process. Important in practically all operations are 
factors such as using unworn screws and properly dried 
plastics. Special dryers veritcd barrels are required in drying 
the T P  hygroscopic inaterials (such as l’C, PMMA, PUK, 
PET). 

Use of rqyririd niay have little effect on product perfor- 
mances (such as appearance, color, or strength). However, 
reduction in performance could occur with TPs such as 
the once-through shown in Figure 24. Granulated TSs can 
be used as additives or fillers in  plastics; they are not re- 
meltable. 

Thc process of heating and cooling inaiiy TPs can be 
repeated indefinitely by granulating scrap, defective prod- 
ucts, and so on. During these cycles the plastic develops 
a time-to-heat history or residence time. This action can sig- 
nificantly lose processing advantages and properties. Loss 

F(q. 23. Processing Rl’s. 
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F[q. 24. Regrind Once Through 

niay require compensation of product design, process 
setup, and inaterial modification. 

With all the types of plastics IM troublesliootirzXRuides are 
set up to  take fast, corrective action when products d o  not 
meet their performance requirements. Table 4 provides an 
example of errors in  the mold and product design with 
possible consequences during processing or  product per- 
formance. Troubleshooting guides can be incorporated in 
process control systems. (Troubleshooting guides are used 
with all the different processes.) 

Process Control 

Proper injection of plastic into the mold is influenced by 
several conditions (Figures 21 and 22). Any one or  combi- 
nations of conditions can effect different parameters such 
as those going from the raw material being fed into the 

IMM, flow of  melt, packing of inold cavity cycle time, 
to product performances. As an example, parameters that 
influence product tolerances involve (1) product design, 
(2) plastics used, (3) mold design, (4) I M M  capability, and 
(5) molding cycle time. Examples of effects due to I M M  
and plastic material variables are shown in Figures 25 to 29. 

Different types ofmachine process controls (PCs) can be 
used to meet different reyuirenients based on  the molder's 
needs. PC systems range from the unsophisticated nzonitorr 
(alarm buzzes, light flash) to  very sophisticated pvogrurn mu- 
trollers (personal computers (PCs) interrelate different 
IMM functions and melt process variables) (Figure 30). 
(Note that PC has different definitions; see Appendix A, 
List of Abbreviations.) 

Knowledge of the machine and plastic capabilities are 
needed before an intelligent PC program can be devel- 
oped. T h e  use of PC or  SPC (statistical PC) software con- 

Tdde 4. Rclate Error to Processing 

Faults Possible Probleriis 

Wrong location of gate 

Gates and/or runners too narrow 

Weld line(s), flow line(s), melt jetting, air entrapment, voids, warp- 

Short shot, overheating plastic, premature melt freezing, voids, 

Increased cycle time, plastic waste, pressure loss, etc. 
Unbalanced cavity preswre buildup, mold diytortion, dnnenuional 

lncreased cycle time, distortion during ejection, high after shrink- 

Use higher injection pressure, plastic burns or streak?, short uhot, 

Poor mold release, part diytortion or damage, changes or upsets 

Melt leakage occurs, mold wear, higher injection pressure re- 

Pressure loss develops, longer molding cycle, requires increase in 

Poor mold release, part distortion, dimensional variation, etc. 

ing, stress concentrationy, sink niark(s), etc. 

etc. 
Runners too large 
Unbalanced cavity layout in multiple cavity mold 

Nonuniform cooliiig; not properly applied 

Poor or no venting 

I'oor ejection system or bad locations of ejector(s) 

Insufficieiit sprue to iiozzle contact 

Sprue to long 

Draft of molded part too s m a l l  

variation/poor shrinkage control, stresses, flash, etc. 

age, stresses/warpage, poor part release, etc. 

etc. 

molding cycle, etc. 

quired, poor cycle repeatability, etc. 

heat requirement, premature freezing of sprue, etc. 
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Fig. 25. Effects of IM Controls. 
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Fig. 27. Mold Pressure Profile 

tinually nieans understanding the endless new computer 
technolob7 as it applies to basically melting plastic to pro- 
duce the required products at the lowest cost. 

Fine Tuning 

The computer-integrated iFjection molding (CIIM) systems 
make it possible to target for (1) approaching a completely 

Feeding ease 
Feeding accurcy 

I Pre- heat ing 

I 
Process: Compression molding 

transfer molding 
injection molding 

pre-heat ing (temperature, time) 
mold filling (time, pressure) 
curing (temperature, time) 

Dimensional stability 
Demolding behavior 

Mold life 
Machine wear 

Fig. 26. Processing Behavior 
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automated IM system, (2) simultaneously achieving high 
quality and zero defects, (3) increasing productivity, and 
(4) minimizing cost. They do this in several ways by basi- 
cally enabling the molder to fine-tune all the relationships 
that exist with the many machine-setting arid plastic or 
melt behaviors (Figure 30). These systems, when properly 
used by people, readily adapt to enhancing processing 
capabilities. 

Once proceaing variables (machine and plastic) are opti- 
mized through computer siinulation (rather than the usual 
trial-and-error method), these values are entered in con-  
purer programs in the form of a rather large number of 
machine settings. Establishing the initial settings during 
startup is inherently complex arid time-consuming, but the 
inany benefits of these systems are well recognized and 
accepted. IM can be effective only when the design of 

PROCESS 
ANALYSIS 

I I 

PROCESS CONTROL MODEL 

IrW .c 
PROCESS PRODUCT 

PARAMETERS REQUIREMENTS 
t 

PRODUCT 
MODEL CHARACTER- 
FORMIN ISTICS 

I 

flNAL MACHINE INTERFERENCI 
MACHINE PARAMETER + SETTINGS WITH +MAGNITUDES 

CONTROL 
SYSTEM - PROCESS COMPUTER 

CORRECTION OPERATING RANGES 

PROCESS 
CLOSED-LOOP 

ACTUAL 
MAGNITUDES PRODUCTS 

SET POINT 

Fig, 30. IMM Functionc. 
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&. 31. Old Versus New Eyuipnient. 

the product and the mold are optimized with the correct 
processing conditions. Otherwise, a self-regulating IMM is  
confused and can provide conflicting instructions. Kesult 
could be disastrous, damaging the niachine or the mold. 
Therefore, the efficient utilization of microprocessor con- 
trol systenis depends on the success of utilizing correct and 
optiniuni programs with knowledgeable people. 

Purchasing and Handling Plastic 

O n  the average, raw iiiaterials and their handling services 
incur at least half of the costs in plastic IM (as well as most 
other processes; noniiijection molded reinforced plastic 
usually has at least half the cost in labor). Wages utilities, 
overhead, and capital equipment costs could account for 
the rest. All costs are important to evaluate and justify. As 
an example, in a high-production IM line, equipment 
costs could represent less than 5 percent of the total cost 
to produce products. There is nothing new in being eco- 
nomical and logical when purchasing cquipnient, but 
equipment should cost the least to operate while still meet- 
ing requirements (Figure 31). 

It is therefore important to purchase the raw nzateviuls at 
favorable prices, have them delivered punctually (just-in- 
time or otherwise), provide the required handling systems, 

Effect of fiber 1endhonRPstrength 

0.01 0. I 1.0 IO 
FIBER LENGTHS (mm) 

Fcq. 33. Effect of Fiber Lengths on RP Strength 

use as little as possible (design iniiiiniuiii wall thicknesses 
of products, do not overpack in cavity, and so on), and 
ensure that material conforms to the required specifica- 
tions. Action is usually required to check iiiaterials re- 
ceived. 

Warekorising requires that raw materials, additives, spare 
parts, molds, tools, iiiolded products, and so on be stored 
and handled safely and economically. Various systems are 
available to meet different needs in warehousing. They 
can handle schemes for integrating the inward and out- 
ward flow of goods, order picking and transportation, fac- 
tory administration, and process control for warehousing 
tasks. 

Summary 

IM (as does other plastics fabricating processes) provides 
the world with useful or required products consuming 
about 32 percent of all plastics. The processor is required 
to keep up to date and deterniiiie when changes are to be 
niade to take advantage of continuing new developments 
in equipment (Figure 31) and materials (Figure 32). Fac- 
tors such as e n e y y  cotzservation and expanding the use of 

- - Ratio tensile strength (psi) to densitv (Ibs./cu. in.) x 10 

3 -  

2- 

I I I I I I I I I 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

Fig. 32. R1’ Growth arid Forecast. 
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Fig. 34. RPs Directional Properties. 

Become aware that for any gain there could be a loss 
not originally included in the design performance. 

When you gain "something" there will be a loss ..... 
does that loss influence product performance (for any 
material: plastic, wood, steel, glass, etc.). Performance requirement 

F&. 35. A Judicious Balance. Fig. 36. Meet the Target. 
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reinforced plastics (RPs) provide more potential for product 
growth. 

Already IM is the highest-volume method of any RP 
processed using milled or short glass fibers (Figure 33). 
Long-fiber materials such as bulk molding compounds 
have been used for about a half century using stuffer-rani 
feeders with ram or screw IMM plasticators. With in-mold 
layups of RPs, high-performance directional properties are 
achievable (Figure 34). 

Although considerable talent can be brought to bear on 
processing and engineering aspects, economic questions 
will always exist. Cost problems are particularly acute 
when the technology that will be employed is not fully 
understood and much of the cost analysis is based on his- 
torical data, past experience, and individual accounting 
practices that are not properly updated. A techrzical cort mod-  

eling (TCM) system can be used for analyzing the econom- 
ics of alternate IM methods and other processes without 
the prohibitive economic burden of trial-and-error inno- 
vation and process optimization. Cost variations are ana- 
lyzed by setting up differing (1) performance require- 
ments, (2) part design, (3) plastic selection, (4) hardware 
selection, and (5) testing, quality-control, and trouble- 
shooting factors. 

Figure 35 serves as a rcniinder that any action during 
IM (or any other process) ic a balance between gains and 
losses. With a gain in one area “something” lost could 
influence product performance, cost, and other factors. 
Thus with people working smarter, using the follow-all- 
opportunities approach, analyzing failures or limitations, 
and innovating, targets can be expanded (Figure 36) and 
future product requiremcnts can be met. 
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FUNDAMENTALS OF 
DESIGNING WITH PLASTICS 
AND REINFORCED PLASTICS 

M. G. Rosato  and D. V. Rosato  
e-mail: fallo@banet.net 

A practical, easy approach to designing with plastics and 
reinforced plastics (RPs) is basically no different than de- 
signing with other materials such as steel, aluminum, tita- 
niuni, copper, wood, and so forth. Each material has its 
respective advantages that require certain different design 
approaches. For example, with about 17,000 plastics avail- 
able worldwide, one has to comprehend factors such as 
the range of their different properties, structural responses, 
product-performance characteristics, part shapes, available 
fabricating processes and their influence on product per- 

Project 
Team 

Feasability 
Study 

forinances, and the influence of economics on design ap- 
proaches. 

Many different products have been designed and fabri- 
cated that range in weight and size from grams to many 
tons having simple to very complex shapes. Products take 
low to extremely high loads and operate in widely differ- 
ent environments. 

With plastics, to a greater extent than the other materi- 
als, an opportunity exists to optimize design by focusing 
on a material’s composition and orientation as well as its 
structural-illember geometry. There are important inter- 
relationships among shape, material selection, consolida- 
tion of parts, manufacturing selection, and other factor, 
that provide low-cost, high-performance products. For 
the many applications that require only minimal niechani- 
cal performance, shaping through processing techniques 
can provide significant performance and cost advantxges 
when using coiiiinodity plastics. 

Figures 1 through 8 and Tables 1 and 2 provide a sinipli- 
fied flow-pattern guide to product design. 

FALL0 
FOLLOW ALL OPPORTUNITIES 

Fk, I .  Product Design Flow Pattern 

(All figures in this article are from the source: DVR, Injection Molding I h i s i o n  Newsletter, Society of Plastics Engineer?.) 
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Fig. 2. Project Team Feasibility Study 
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F&. 3.  Preliminary Design Analysis 
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Fix 5. Optimi7ing Plant Layout Design. 
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ENSURE 
MEETING 

ALL PRODUCT 
FUNCTIONS 

FALL0 
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XI CHANGE 
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F&. 8. I’roduction Releaw 
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Tubk 2. Inipellor for Chemical Handling l’ump. Design Crlteria: Strength and Stiffness, Toughnetr, Short-Term and Long- 
Term Heat Resistance and Eiivironinental Resistance. 

Matwial Strength 8 
Characterlslitiu 

Design 

GmU 

StynnlU 
ABS 
SAN 1 3  

6/10.6/12 I 
Arylaler 

M a l l f l e d  PPO 
Polycarbonate 
Poiy.ultone I PolyStharWlfone 

High Temp. Realns 

Fluorocarbons 

ETFE 

I I I 
Shorl-Term Long-Term Envlron- 
Heat H d  mental 

oughness Realatam Reslstenoe Reslstsnce 

Comments: ‘High Temp. Resins’ clear choice throughout. Final selection would be PPS based on price advantages. If Heat Resistance had not 
been a factor, Olefins would have been the choice. 



A 
abaca See fiber, abaca. 
A-basis The value above which at least 99 percent of 
the population of values is expected to fall with a confi- 
dence of 95 percent. Also called A-allowable. See B-basis; 
population confidence interval; S-basis; typical 
basis. 
A-B-C analysis An inventory classification system that 
characterizes inventory items according to usage, with the 
A category having the highest dollar usage, the B category 
the average usage, and the C category having the lowest 
dollar usage. See cost; inventory; material handling; 
storage. 
A-B-C stages The various stages of cure when pro- 
cessing thermoset (TS) plastic that has been treated with 
a catalyst: A-stage is uncured, B-stage is partially cured, 
and C-stage is fully cured. Typical B-stage products are 
TS molding compounds and prepregs, which in turn are 
processed to produce C-stage fully cured plastic material 
products; they are relatively insoluble and infusible. See 
phenolic plastic; postforming; prepreg; reinforced 
plastic prepreg; thermoforming material; thermoset 
plastic. 
abductive reasoning See intelligence, artificial. 
aberration 1. See light aberration. 2. The failure of 
an optical system to form an image of a point as a point, 
of a straight line as a straight line, or of an equal angle as 
an equal angle. 
abherent A material applied to coatings and films as 
well as to molds and calender rolls to prevent or reduce 
adhesion to another surface. See antiblocking agent; 
mold release agent. 
abhesive A material that resists adhesion. See adhesion. 
ablation An orderly heat- and mass-transfer process in 
which a large amount of thermal energy is expended by 
superficial loss of surface region material. The heat input 
from the environment is absorbed, dissipated, blocked, 
and generated by numerous mechanisms. The energy- 
absorption processes take place autoniatically and simul- 
taneously, serve to control the surface temperature, and 
greatly restrict the flow of heat into the substrate interior. 
See carbonization; wear. 
ablative plastic A material that absorbs heat while part 
of it is being consumed by heat through a decomposition 
process that takes place near the surface exposed to the 
heat. An example is a carbon fiber-phenolic reinforced 
plastic on a space vehicle that is exposed to a temperature 
of 1,650"C (3,000"F) on reentry into the earth's atmo- 
sphere from outer space. See atmosphere; coating, in- 
tumescent; endothermic; flame retardant; pyrolysis; 
temperature property of plastic. 

ABL bottle An internal-pressure vessel used to deter- 
mine the quality and properties of the filament winding 
material in a vessel; named for the Allegheny Ballistic Lab- 
oratory. See filament winding; test, NOL ring. 
abraid To roughen a surface by rubbing, scraping, or 
wearing away material. This action can prepare a surface 
for aesthetic, bonding, printing, etc. See abrasive; 
chemical etching; surface treatment. 
abrasion 1. The wearing away of some surface area 
through contact with another material. Abrasion is only 
one of many types of wear that vary depending on the 
type of material involved (elastomers, plastics, reinforced 
plastics) and the conditions of operation to which they are 
subjected, such as sliding or rolling, speed, temperature, 
stress, etc. See adhesive abrasion; friction; mar resis- 
tance; wear. 2. The loose fine particles and any relatively 
hard foreign matter that find their way between rubbing 
surfaces and that cause abrasion. 
abrasion cleaning See cleaning, abrasion. 
abrasion index A volume measurement of the abrasion 
resistance of a material relative to that of a standard under 
similar conditions. 
abrasion resistance The ability of a material to with- 
stand the removal of material from its surface due to con- 
tact with another surface as the result ofmechanical action 
of a rubbing, scraping, or erosive nature (through sand, 
etc.). Abrasion is only one factor in wear. See bearing; 
mold cavity coating; wear. 
abrasion test See test, abrasion. 
abrasive A hard, mechanically resistant material that is 
used for grinding or cutting, and that consists essentially of 
particles. The abrading materials (aluminum oxide, silicon 
carbide, boron carbide, man-made diamond, flint, etc.) 
are bonded together usually with heat-resistant thermoset 
plastics such as phenolic and epoxy to form a wheel or 
abrasive bar, abrasive paper, fiber pads, wire mesh, brushes, 
etc. See comminute; grinding; pumice. 
abscissas direction See directional property, ab- 
scissas. 
ABS nylon alloy A thermoplastic alloy of acrylonitrile- 
butadiene-styrene plastic (ABS) and nylon (PA) with 
properties similar to ABS but with higher elongation at  
yield. See acrylonitrile-butadiene-styrene plastic; 
nylon plastic. 
absolute density See gravity, absolute. 
absolute humidity See humidity, absolute. 
absolute specific gravity See density and specific 
gravity. 
absolute temperature See temperature, absolute 
zero. 
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absolute viscosity See viscosity, absolute. 
absolute zero temperature 
perature, absolute zero. 
absorb 
absorbable technology See medical absorbable 
technology. 
absorbance The coninion logarithni of the reciprocal 
of the transmittance of a pure solvent. Also called ab- 
sorbancy. See elute. 
absorbate A solid, liquid, or gas that is absorbed as mol- 
ecules, atoms, or ions by such substances as certain plastics, 
charcoal, silica, etc. 
absorbation, water Water contained within a material. 
See test, water absorption; water absorption. 
absorbency The penetration of one substance into an- 
other. 
absorber See aerogel; molecule, chromophore; pol- 
lution, air; ultraviolet absorber and light stabilizer. 
absorptance See luminous flux absorptance. 
absorption 1. The relation of the weight of a liquid 
(water or moisture, chemical, etc.) absorbed by a material 
(subjected to prescribed immersion procedures) to the 
weight of a diy material, expressed in percentage of 
change. See desiccant; energy absorption; moisture 
absorption. 2. The penetration into the mass of the sub- 
stance by sound absorption. 3. See adsorption; desorp- 
tion; infrared spectroscopy; permeability; pigment; 
sorbent; sorption; sound absorption; spectroscopy, 
absorption; swell. 
absorption, electrical See dielectric absorption. 
absorption, isobar A graph showing how adsorption 
varies with a parameter such as temperature, while holding 
pressure constant. 
absorption line A minute range of wavelength or fre- 
quency in the electroniagnetic spectrum within which ra- 
diant energy is absorbed by the niedium through which 
it is passing. See energy, radiant. 
absorptivity Absorptance divided by the product of 
concentration of the substance and the sample path length. 
ABS plastic See acrylonitrile-butadiene-styrene 
plastic. 
accelerated aging Aging in a short time by artificial 
means to obtain an indication of how a material or product 
will behave under normal conditions over a prolonged pe- 
riod in service. See aging, artificial; weathering, arti- 
ficial. 
accelerated life test A method designed to approxi- 
mate, in a short time, the deteriorating effect of normal, 
long-time plastic aging or machine aging service condi- 
tions. See weatherability, accelerated. 
acceleration See calculus. 
acceleration, gravity See gravity acceleration. 
accelerator A chemical substance that accelerates 
chemical, photocheniical, biochemical, etc. reaction dur- 
ing processing, such as cross-linking or degradation of 
plastics. Action is triggered or sustained by another sub- 
stance, such as a curing agent or catalyst, or environmental 

See Kelvin scale; tem- 

To  take up a substance in bulk. 

condition, such as heat, radiation, or a microorganism It 
can be used to hasten a chemical reaction with a catalyzed 
thermoplastic or thermoset plastic or to reduce the time 
required for a TS plastic to cure or harden. Often used in 
roon-temperature cures. During processing, it undergoes 
a chemical change. Also called cocatalyst or ymvnater. See 
activator; catalyst; hardener. 
accelerator, rubber A chemical that accelerates the 
rate of rubber vulcanization. See zinc diethyl dithiocar- 
bamate; zinc oxide. 
acceptable quality See quality level, acceptable; 
sampling acceptable quality level. 
acceptable risk See risk, acceptable. 
acceptance number Also called quality acceptairce mwi- 

bel. See quality level, acceptable. 
acceptor 1. A chemical whose reaction rate with an- 
other chemical increases because the other substance u11- 
dergoes another reaction. 2 .  A species that accepts elec- 
trons, protons, or molecules such as dyes. 
accessory element See tracer. 
accordion fold See fold, accordion. 
accounting See business bookkeeping. 
accreditation See laboratory accreditation. 
accumulator 1. A device for conserving energy in hy- 
draulic systems of processing equipment. Oil is stored un- 
der pressure and used when required to boost oil pressure. 
2 .  An auxiliary rani device used to provide large amounts 
of plastic melts with fast-melt delivery in a fabricating ma- 
chine (blow molding, injection molding, foam molding, 
etc.), resulting in fast molding cycles or output rates. For 
example, melt is stored or accumulated in a cylinder un- 
til the next melt is required for the BM extruder parison 
(up to at least 400 lb capacity) or IM shot. See blow 
molding, extruder (intermittent); extruder; injec- 
tion molding, foamed low pressure. 3. A device for 
the temporary storage or accumulation of film on an ex- 
trusion or calender line, where it is called a festoon. See 
festoon. 
accumulator adapter A mechanical structure con- 
taining the flow passage connecting an accumulator to a 
device such as a plasticator. See plasticator. 
accumulator, blow molding See blow molding, 
extruder (intermittent versus continuous). 
accumulator, injection molding See injection 
molding machine, two-stage. 
accuracy A clear understanding of information (data, 
terms, etc.) that helps ensure reliable conversion of that 
information. See design accuracy; deviation, standard 
measurement; repeatability; sensor, dynamic accu- 
racy. 
acetaldehyde A colorless, pungent, flammable liquid of 
importance in the synthesis of organic compounds. It re- 
acts with polyvinyl alcohol t o  form polyvinyl acetate and 
with cresol or phenol to form thermoset plastics. See 
Wacker process. 
acetal plastic One of the strongest and stiffest members 
in the family of thermoplastics. Also called polyacctal, 
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POM, polyoxymetkylene, or polyphosphazene plastic. This 
highly, opaque white, crystalline engineering thermoplas- 
tic has a high-impact strength, stiffness, resiliency, tough- 
ness (rain erosion resistant, etc.), and yield stress; low 
friction coefficient; low gas and vapor permeability; ex- 
ceptional diniensional stability and dielectric properties; 
high fatigue strength; and good retention of properties at 
elevated temperature. These plastics are denser than nylon 
but share many properties with nylon. They have rela- 
tively low water absorption. The homopolymers have a 
higher heat-deflection temperature but lower continuous- 
use temperature than copolymers. All acetals have poor 
resistance to acids, and homopolymers also show poor re- 
sistance to alkalies. See ether-oxide plastic; polymer, 
homo-. 
acetate A compound derived from acetic acid. The 
name commonly is used for the cellulose acetate group of 
plastics. See cellulose acetate plastic. 
acetone A volatile, colorless, highly flammable liquid 
that is miscible with water, has an autoignition tenipera- 
ture of 537OC (1,00O0F), mixes readily with water and 
some other solvents, and is moderately toxic. Also called 
katone. It dissolves in most TPs and some TSs and is used 
as an organic synthesis intermediate, a reagent, an antioxi- 
dant, a solvent in paints and acetate fiber spinning, etc. 
See ketone. 
acetylene An intermediate in the manufacture of many 
of the large-volume monomers used in plastics, such as 
polyvinyl chloride, chloroprene, acrylonitrile, vinyl ace- 
tate, and acrylic ester. It  has a triple bond between two 
carbon atoms and can be made from calcium carbide and 
water. See atom bond, multiple; calcium carbide; 
chemistry, acetylene; monomer. 
acid 1. Any of a class of cheiillcal compounds whose 
aqueous solutions turn litmus paper red, react with and 
dissolve certain nietals to form salts, and react with bases 
to form salts. 2. It  is a compound capable of transferring 
a hydrogen ion in solution. See dibasic. 3. A substance 
that ionizes in solution to yield the positive ion of the 
solvent. 4. A molecule or ion that combines with another 
molecule or ion by forming a covalent bond with two 
electrons from the other species. 5. See zirconium. 
acid-acceptor A compound that acts as a stabilizer by 
chemically combining with an acid that niay be initially 
present in minute quantities in a plastic or that may be 
formed by the decomposition of the plastic. 
acid-base pair, conjugate A Bronsted-Lowry acid and 
the base formed after the acid has lost Ht ion. See 
Bronsted-Lowry acid. 
acid gas A byproduct of the incomplete conibustion of 
solid waste and fossil fuels with a pH value of less than 
6.5, most commonly sulfur dioxide, hydrogen chloride, 
and nitrogen oxide. See pH. 
acid ionization constant The equilibriuni const,mt for 
ionization of an acid. See ionization. 
acid, organic See organic acid. 
acid rain Any forni of precipitation (wet deposition) 

having a pH of 5.6 or less. Also called acid precipitation. Its 
most deleterious conipoiients are sulfur dioxide and oxides 
of nitrogen either emitted as stack gases in highly industri- 
alized areas or as volcanic activity. See pH; precipitate; 
vinyl composition tile; water pollution. 
acid reaction 
acid value A measure of the free acid content of a sub- 
stance. It is normally expressed as the number of milli- 
granis of potassium hydroxide required to neutralize one 
gram of the substance using phenolthaline as an indicator. 
acknowledgment See government contract direc- 
tory; legal matter: acknowledgment; legal matter: 
product liability law; legal matter: shop-right. 
acoustical board Low-density, sound-absorbing insu- 
lation. See sound absorption. 
acoustical sensor See piezoelectric plastic. 
acoustic emission testing See test, nondestructive 
acoustic emission. 
acoustic holography See test, nondestructive 
acoustic holography. 
acoustic impedance See mathematical acoustic 
impedance. 
Acrobot See printing, Acrobot. 
acrolein plastic The simplest unsaturated aliphatic al- 
dehyde. These thermoset plastics are colorless but become 
colored above 170°C (338°F) and sinter at  220°C (428'F) 
without melting. Their physical and chemical properties 
depend more on conditions of preparation than is nor- 
mally the case with other plastics. 
acrylamide copolymer plastic A thernioset plastic 
formed using acrylamide with other plastics such as acrylic 
plastic to forni tough transparent materials. 
acrylamide plastic A specialty plastic with limited use 
in water treatment, mining, and paper manufacture. 
acrylate plastic An acrylic acid or ester plastic used in 
paints, adhesives, other plastics, and sizings and finishes in 
paper and textiles. It is a thermoplastic made by the poly- 
merization of an acrylic compound such as PMMA. See 
casting acrylic sheet. 
acrylate styrene acrylonitrile plastic A hygroscopic 
acrylic rubber-modified thermoplastic with high outdoor 
weatherability. Also called ASA acrylonitrile styrene acrylate 
plastic, or acrylic styrene acrylonitvileplastir. It  offers high gloss, 
good heat and chemical resistance, excellent toughness and 
rigidity, high-impact strength, and good antistatic behav- 
ior. See plastic, hygroscopic. 
acrylate-styrene-acrylonitrile plastic PVC alloy A 
combination that extends performances of individual plas- 
tics. 
acrylglass plastic An acrylic plastic glazing material 
best known for its uses in the glazing of airplanes. See 
glazing. 
acrylic acid With esters, a versatile series of monomers 
for providing performance characteristics to thousands of 
polymer formulations. They are flammable, reactive, vola- 
tile liquids based on unsaturated carboxyl structure. Using 
varying percentages permits thousands of fomiulations for 

See chemical reaction, acid. 



latex and solution copolymer plastics and cross-linked 
plastic systems. Their performance characteristics impart 
varying degrees of tackiness, durability, hardness, glass 
transition temperatures, etc. See monomer. 
acrylic elastomer A family of thermoplastic elastomers 
whose rubbery products contain a predominant amount 
of an acrylic ester, such as ethyl acrylate or butyl acrylate. 
acrylic emulsion A water-based thermoplastic latex 
niade from acrylic plastic and used in coatings and adhe- 
sives. See adhesive; coating; latex. 
acrylic ester An ester of acrylic acid or of a structural 
derivative of acrylic acid, such as methyl niethacrylate plas- 
tic. See acrylic acid. 
acrylic ethylene rubber See ethylene acrylic elas- 
tomer. 
acrylic fiber See fiber, acrylic. 
acrylic plastic A family of amorphous thermoplastics 
that are comprised of homopolymers and copolyniers of 
alkyd niethylacrylates. Also called polymethyl nzetkacrylafe 
plastic, PA4MA, polyacrylate, or acrqdate plastic. The most 
conimon niononiers used are methyl and ethyl niethylac- 
rylates. They offer excellent optical clarity (92% light 
transmission), excellent resistance to weathering with par- 
ticular resistance to sunlight, surface hardness, good chen- 
ical resistance, rigidity, excellent dimensional stability, low 
niold shrinkage, good impact strength and electrical prop- 
erties, nontoxicity, and tastelessness. Powders can be injec- 
tion and compression molded, extruded, etc. Liquids can 
be cast into sheets, lenses, and rods. Approximately 30wt% 
of production is used for coatings and paints, 13% con- 
struction, 11% plastic products, 8% textiles, and 38% in 
other markets. In many markets, acrylics compete directly 
with polycarbonate plastics that have similar optical prop- 
erties and better inipact resistance but that are more sus- 
ceptible to ultraviolet degradation and more expensive 
than acrylics. See casting acrylic sheet; hydrogel mar- 
ket; transparent plastic. 
Acrylite The CYRO trade name for its family of acrylic 
plastic sheets. 
acryloid plastic An early name for polymethyl acrylates 
in solution for use as adhesives and coatings or methacry- 
late plastics used as lubricants or oil viscosity modifiers. 
acrylonitrile A colorless liquid compound used in the 
manufacture of acrylic elastoniers and fibers. Also called 
vinyl-cyanide or AN. A monomer with the structure CH,: 
CHCN useful in copolymers. Its copolymer with butadi- 
ene is nitrile rubber and several copolymers with styrene 
exist that are tougher than conventional polystyrene plas- 
tics. It  is also used as a synthetic fiber and as a chemical 
intermediate. AN provides good gas barrier, chemical re- 
sistance, as well as low taste arid odor transfer. 
acrylonitrile-butadiene rubber A copolymer with 20 
to 50 percent of acrylonitrile that was developed as a 
general-purpose, oil-resistant rubber. Also called nitrile rub- 
ber or NBR. Its resistance to oils, fuels, and solvents is supe- 
rior to that of polychloroprene (CR). Heat aging is rather 
good, and abrasion resistance is high. 

acrylonitrile-butadiene-styrene (ABS) plastic An 
amorphous engineering thermoplastic elastomer-modified 
styrene. It is a terpolymer comprised of a mixture of 
styrene-acrylonitrile (SAN) copolymer and SAN-grafted 
butadiene rubber. The ratios of the three monomers can 
vary considerably, yielding a large faniily of plastics with 
special emphasis on clarity and heat-warpage resistance. As 
an example, small rubber particles improve gloss, while 
larger particles (up to several microns) tend to improve 
toughness while lowering gloss. ABS is often considered 
to be a modified PS since its properties resemble PS, but 
its improvements, such as its impact strength, are much 
higher. ABSs are very tough but not brittle, hard, and 
rigid. These chemically resistant materials offer low water 
absorption, good diniensional stability, good electrical 
properties, and high abrasion resistance, and some grades 
are easily electroplated. See nail. 
acrylonitrile-butadiene-styrene (ABS) plastic trans- 
parent A transparent product made by matching the re- 
fractive indices of the elastomer and the SAN phases, usu- 
ally by incorporating methyl methacrylate. 
acrylonitrile-chlorinated polyethylene-styrene (ACS) 
copolymer A copolymer with properties sindar to ABS, 
except that it is more resistant to embrittlenient due to oxi- 
dative degradation and has better fire resistance. 
acrylonitrile copolymer plastic 1. A class of plastics 
including ASA, ABS, SAN, and nitrile rubber. This term 
is often used to denote high nitrile barrier plastics. These 
plastics are copolymerizations of acrylonitrile that have 
been impact modified with acrylic ester. They have good 
gas barriers, good taste, and odor retention properties, 
moderately high tensile and inipact properties (when rub- 
ber modified or oriented), and chemical resistance. 2. An 
oil-resistant elastomer made by the polymerization of ac- 
rylonitrile with compounds such as butadiene or acrylic 
acid. 
acrylonitrile-ethylene-styrene (AES) plastic An 
amorphous, opaque, terpolymer produced by suspension, 
emulsion, or continuous mass polymerization. Sonietinies 
called olefin mod$ed acrylonitrile-styrene (OAS), styrene- 
acrylonitrile plastic ( SAN) ,  or ac?~~lic-styrene-acrl,lorzitrile (ASA). 
Properties are similar to ABS, with the addition of weath- 
erability and ultraviolet protection for outdoor use. 
acrylonitrile plastic A crystalline thermoplastic useful 
in copolymers. Its copolymer with butadiene is nitrile rub- 
ber (AN), which is tougher than polystyrene. It is also used 
as a synthetic fiber. See Coca-Cola bottle. 
acrylonitrile rubber See nitrile rubber. 
acrylonitrile-styrene plastic A high nitrile plastic: 
styrene-AN or other nionomer AN copolymer with a 
high AN content of about 70 to 80wt%. Such copolymers 
have a very low permeability to gases, including carbon 
dioxide, and liquids, good chemical resistance, etc. Thus, 
they are called barrier plastics. This was the first plastic 
used to produce stretched blow-molded carbonated bev- 
erage bottles. See blow molding, stretched; Coca- 
Cola bottle. 
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activated complex 
plex. 
activated diffusion See permeability. 
activation 
tion activation. 
activation energy See energy activation. 
activator A compounding niaterial used in small pro- 
portions to increase the effectiveness of an accelerator. 
Both organic and inorganic types may be used; and most 
require both zinc oxide and a fatty acid such as stearic 
acid to develop optimum final properties. They are usually 
added at the start of compounding, to eliniinate the poten- 
tial difficulty in dispersing them evenly throughout the 
mixed compound. See accelerator. 
actual versus theoretical property See plastic data, 
theoretical versus actual property. 
actuating function See plastic, smart. 
adapter A mechanism or device for attaching nonmat- 
ing parts. Examples of this niechanical reducing niecha- 
nisin include a plasticator barrel to nozzle or die and a 
thermal insulator from the nozzle to the barrel for teniper- 
ature control. 
adapter system Everything located between the screw 
and the tool (mold or die), sonietimes including compo- 
nents such as a screen pack or static mixer. The adapter 
system’s streaildined design must ensure that flow channels 
do not contain sudden changes in cross-section, surface 
interruptions (caused by mismatched assembly joints or 
damage) or other dead spots because areas of stagnation 
can give rise to localized plastic degradation and the subse- 
quent release of particles of degraded plastic into the melt 
stream. Adequately sized heaters must be provided for the 
adapter, since it is generally a large piece of metal. The 
temperature of the adapter and head must be controlled 
separately, since they usually differ greatly in size and en- 
ergy requirements. See blow molding; extruder; injec- 
tion molding. 
adaptive control See control, adaptive. 
addition polymerization See polymerization, ad- 
dition. 
additive A substance compounded into a plastic to 
modify its characteristics. Additives are physically dis- 
persed in a plastic matrix without significantly affecting 
the molecular structure of the thermoplastic. I n  thermoset 
plastic, additives such as cross-linkings, catalysts, and other 
agents do affect structure. Additives are norinally classified 
according to their specific functions rather than their 
chemical coniposition. Some additives have broad appli- 
cations and are adaptable to many TPs and TS plastics, 
and others are used exclusively with specific plastics. The 
highest-volume additives are modifiers, followed by prop- 
erty extenders and processing aids. Of  the plastics using 
additives, polyvinyl chloride is the major outlet for addi- 
tives, followed by polyolefins and other plastics. The pace 
of development in additives continues unabated. 

Additive classifications include those that (1) assist pro- 
cessing (processing stabilizers, processing aids and flow 

See molecule, activated com- 

See chemical etching activation; radia- 

promoters, internal and/ or external lubricants, thixotropic 
agents), (2) modify the bulk mechanical properties (plas- 
ticizers or flexibilizers, reinforcing agents, toughening 
agents), (3) reduce formulation costs (diluents and exten- 
ders, particle fillers), (4) modify surface properties (anti- 
static agents, slip additives, anti-wear additives, anti-block 
additives, adhesion promoters), (5) modify optical proper- 
ties (pigments and dyes, nucleating agents), (6) perforni 
antiaging tasks (antioxidants, ultraviolet stabilizers, fungi- 
cides), and (7) have various other applications (blowing 
agents, flame retardants). 

There is no one ideal additive since each end use calls 
for a particular set of characteristics, including diverging 
properties. Iniprovenients in one property can lead to de- 
terioration in others, and the effectiveness of compound- 
ing additives depends on correctly incorporating them into 
the plastic matrix. The compatibility and diffusibility of 
additives are normally assessed from experience or by trial 
and error, using solution therniodynaniics to deteriiiiiie 
potential compatibility. Additive theories for preliiniiiary 
concepts meet specific performances. See antiblocking 
agent; binder; carbon black; carnauba wax; chemi- 
cal composition and plastic property; coconut shell; 
coke dust; compounding; dopant; filler; filler versus 
unfilled compound; macerate filler; migration and 
additive; pigment, inert; reinforcement; shell flour; 
stabilizer; thermoplastic; thermoset plastic; vermic- 
ulite; wax. 
additive and flame retardant See phosphorous 
base flame retardant. 
additive and migration See migration and additive. 
additive and performance See test and classification. 
additive, biodegradable See biodegradable versus 
photodegradable. 
additive chain extender An additive for certain plas- 
tics, such as castable polyuretliane elastomers, that provides 
lower shrinkage, improves tensile strength, lowers coni- 
pressioii set, and provides better inold release. See ex- 
tender. 
additive characterization See spectroscopy, Fou- 
rier’s transfer infrared. 
additive clarifier An additive that increases the trans- 
parency of a plastic. See adhesive, isinglass. 
additive concentrate See concentrate; pellet, mi- 
cro-. 
additive, emulsifier See emulsifying agent. 
additive, environmental friendly See environmen- 
tally friendly additive. 
additive, flame retardant 
additive, impact modifier 
additive, inert A material, such as a filler, that is added 
to a plastic conipound, may alter the properties of the fab- 
ricated part, but does not react chemically with any con- 
stituents of the compound. See inert. 
additive, liquid A liquid material added to a plastic 
compound via pump dosing. Its disadvantages include 
spilling, screw slipping, longer eyuipment cleaning time, 

See flame retardant. 
See impact modifier. 
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and capital investments for equipment for separate dosing. 
However, porous bead carriers used for liquid additives 
provide easy dosing by simulating solid additive actions. 
For example, nonhygroscopic beads act like sponges to 
absorb antistats, mold release agents, antioxidants, lubri- 
cants, fragrances, silanes, chain extenders, etc. See fiber- 
glass binder/ sizing coupling agent. 
additive, lubricant See lubricant. 
additive, photodegradable See biodegradable ver- 
sus photodegradable. 
additive, slip An additive modifier that acts as an inter- 
nal lubricant by exuding to  the surface of the plastic during 
and ininmediately after processing and thereby providing 
the necessary lubricity to  reduce or eliminate coefficient 
of friction in molded parts, film, etc. products. See anti- 
blocking agent; antislip agent; lubricant; packaging, 
grocery bag; sweating. 
additive, surface modifying A material used to  mod- 
ify surface (or intersurface) properties in a desirable nian- 
ner. Examples include external and internal mold release 
agents, slip agents, antistatic agents, and antifogging agents. 
See mold release agent; surfacing. 
address See computer address. 
adduct See chemical adduct. 
adhere To cause two surfaces to be held together by an 
adhesive. 
adherend A surface to which an adhesive adheres. See 
curling. 
adherent A body (surface) held to another body (sur- 
face), usually by an adhesive or solvent. 
adherometer An instrument that nieasures the force re- 
quired to strip a coating from a base surface. See adhesive 
peel strength. 
adhesion A state in which two surfaces are held to- 
gether by interfice forces. Adhesion niay be by molecular 
attraction, mechanical, electrostatic, o r  solvent, depend- 
ing on whether it results from interlocking action, from 
the attraction of  electrical charges, from valence forces, 
o r  from solvent action, respectively. Also referred to as 
cementing, adhesive action, arid bonding (however en- 
compasses more than adhesive bonding). T h e  methods or  
processes used include solvent welding, ultrasonic weld- 
ing, mixing of  reactive coniponents, heat curing, moisture 
curing, light curing, and surface activation. See adhesive; 
bonding; cohesion; molecular adhesion. 
adhesion, mechanical Adhesion between surfaces in 
which the adhesive holds the parts together by an inter- 
locking action. 
adhesion promoter A coating applied to a substrate 
prior to adhesive application to improve adhesion. Also 
called pvirner. See primer. 
adhesive A substance made principally from thernio- 
plastic and thermoset plastics (also vegetable, aninial by- 
products, silicates, etc.) and when applied as an interinedi- 
ate ic capable of holding material together by surface 
attachment. Advances in the use of  T P  and TS plastic ad- 
hesives have made possible the adhesive bonding of  struc- 

tural and nonstructural parts in appliances, automobile, air- 
craft, medical devices, and so on. Adhesives with strengths 
higher than some metals are used (epoxy, etc.). T h e  best 
adhesive for an application depends on processing consid- 
erations and performance requirements. See adhesion; 
bonding; joining-and-bonding method; phenolic 
cement; plasma arc treatment; seal; staking; trans- 
crystalline growth; welding; wetting agent. 
adhesive abrasion A surface preparation in which the 
part sudace is mechanically abraded, usually in the pres- 
ence of a liquid adhesive. See abrasion. 
adhesive, acrylic emulsion 
adhesive, aerobic An adhesive that requires air or oxy- 
gen to cure. 
adhesive, anaerobic An adhesive that cures only in the 
absence of air after being confined between assembled parts. 
adhesive, antimicrobial See biocide. 
adhesive assembly T h e  fabricating of  the finished 
products with adhesives as differentiated from producing 
sheet materials with adhesives. 
adhesive assembly time T h e  time between spreading 
an adhesive and applying pressure. See adhesive work- 
ing time. 
adhesive binder See binder; wood composition 
board. 
adhesive bite T h e  ability of an adhesive to penetrate 
or  dissolve the uppermost portions of the adherents. See 
chemical etching; chromic acid etching. 
adhesive, bond breaker See joining, bond breaker. 
adhesive bond improvement See surface treat- 
ment. 
adhesive bonding surface See satinizing. 
adhesive bonding to polyethylene or fluoroplas- 
tic See surface CASING. 
adhesive bond line thickness 
adhesive cement See adhesive solvent cement; 
phenolic cement. 
adhesive, chemical bonding See adhesive, solvent. 
adhesive coating, LOX compatibility See polyary- 
lene ether phosphine oxide plastic. 
adhesive coating method See coating; coating, 
kiss-roll. 
adhesive cohesion T h e  ability of  a single substance to 
adhere to itself. See cohesion. 
adhesive cohesive failure Failure occurring primarily 
in  an adhesive layer. See failure. 
adhesive cohesive strength T h e  intrinsic strength of 
an adhesive. See adhesive strength; strength. 
adhesive, cold-setting Ai3 adhesive capable of harden- 
ing a t  or below room temperature in  tlie presence of a 
hardener. See hardener; press, cold. 
adhesive, contact 1 .  An adhesive that is apparently dry 
to the touch and that adheres to itself on contact with little 
or n o  pressure. Also called irnpact adhcsiw. 2. An adhesive 
that, when applied to both adherends and allowed to dry, 
develops a bond when the adherends are brought together 
without sustained pressure. 3. An adhesive that, for satis- 

See acrylic emulsion. 

See microsphere. 
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fictory bonding, requires that the surfaces to be joined to 
be a specific distance apart, such as 0.1 mi i .  
adhesive contact angle The angle formed by a drop- 
let, usually water, in contact with a solid surface, measured 
from within the droplet. Applicable in determining degree 
of adhesive bonding or laminating based on wettability of 
the surhce. A contact angle of zero implies complete wet- 
ting, an angle of 180" shows absolute nonwetting, and in- 
termediate angles correspond to various degrees of inconi- 
plete wetting. 
adhesive contact cement A mixture of elastomeric 
rubber and organic solvents that are cured on evaporation 
of the solvent. A coating is applied to both bonding sui-- 
faces, an aggressive tack develops within several minutes, 
and adhesive bonding then joins the surfaces (cement- 
cement). 
adhesive, corrosive An adhesive that attacks the ad- 
herent surface due to chemically reactive materials in the 
adhesive. See adhesive, solvent. 
adhesive, cyanoacrylate A highly reactive clars of ad- 
hesives that cure rapidly at  room temperature with a trace 
of moisture as its catalyst to form high-strength bonds with 
plastics, metals, etc. 
adhesive, disbonded 1. An area of a bond interhce 
between two adherents in which an adhesive failure or 
separation has occurred. 2. Colloquially, an area of separa- 
tion between two laminae in the finished laminate. I n  this 
case the preferred term is dclnnzinntion. See laminate. 
adhesive dry strength The strength determined i n -  
iiiediately after drying under specific conditions or after a 
period of conditioning. See strength. 
adhesive, edge joining An adhesive used to bond to- 
gether strips such as veneer by their edges in the formation 
of larger sheets. See wood veneer. 
adhesive, electromagnetic A metallic preform that is 
placed in the joint area to convert electromagnetic energy 
into electric heat for thernioplastics fusion bonding. See 
welding, fusion. 
adhesive, environmental See environmentally ac- 
ceptable coating, ink, and adhesive. 
adhesive failure The separation of two bonded surfaces 
that occurs within the bonding material. Failure occurs 
when the adhesive strength of a bonding material is greater 
than the cohesion strength. See failure analysis. 
adhesive filler, anticrazing 
adhesive film A plastic adhesive usually in the form of 
a thin dry filni (with or without a substrate such as paper, 
glass, plastic film, aluminum foil, etc.), used under heat 
and pressure as an interleaf in the production of adhesives, 
laminated products, etc. 
adhesive, flame treat surface 
adhesive gap filling An adhesive subject to reduced 
shrinkage after curing that can be used as a sealant. See 
sealant. 
adhesive gluten A tough, rubbery, gray-brown protein 
substance ofwheat flour that gives cohesiveness and is used 
in the production of adhesives and amino-acid production. 

See fiberglass milled. 

See flame treating. 

adhesive, heat-active A dry adhesive that is rendered 
tacky or fluid by the application of heat, or heat and pres- 
sure, to the assembly. 
adhesive heat cure A relatively simple curing process 
that is easily controlled by maintaining consistent cure 
times and temperature profiles. 
adhesive, heat-sealing A thermoplastic film adhesive 
that is melted between two adherend surfaces by heat ap- 
plication to one or both of the surfaces. 
adhesive, hot-melt An adhesive applied in a niolten 
state that forms a bond after cooling to a solid state. It 
acquires adhesive strength through cooling, unlike adhe- 
sives that achieve strength through solvent evaporation or 
chemical cure. 
adhesive, hot-setting An adhesive that requires a teni- 
perature at  or  above 100°C (212'F). 
adhesive, iodine treatment I n  adhesive bonding, a 
surface preparation technique in which the surface c i y -  
tallinity of the plastic is changed from the alpha form, in 
which N-H groups are parallel to the surface, to the beta 
form, in which the N-H fLuictiona1 groups arc perpendic- 
ular to the surface. Commonly used for nylons, iodine 
treatment increases the reactivity of the surface but is not 
believed to provide sites for niechanical interlocking. 
adhesive, isinglass A white, tasteless gelatin derived 
from the bladder of fishes, usually the rturgeon. It is used 
as an adhesive and clarifying agent. See additive clarifier. 
adhesive joint See joining-and-bonding method. 
adhesive, lacquer type solvent See lacquer; sol- 
vent. 
adhesive line The adhesive layer between two ad- 
herends. See adherend; microsphere. 
adhesive, mechanical Adhesion between surfacer in  
which the adhesive holds the parts together by inter- 
locking action. 
adhesive, metal-to-plastic See metal adsorption 
calorimetry; metal-to-plastic bond. 
adhesive, moisture cure An adhesive that polyiiicrizes 
when nioisture from the atmosphere difluses into the 'ip- 
propriate adhesive. 
adhesiveness The property defined by the adhesion 
stress A = F / S ,  where F is the perpeiidicular force to the 
adhesive line and S its surface area expressed in kg/cm' 
(lb/in.'). 
adhesive, nontacky See fastener, mechanical non-. 
adhesive, nonwarp An adhesive system that does not 
distend, curl, or shrink. 
adhesive, one-part An adhesive that does not require 
a separate hardener or catalyst for bonding to occur. Used 
in UV curing, emulsions, and solvents and can be water or 
moisture activated. See adhesive, two-part; ultraviolet 
radiation. 
adhesive overlap A simple adhesive joint in which the 
surface of one adherend extends past the leading edge of 
another. 
adhesive peel strength 1. Adhesive bond strength ob- 
tained by a stress applied in a peeling mode. 2. Force or 
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peel strength required to remove a material, such as a 
pressure-sensitive label (adhesive bonded label), at a speci- 
fied angle and speed. See adherometer; bond strength; 
reinforced plastic peel ply; sandwich peel torque. 
adhesive penetration The amount of adhesive that 
seeps into the components of the joint or the material. 
adhesive, plasma treatment See plasma treatment. 
adhesive, plastic See pentadiene plastic; plastic 
material selection. 
adhesive, plastic-to-metal See metal adsorption 
calorimetry; metal-to-plastic bond. 
adhesive, plywood An adhesive suitable for bonding 
wood veneer together in the manufacture of plywood 
(nonwaterproof or waterproof grades). Phenolic and urea 
plastics are usually used. See plywood; wood composi- 
tion board. 
adhesive polarity 1. The relative surface charge of the 
material resulting from the molecular structure of the ad- 
herend surface. See molecular structure; polarity ad- 
hesive, polyurethane. 2. One- or two-part adhesives 
that cure by a polymerization reaction to form temnpera- 
ture resistant bonds that can be both rigid and flexible. See 
polyurethane plastic. 
adhesive, polyvinyl acetate (PVA) A thermoplastic 
that is unlike a thermoset plastic because it is not as strong. 
The most universally sold all-purpose adhesive: the coni- 
moxi white and popular glue uses PVA, and white glues 
sold for children are watered-down versions of PVA. See 
polyvinyl acetate plastic. 
adhesive, pressure-sensitive An adhesive that re- 
quires slight applied pressure on the parts for bonding to 
occur. I t  usually is composed of a rubbery elastomer and 
modified tackifier, which are applied to the parts as 
solvent-based adhesives or hot melts, highly thixotropic, 
and curing is instantaneous. See decal; label, adhesive- 
bonded; polyvinyl ethyl ether plastic. 
adhesive promoter A coating applied to a substrate be- 
fore it is coated with an adhesive to improve the adhesion 
of the plastic. Also called adhesive primer. See primer. 
adhesive, proteinaceous An adhesive with a protein 
base, such as animal glue, casein, soya, etc. See protein. 
adhesive, reactive-component Two-part systems 
that generally are made up of a base plastic (such as epoxy) 
and a catalyst. When mixed, the adhesive starts to poly- 
merize, forming a thermoset plastic. Reactive components 
of the adhesive are kept separate prior to use. See catalyst; 
epoxy plastic. 
adhesive, remoistening An adhesive systeni with dex- 
trin, animal glue, gum Arabic, etc. that is reactivated by 
the deposit of water on the adhesive film. 
adhesive, room-temperature cure An adhesive that 
sets to handling strength within at  least an hour at tempera- 
tures from 20” to 30°C (68’ to 86°F) and reaches full 
strength without heating. This room-temperature vulca- 
nization is the vulcanization or curing at room ternpera- 
ture by chemical reaction, made up of two-part conipo- 
neiits of silicones and other elastoniers/rubbers. R T V  

adhesives are used to withstand temperatures as high as 
29OOC (550°F) and as low as -160°C (-250°F) without 
losing their bond strength. A popular type uses silicone 
plastic. Their rapid curing makes them useful in appli- 
cations such as adhesives, decorative potting, and flexible 
molds. See zinc isopropyl xanthate adhesive, RTV; 
See adhesive, room-temperature cure. 
adhesive, scotch-tape test See test, adhesive 
scotch-tape. 
adhesive, scrim cloth 
adhesive set To convert an adhesive into a fixed or 
hardened state by chemical or physical action such as con- 
densation, polymerization, oxidation, vulcanization, gela- 
tion, hydration, or evaporation of volatile constituents. 
adhesive, silicone See adhesive, room-tempera- 
ture cure. 
adhesive slippage The movement of adherends with 
respect to each other during the bonding operation. 
adhesive softener A material added to an adhesive to 
prevent its enibrittlenient. See softener. 
adhesive, solvent A method of joining two thermo- 
plastic types by applying a solvent to soften the part sur- 
faces. Types have to be those that solvent will attack. Soft- 
ening the plastic increases the movenient of the plastic 
chains, allowing them to intermingle at  the joint interface. 
Adhesion occurs after solvent evaporation. Solvent appli- 
cation must be carefully controlled to ensure optimal joint 
strength and to avoid damage to the part. With time the 
solvent can penetrate the plastic and cause damage either 
immediately or later when the plastic is in service. Solvent 
solutions that attack TPs are also used to determine the 
amount of undesirable “frozen stress” existing in parts. 
Also called solvent -firsion. See bonding; joining; ori- 
entation accidental; plasma arc treatment; satiniz- 
ing; stress, frozen-in; solvent; test, residual stress; 
welding. 
adhesive solvent cement An adhesive made by dis- 
solving a thermoplastic (usually compounded) in a suitable 
solvent or mixture of solvents. 
adhesive spread The amount of adhesive (by weight) 
on the surface area of the bond lines, usually expressed in 
kg/100 cm2 (lb/100 P). 
adhesive spreading See doctor roll. 
adhesive starved joint An adhesive joint that has been 
deprived of the proper film thickness of adhesive due to 
insufficient adhesive spreading or to excessive application 
of pressure during processing. 
adhesive strength A measure of the stress required to 
separate a layer of material from the base to which it is 
bonded. See adhesive cohesive strength; adhesive 
peel strength; strength; stress. 
adhesive stress, internal Stress created within a mate- 
rial, such as an adhesive layer, by the niovenient of the 
adherends at  differential rates or by the contraction or 
expansion of the adhesive layer. See stress. 
adhesive stringing A condition occurring during an 
adhesive transfer process, characterized by webbing or in- 

See fabric scrim. 
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complete breakoff when an adhesive film is split between 
rolls or between a stencil applicator when the uneven 
transfer of an adhesive occurs. 
adhesive, structural See structural bond. 
adhesive surface preparation See surface treat- 
ment; transcrystalline growth. 
adhesive surface sodium treatment In adhesive 
bonding, a surface preparation technique in which the 
substrate is immersed in an aggressive etching solution 
containing either a sodium-naphthalene complex dis- 
solved in tetrahydrofuran or a sodium-ammonia complex 
dissolved in aninionia. This process increases surface 
roughness and the potential for mechanical interlocking 
by dissolving the aniorphous regions of the part surface and 
increases surface reactivity and wettability by introducing 
carbonyl and carboxyl functional groups and unsaturated 
bonds. Sodiuni treatment darkens the part surface to a 
depth of 1 niiii and can substantially degrade the surface 
after extended exposure. Conmionly used for fluorocar- 
bons. See amorphous plastic; crystalline plastic; sur- 
face treatment. 
adhesive tackifier A material added to the adhesive to 
improve the initial and extended tack range of the depos- 
ited adhesive film. See tack. 
adhesive tack range The period of time in which an 
adhesive will remain in a tacky-dry condition after applica- 
tion to the adherend under specific conditions of teinpera- 
ture and humidity. Also called adhesive tack s t q e .  
adhesive thickener See polyvinyl pyrroldone 
plastic. 
adhesive throwing The undesirable splitting or transfer 
of adhesive globules onto machine components through 
the incomplete transfer of the adhesive during processing. 
adhesive, transcrystalline growth See transcrystal- 
line growth. 
adhesive troweling T o  spread a high-viscosity adhe- 
sive by spatula, knife, spreader bar, etc. See troweling. 
adhesive, two-part An adhesive in which the niono- 
mer and catalyst or hardener are separate from each other. 
The two reactive components separately have an indefi- 
nite storage life but must be mixed thoroughly before use. 
R o o n -  and elevated-temperature cures are possible. Ex- 
amples are two-part epoxy monomer and amine hardener, 
polyurethane, and peroxide-initiated adhesive systems, 
such as vulcanized silicone, unsaturated polyesters, and 
acrylics. See adhesive, one-part. 
adhesive, warm-setting A term synonynious with the 
expression inferr?iediate-t€rripevatrrre-setting adhesive. 
adhesive, water soluble See plastic, water soluble. 
adhesive, wood See phenolic plastic; urea formal- 
dehyde plastic; wood, laminated. 
adhesive wear In machinery components, the wear re- 
sulting from two metals rubbing against each other. An 
example is when the screw flight land comes in contact 
with the barrel liner during the operation of injection 
molding, extrusion, blow molding, etc. See wear. 
adhesive webbing A condition of uneven transfer 

characterized by the stringing of the adhesive from the 
applicator mechanism and by the forming of a dried adhe- 
sive film that clings to the applicator. 
adhesive welding See welding, induction. 
adhesive wettability See wettability; wetted; wet- 
ting agent. 
adhesive working time A measure of the interval of 
time during which an adhesive may be effectively applied 
to the adherend surface before adhesive setting retards the 
flow and alters the application properties of the adhesive. 
See adhesive assembly time. 
adiabatic 1. A change in pressure or volume without 
gain or loss in heat. See heat, Gough-Joule effect; test, 
heat Wiegand pendulum. 2. A process or transforma- 
tion in which no heat is added to or allowed to escape 
from the system. 3. See extruder, adiabatic. 
adiabatic calorimeter An instrument used to study 
chemical reactions that have a miniinum loss of heat. See 
calorimeter; chemical reaction. 
adiabatic flame temperature The highest possible 
temperature of combustion obtained when the burning 
occurs in an adiabatic vessel, the burning is complete, and 
dissociation does not occur. See fire; flammability. 
Adiprene Uniroyal Chemical’s trade iianie for its family 
of cast polyurethanes. 
adjustable speed drive See electric motor, adjust- 
able speed drive; motion control system. 
adjusting volume See blow molding, extruder 
bottle volume adjustment. 
administrative capability See data management 
system. 
admixture An addition and homogeneous dispersion of 
discrete components before cure. See mixture. 
adsorbate 1. The material that is retained by the process 
of adsorption. 2. Any substance that can be absorbed. 
adsorption The adhesion of molecules of gases, dis- 
solved substances, moisture, or liquids in niore or less c o ~ ~ -  
centrated form to the surfaces of the solids (metal, etc.) or 
liquids with which they are in contact. Also called physicnl 
or selectivc ndsoytion. See adsorption heat of; alumina, 
activated; carbon, activated; chemisorption; de- 
sorption; desiccant; moisture adsorption; persorp- 
tion; sorbent; sorption; van der Waals adsorption; 
water adsorption; water pollution. 
adsorption, heat of Heat evolved during adsorption. 
adsorption, hydrolytic The adsorption of a weak ion- 
ized acid or base formed by the hydrolysis of some type 
of salt in an aqueous solution. 
adulterant A chemical impurity or substance that by 
law does not belong in food or any other regulated sub- 
stance. See packaging food. 
advanced composite See reinforced plastic, ad- 
vanc ed . 
advanced plastic See plastic, advanced; commod- 
ity plastic; engineering plastic; reinforced plastic, 
advanced. 
advanced styrenic resin (ASR) A material produced 



either cheiriically in a reactor or by blending general- 
purpose polystyrene plastic and rubber in downstreaiii 
operations. ASRs have good toughness, and processability. 
They may be used as an intermediate between high- 
impact polystyrene and acrylonitrile-butadiene-styrene 
plastic. See polystyrene plastic; rubber. 
advancing reaction An in-progress chemical reaction 
that results in the curing of the plastic. 
advantages and disadvantages of plastic See plastic 
advantages and disadvantages; plastic myths and 
facts. 
aerated sand cleaning, hot Equipment used to clean 
plastic contaminated metal parts such as dies, molds, screen 
plates, screws, etc. A fluid bed of quartz crystals or alunii- 
num oxide sand is set in motion by a raising stream of hot 
air or nitrogen at 410°C (800°F) that produces more even 
temperature than typical cleaning ovens. This hot aerated 
sand system can easily remove plastic from internal holes, 
assembled parts, etc. Parts to be cleaned are immersed iii 
the fluid bed bath. See cleaning. 
aeration 1. A process of supplying air naturally or with 
equipment to solid waste, certain iabricating processes 
(such as blow molding and foaming), chemical reactions, 
etc. See air; chemical reaction; pollution, water aer- 
obic. 2. A process of supplying air or oxygen to cure plas- 
tic, such as an aerobic adhesive. See adhesive, aerobic; 
adhesive, anaerobic; curing agent. 
aerobic bacteria See bacteria, aerobic; biodegrad- 
able; biodegradable waste; deodorant additive; en- 
vironment; landfill and degradation. 
aerogel A porous solid form created from a gel by re- 
placing liquid with gas with little change in volume so that 
the solid is highly porous. I t  is the reverse of an aerosol. 
Made of 99.9% air, aerogels appear more like solid smoke 
than gels but can support more than a thousand times their 
own weight. They are the lightest plastic solids. Aerogels 
are a hybrid between a gel and air and provide iiitercsting 
characteristics, such as superinsulation and sound ab- 
sorbtion, with very large surface areas. 

Aerogel starts out as a delicate, three-dimensional 
framework of clusters of imolecules linked together in a 
liquid niediuni. The linked clusters create a sprinby molec- 
ular mesh containing thousands of open pores filled with 
fluid, something like a wet sponge. To create the aerogel, 
the liquid must be renioved carefully from the mesh. Un- 
der nornial conditions, capillary pressures generated by 
evaporation of the liquid cause the framework to collapse 
on its self. As the gel’s interior walls squeeze together, re- 
active molecules permanently bond, leaving a compressed 
semiporous gel that is a fraction of its original volume. 
This versatile material offers a wide range of uses from 
insulating windows and appliances to extracting salt from 
seawater. See aerosol; gel; insulator; plastic, porous. 
aerosol A state of suspension or dispersion of extremely 
fine solid or liquid particles in a gaseous medium, usually 
air. Fog and smoke are common examples of natural aero- 
sols. See colloidal; suspension. 

aerosol fog 
which the dispersed phase is a condensation liquid. 
aerospace market See military market. 
aesthetic The external surface appearance of an object 
or product. Its elements niay include color, shape, texture, 
feel, or other particular features of the product. The varie- 
ties of plastics available can provide virtually any desired 
aesthetic appearance. See cosmetic market; design, in- 
novative. 
affine deformation See deformation, affine. 
affinity The attraction of one substance for another sub- 
stance, such as the tendency of atoms or compounds to 
react or combine with atonis or compounds of different 
chemical constitution. There are attraction, of polar simi- 
larity, such as bctween adhesives and adherend. See adhe- 
sive. 
after-bake See curing, post-. 
after-cure See curing, after-. 
afterglow A glow in a material after the removal of an 
external source of fire exposure or after the cessation (nat- 
ural or induced) of flaming material. See phosphores- 
cence. 
after mixer See reaction injection molding. 
agent A substance, such as a catalyst, that produces an 
effect. See catalyst. 
age resistance The ability of a material to resist aging. 
agglomerate A cluster of particles of compounding 
materials contained in a continuous mass. 
agglomerate, compounding material A cluster of 
particles of one or more compounding constituents held 
loosely together. See compound. 
agglomeration, latex See rubber latex, agglom- 
erate. 
aggregate A hard, coarse fragniented filler material, 
usually of mineral origin. It  can be used with an epo‘cy 
plastic binder as a flooring or suriaciiig medium, or in ep- 
oxy tools. See filler, mineral. 
aging The change in properties of a niaterial with time 
under stated conditions that could improve or deteriorate 
depending on the plastics used. See accelerated aging. 
aging, air-bomb The process of exposing materials to 
the action of air at an elevated ternpeiature and pressure. 
aging, air-oven The process of exposing materials to 
the actio11 of air at  an elevated teniperaturc at atmospheric 
pressure. 
aging and molecular weight See molecular weight 
and aging. 
aging annealing See annealing. 
aging, anti- The process of hindering degradation by 
adding chemicals-for example, by oxidation. 
aging, artificial The accelerated testing of material 
over a short period of time to indicate what may be ex- 
pected of a material or product under service conditions 
over extended time periods. See design and weathering 
weatherability, accelerated; weathering, artificial. 
aging inhibitor See zinc. 
aging, life-cycle See life-cycle analysis. 

A loose tern1 applied to visible aerosols in 
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aging, long life See plastic long life. 
aging, machine See machine aging. 
aging, over- The process of continuous aging of plas- 
tics until softening occurs. 
aging, oxygen-bomb The process of exposing materi- 
als to the action of oxygen at an elevated temperature aiid 
pressure and then evaluating the effect of a concentration 
of oxygen on plastics. 
aging, quench See quench aging. 
aging retardant See antioxidant agent. 
aging, shelf See shelf life. 
aging, temperature-resistant See antioxidant agent. 
aging, thermal See thermal aging, relative thermal 
index. 
agitator A rotating or reciprocating device that induces 
motion in mixtures to unifomily disperse the components. 
See mill; mixer. 
A-glass See fiberglass type. 
agricultural biodegradable See biodegradable. 
agriculture market An extensive market for plastic 
products. For examplc, film, which was introduced during 
the 1030s and 1940s, is desirable in all agricultural appli- 
cations (mulching, fiimigation, row covers, hot beds, 
controlled release of pesticides and nutrients, soil condi- 
tioning, seed planting, plant protection, farm equipment, 
greenhouses, animal shelters, water conservation, etc.). 
See film; market. 
air A mixture or solution of gases. Its composition varies 
with altitude and other conditions at the collection point. 
The compoyition of dry air at sea level is in percent by 
weight 75.53 nitrogen (N?) and 23.16 oxygen (02) or in 
percent by volume 78.0 N,, 20.95 Oz, 0.93 argon, 0.033 
carbon dioxide (CO?), 0.0018 neon, 0.0005 helium (H2), 
etc. See aeration; atmosphere. 
air-assist forming See thermoforming, air-assist. 
air atomization A process carried out by an air gun 
where a high-velocity air streani breaks up a liquid plastic 
or paint coating. Air atomization yields a s l i d e r  particle 
size than other spraying methods; the lower particle size 
limit is about 5 pni. Fine particle size allows good control 
of the coating thickness. The main disadvantage is consid- 
erable overspray (poor transfer efficiency) unless electro- 
static spray coating assist is used. Pneumatic spraying is also 
inefficient from the point of view of energy utilization. 
Air guns not only atomize the paint but also shape the 
atomized stream. Usually a h i  pattern is used because it 
allows better control of the coverage. See coating, air- 
atomization; coating, electrostatic spray; foamed 
polyurethane; paint; spray, air atomization. 
airborne particle cleanliness See cleanroom. 
air breathing Also called inold bunipi~i~y.  See mold 
breathing. 
air-bubble defector void See casting, vacuum; 
void content. 
air, clean See automotive interior, low-emission 
plastic; incineration fume system; pollution, air. 
air conditioning The qiniultaneous control of at least 

the first three of the following factors affecting both the 
physical and chemical conditions of the atmosphere within 
any structure-teiiiperature, humidity, motion, distribu- 
tion, dust, bacteria, odor, arid toxicity. See antimicrobial 
agent. 
aircraft An extensive market for plastics. External and 
internal use of lightweight, durable, aiid high performance 
plastic in military and conimercial aircraft includes rein- 
forced plastics and specialty plastics such as antiicing coat- 
ing. The successf~il 1944 U.S. Air Force all-plastic airplane 
(primary and secondary structures) used reinforced plastics 
(glass fiber with thermoset polyester hand layup that in- 
cluded the use o f  the lost-wax process) sandwich construc- 
tions for the monocoque fuselage, wings, and vertical sta- 
bilizer. Different RP parts (wing fairings, floor bearims, 
rudder, elevators, engine cowl) are used on the Boeing 
777. See airship; energy and bottle; injection mold- 
ing aircraft canopy; military market; polyphospha- 
zene plastic; reinforced plastic soluble-core mold- 
ing; soluble-core molding; Figure 5, Examples of 
Reinforced Plastics on the Boeing 777. 
aircraft, Gossamer Albatross A lightweight human- 
powered aircraft. O n  12 June 1979, Californian Bryan AI- 
le11 became the first person to fly 23 miles (38 kin) across 
the English channel (2 h, 54 inin) by using only his muscles 
to power a practically all-plastic aircraft weighing 70 Ib 
(32 kg). He received a $200,000 prize from British 
industrialist Henry Kreiiier (to encouragc humail-power 
flight, a dreaiii that goes back to Leoiiardo Da Vinci and 
even earlier). Extensive use was made of DuPoiit engi- 
neering plastics, such as Mylar (TI' polyester film), Kevlar 
(aramid fiber), and Delrin (acetal). 
aircraft radome 
aircraft, Solar Challenger A lightweight solar-pow- 
ered aircraft. O n  7 July 1981, this sun-powered airplane 
niade aviation history by flying 230 miles (370 kin) from 
France to Eiiglaimd in 5 h and 23 niin. Its 16,128 wing- 
mounted solar cells powered an all-plastic lightweight 
plane of 217 Ib (98 kg). It used IhPont's Kevlar aramid 
fiber reiiiforced plastic structures, Mylar shrunk polyester 
film outboard skins, I3elrin acetal control pulleys, arid Zy- 
tel ST supertough nylon landing gear wheel. 
aircraft arrester See foamed ground aircraft ar- 
rester. 
air density, standard The atmospheric air density, is 
0.0750 Ib/ft3 (1.201 kg/m') at a temperature of 68°F 
(2O0C), 14.696 psi (101.32 kPa), and approximately 30 
percent relative humidity. 
air, dry 
air entrapment A phenomenon wherein air is occu- 
lated in a plastic or composite system giving rise to blister 
bubbles or voids that are usually not desired. It can occur 
during fabrication. The bubbles  nay be caused by air or 
moisture due to improper plastic material drying, by coni- 
pounding agent volatiles, by plastic degradation, or by the 
use of contaminated regrind. The first step to resolving 
this problem is to detcrnmine what is causing it. A logical 

See radome; rain erosion. 

Air containing no water. 



troubleshooting approach can be used. See bubble; cast- 
ing; deaerate; defoamer additive; drying; material 
inclusion; recycling plastic; troubleshooting; void 
content. 
air floatation or felting process See fabric, non- 
woven. 
air flow 
air flow value 
air gap 
gap. 
air-inhibited plastic See plastic, air-inhibited. 
air knife 
knife. 
air lock 
air noninhibited plastic 
ited. 
airplane See aircraft. 
air pocket, trapped An internal pocket of air or other 
gas; not a general condition as with porosity. See po- 
rosity. 
air pressure 
air-pressure differential See thermoforming, 
pneumatic-control. 
air quality See vinyl composition tile. 
air removal See deaerate. 
air ring See extruder-blown film air entrapment. 
air, saturated A mixture of dry air and water vapor in 
which the latter is at its maxiinuin concentration for the 
prevailing temperature and pressure. See saturation. 
airship An aircraft. Inflatable airships use different plac- 
tics to provide strength, durability, and light weight in the 
environment, such as polyester fabric coated with neo- 
prene, reinforced plastic gondolas, etc. See aircraft. 
air shot See injection-molding air shot. 
air-slip forming See thermoforming, air-slip. 
air vent A small outlet that prevents the entrapment of 
air and other gases. See autoclave venting; mold- 
cavity venting; mold venting, water transfer; rein- 
forced-plastic processing vent cloth; screw venting; 
venting. 
air-void curve, zero A saturation curve that shows the 
zero air voids as a function of water content. Unit weight 
is in weight per unit volume. 
Alathon A trade name for DuPont’s family of polyeth- 
ylene plastics. 
albumin See fixing agent. 
alchemy See chemical science alchemy. 
alcohol A carbon-containing conipound with a hy- 
droxyl group (-OH). See ester. 
alcohol, absolute Ethyl alcohol that contains no more 
than 1% water. Also called anhydvous alcohol. 
Alcryn A trade name for DuPont’s family of melt- 
processable elastomers and rubbers. 
aldehyde A volatile liquid with a sharp, penetrating 
odor that is slightly less soluble in water than alcohol and 
can also be used with different plastics for cleaning, etc. 

See conservation of matter, law of. 

See extruder coating and lamination air 
See foamed-air flow level. 

See coating, air-knife; extruder sheet air 

See molded air lock. 
See plastic, air noninhib- 

See blow-molding air pressure. 

See chemical reaction, Gatterman; cleaning, sol- 
vent. 
aldehyde polymerization See polymerization, al- 
dehyde. 
algebra A generalization of arithmetic in which letters 
representing numbers are combined according to the rules 
of arithmetic. See arithmetic; computer science and 
algebra; mathematics; mean, arithmetic; range. 
algebra, transfinite A branch of higher mathematics 
dealing with the algebra of infinity. 
algorithm 1. An abstract description of a procedure or 
a program. 2. A specified, step-by-step procedure for per- 
forming a task that will lead to a correct answer or solving a 
problem. Also known as a j b t o  clzart. See computer- 
ized knowledge-based engineering; computer 
procedure-oriented language; flow chart; tempera- 
ture proportional-integral-derivative. 
algorithm, recognition A computer prograin or in- 
struction set used to recognize specific phenomena froin 
a processing of data acquired for the system from sonie 
external source. See computer. 
algorithms and artificial intelligence See intelli- 
gence, artificial. 
algorithms, generic (GA) A class of machine-leariiiiig 
techniques that are similar to processes that occur in the 
interactions of natural, biological genes. Thus, GA is a 
method of finding a good answer to a problem, based on 
feedback received from repeated attempts to obtain a solu- 
tion. Each attempt is called a gene. See problem and so- 
lution. 
alignment, barrel See barrel borescoping. 
alignment, equipment See machine alignment. 
aligomer See molecule, telomer. 
aliphatic hydrocarbon A saturated hydrocarbon that 
has an open-chain structure, such as propane and gasoline. 
See molecule, aliphatic. 
alkali A substance that is soluble in water, can form a 
solution, and can neutralize an acid. More technically, the 
term applies to the hydroxides and carbonates of the alkali 
metals. 
alkali metals and derivatives The alkali metals, which 
include lithium, sodium, potassium, cesium, and francium. 
They make up the Group 1A elements of the periodic 
table system. Because of their high reactivity, all except 
franciuni are used in virtually eveiy area of organic poly- 
mer synthesis, including many aspects of polynierization 
chemistry. See chemical reaction; periodic table; po- 
lymerization. 
alkyd molding compound A thermoset plastic that is 
compounded with low amounts of cross-linking mono- 
mer and fillers, lubricants, pigments, and catalysts. Their 
principal use is in the matrix of reinforced plastics. See 
alkyd plastic; reinforced-plastic bulk-molding com- 
pound. 
alkyd plastic A thermoset polyester plastic that is made 
with a fatty acid as a modifier. The term alkyd should be 



Rosato, Rosnto, arid Rozato 93 

used with care. It originally designated resinous-reaction 
products of di- and polyhydric alcohols and acids, which 
when modified with reactive monomers are called tlzermo- 
set polyester plustics. When modified with nonvolatile mo- 
nomers such as diallyl phthalate to form dry or relatively 
dry molding compounds, they are called ulkyd plustics. 
When curing, alkyd plastics do not yield (condense) water 
as much as some of the other thermoset plastics, and there- 
fore curing can be accomplished from zero to any amount 
of pressure. They provide dimensional stability and are 
widely used in surface-coating formulations and in inold- 
ing compounds. Also known as glyptal plastics and thermoset 
polyester plastics. See catalyst, benzoyl peroxide; coat- 
ing, air-drying alkyd-plastic; diallyl phthalate plas- 
tic; maleic anhydride; phthalic anhydride; polyester 
plastic, thermoset. 
alkylate sulfonate, linear (LAS) The world’s largest- 
volume synthetic surfactant. Household detergents, prin- 
cipally laundry powders and liquids, and dishwashing liq- 
uids, consume about 85 to 90 percent of the total. Other 
use includes plastics. See detergent; surfactant. 
allergen See medical antibody and antigen plastic- 
encapsulated. 
alligator-grained surface A plastic surface that is eni- 
bossed to resemble the grain of an alligator hide. 
alligatoring 1. A reinforced plastic or laminate surface 
flaw that resembles the texture of an alligator’s skin. 2. See 
melt fracture. 
allophanate See isocyanate allophanate. 
alloprene plastic A chlorinated elastomer. 
allotropy The existence of a substance, especially an 
element, in two or more physical states, such as crystal and 
graphite. See graphitization. 
allowable property See A-basis; B-basis; S-basis; 
typical basis. 
allowance See tolerance allowance. 
alloy/blend A composite material that is blended from 
many different basic materials. Alloy5 or blends include 
plastics, chernicalc, paints, metals, and nonmetals. A plastic 
alloy or blend is a composite that is constructed by blend- 
ing polyiners/plastics or copolymers with other polymers 
or elastomers under selected conditions to retain the best 
characteristics of each constituent. They are mechanically 
blended; they do not depend on chemical bonds but often 
require special compatibilizers. Alloys and blends are cow 
tinuously being developed to meet industry new perfor- 
mance requirements. The terms alloy and blcnd are often 
used interchangeably, but generally an alloy is a subclass 
of plastic blends. Exaniples include ABS/nylon, which is 
made compatible with additives and offers improved 
chemical resistance, sudace lubricity, etc.; ABS/PC, 
which offers good processability, etc.; and ABS/TPU of- 
fers improved flex fatigue, vibration clamping, and cold 
temperature toughness. See blending; chemical com- 
position and plastic property; composite; com- 
pound; die-casting alloy; elastomeric alloy; inter- 

penetrating network; material-blending letdown 
ratio; material, microphase structure; miscibility; 
plastic-glass alloy; polymer, reactive; polypropylene 
multiple monomer; synergism. 
alloy constitutional diagram A graphical representa- 
tion of the compositions, temperatures, and pressures at  
which heterogeneous equilibrium of an alloy system oc- 
curs. Also called p l m e  diupani or equilibrium diugrum. 
alloy, metal molding See injection molding non- 
plastic. 
alloy, steel See iron; metal. 
alloy, super- A plastic, alloy that combines high 
temperature-mechanical properties, oxidation resistance, 
and creep resistance to an unusual high degree. Examples 
include iron-base, cobalt-base or nickel-base plastic alloys. 
allyl ester plastic A family of transparent themiocet 
plastics. Their properties are generally better than those of 
other organic transparent materials. 
allyl diglycol carbonate plastic A branch of the ther- 
moset polyester plastic family that is formed by the addition 
polymerization of cheniical compounds containing allyl 
groups. An example ofa true allylic hornopolynier cast from 
the monomer is diethylene glycol bis (allyl carbonate), 
which has been sold by PPG since at least the 1940s under 
the trade name CR-39. It has exceptionally good optical 
transparency, with excellent hardness and scratch resistance, 
and is used in all types ofsunglasses and eyeglasses, heat pro- 
tection face shields, etc. The most widely used in this fanlily 
of plastics is diallyl phthalate plastic. See diallyl phthalate 
plastic; polyester plastic, thermoset. 
allyl plastic A branch of the thermoset polyester family 
of plastics that is among the most versatile of the thermo- 
set plastics. Allyl plastics can be honiopolynierized or co- 
polymerized with alkyds, etc. See alkyd plastic; poly- 
merization; polyester plastic, thermoset. 
alpha See atom, alpha. 
alpha cellulose See cellulose, alpha. 
alpha loss peak See dynamic mechanical analysis, 
alpha loss peak. 
alphanumeric A character set that contains both letters 
and digits. 
alternating copolymer See copolymer, alter- 
nating. 
alternating current See electrical alternating cur- 
rent. 
alternating-amplitude stress See stress, alternat- 
ing-amplitude. 
alumina, activated A highly porous granular form of 
aluminum oxide that has preferential adsorptive capacity 
for the nioisture and odor that are contained in gases and 
some liquids. It is an effective desiccant and also is used 
as a catalyst or catalyst carrier in chromatography. See 
adsorption; catalyst; chromatography; desiccant; 
odor. 
alumina-silica fiber See fiber, alumina-silica. 
alumina trihydrate An inert, white, crystalline mineral 



powder filler that provides flame retardance arid electrical 
arc and track resistance to plastics. I t  also is used as a reiii- 
forcing agent in elastomers, paper coating, cosmetics, etc. 
See flame retardant; insulation resistance; pigment, 
extended. 
alumina white-ware A ceramic white-ware in which 
alumina (AlQ,)  i s  the essential crystalline phase. 
aluminized film See metallizing plastic. 
aluminosilicate glass See glass composition. 
aluminum (Al) T h e  third most abuiidant nietal in the 
earth's crust. I t  does not occur free in nature but is derived 
from mined bauxite, which i s  processed through various 
techniques, is processed subsequently via electrolytic re- 
duction, arid produces hundreds of  alloys. See mold ma- 
terial; machining safety; metal, light; waste; zinc. 
aluminum alkyl 
aluminum alloy See kirksite. 
aluminum foil A solid sheet of an appropriate alunii- 
iiuiii alloy, cold-rolled very thin from a iiiiiiiniuiii thick- 
ness of about 0.0017 in. (0.00432 nim) to a maximuni of  
about 0.0059 in. (0.1 499 mni). In the aluniinuni industry, 
a thickness of  at least 0.006 in. (0.1524 i i i r i i )  is sheet mate- 
rial (sheet). After (oil) cold-rolling, the foil is annealed to 
restore its workability. From the standpoint of  packaging 
as well as other applications, one of  its most important 
characteristics is its inipernieability to water vapor or  gases. 
Bare foil 1.5 mil (0.OOlS in. o r  0.0038 iiiiii) and thicker 
is completely iiiipernieablc arid used in plastic coating arid 
packaging process systems. See barrier, plastic; foil dec- 
orating; laminate, decorative. 
aluminum, injection-molding See injection- 
molding, nonplastic. 
aluminum modulus versus specific gravity See 
modulus versus specific gravity. 
aluminum mold See mold material. 
aluminum molding 
plastic. 
aluminum permeability See aluminum foil. 
aluminum stearate An aluininum soap in the form of  
a white powder that is insoluble in water and soluble in 
oils. I t  is used as a dryer in creating paints and varnishes, 
waterproofing hbricr and concrete, etc. See paint; var- 
nish; waterproofing. 
aluminum wettability test See test, aluminum 
wettability . 
amber plastic A natural fossil plastic formed principally 
on the shores of  the Baltic Sea. Although largely replaced 
for most applications by phenolformaldehyde, the iiiaterial 
is still used as the basis of  certain varnishes and dyes. See 
plastic, natural. 
American Plastics Council (APC) An organization 
that (1) educates students in grade schools through colleges 
and engineers, designers, and company executives about the 
benefits and advantages ofplastics and (2) enhances the skills 
of those people who already work in plastics. T h e  council's 
membership is comprised of plastic manufacturers. 
American Standards for Testing Materials (ASTM) 

See catalyst, aluminum alkyl. 

See injection molding, non- 

A world authority on standards for testing all types of 
materials that include plastics. Founded in the nine- 
teenth century, its headquarters now are in West Consho- 
hocken, Pennsylvania. It publishes thousands of  standards 
every year that are updated when required. See ISO; 
ISO-10993 standard; sterilization radiation, certifi- 
cation worldwide. 
amide-imide plastic See polyimide plastic. 
amine adduct A product of the reaction of  an amine 
with a deficiency of  a substance c o i i ~ ~ i n i n g  epoxy groups. 
amine plastic A material that is derived from the re- 
action of urea, thiourea, melamine, or allied compounds 
with aldehydes, particularly formaldehyde. 
aminolysis See recycling, chemical. 
amino plastic A family of  thermoset plastics that is the 
reaction product of  amino compounds with aldehydes. 
T h e  amino ~iionoiiier is characteristically present as ani- 
ide--for example, in urea fornialdehyde plastic m d  mel- 
amine formaldehyde plastic. T h e  results are hard, colorles, 
trailsparent plastics generally referred to as unzino plastin. 
See urea formaldehyde plastic. 
ammonia (NH,) T h e  basic building block of the world 
nitrogen industry and the intermedi'ite product from 
which a wide variety of  nitrogen fertilizer materials and 
industrial products (plastics, explosives, etc.) are produced. 
ammonia anhydrous A colorless g x  or liquid that has 
sharp and intensely irritant odor, i s  lighter than air, and is 
very soluble in water, alcohol, etc. It is the third-highest 
volume chemical produced in the United States. It  is used 
in plastic formulations ( P U R ,  AN, etc.), fibers, latex pre- 
servatives, etc. 
amorphous domain A phase of plastic iiiaterial that is 
without a regular form, not crystalline, and in a highly 
disordered state. This morphological term is used to refer 
to noncrystalliiie systems, such as block copolymers, in 
which the chemically different sectioiis of  the chain sepa- 
rate generating two or  more aiim-phous phases. 
amorphous plastic A themiopl~istic that has no crystal- 
line plastic structure. These 'Tl's have no sharp melting point 
and are usually glassy and transparent, wch as polystyreiic 
and acrylic (PMMA). Ifthey are rigid, they m a y  be brittle. 
Plastics during processing are riormally in the aiiiorphous 
state with no  definite order of  niolecule chains. TPs that 
iioriiially crystallize (crystalline plastics) may not be properly 
queiiched when hot melt is cooled to solidify the plastic and 
may result in an ainorphous or partially ainorphous solid 
stJte that usually has inferioi- properties. See annealing; 
commodity plastic; cooling, super-; crystalline plas- 
tic; engineering plastic; glass transition temperature; 
heat capacity; heat profile; melt flow; melting tem- 
perature; mold cooling rate; molecular arrangement 
structure; morphology; nylon plastic, amorphous; 
plastic solidification; semicrystalline plastic; Stau- 
dinger, Hermann; temperature and molecular bond- 
ing force. 
amorphous plastic and polarized light See polar- 
ized light. 
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amorphous plastic nylon See nylon plastic, amor- 
phous; nylon plastic type; transparent plastic. 
amorphous plastic orientation A component of  the 
overall orientation that is due to the amorphous regions 
in a plastic. Each anisotropic property will have an amor- 
phous component, such as birefringence. See birefrin- 
gence; directional property, anisotropic; orienta- 
tion. 
amorphous plastic region A region in  a crystalline 
plastic that has not crystallized aiid therefore has polymer 
chains that exist in the raiidoiii configuration where the 
polymer is amorphous. Since crystallization is limited in a 
crystalline plastic, aniorphous regions are always present, 
typically accounting for up to about 20 percent of the  plas- 
tic. Thus, the plastic acts as a composite of amorphous and 
crystalline polymers. Both regions contribute their charac- 
teristic properties to the overall behavior, with amorphous 
regions exhibiting a glass transition teniperature. See 
crystalline plastic; glass transition temperature. 
amorphous plastic scatter The x-ray scattering pro- 
duced by an amorphous plastic. Although n o  short- or 
long-range order of a crystalline kind exists, a short-range 
order of  the most probable distance between neighboring 
atoms does exist. This is often expressed in terms of the 
atomic radial d i m h i t i o n  function, obtained froin a scatter 
curve. See x-ray scattering, long period. 
amorphous second-order transition T h e  change 
fi-oni an amorphous state to a plastic stcite. 
amortized See business amortization. 
amosite A fibrous amphibole asbestos siiiiilar to crocid- 
olite, containing a higher portion of iron than anthophyl- 
lite asbestos fibers. Sec asbestos. 
ampere See electrical ampere. 
amphoteric See chemical, amphoteric. 
amplitude T h e  vertical distance from niidliiie of  the 
peak or the trough of a wave; the difference between the 
average value of a sinusoidal variation and the iiiaxiiiiuin 
(or minimum) value. 
anaerobic See adhesive, anaerobic. 
analog Inforniation that is continuously variable aiid 
thus has infinite possible values. It is unlike digital informa- 
tion, which is discrete and binary and has only two possible 
values (on/off, high/low). See computer analog-to- 
digital converter; digital; motion control system. 
analysis failure See DART software; problem and 
solution. 
analytical instrument An instruiiient that determines 
such niaterial characteristics as composition, molecular 
weight, and degree of  crystallinity. Examples include the 
infrared spectrophotometer, gel perineation chromatogra- 
phy, arid different scanning calorimeter. See chromatog- 
raphy, gel-permeation; differential-scanning calo- 
rimetry; spectrophotometer. 
analytical tool 
anelasticity deformation See deformation, vis- 

angel hair 

See Deere JD/GTS software. 

cous. 
See material, cutting burr-free. 

angstrom A unit of length that ic  the wavelength of the 
red line of  cadmium (6438,4696 A). For practical pui-poses 
it is one hundred millionth (1 O-') of  a centimeter-ten 
thousand times smaller than a micron-size particle. See 
micron; nanotechnology. 
anhydrous A compound that does riot contain water or  
that has had water extracted from it. 
anilene An organic base n u d e  by reacting chlorobew 
zeiie with aqueous aiiiinonia in the presence of  a catalyst. 
I t  is used in the production of  aniline forinaldehyde plastics 
and in the manufacture of certain rubbers, dyes, and drugs. 
See accelerator; antioxidant agent. 
anilene-formaldehyde plastic An aiiiiiio plastic that 
is made by the condensation of  foriiialdehyde and anilene 
in an acid solution. These thermoplastics have high dielec- 
tric strength and good chemical resistance. 
anion See ion. 
anisotropic See directional property, anisotropic. 
annealing A heat-treatment process that is intended to 
improve performance by removing stresses or  strain? set 
up in the material during its fabrication. T h e  plastic is 
brought up to a required temperature for a definite time 
period (depending on the type of  plastic), and then cooled 
by liquid (usually water but sometimes oils aiid waxes) or 
air (quenched) to room temperature at a controlled rate. 
T h e  temperature is near, but below, the melting point. 
At the specified temperature the molecules have enough 
mobility to allow them to orient to a configuration and 
thereby to remove or reduce residual stress. T h e  objective 
is to permit stress relaxation without distortion of shape 
and to obtain iiiaxiniiim performances or dinieiisional 
control. 

Annealing is generally restricted to themioplastics, ei- 
ther aniorphous or crystalline. Because it increases density, 
it thereby improves the plastics' heat resistance arid diiiieii- 
sioiial stability when exposed to elevated temperatures. It  
frcyuently improves impact strength aiid prevents crazing 
and cracking of excessively stressed products. T h e  magiii- 
tude of these changes depends 011 the nature of the plastic, 
the aiiiiealing conditions, and the parts geoinetiy. 

T h e  most desirable annealing teinperatures for amm- 
phous plastics, certain blends, and block copolyiiicrs is 
above their glass transition temperature ( Q ,  where the 
relaxation of stress and orientation is the most rapid. How- 
ever, the required temperatures may cause excessive dis- 
tortion and warping. T h e  plastic is heated to the highest 
teniperature at which dimensional changes owing to strain 
are released. This temperature can be deterniined by plat- 
ing the plastic part in an air oven or water liquid bath and 
gradually raising the temperature by intervals of3' to 5 O C  
until the iiiaxinium allo\vable change in shape or dimen- 
sion occurs. This distortion temperature is dictated by the 
thernioniechanical processing history, geometry, thick- 
ness, arid sizc. Usually the annealing temperature is set 
about 5°C lower using careful quality-control procedures. 

Rigid, aniorphous plastics such as polystyrene and 
acrylic are frequently annealed for stress relief. Annealing 



crystalline plastics, in addition to the usual stress relief, may 
also bring about significant changes in the nature of their 
crystalline state, depending on the nature of the crystal 
structure, degree of crystallinity, size and number of spher- 
ulites, and orientation. In cases when proper temperature 
and pressure are maintained during processing, the in- 
duced internal stresses may be insignificant, and annealing 
is not required. 

Plastic blends and block copolymers typically contain 
other low and intermediate molecular weight additives 
such as plasticizers, flame retardants, and ultraviolet or 
thernial stabilizers. During annealing, phase and micro- 
phase separation niay be enhanced, and bleeding of the 
additives may be observed. The morphologies of blends 
and block copolyniers can be affected by processing and 
quenching conditions. If their melt viscosities are not 
matched, compositional layering perpendicular to the di- 
rection of flow niay occur. As in the case of crystalline 
plastics, the skin may be different both in niorphology and 
composition. Annealing may cause more significant 
changes in the skin than in the interior. Also called, harden- 
ing, tempering, physical aging, and heat treatment. See amor- 
phous plastic; crystalline plastic; flame annealing; 
glass transition temperature; hardening, case; infra- 
red annealing; insert molding; quench; screw heat 
treatment; stress, frozen-in; stress, residual; temper; 
temperature sensitivity; test, deflection temperature 
under load; tolerance and shrinkage. 
annihilation See antiparticle. 
antiaging See aging, anti-. 
antiblocking agent An additive that stops blocking or 
sticking of two surfaces and that usually is associated with 
films. Antiblocking agents are used extensively in the pro- 
duction of polyethylene packaging film, where they en- 
sure that bags made from the film will open easily when 
used during packaging operations. The agent can be mixed 
into the plastics or applied on the surface after manufac- 
ture. The concentration of agents in the niaterial vanes 
from 0.1% to 1%, based on the weight of the plastic. 
Chemicals that are used in the blends include stearainide, 
stearoguananline, metal salts of fatty acids (calcium stea- 
rate), polyethylene, copolymers of vinyl acetate with ei- 
ther maleic anhydride, or ethyl acrylate. Chemicals that 
may be applied to the surface either during or after extru- 
sion include colloidal silica, clays, starches, silicones, etc. 
See abherent; additive, slip; blockage; dusting 
agent; film blocking; sheet blocking; sweating. 
anticaking agent An additive used primarily in certain 
finely divided compounds that tend to be hygroscopic to 
prevent or inhibit agglomeration and thus maintain a free- 
flowing condition of the material. See material han- 
dling. 
anticoagulant agent A substance that retards or pre- 
vents the coalescence of colloidal particles. Also law called 
stabilizer agent in latex terminoloby. See coagulation. 
antidust agent 
antifoaming agent 

See calcium chloride; dust. 
A material that is used in the pre- 

vention and control of unwanted foam. Although anti- 
foaming agents are foam-preventative materials and de- 
foaming agents or defoamers are foam reducers, these 
ternis are used interchangeably. Foamed substances are dis- 
persions of air or other gas as the discontinuous phase in 
an otherwise continuous liquid phase. Usually, since air 
or gas makes up the larger volume portion of such foam, 
only a thin liquid film (lamella) separates the bubbles. Uii- 
wanted fluid foams are comprised of thousands of tiny uni- 
form bubbles of mechanical or chemical origin that are 
generated within a liquid and that rise and accumulate at 
the liquid surface faster than they decay. Problems are di- 
verse, ranging from unaesthetic foams to Eoams hazardous 
to life, and include polynierization reactions, coatings, ad- 
hesives, etc. Solutions to the problenis are by means me- 
chanical or a chemical antifoaming agent. Also calledjmm 
inhibitor. See defoamer additive; foam; lamella. 
antifogging agent A material that prevents fogging of 
clear products such as packaging films. Fogging can occur 
when water condenses on the inside of packaged food, 
etc. The agent, typically a fatty acid ester, either causes 
the water droplets to form a contiiiuous film or imparts a 
hydrophobic characteristic to the filni surface to prevent 
water droplets from forming. See emulsifying agent; 
hydrophobic. 
antifouling coating See coating, antifouling; pig- 
ment. 
antifreeze 
antifriction compound A plastic that is specifically 
formulated to reduce or eliminate friction. See friction; 
silicone plastic. 
antigelling agent An additive that prevents a solution 
from forming a gel. See gel. 
antiicing coating See polyphosphazene plastic. 
aniline See ink, aniline. 
antimicrobial agent A niaterial added to plastic prod- 
ucts such as those used in building and construction to 
ward off- what the niedical industry has referred to as sick- 
hcrildir;? syridrorne and building-reluted illness. These side ef- 
fects of indoors microbial growth have become niorc no- 
ticeable with the construction of better-insulated, more 
energy-efficient homes, offices, hotels, and automobiles. 
Typical of such maladies is legionnaire’s disease, which was 
first brought to public awareness during an outbreak of 
pneumoriialike sickness among attendees of a 1976 Anieri- 
can Legon Convention at the original Uellevue-Stratford 
Hotel (completely destroyed during the 1980s and re- 
placed by a new Bellevue) in Philadelphia. 

The cause was a bacterium isolated in the hotel’s air 
conditioning system. In niariy buildings, high densities of 
fungi and bacteria have been found in carpets, wall cov- 
erings, hot tubs, shower heads, drains, shower curtains, 
refrigerator doors, etc. and in different products such as 
those used for healthcare and cosmetics. See air condi- 
tioning; bacteria; biodegradable; biodegradable and 
waste; deodorant additive; environment; landfill 
and degradation. 

See calcium chloride; ethylene glycol. 
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antimony oxide (Sb,O,) A white, colorless, fine pow- 
der chemical that is used as a flame retardant, pigment, 
catalyst, chemical intermediate, and lubricant. See cata- 
lyst; flame retardant; lubricant. 
antimony pentoxide A material that is used as a flame 
retardant. Also called arztirnonic anhydride, antimonic acid, or 
stibic anhydride. See flame retardant. 
antimony trioxide A material that is used in flame- 
proofing plastics, textiles, and papers; in creating paint pig- 
ments, especially PVC; and as a catalyst or intermediate in 
organic reactions. Also called antimony white  or antiinony 
oxide.  See catalyst; flammability; pigment. 
antionic See emulsifying agent. 
antioxidant agent (AOA) A substance that opposes 
oxidation or inhibits reactions promoted by oxygen or 
peroxides. In plastics, antioxidant agents retard oxidation 
during processing heat, atmospheric oxidation, or the de- 
grading effects of oxidation. Certain plastics, such as poly- 
ethylene, are susceptible to degradation that starts when 
free radicals are released after exposure to heat, ultraviolet 
radiation, and mechanical shear or in the presence of 
reactive impurities such as catalyst residues. There are 
also nonstaining antioxidants. Antiozonant agents control 
oxidative degradation by ozone. AOAs are of major 
importance to the plastic industry because they extend 
the useful temperature range and service life of plastics 
that are effected by oxygen during processing or prod- 
uct use. The variety of AOAs available and their specific 
uses are extensive. Also called agitz'q retardants. See aging; 
electrical corona; oxidation degradation, thermal; 
photochemistry; stabilizer; stain, antioxidant non-; 
stain-resistant agent. 
antiozonant agent A substance that prevents or slows 
down oxidation of plastics effected by ozone. Frequently, 
the protective effect results from a reaction with ozone, in 
which case the term used is rliemical ant iozonant .  Protection 
against ozone includes the addition to plastics of wax addi- 
tives (paraffin or microcrystalline type) or inert plastics. 
See oxidation; ozone. 
antiparticle A subatomic particle that has the same mass 
and spin as one of the particles of ordinary matter but has 
the opposite value of electric charge and magnetic mo- 
ment. When the particle meets its corresponding antiparti- 
cle, they both disappear in a scientific process called anni- 
hilation that results in the total mass of the pair being 
converted into energy. This discovery was first made dur- 
ing 1932. See particle. 
antirad See radiation induced reaction. 
antisag agent See sag; thickening agent. 
antislip agent A material that creates a certain degree 
of blocking between surfaces, such as where filled plastic 
bags cannot be stacked because they tend to slide or where 
plastic fibers made into fabrics give excess slip. Both inter- 
nal and external agents are used. Copolymers of ethylene 
and maleic anhydride, colloidal silica, finely powdered 
sand, mica, and other minerals effectively reduce slippage 
when compounded or sprayed. Colloidal silica solutions, 

diluted with water, are primarily used for spraying surfaces. 
When compounded into the plastics, they are of sinal1 par- 
ticle size, less than lp, and the amount used is less than 
1 wt%. Also called slip depressants. See additive, slip; anti- 
blocking agent; lubricant; packaging, grocery bag; 
sweating. 
antistatic agent A material that minimizes static elec- 
tricity in plastics. Metallic antistatic devices come in con- 
tact with the plastics and conduct the static charge to earth, 
and chemical antistatic agents are mixed with the coni- 
pound prior or during processing and give a reasonable 
degree of protection to the finished product by being in- 
herently conductive or by absorbing moisture from the air 
to release the static charge. Also called antistat. See elec- 
tromagnetic interference; extruder sheet antistatic 
bath; moisture, humectant agent; packaging, elec- 
tronic; static charge; thickening agent. 
antistatic plastic and electronic packaging See de- 
sign, biomedical product; packaging, electronic. 
antitrust law See legal matter: patent pooling with 
competitors. 
antiwear additive An additive that is used to reduce 
surface wear. See wear. 
apochromatic See lens, apochromatic. 
apparel Clothes use plastics in fiber constructions, insu- 
lation, form fittings, etc. to meet different peifomiance 
requirements. See fabric; zipper. 
apparent density See density, apparent. 
apparent specific gravity 
parent. 
apparent viscosity See viscosity, apparent. 
applesauce surface A rough, wavy appearance on a 
part. See defect; orange peel. 
appliance market A market where most appliances in- 
corporate plastics of many types that contribute to their 
beauty and performance. 
application for plastic See market. 
aqua 
aqueous See coating, waterborne system; water- 
aqueous. 
aqueous polymerization See polymerization, 
aqueous. 
aqueous system See coating, waterborne system. 
Araldite 
plastic accelerators. 
aramid fiber 
arbor See roll arbor. 
architectural market Sec building and construc- 
tion market; vinyl composition tile. 
architecture, computer See computer architec- 
ture. 
arc resistance 
area, circular-mil A unit of area equal to T C / ~  (0.7854) 
of a square mil. The cross-sectional area of a circle in circu- 
lar mils is therefore equal to the square of its dianieter in 
i-riils. A circular inch is equal to one million circular niils. 
See mil. 

See specific gravity, ap- 

Latin for water. See water. 

A trade name for Ciba-Geiby's family of epoxy 

See fiber, nylon; Kevlar. 

See electrical are resistance. 



area, circle 
A = r 2  

area under the stress-strain curve 
strain curve. 
area, world See world area. 
areal weight 
Ardel A trade name for Ariioco’s family of polyarylate 
plastics. 
arithmetic A branch of  niatheniatics that deals with real 
numbers and coniputations with these numbers. See alge- 
bra; mean, arithmetic. 
arithmetic logic unit See computer arithmetic 
logic unit; mean, arithmetic. 
Arnite A trade naiiie for Akzo Cheniical’s high intrinsic 
viscosity PET that can be extrusion blow inolded. 
aromatic An unsaturated hydrocarbon with one or  
more benzene ring structures in the molecule. T h e  name 
refers to the strong and unpleasant odor of most substances 
of  this nature. See chemical benzene ring; radiation- 
induced reaction. 
aromatic hydrocarbon A hydrocarbon, such as ben- 
zene or toluene, that is derived from or  characterized by 
the presence of unsaturated resonant ring structures. Aro- 
matic hydrocarbons are largely obtained from crude oil by 
refinery process. 
aromatic polyamide fiber 
aromatic polyester ester carbonate plastic A plastic 
that has increased heat distortion temperature when com- 
pared to general-purpose polycarbonate plastic. Also called 
po/yrrtc,r iarbonatr, aromatic polycrtrr mrhonate, or  aimnatir rstcr 
carhonatc. See polycarbonate plastic. 
aromatic polyester plastic See polyester plastic, ar- 
omatic. 
aromatic substance A benzene ring that possesses a 
six-riuinber unsaturated carbon ring as part of its constit- 
uent structure. See chemical benzene ring. 
Arrhenius equation An equation that refers to the rates 
of reaction versus temperature. See chemical reaction 
versus temperature rate. 
arrowhead See extruder film arrowhead. 
art and weatherability See weatherability, acceler- 
ated. 
art and science Product design is as niuch an art as a 
science. Guidelines exist regarding meeting arid comply- 
ing with art and science. See automation; computer- 
aided; design, innovative; experience and science; 
graphic art; plastic material selection; productivity; 
scientific method. 
artificial intelligence See intelligence, artificial. 
artificial weathering See weathering, artificial. 
artwork Original design including drawings and text. 
See black and white; computer-aided design; com- 
puter drawing; computer picture-level benchmark; 
design, engineering; design graphic; graphic art; 
photography, camera-ready. 
artwork, photoplotter A device used to generate art- 

The  area of a circle equals its radius squared: 

See tensile stress- 

See reinforced plastic weight, areal. 

See fiber, nylon. 

work photographically for printed circuit boards. See 
printed circuit board; printing, screen-photoimage. 
aryl group See chemical benzene ring aryl group. 
asbestic 
asbestine A soft fibrous iiiagnesiuni silicate. I t  is used 
as a filler in plastics, elastomers, and papers. 
asbestos A coniiiiercial term, not the name of a distinct 
niineral species, applied to fibrous varieties of several sili- 
cate minerals such as aniosite and crocidolite. These ex- 
tremely fine fibers are useful as fillers and reinforcements in 
plastics. Property performances include withstanding wear 
and high temperatures, cheniical resistance, and strengths 
with high modulus of  elasticity. Like other fibrous niateri- 
als, when they are not properly handled or  used, they can 
be hazardous. See amosite; crocidolite; fiber carding; 
machining safety; phenolic plastic; test, tunnel fire. 
asbestos roving An assemblage of  carded asbestos, with 
or without other fibers, that is formed into a single strand 
without twist. See cordage; roving. 
A-scan See computer A-scan. 
aseptic packaging See packaging, aseptic. 
ash 1. An inert residue that rennins after the complete 
combustion of plastic, paper, coal, etc. It is used as a filler 
in plastics, paints, etc. See filler. 2. T h e  end product of 
large-scale coal combustion, as in  power plants, tha t  con- 
sists principally of fly ash. 3. I n  regard to  environriietital 
waste, the inert residue that remaiiis after solid waste is 
incinerated. Ash or ash residue can include minerals, ce- 
ramics, metal, etc. See incineration. 
ash, bone A noiiconibustible ash that is composed prin- 
cipally of tribasic phosphate but contains minor amounts 
of nxqpesiuni phosphate, calcium carbonate, and calcium 
fluoride. It  is obtained from calcimining bones, or froin 
synthetic products. I t  is used in cleaning and polishing, 
coating molds, etc. See polish. 
ash content The  percentage of  iiiorgaiiic content in a 
plastic. It is the elimination or  reduction of plastic by high 
heat (muffle furnace, etc.) to yield any inorganic fillers or 
reinforcements; it is also the solid residue remaining after 
a plastic substance, such as glass-fiber-reinforced plastic, 
has been incinerated. See fiberglass binder/sizing cou- 
pling agent; incineration; reinforced plastic ignition 
loss. 
ashing A finishing process used to produce a satinlike 
finish on  plastic products, to remove cold spots or tear- 
drops from irregular surfaces, etc. For example, a part is 
applied to a loose iiiuslin disk loaded with wet ground 
pumice in  a rotating drum traveling at  speeds of 4,000 
linear f t /m.  See buffing; finishing, ashing and lap- 
ping; plating; polish; pumice; sanding; surface 
finish. 
askarel See electrical insulation, askarel. 
aspect ratio 1. T h e  ratio o f  length to diameter o f a  nia- 
terial such as a fiber or  rod; the ratio of  the major to niinor 
axis lengths of  a material such as a particle. Both ratios can 
be used in  determining the effect of- dispersed additive 

A short type of  asbestos. 



fibers or particles on the viscosity of a fluid/melt and in 
turn on the perforniaiice of the compound based on L /  
U ratios. In reinforced plastics, fiber L/L) will have a direct 
influence on the reinforced plastic performance. See rein- 
forced plastic; reinforcement, disk; reinforcement, 
whisker; slenderness ratio. 2. The ratio of length to 
diameter (L/1)) for a plasticator screw or the barrel hole. 
See screw length-to-diameter ratio. 
asperity See surface, asperity. 
asphalt A dark-colored solid or semisolid material that 
liquefies on heating. It  is often found in nature or may be 
obtained froin the distillation of crude oil. See couma- 
rone-indene plastic. 
assay See chemical assay. 
assembly The unification of coiiiponents or products 
into a finished operation or product. See auxiliary 
equipment; design; design consolidation and mini- 
mize material; design, disassembly. 
assembly and disassembly 
assembler 1. A program that translates assembly lan- 
guage instructions into machine language. 2. A person or 
device that assembles parts. 
assembly drawing A drawing representing a group of 
parts constituting iilajor subdivisions of the final product. 
See artwork. 
assembly/joining Methods that are used for joining or 
fastening and assembling plastic products and plastic to 
other materials. Both designer and end-user need to ur- 
derstand the techniques, advantages, and limitations of 
these methods so that intelligent choices can be made. For 
example, a product that includes plastic to plastic and plas- 
tic to metal asseniblings that have different thermal expaii- 
sions could fail. Methods of thermoplastics parts assembly 
for high-volume production include solvent bonding, ad- 
hesive bonding, ultrasonic welding, hot tool welding, 
electromagnetic atid iiiductioii bonding, and dielectric 
heat welding. Thermoplastics assembly methods for low- 
volume production include gas welding, adhesive bond- 
ing, ultrasonic tool welding, hot tool welding, and spin 
welding. Therniowt plastics for high-volume production 
include molded-in inserts, mechanical fasteners, adhesive 
bonds, and electronlagnetic and induction heating of ad- 
hesives; thermoset plastics asseiiibly methods for low-vol- 
unie production iiiclude adhesive bonding arid mechanical 
fastening. See adhesive; auxiliary equipment; bond- 
ing; coefficient of linear thermal expansion; joining; 
nail; nominal value; orientation and heat-shrink- 
ability; subassembly; welding. 
assembly language See computer assembly lan- 
guage. 
assembly, prefit A process for checking the fit of mat- 
ing detail parts in an assembly prior to final assembly. 
assessment, risk See risk assessment. 
association See Appendix C, Worldwide Plastics 
Industry Associations; Appendix D, Worldwide 
Plastics Industry Events. 

See design, snap-fit. 

assurance, quality See quality assurance. 
A-stage See A-B-C stages. 
Astroturf A trade name for Monsanto’s fimiily of nylon 
textile goods. See grass, synthetic. 
asymmetric Irregular forni. Opposite of syninietrical. 
Of  such form or shape that no point, line, or plane exists 
whose opposite portions are exactly similar. See geom- 
etry. 
asymmetric carbon atom See atom carbon, asym- 
metric. 
asymmetry See molecular asymmetry; molecular 
symmetry. 
asymptote A straight line connected with a curvc such 
that as a point moves an infinite distance along the curve 
from the point to the line it approaches zero and the slope 
of the curve at the point approaches the slope of the line. 
See geometry. 
asynchronous See fabricating asynchronous. 
atactic molecule See molecule, atactic stereo- 
isomerism. 
atactic plastic A plastic with  molecule^ in which sub- 
stituent groups or atoms are arranged at random above and 
below the backbone chain of atoms, when the latter are 
arranged all in the same plane. It is the opposite ofstcwospr- 
[!$fir plastic-. See molecular structure; stereospecific 
plastic. 
atactic stereoisomerism See molecular atactic ste- 
reoisomerism. 
atecticity See molecular atecticity. 
Atlac A trade name for Atlac’s family of polyester pldc- 
tics. 
atmosphere (atm) 1. The envelope of gases (air) that 
surrounds the earth arid that exerts pressure on earth. Cer- 
tain plastic fabricating processes are itiflueiiced by this pres- 
sure. The atmosphere is comprised of four niajor divisions: 
the troposphere (from sea level to about 10 kin), the strato- 
sphere (ozone range from 10 to 50 kni), the mesosphere 
(from 50 to 100 kni), and the thermosphere (from 100 to 
1,000 kiii or more). No  sharp bound~iries exist between 
layers. The prcssure exerted at sea level is 14.696 psi 
(101.325 kPa), which will support a columiii of mercury 
(Hg) 760 nmi high (about 30 in.) having a density of 
13..59Sl g/cm’ at a temperature of O0C (32’F) arid s t u -  
dard gravity of 980.665 cin/s’. This atni is a standard baro- 
metric pressure, though it varies slightly with local me- 
teorological conditions. With changes in elevation, the 
atmospheric pressure goes down. This pressure is used in 
fabricating processes where only contact or very low pres- 
sure such as vacuum pressure (where atmospheric pres- 
sure is applied) is required. Those processes iiiclude cer- 
tain casting systems and reinforced plastic systems. 2. An 
environnieiital gas or mix of- gases; an inert atm of 
nitrogen (N?), oxygen ((A), etc. Scc air. See ablative 
plastic; barometer, atmospheric; autoclave nitrogen 
atmosphere; boiling point; calculus; casting; chemi- 
cal atmospheric bond; distillation, atmospheric; 



gravity acceleration; humidity, atmospheric hy- 
grometer; laboratory atmosphere, standard; pack- 
aging, modified-atmosphere; pressure, atmo- 
spheric; pressure standard state; reinforced plastic 
contact molding; smog; torr; volcano; waste, invisi- 
ble; weatherability; weather condition, factual. 
atmosphere, controlled A gaseous environment for 
conducting tests in which oxygen, carbon dioxide, and 
nitrogen are held constant at specific test levels and the 
teniperature is controlled. 
atmosphere, dry deposition The deposition of mate- 
rials from the atmosphere without the aid of rain or snow. 
Particles can be in the range of 2.5 microns as well as pol- 
lutant gases (SOz, NO2, etc.). See pollution, air. 
atom The smallest possible unit of an element con-  
prised of a nucleus containing one or more protons and 
(except hydrogen) two or more neutrons, and one or more 
electrons that revolve around the nucleus. The protans 
are positively charged; the neutrons have no charge; the 
electrons are negatively charged. Atoms of the same or 
different elements combine to form niolecules, which are 
called compoundx when the a tom are of two or more differ- 
ent elements. See atom, isomer; carbon; chemical 
compound; chemical polymer; element; ion; mole- 
cule; nucleus; proton. 
atom, alpha A substituting atom or group in an organic 
compound. See beta. 
atom bond, coordinate covalent Also called dative 
bond. A bond in which the pair of electrons is supplied by 
one of two bonded atoms. 
atom bond, multiple A bond in which two atoms 
share two or three electron pairs. See acetylene. 
atom, asymmetric carbon A carbon atom to which 
four different atoms are attached. Asymmetric C-atoms 
give rise to optical isomerisni. See optical isomerism; 
polypropylene-butene plastic. 
atom catenation The ability of the atoms of an ele- 
ment to form bonds with one another. 
atom, cation 
atom cell See cell, unit. 
atom, chelate A five- or six-meniber ring formation 
based on intramolecular attraction of hydrogen, oxygen, 
or nitrogen atoms. 
atom coordination number In a crystal lattice, the 
number of atoms or ions surrounding an atom or ion. In a 
coordination compound, it is defined as the number of do- 
nor atoms surrounding the central metal atom in a complex. 
atom covalent bond A bond in which two electrons 
are shared by two atom? of either the same or different 
elements. 
atom, diamagnetic susceptible See molecule, dia- 
magnetic susceptible. 
atom donor The atom in a liquid that is bound to the 
metal. 
atom electrovalent bonding A state that occurs when 
one atom essentially takes electrons away from another 
atom, with two atoms being converted to ions. These ions 

A positively charged atom. 

have opposite charges and are attracted to each other by 
the resulting positive-negative attraction. See covalent 
bond. 
atom energy state, excited An energy state of a sys- 
tem that is of higher enerby than the ground state (lowest 
energy). The term is usually applied to the energy state of 
an electron in an atom or molecule. 
atom, free-rotation The rotation of atoms, particu- 
larly carbon atoms, around a single bond. Because the en- 
ergy requirement is only a few kcal, the rotation is said to 
be free if sufficient thermal energ7 is available. 
atom functional group A group of atoms that confers 
particular characteristics on conipounds containing them. 
Examples include hydroxyl groups of alcohols, carboxyl 
groups of organic acids, and anino groups of amines. 
atom, hydrogen See hydrogen atom bonding. 
atom, hydroxyl group A combination of one atom of 
hydrogen and one atom ofoxygen (-OH) attached by a sin- 
gle covalent bond to another atom, such as carbon, in a mol- 
ecule ofan organic or inorganic substance. It is a characteris- 
tic group of alcohols and hydroxides. Hydroxyl groups on 
the surface of a material usually make it hydrophilic. Hy- 
droxyl groups are quite reactive; they readily undergo 
etherification or esterification. Also called hydroxy group. 
atomic absorption spectroscopy See spectros- 
copy, atomic absorption. 
atomic attraction See polarity. 
atomic, di- Containing two atoms. 
atomic mass The inass of an atom in atomic mass units. 
For an element, the term generally refers to the average 
mass weight of the naturally occurring mixture of isotopes. 
atomic nucleus bombardment The impingement on 
an atomic nucleus of accelerated particles such as neutrons 
or deuterons for the purpose of inducing fusion or of cre- 
ating unstable nuclei that become radioactive. 
atomic number The number of protons (positively 
charged mass units) in the nucleus of an atom on which 
its structure and properties depend. The nuniber repre- 
sents the location of an element in the periodic table. See 
element; periodic table. 
atomic radial distribution function See amor- 
phous plastic scatter. 
atomic structure The arrangement of the parts of an 
atom that consists of a massive, positively charged nucleus 
surrounded by a cloud of electrons arranged in orbits de- 
scribable in ternis of quantum mechanics. See molecular 
structure; Staudinger, Hermann. 
atomic theory The assumption that matter is corn- 
posed of particles called a t o m  and that these are the small- 
est subdivisions of matter. See design; empirical; re- 
search and development; theory. 
atomic weight The relative mass of an atom of any ele- 
ment based on a scale in which a specific carbon atom 
(carboll-12) is assigned a inass value of 12. See molecular 
weight. 
atomic influence on properties See chemical com- 
position and plastic properties. 
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atom, isomer A compound, radical, ion, or nuclide 
that contains the same number of atoms of the same ele- 
ments but differs in structural arrangement and properties. 
See molecular structure; optical isomerism. 
atom, isotope See isotope. 
atomization 
ugal atomization; foamed polyurethane. 
atom, radical See radical. 
atomic structural behavior See molecular struc- 
ture configuration. 
atom, transstereoisomer A stereoisomer in which 
atoms or groups of atoms are arranged on opposite sides 
of a chain of atoms. 
atom twinning A movement of planes of atoms in the 
lattice parallel to a specific (twinning) plane so that the 
lattice is divided into two syinnietrical parts that are differ- 
ently oriented. The amount of inoveinent of each plane 
is proportional to its distance from the twinning plane. 
atom, unsaturated A compound that has inore than 
one bond between two adjacent atoms, usually carbon 
atoms, and is capable of adding other a tom to reduce the 
bonds to a single bond. 
atom, valence shell See valence shell. 
Attane Dow Chemical’s trade name for its Family of 
polyethylene, ultra-low-density plastics. 
attenuation 1. The diminution of vibrations or energy 
over time or distance. See vibration. 2. The process of 
making thin and slender, as applied to the formation of 
fiber from niolten glass. See fiberglass production; 
glass flake. 3. A decrease in the strength of a signal be- 
tween two points or between two frequencies. 
attribute statistic 
attrition mill See mill, attrition. 
audio compact disc See compact disc. 
auditing, quality See quality auditing. 
autoclave 1. A closed, strong vessel for conducting 
chemical reactions under high pressure. See chemical re- 
action. 2. A vessel used to fabricate parts of reinforced 
plastic molding, adhesive assembly, and so on. See mold- 
ing, isotactic. 3. A vessel used for the sterilization ofplas- 
tic (and other materials) medical devices, packages, and so 
on. See sterilization, heat. 
autoclave molding dwell See dwell. 
autoclave molding operation A method of providing 
high temperature and high pressure conditions to process 
different products. Cure conditions are available that ex- 
ceed 600°F (316OC) and 500 psi (3.447 MPa). The higher 
temperatures and pressures are used and required by the 
high-melt plastics such as polyiinide plastic. If still higher 
curing conditions are required, and the danger of ex- 
tremely high pressures is to be avoided, a hydroclave can 
be used. It  provides water pressures as high as 10,000 psi 
(68.9 MI%). A bag is used around the plastics being cured. 
See molding, thermal expansion; processing funda- 
mental; reinforced plastic autoclave molding; rein- 
forced plastic, press clave. 
autoclave nitrogen atmosphere A process that pro- 

See air atomization; coating, centrif- 

See statistical data collection. 

vides N2 on-site to help prevent fires within autoclaves 
from spreading or becoming explosive when using air. Al- 
though they are not common occurrences, fires in auto- 
claves can be disastrous. Carbon dioxide atmosphere can 
also be used in the place of N2; however, C 0 2  can be 
more costly and may initiate unwanted chemical reactions. 
See carbon dioxide; cure; nitrogen gas/liquid. 
autoclave thermal expansion molding A process 
that constrains elastomeric tooling details within a rigid 
franie to generate consolidation pressure by thermal 
expansion during the curing cyclc of the autoclave inold- 
ing process. See molding, thermal expansion. 
autoclave sterilization See sterilization, heat. 
autoclave venting The process of turning off the vac- 
uum source and venting the bag to the atniosphere after 
processing plastic materials within a bag requiring a vac- 
uum to initiate proper/uniform pressure (also less en- 
trapped air and/or gasses fornied during the process). The 
pressure on the part is then the difference between pressure 
in the autoclave and atmosphere. See air vent; atmo- 
sphere; bleed; reinforced plastic bag molding; vent 
cloth; venting. 
autoflex die See die, autoflex. 
autogenous, extruder See extruder, autogenous. 
autoignition point See combustion, autoignition 
point. 
automatic control See control actuator; control, 
automatic; operation, automatic. 
automatic form, fill, and seal See blow molding, 
extruder blow, fill, and seal; medical packaging; 
thermoforming, form, fill, and seal. 
automation The science and practice of machinery and 
mechanisms that are so self-controlled that manual input 
is not necessary during operation. The continuing devel- 
opment of inore sophisticated processing equipment in 
turn allows the development of more integrated processing 
equipment. Automation improves (1) operating efficiency 
by reducing scrap and rejects, (2) quality by producing 
uniform, repeatable manufacturing procedures, (3) deci- 
sion making and record keeping by converting data to in- 
formation, (4) communication by providing supcwisors 
and management with access to manufacturing inforina- 
tion, and (5) process control and process management. See 
art and science; computer automated laboratory to 
production; motion control system; operation, au- 
tomatic. 
automation level The degree to which a task or pro- 
cess operates automatically. This degree must take into ac- 
count the ability of the system to diagnose problems in 
operation, the ability of the system to recover from error 
or fault, the ability of a system to start-up and shut-down 
without hunian intervention, and the like. See reli- 
ability. 
automation, vision A means to achieve automatic 
equipment operation by applying adaptive part removal 
such as during blow molding, injection molding, etc. It  
provides the capability of detecting a variety of part prob- 



leins or defects in critical part inspection. See inspection; 
inspection, vision system; troubleshooting. 
automobile bumper fascia The body-colored surFace 
of the autoniobile bumper that provides good low- 
temperature impact resistance, low thermal expansion di- 
mensional stability, painted durability, e t ~ .  It has replaced 
the chrome-plated metal bumper surface. The fascia is juct 
one component of the bumper. The bumper system on a 
modern car might consist of the fascia, energy absorbers, 
and reinforcing beanis. It is estimated that about 85wt‘%, 
of fascias are made from thernioplastic polyolefins (TPOs) 
followed by 10% polyurethane, 5%) PC/PBT, 1% iono- 
niers, and others. Their thickness has gone from about 3.5 
nini to as low as 2.4 niiii. See polyolefin, thermo- 
plastic. 
automobile, composite A car made by using unreiii- 
forced or reinforced thermoplastics and thermoset plastics. 
These cars are designed to produce low-cost purchases, 
light weights, low fuel costs, and low contaminating einis- 
sions. Chrysler Corp.’s lightweight composite concept ve- 
hicle (CCV) includes T P  structural body panels with only 
a liiiiited amount of metal underneath; it is an  all-plastic 
body requiring a very large mold. Ford Motor ‘20. has an 
all-alumiiiuni body, while General Motors Corp. is focus- 
ing on an electric vehicle. Asha/Taisun of Singapore is 
producing taxi cabs for China with theriiioforined body 
panels inounted 011 a tubular stainless steel space frame. 

Sichuaii Huatoiig Motors Group in Chengdu, China, 
has produced the all-plastic car called l-’aradigni, a four- 
door, five-passenger midsize vehicle. I t  features a glass- 
fiber, TS polyester KP sandwich chassis aiid thernio- 
formed coextruded ABS body panels with molded-in 
color conipletely adhesively bonded body and, for the 
high-end model, a coextruded acrylic (ASA) cap cover 
providing high gloss. Autoniotive Design 8: Coniposites 
Ltd. of Saii Antonio, Texas (United States), has served as 
the primary contractor for developing the concept. The 
chassis features a single thernioformed lower tub and an 
upper skeleton X-brace roof. It eniploys a monocoque 
structure where body panels are stitched-bonded to the 
chassis, forming a unitized structure. Quadraxially ori- 
ented (four directional layers) glass-fabric, TS vinyl ester 
polyester reinforced plastic sheets with a foam core and 
gel coating are used. Most of the panel5 are 3 inn1 thick 
with molded-in rib structure supports. Body skins are 
bonded to the chassis with a double-stick acrylic tape de- 
veloped by 3M Co. as well as mechanical fasteners. Unlike 
most steel designs, no B-pillar structural component be- 
tween the front and rear doors is required, thus providing 
more interior space aiid easy entry since doors open in 
opposite directions. Ceramic tooling are used to therino- 
form plastic parts. Bumper to bumper, it measures 4.6 ni 
(15.18 ft); weighs 81.5 kg (1,793 Ib) including 550 kg 
(3,200 Ib) of plastics; has a gas and electric hybrid power 
system, air bags, neon tube tail-lamps, etc.; and gets 132 
kin (60 miles) per gallon of fuel. Huatong and the Chinese 

government have invested $1 00 inillion in this global 
project. 

Europe’s plastic-skin, two-seat coupe is called the Sixart 
car and has niolded-in color that virtually eliminates paint- 
ing. The idea was to eliminate the need for three coats of 
paint and reduce both cost arid emission problems. The 
project started in 1994 via a joint venture ofDaindcr-Benz 
in Stuttgart, Germany (then known as Mercedes-Benz) 
and the Swiss watchmaker SMH AG in 15iel. They created 
a new company called Micro Compact Car AG, or MCX. 
The first of the cars had plastic injection-molded outer 
body panels using GE’s PC/TP polyester blend (Xenoy). 
Its unitized TP body ties together the front fender, outer 
door panels, front panels, rear valence panels, and wheel 
arch in one wrap-around package. The entire car weighs 
1,440 lb (650 kg), about 600 lb (270 kg) less than most 
steel-body compacts. See automobile, DeLorean; au- 
tomotive market, number of automobiles; compos- 
ite; design, geodesic; design monocoque structure; 
fastener; injection molding; quality system QS- 
9000; reinforced plastic; thermoforming. 
automobile, DeLorean An early innovative car iden- 
tified as the DMC-12 weighing 2,200 Ib (1,000 kg) and 
using 600 lb (273 kg) of unreinforced and reinforced plas- 
tics. 
automobile spring See design spring. 
automobile steel recycling See recycle steel with 
vinyl scrap. 
automotive intake manifold An intake device capa- 
ble of making multiple connections. Worldwide plastic in- 
take inanifold production processes of about 1 1 million 
units annually are 4.96 soluble core molding, 32% weld- 
ing, 10% injection niolded, S‘%J snap-fit, 2% blow molded, 
and 6?4 others. See blow molding; design, snap-fit; 
injection molding; soluble core molding; welding. 
automotive interior, low-emission plastic A plastic 
that causes low levels of pollution. Air pollution in the 
interior of autos that is not caused by exterior air can gix7e 
rise to complaints by passengers. The contaiiiiiiants usually 
discussed are in the ppb region (parts per billion, corre- 
sponding to p g/m’). O n  this scale, contamination is con-  
inonly referred to as tvnccs. Many different tests exict to 
detect contaniinants, including odor and fogging tests. The 
target has been to use plastics with none or the permissible 
tolerance of low-volatile coniponents that are released 
from certain plastics, such as plasticized polyvinyl chloride 
plastic. See odor; solvent; plasticizer. 
automotive market A vital area of transportation tecli- 
nology in which plastics provide special design consider- 
ations, process freedom, novel opportunities, economy, 
and so on. The lightweight aiid low-cost principally injec- 
tion-molded thermoplastic car body can totally eliniinate 
the metal structure once needed to wpport body panels. 
Pickup trucks use 100 lb thernioforincd cargo-bed liners. 
With more fiiel-efficiency regulations new developments 
in lightweight vehicles are occurring with plastics and alu- 
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riiinurn benefiting. Plastics used include primarily ABS, 
TPO, PC, PC/ABS, PVC, PVC/ABS, PUR, and RPs. 
See tanker truck, reinforced plastic; transportation 
market; truck and plastic; waste. 
automotive vehicle size 
automotive plastic engine Since the 195Os, plastic en- 
gines, with heat shields such as metal or special heat-resis- 
tant plastics, have been shown to havc performance advaii- 
tages such as lighter weight. However, they were too 
costly. For niany decades, reinforced plastics have been 
extensively used in engines and other parts of racing cars, 
principally to reduce weight. See reinforced plastic. 
automotive risk See risk, acceptable. 
automotive seat The third most expensive system in 
the car, after engines and transmissions. Seating involves 
diverse technologies, a wide range of materials (plastics, 
etc.), and high labor content. 
autothermal extruder See extruder, adiabatic. 
auxiliary equipment (AE) Auxiliary equipment of 
many different types supports production in-line systems 
and the secondary operations (SO) that are used to niax- 
iniize overall processing productivity and efficiency and 
to reduce cost. Priniary processing operations are the basic 
equipment (extruder, injection molding, mold). Cost of 
the upstreain and downstream (of the main in-line equip- 
ment) AE can sometimes be more than the primary equip- 
ment. Keyuirenients for AE are based on reliability and 
productioii-line needs. It is iniportant to properly cleter- 
mine requirements and ensure that the AE interface into 
the line (size, capacity, speed) to avoid costly probleins. 
AE has become inore enerjyefficient, reliable, and cost- 
effective. The application of microprocessor- aiid COIII- 

puter-compatible controls that can communicate with the 
line (train) results in pinpoint control of the line. Rules 
have been developed for cornniunication protocol and 

See plastic industry size. 

transfer of data between priixaiy aiid auxiliary equipment. 
With polychlorofluorocarbon used in equipment such as 
chillers and refrigerations, it is important to keep up to 
date on the phasing out of PCFCs. Examples of AE in- 
clude adhesive applicators, chillers, coolers, cutting de- 
vices, dicers, dies, dryers, dust collectors. freezers, granula- 
tors, grinders, heaters, inaterial handlers, mixers, ovens, 
printers, process controls, railcar unloaders, robots, trini- 
ming devices, welders, and niany more. Also called sccoirri- 
nry ~qui$mrut. See assembly; bottle weight controller; 
chiller; communication protocol; computer soft- 
ware; control actuator; controller; control system 
reliability; converting equipment; designing plant 
layout by computer; device, smart; energy conser- 
vation; fabricating processing type; fabricating 
startup and shutdown; fabricating turnkey opera- 
tion; material handling; numerical control; opera- 
tion, automatic; operation, manual; operation, 
secondary; operation, semiautomatic; plastic con- 
sumption machine sales; polychlorofluorocarbon; 
reliability; safety machine lockout; troubleshooting 
by remote control. 
auxiliary equipment, interrelating See World of 
Plastics Reviews: The Plastics Industry: All Sectors, 
Including Machinery and Equipment. 
average deviation See mean absolute deviation. 
Avogadro’s law The rule that equal volumes of the 
same or different gases under the sanie conditions of pres- 
sure and teiiiperature contain the sanie number of iiiole- 
cules. See gas; kinetic theory; molecular structure. 
axial winding 
Azdel 
forced thermoplastics. 
azodicarbonadide (AZ) 
and blowing agent. 

See filament winding, axial. 
A trade iianie for GE’s faniily of miiipable rcin- 

A blowing agent. See foam 
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back-flash The rapid combustion of material in an area 
that the reaction was not intended to occur. See safety 
and machines. 
back-flow stop valve 
backlash The space between gear teeth. This space 
niust be larger than the gear teeth width as measured on 
its pitch circle to avoid jamming the gears. See accuracy; 
extruder drive backlash; extruder gear box; gear; re- 
peatability. 
backlog The accumulation of customer orders that 
have not yet been processed expressed in sales dollars or 
hours of production time. See business bookkeeping; 
purchase order. 
back molding See injection molding, back molding. 
back pressure 1. The resistance of plastic melts to con- 
tinued flow during processing, determined by viscosity. 2. 
The upstream line pressure caused by a restrictive device, 
such as a mixing head. 3. The pressure created when the 
injection molding or extruder melt resists the forward 
movement of the melt in the plasticator and causes the 
material to have a high mixing action. Controlling back 
pressure can improve plastic melting action, color disper- 
sion, arid output quality and rate. See extruder; injec- 
tion molding; plasticator. 
backrinding See vulcanizate backrinding. 
back taper See mold undercut. 
bacteria One-cell microorganisnis having a wide range 
of biochemical properties. They are present in almost all 
natural environments. Billions of these microorganisms 
occur in a gram of rich garden soil; millions in a drop 
of saliva. Although some bacteria cause disease, most are 
benign, and many are involved in processes beneficial to 
humans and plastics. See antimicrobial agent; biode- 
gradable waste; deodorant additive; environment; 
landfill and degradation. 
bacteria, aerobic Single-cell, microscopic organisms 
that need oxygen to survive. Some aerobics are important 
in breaking down solid waste into simple compounds. See 
waste. 
bactericide A substance used in small percentages to kill 
bacteria that may occur in liquid adhesive forms or that 
may attack carbohydrate or proteinaceous films. See ad- 
hesive; film. 
bacteriostat See degradable. 
bad plastic See plastic advantages and disadvan- 
tages; plastic myth and fact. 
Baekeland, Leo Hendrik A scientist born in Ghent, 
Belgium (1863-1944), who did early work in photo- 
graphic chemistry and invented Velox paper (1893). After 
moving to the United States, he discovered the phenol- 
formaldehyde plastic originally called Bakelite (1 909). 

See screw tip, injection. 

Baekeland was first to learn how to control the reaction 
of phenol and formaldehyde (which had been investigated 
by Uayer in 1872) to yield dependable results on a coni- 
riiercial scale. The Bakelite Co. was founded in 1910; it 
latter became a division of Union Carbide and continued 
to change ownership. See Bakelite; phenolic plastic. 
baffle 1. In general, a device used to restrict or divert 
the passage of fluid through a pipeline or channel. 2. In 
hydraulic systems, the device, which often consists of a 
disk with a small central perforation, that restricts the flow 
of hydraulic fluid in a high-pressure line. 3. When applied 
to tools such as molds, a plug or siniilar device located in 
the mold’s water channel. It is designed to divert or restrict 
the flow to a desired path. It  also aids in developing a 
turbulent flow of the fluid to remove heat from the plastic 
at  the required uniform rate and in the shortest time pe- 
riod. See mold cooling; Reynold’s number. 
bag, See additive, slip; dust collection, bag filter; 
dust collection, bag-house; extruder blown film-bag 
manufacturing; filament winding frequency and 
bag molding; landfill and degradation packaging, 
bag-in-box; prepackaging, grocery-bag; reinforced 
plastic bag molding; test, bag-drop impact; vinyl 
seagoing bag; waste, plastic-bag. 
bag gusset The part design that incorporates an angle 
of iiiaterial to support or strengthen adjoining sections of 
a part. A tuck in each side of the bag is used. These gussets 
enable the completed bag to be opened out into a three- 
dimensional rectangular form when filled. Gussets can be 
produced in-line, such as during extruding blown film. 
See extruder blown film-bag manufacturing. 
bag, self-opening style (SOS) A common bag shape. 
Bakelite The proprietary name used indiscriminately to 
describe a phenolic material or part. See Baekeland, Leo 
Hendrik. 
baking finish See finish, baking. 
balanced construction See directional property, 
balanced. 
balanced runner See mold runner. 
balanced twist 
baling See material handling baling. 
ball-and-socket joint 
shot. 
Ballatini process 
port. 
ball burst test 
ball-check valve 
balloon effect, melt See mold-cavity melt fountain 
flow. 
balsam plastic A natural plastic made from the balsam 
fir Abies halsamea. Dissolved in zylene, toluene, or ben- 

See yarn twist, balanced. 

See injection molding, two- 

See extruder back pressure relief 

See test, ball-burst film impact. 
See screw-tip check valve. 



zene, it is used for permanent microscopical preparations. 
Its refractive index may vary from 1.530 to 1.545, and its 
softening point from room temperature to 100°C (212°F); 
these properties vary with age and solvent content. If iin- 
pure, it discolors with age. See oleo plastic. 
balsa wood See wood, balsa. 
bamboo A grass or plant native to Southeast Asia hav- 
ing a high cellulose content and offering extremely high 
performance. It  is used in the manufacture of specialty pa- 
pers, light fixtures, fishing rods, and building scaffolds. The 
development of the composite system is based on the 
growth concept of the natural composite bamboo (which 
is still being used as a building material in Asia). Baniboo 
stalks receive their high specific strength and modulus of 
elasticity from unidirectional-oriented cellulose fibers that 
are embedded in a matrix of lignin and silicic acid. Al- 
though a similar situation exists in wood, the fibers in 
wood are usually 1 niiii long, whereas in bamboo they 
reach up to 10 nini. The hollow barnboo stalks are stabi- 
lized by evenly spaced flat, strong nodes rectangular to the 
longitudinal axes. See directional property, uniaxial 
load; modulus of elasticity. 
bambooing melt See extruder melt bambooing; 
melt fracture. 
banbury mixer See mixer, banbury. 
bank I n  equipment such as a calender, niill, mixer, or 
spreader, a reservoir of plastic at the opening of the equip- 
ment, such as between two rolls (where they kiss) or at a 
spreader bar. See calender; extruder roll coating, kiss; 
mill; mixer; spreader. 
bar See pressure, bar. 
barcode The electronic, optical bar-recognition system 
used for identification, storage, printout, and retrieval of 
specified data and iiiforniatioii that pertain to niany of the 
materials, equipment, products, etc. used in the fabricating 
plant. It  first was used in the late 1940s. Plastic parts are 
used extensively in producing barcodes. See European 
Article Number system; laser marking; material 
handling; plant operation; printing, screen. 
Barcol hardness See test, Barcol hardness. 
bare glass See fiberglass, bare. 
Barex The trade naine for BP Chemical International’s 
(Sohia Division) family ofacrylonitrile (AN) copolymerized 
styrene plastic. It  was the first technically and coininercially 
successful carbonated beverage bottle to be produced and 
was used in producing the first Coca-Cola stretched irijec- 
tioii blow-molded bottles. See Coca-Cola bottle. 
barium oxide (BaO) A white to yellow powder that 
melts at 192°C. It forms a hydroxide with water and is 
used as a dehydrating agent. Also called havium monoxide 
or buvitrrn protoxidt,.. 
barium stearate A white, crystalline solid with a nielt- 
ing point of 160°C. It is used in plastics as a stabilizer 
against deterioration caused by heat and light, as a lubricant 
in fabricating plastic and rubber products, etc. See light 
stabilizer; stabilizer. 

barometer, atmospheric 
sure atmosphere pressure. 
barometric pressure See atmosphere. 
barrel 1. A cylinder that contains a screw. It provides 
the bearing surface where shear is iniparted to the plastic 
granules. Heating and cooling media are housed around 
it to keep the barrel (melt) at the desired teniperatures. 
Sizes are classified by the barrel’s inside diameter (ID) and 
overall length. It is common practice to refer to the barrel 
length/dianieter (L/D) ratio. Also called sy/ir&r or plus- 
ficator bawd.  See screw. 2. A container used to perform 
different tasks in  processing plastics, such as mixing coni- 
pounds or agitating by rotation or vibration to reniove 
flash and sharp edges froni moldings. See heat-transfer 
mechanism; mill; mixer; trim. 
barrel alignment A maintenance check to ensure the 
screw, die, mold, and any auxiliary equipment attached to 
the barrel are all aligned. See barrel borescoping; ma- 
chine alignment. 
barrel and feed unit The feed throat is the section in 
a barrel where plastic is directed into the screw channel. 
It is fitted around the first few flights of the screw. I n  ma- 
chines that do not have a separate feed throat, the feed 
throat is an integral part of the barrel, which may not be 
the best design approach. The feed-throat and feed-hop- 
per units are important in eiisuriiig that plastics are prop- 
erly placticized. A plasticator’s feed-throat size and shape 
can have a significant affect oii output and stability. In geii- 
eral, the sriialler the hole, the iiiore adverse the effect. 
Sonietimes smaller feed holes can be compensated for by 
screw designs, but niore often the feed-hole geometry 
must be modified. Output rates have been observed to 
vary as much as 25% with the only variable being the feed- 
throat geometry. Round feed throats are sufficient for 
100‘%, pellet feed, but when 20% or iiiore regrind is added 
with the virgin feed, rate is reduced; a rectangular or ob- 
long opening will improve the feeding characteristics. An 
elongated opening also helps in  eliminating potential 
bridging problems in the throat. Some materials, such as 
flakes and regrind, have poor flow s o  they present their 
own problems that can be resolved. 
barrel and feed-unit heat control The feed-throat 
casting is generally water-cooled to prevent an early ten- 
perature rise ofthe plastics. A good starting point is to have 
the temperature about 110°F to 120°F (43°C to 4‘9°C) 
or warm to the touch to help ensure that a stable feed is 
developed. If the temperature rises too high, it may cause 
the plastic to adhere to the surface of the feed opening, 
causing a material-conveying problem to the screw. The 
overheated plastic solidifies at  the base of the hopper or 
above the barrel bore, causing bridging that prevents ma- 
terial from entering the screw. The problem can also de- 
velop on the screw, with plastic sticking to it and restrict 
forward movement of material. Overcooling the hopper 
can have a negative effect on extruder perforniance due 
to a heat sink effect that pulls niost of the heat fi-on1 the 

An  instrument used to mea- 
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feed zone of the barrel. Because hopper-block cooling pri- 
marily prevents sticking or bridging in that area, it should 
not be run colder than necessary. Always control water 
flow in the throat-cooling systems from the outlet side to 
prevent steam flashing and to minimize air pockets. 
barrel and feed-unit operation 'To maintain the max- 
imum and most consistent feeding, it is necessary to exer- 
cise care when changing hopper diriiensions, changing 
feed-throat openings, or adding any intermediate sections 
(side feeders, magnet packs, adapters, etc.). When reen- 
gineering the solids delivery system, consider the follow- 
ing iiiforniation: (1) the ~ninimuni taper for hoppers is 60" 
for general-purpose use, with some plastics requiring a 
smaller angle and steeper sides; (2) the system needs to be 
streandined with no ledges, projections, or rough surfaces; 
(3) as much as possible, changes in shape, such as round 
to square, need to be avoided because each change of 
shape causes a restriction to flow; (4) the absolute niini- 
mum cross-section in aiiy solid's flow channel should be 
the cross-section of the barrel bore, with a preference of 
about l ' h  times the cross-section of the barrel bore. In 
effect, solids flow inuch like liquid flow: anything that has 
entry problems, is not streanllined, has shape changes, or 
has a restrictive flow area will result in excessive pressure 
drops. Unless there is a minimum pressure of the solid's 
niass at the entry to the screw, the screw channel will not 
fully fill. This is particularly true as the screw speed in- 
creases arid obviously varies with the characteristics of the 
solids. See feeder. 
barrel and feed-unit operation protection The hop- 
per can he fitted with devices to perforni different func- 
tions. For example, hoppers can be fitted with a hinged 
or tightly fitted sliding cover and a iiiagiietic screen for 
protection against moisture pickup arid metal ingress, re- 
spectively. A hopper drier, especially usefd when pro- 
cessing certain materials such as regrind and colors, can be 
of value in limiting inaterial handling as well as removing 
moisture. See safety; troubleshooting. 
barrel and screw wear See barrel wear; screw and 
barrel wear. 
barrel bell end A flange at the discharge end of the 
barrel that provides added strength for withstanding iiiter- 
nal pressure. 
barrel bore See bore. 
barrel borescoping The alignmeiit of a barrel with the 
screw. Clearance can range from 0.05 to 0.20 mii (for 
sniall- to large-diameter screws) on aiiy side of the screw. 
Borescoping does not guarantee that all problems will be 
corrected. With an alignnient scope, one can tell what the 
internal shape ofa barrel is at any point-whether straight, 
curved, or even S shaped, which may be due to machining 
or wear. Aligning with a scope helps produce better prod- 
ucts with less downtime and less scrap arid helps extend 
the life of the barrel arid screw. Most machines can be 
adjusted in a day at very little cost and will have its life 
extended by at least 25%. For example, if a barrel costs 

$12,000 and a screw $9,000 for a total of $21,000, ex- 
tending their life only 25% saves over $5250, not counting 
increased production. See screw inspection. 
barrel bridging 
barrel burnishing See burnish. 
barrel C-clamp flange A circular tapered flange at the 
discharge end of an extruder barrel used to hold the die 
adaptcr. A similar-shaped flange on the die adapter and a 
C-shaped clamp acconiplish the closure. 
barrel composition Various metal compositions that 
are used to meet different barrel requirements principally 
based on the plastic being processed. Popular are nitrided 
and bimetallic abrasioii-resistant barrels. Some barrels have 
insert sleeves requiring precision manufacture. The barrels 
can extend the working life of their sleeves by reducing 
abrasion arid increasing corrosion resistance. The chemical 
conipositions produce alloys and blends with boron, chro- 
niium, cobalt, manganese, nickel, silicon, and tungsten. 
The actual chemistry may vary widely after final machin- 
ing is complete. The chemistry and hardness are not rieces- 
sarily indicative of wear resistance. Other important factors 
are how these elements are combined and where they are 
located relative to the bore. See barrel wear; nitriding; 
screw material; screw mechanical requirement. 
barrel control temperature See temperature con- 
troller. 
barrel control transducer A device that is inserted i n  
different zones of the barrel to sense rnelt condition. Ther- 
mocouple and pressure transducers require accuracy in 
proper locations and recording instrumentation. See 
transducer. 
barrel cooling A method of maintaining optimum bar- 
rel teniperature. Different methods are used, such as liquid 
cooling channels, coils around the barrel, and forced air 
around the usual extruder barrel's fins (which provide 
more cooling surfaces). See coolant; mold water 
channel. 
barrel dimension and tolerance l ' he  optiniuni size 
and condition of a barrel. For extrusion and injection 
molding machines, the SPI's Machinery Component 
Manufacturers Division has guidelines that should be con- 
sulted on receiving or replacing machines with barrels. 
Barrels should be measured before use to determine 
whether any wear or damage occurs after they are put into 
operation. 
barrel downsizing and upsizing The adjustment of 
barrel size according to processing needs. Machines are 
designed to process certain quantities of different plastics 
at certain rates. Problems can develop with excessive resi- 
dence time, particularly for the engineered plastics. Instead 
of replacing the entire machine, the barrel system is 
changed (it is best to start with the properly sized ma- 
chine). Downsizing, usually to a limited aniount with plas- 
ticators, requires a siiialler screw, snialler heaters, modifi- 
cation of the barrel shroud, etc. Upsizing, which is rare, 
to increase output will reduce the available pressure and set 

See screw and barrel bridging. 



up torque liniitations on the larger screw. See injection 
molding machine downsizing; injection-molding 
machine upsizing. 
barrel; extruder and injection-molding An extruder 
barrel differs from an injection-molding (IM) barrel in sev- 
eral ways. It is usually longer, with mininium length-to- 
diameter ratio of 24 and a maxiniuni of at least 36. The 
IM is usually 18 or 20, with possibly a few at 24. Some 
vented barrels are 32, but the trend is toward shorter 
lengths. The extruder barrel is usually designed to with- 
stand lower melt pressures of 10,000 psi (69 Mpa); the IM 
is up to 20,000 psi (138 MPa) as the usual standard and 
can go up to 30,000 (207 MPa). This nieans a thinner wall 
and elinlinates the high-pressure sleeve or bell end. The 
extruder barrel connects to the die adapter, but the seal 
is made slightly different. It  has a female counterbore, 
just like the IM, but the die adapter has a recess for a 
rapid removal breaker plate. See extruder; injection 
molding. 
barrel fail-safe rupture disc A disc that opens to re- 
lieve barrel pressure, if pressure exceeds its rate burst pres- 
sure. See plasticator safety; safety. 
barrel feed hopper 
barrel feed housing A component of the plasticator 
barrel that contains the feed opening, water heating or 
cooling channels, and, in certain units, barrel grooving to 
improve flow of plastics into the screw flights. If required, 
particularly in extruders, a thermal barrier is used where 
it is attached to the barrel. See feeder. 
barrel finishing See finishing, barrel. 
barrel flange, front A flange at the downstream or dis- 
charge end of an extruder barrel to which the die or adapt- 
ing member is attached. In an injection-molding machine, 
the flange provides a nieans to attach the machine’s nozzle. 
See extruder barrel adapter. 
barrel grooved feed A feed section in which the inter- 
nal barrel surface is grooved. Particularly for certain inate- 
rials, the grooves permit considerably more friction be- 
tween the solid plastic particles and the barrel surface, 
resulting in an increase in process output and an improve- 
ment in process stability. See accuracy; repeatability. 
barrel heater A heat source for plastic in the barrel tliat 
is usually zoned so that a controlled temperature profile is 
developed to meet melt requireiiients. See heater band. 
barrel heater zone The electrical resistance or induc- 
tion heaters that are mounted on or around the barrel in 
different locations along its axis. For a short barrel, usually 
only one zone is used. The longer barrels have two or 
more zones that permit individually controlled heating 
zones, which produce the required melt temperature as 
the melt travels through the barrel. 
barrel history Barrels originally were used for extrud- 
ing natural rubber. They were made of nitrided steel or 
special steel alloys with a very high chromium content and 
had a one-piece design. The trend continues toward bime- 
tallic barrels. The Industrial Research Laboratory devel- 

See feed hopper. 

oped Xaloy 100, the first bimetallic, in 1939. It was a cen- 
trifugally cast, abrasion-resistant liner material inside an 
alloy steel outer shell. These bimetallic liners were origi- 
nally used as mud pump liners in the oil fields. This type 
liner is available from different sources worldwide. 
barreling See deflashing; trim; tumbling. 
barrel, injection-molding See barrel extrusion and 
injection molding. 
barrel inspection The process of checking different 
parts of the barrel to meet tolerance requirements (usually 
set up by the manufacturer) and to determine whether any 
wear has occurred on the inside diameter, in straightness 
and concentricity, and to the surface condition. See con- 
centricity; screw inspection. 
barrel inventory The amount of plastic contained in 
the plasticator barrel. 
barrel jacket A covering that surrounds the outside of 
a barrel to allow circulation of a heat-transfer medium. 
barrel length-to-diameter (D) ratio The relative size 
of two dimensions ofthe barrel. Two different approaches 
are used-with or without the feed opening. The ratio is 
the difference from the forward edge (or rear edge) of the 
feed opening to the forward end of the barrel bore divided 
by the barrel bore. Different variables are involved in 
niultiscrew machines, and so they are generally sized ac- 
cording to the output rate (kg/h or lb/h). See extruder, 
multiple-screw; extruder, single-screw; screw 
length-to-diameter ratio. 
barrel liner, grooved A liner whose bore is provided 
with longitudinal grooves to enhance plastic melt flow. 
barrel-liner sleeve A cylindrical housing in which the 
screw rotates, which permits replacenient when wear oc- 
curs. 
barrel material See barrel composition. 
barrel pilot A cylindrical portion at the barrel’s rear end 
that is used to locate the barrel with the feed throat. 
barrel protection A ring made to fit the exposed edge 
of the bimetallic liner, which can be easily damaged when 
the screw is inserted. 
barrel purging See purging. 
barrel repair See barrel wear; screw rebuilding and 
repair. 
barrel and screw bridging See screw and barrel 
bridging. 
barrel temperature See melt-temperature effec- 
tiveness; screw temperature zone; temperature con- 
troller. 
barrel venting See injection molding, venting; 
screw decompression zone, venting; screw, venting; 
vent bleed. 
barrel-venting safety Precautions taken to avoid hav- 
ing a plugged vented barrel (that is being used in the same 
way as a solid parallel machine) develop internal barrel 
pressure that exceeds the strength liniit of the bolts re- 
taining the plug and that violently releases the plug from 
the barrel. One safety precaution is to use retaining bolts 
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that have inore than enough strength. Another is to rotate 
the barrel downward or away from the operator (even 
when no plug is used, in case the vent opening becomes 
overloaded with melt that is forced out). A pressure gauge 
at the head of the barrel can provide a preliminary warn- 
ing at minimum safety pressure and can shut off the ma- 
chine at higher pressures or otherwise alert all in the plant. 
Shear pins or a rupture disk can be installed. In addition, 
the machine can be heated adequately at the forward barrel 
end. See plasticator safety; safety; venting; venting 
purifier. 
barrel wear Gradual damage to the surface of the barrel. 
Most barrels are made with nitrided steel or one of several 
types of bimetallic construction. Nitriding is a surface- 
hardening technique that achieves a maximum effective 
depth of less than 0.4 nini (0.016 in.). Once that thin sur- 
face layer is worn away and the steel substrate is exposed, 
the barrel's abrasive wear resistance is essentially poor. Bi- 
metallic barrels combine a structural steel exterior with an 
alloy inlay or a tool steel or alloy lining to improve resis- 
tance to abrasion and corrosion. I n  contrast to nitrided 
steel, bimetallic linings are uniformly hard throughout 
their depth. Depths are typically about 1.5 iiiiii (0.060 in.) 
for centrifugal cast linings and about 6.3 iiini (0.250 in.) 
for tool steel or alloy linings. Bimetallic barrels are far more 
durable than nitrided barrels. The niain types of bimetallic 
barrels are tungsten carbide composites, chroniiuni-modi- 
fied iron-boron alloys, and nickel alloys. See barrel com- 
position; screw and barrel wear; screw rebuilding 
and repair; screw wear. 
barrel wobble See plasticator wobble. 
barrier A material or device that limits, by physical or 
chemical means, passage of solids, liquids, semisolids, gases, 
forins of energy (such as ultraviolet light), or other niate- 
rial. See aluminum foil; membrane; permeability; 
water-vapor resistivity; water-vapor transmission. 
barrier chemical treatment See fluorination; gaso- 
line tank permeability; sulfonation. 
barrier foil See aluminum foil. 
barrier, glass-coating A process for depositing silica 
vacuum coatings on plastics. For example, an optical clear, 
flexible, amorphous silica coating that is 0.2 to 0.5 niicrons 
thick can be deposited on certain plastics such as polyeth- 
ylene terephthalate, polyethylene, or polycarbonate bot- 
tles to provide an oxygen barrier comparable to metallized 
filni. See surface treatment. 
barrier layer A separate layer of material, such as a plas- 
tic or nietal film, which stops or hinders the passage of 
another material. See aluminum foil; barrier plastic. 
barrier, moisture A material that is impervious to wa- 
ter or water vapor. Effective barriers include high poly- 
mers such as polyvinyl chloride, polyethylene, and poly- 
ethylene-vinyl chloride plastics. 
barrier permeability coefficient See coefficient of 
gas permeability; coefficient of permeability. 
barrier Dlastic A nlastic material that has low or no ner- 

meability to different products. Barrier technology is in- 
fluenced by perforniance factors such as chemical conipo- 
sition, cross-linking modification, inolecular orientation, 
density, thickness, and lack of pinholes. Composite (coex- 
truded, coinjected, laminated, or coated) filnis are often 
used to reduce permeability while retaining other desirable 
properties. Total protection against vapor transmission by 
a single barrier material increases linearly with increasing 
thickness but usually is not economical. Extensive use is 
made of multiple-layer constructions that include low-cost 
as well as recycled plastics to provide mechanical support 
while significantly reducing expensive barrier material 
thickness, 

With crystalline plastics, the crystallites can be consid- 
ered imperineable. The higher the degree of crystallinity, 
the lower the pernieability to gases and vapors. The per- 
meability of an amorphous plastic that is below or not too 
far above its glass transition temperature ( Tt) is dependent 
on the degree of molecular orientation. It is normally re- 
duced when conipared to higher temperatures, although 
sinal1 strains sometimes increase the pernieability of certain 
plastics. The orientation of elastomers well above their T: 
has relatively less effect on overall transport properties. 
Cross-linking thernioplastics decreases Permeability due to 
the decrease in their diffusion coefficient. The effect of 
cross-linking is more pronounced for large-molecule-size 
vapors. The addition of a plasticizer ~ i ~ ~ i a l l y  increases the 
rates of vapor diffusion and permeation. 

The permeation of vapors includes two basic pro- 
cesses-the sorption and diffusion of vapors in the plastic. 
In the packaging industry, the resistance of wrapping ma- 
terials to moisture-their vapor-barrier characteristics-is 
essential for the preservation of many products. The loss 
of moisture, flavor, and so on through packaging materials 
niay damage foodstuff. However, the prevention of the 
ingress of moisture by a barrier is essential for the storage 
of dry foods and other products. In other applications, the 
degree of resistance to water and oxygen is important for 
the development of corrosion-resistant coatings, electrical 
and electronic parts, and so on. Also called barrier layrr.  
See amorphous plastic; coating, oxygen-barrier re- 
movable; coefficient of gas permeability; coefficient 
of permeability; coextrusion tie-layer; coinjection 
molding; cross-linking; crystalline plastic; diffusion; 
fluorination; glass transition temperature; ketchup 
bottle; packaging, film breathable; packaging, food; 
packaging, modified-atmosphere; penetrant; per- 
meability; polyethylene-vinyl alcohol plastic; poly- 
olefin plastomer plastic; polyvinylidene chloride 
plastic; sulfonation; surface treatment; test, oxygen 
gas transmission rate; test, water-vapor transmis- 
sion rate; tube, collapsible squeeze; water vapor re- 
tarder. 
barrier screw See screw barrier. 
barrier, vapor The barrier properties of materials (plas- 
tics. foils. naners. and so on) against various vanors and 



liquids that are expressed in the form of permeability con- 
stants of the materials to the penetrants. The permeation 
of vapors include two basic processes-the sorption and 
diffusion of vapors in the plastic. See barrier plastic; diffu- 
sion; sorption. 
barrier via chemical modification A chemical modi- 
fication of the plastic surface during or after fabrication 
that permits controlled permeation behavior in certain 
parts, such as films, diaphragms, and containers. See 
chemical composition and plastic property; fluori- 
nation; sulfonation; surface CASING. 
base A chemical species, ionic or molecular, that is ca- 
pable of accepting or receiving a proton (hydrogen ion) 
from another substance. The other substance acts as an acid 
in giving the proton; the hydroxyl ion is a base. 
base-plastic melt index See test, melt-flow; test, 
melt-index. 
base quantity See percentage point. 
basic Of a chemical species that has the properties of a 
base. 
basic (OH) group A chemical group, such as oxygen- 
hydrogen, that when freed by ionization in solution pro- 
duces a pH greater than 7. See pH. 
basket weave See fabric, basket-woven. 
bat See fiber mat. 
batch See compound, batch. 
batch distillation See distillation, batch. 
batch mixing See mixer, batch. 
B-basis The B mechanical property value. The value 
above which at least 90% of the population of values is 
expected to fall, with a confidence level of 95% See A- 
basis; population confidence interval; S-basis; typi- 
cal basis. 
beading 1. Plastic joining (such as bending an edge, 
flanging the end of a pipe, and so on) using devices such 
as rolls with or without heating. 2. In extrusion lines. a 
heavy accumulation of the plastic on the edges of film, 
sheet, or coating. See extruder neck-in and beading. 
beading, water See water beading. 
bead molding See expandable plastic. 
bead sealing See sealing, heat. 
bearing A device that supports and reduces function be- 
tween moving and fixed parts. Self-lubricating molded 
plastic bearings are used in place of metal bearings in bush- 
ings, flanges, thrust-shaft configurations, and so on. Differ- 
ent plastics are used to meet different performance require- 
inents (such as the popular nylon and acetal plastics), and 
additives (such as silicone fluid additives) permit or extend 
certain plastics use. Some are used as replacements for 
gauge and needle bearings. Plastics behave differently than 
metals, with each having their area of interests and perfor- 
mances. See screw thrust bearing; silicone fluid addi- 
tive; wear. 
bearing area The diameter of the hole times the thick- 
ness of the niaterial. 
bearing strength The bearing stress at that point on the 
stress-strain curve where the tangent is equal to the bearing 

stress divided by the hole dianieter. See modulus, tan- 
gent; stress-strain curve. 
bearing-strength test See test, bearing-strength. 
bearing stress The applied load lb (kg) divided by the 
bearing area. See stress. 
bearing yield strength The bearing strength when 
material exhibits a specified limiting deviation froni the 
proportionality of the bearing stress to shearing strain. See 
shear strain; stress. 
beauty aid See cosmetic market. 
becquerel See radionuclide decaying activity. 
beer bottle A bioriented stretched plastic bottle for 
beer. In the United States, beer-bottle technology will 
soon include coinjection or coextruded plastics such as 
polyethylene teraphthalate or polyethylene naphthalate 
with various barrier plastics such as EVOH or nylon, and 
coating of LCP to protect taste and extend shelf life. 
Chor’s is testing stretched blow-molded bottles for beer. 
See blow molding, stretched; bottle; coating, oxy- 
gen-barrier removable; coextrusion; coinjection 
molding; Coor’s beer bottle; polyethylene tereph- 
thalate plastic. 
BEES software 
beeswax An ingredient that is obtained from bees’ 
honeycombs and is used for many polishing and finishing 
mixtures. See carnauba wax; finishing, ashing and 
lapping; paraffin wax; wax. 
bellow design 
belting Elastomers, unreinforced or reinforced, that 
are used to meet many different requirements for tran- 
niitting power or conveying material. Extrusion aud 
coating are the main processes used in their nianufacture. 
‘This continuous band of flexible, tough material is coni- 
posed of the cover and the reinforceiiient or carcass. The 
reinforcement is the workiug tensiori coniponeut, which 
is protected from the environment by the cover. The 
top cover is usually thicker than the bottom cover because 
the greatest wear is concentrated on the top carrying 
load. 
benchmark A mark of known separation applied to a 
product or test specimen. O n  a tensile test specimen with 
a load being applied, a benchmark iz used to measure the 
material extension that is the straiu occurring during thc 
test. See strain; tensile testing machine. 
benchmark interface format See computer pic- 
ture-level benchmark. 
bend angle A measure of bendability where the angle 
through which a plastic is bent under specified loading 
conditions in a standard bend test. See bend test. 
bend, free ‘The bend obtained by applying forces to the 
ends of a specimen or substance without the application 
of force at the point of ~iiaxiniuni bending. See flexural 
property. 
bending, extensional See reinforced-plastic exten- 
sional-bending coupling. 
bending laminate See laminate, high-pressure 
formable. 

See vinyl composition tile. 

See design bottle, collapsible. 
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bending strength See flexural strength. 
bend, radius of The radius of a cylindrical surface of a 
mandrel that comes in contact with the inside surface of 
the bend during bending. With free or semiguided bends 
to 180” in which a shim or block is used, the radius of 
bend is one-half the thickness of the shim or block. See 
filament winding; postforming. 
bend test A ductility test performed by bending or fold- 
ing, usually by steadily applied forces but in some instances 
by blows. 
bend test, cold 
Bennett (Bob) test 
bent section A ridge designed into a formed part that 
can unfold soinewhat to absorb most of the stress when 
the part is placed under tension. 
benzene ring 
benzimidazolyl See optical brightener agent. 
benzoyl peroxide See catalyst, benzoyl peroxide. 
beryllium copper (BeCu) An alloy that is used in 
molds to provide relatively fast heat transfer. The two basic 
families ofBeCu alloy are those with high heat conductiv- 
ity and those with high strength. Its heat conductivity is 
about 10 tinies greater than the conductivity of stainless 
steels and tool steels and double that of aluminum, such 
as alloy 7075. It has higher hardness and strength than alu- 
minum. See machining safety; metal, light. 
beta (p) See atom, alpha. 
beta gauge sensor See sensor, beta gauge. 
beta particle See radioactive beta particle. 
beverage can See packaging, beverage-can. 
bezel 
bias See error, bias. 
bias fabric See fabric, bias-woven. 
biaxial flexural strength See flexural strength, bi- 
axial. 
biaxial properties See directional property, bi- 
axial. 
biaxial orientation See orientation, biaxial. 
biaxial winding 
bicyclic See chemical, bicyclic. 
bifunctional See molecule, bifunctional. 
billet See material, billet. 
billow forming See thermoforming, billow. 
binary See computer database binary. 
binder 1. A substance that causes cohesion in loosely 
assembled substances, such as plastic molding compounds. 
See compounding; latex. 2. In reinforced plastics, the 
continuous phase that holds together the reinforcement. 
See fiberglass binder/sizing coupling agent; lignin. 
3. A component of an adhesive composition that is pri- 
niarily responsible for the adhesive forces that hold two 
bodies together. See adhesive. 4. See additive; ex- 
tender; filler; mixing; wood composition board. 
bingham body See viscosity, Newtonian flow, 
bingham body. 
bioabsorbable See medical absorbable tech- 
nology. 

See test, cold-bend. 
See test, NOL ring. 

See chemical benzene ring. 

A grooved rim or flange. 

See filament winding, biaxial. 

bioburden recovery 
ance. 
biochemistry See chemistry, bio-. 
biocide An antimicrobial agent added to plastics to pro- 
tect them from microorganisms. Natural and synthetic 
plastics are subject to attack by biological agents, and 
active chemical conipounds are used as preservatives to 
control degradation by living organisms. Those that pro- 
duce death are called biocides. Plastics such as polyolefins, 
polyesters, or vinyls are considered to be resistant to bio- 
logical attack. See cuprous oxide; degradable; plastic, 
neat. 
biocompatibility Having rnininial interaction with the 
environment; originally, inertness toward the physiologi- 
cal environment. Plastic biornaterials are composed of 
mixtures of chemicals, some of which are bound to the 
plastic backbone or into thc material matrix. Others are 
free to migrate into the surrounding environment. The 
identities and abundance of these chemicals determine the 
material’s bioconipatibility. Materials can yield extract- 
ables such as antioxidants, lubricants, stabilizers, plasticiz- 
ers, contaminants, and monomers. See hemocompati- 
bility; ISO-10993 certification; medical material and 
environment; test, carcinogenicity; test, medical- 
device compatibility. 
biodegradable Having the capability of decomposing 
in the most common environnieiit where it is disposed 
within a time period such as one year, through natural 
biological processes, into nontoxic carbonaceous soil, wa- 
ter, or carbon dioxide. Biodegradable plastics are useful in 
medical products (sutures, surgical implants), controlled- 
release formulations (drugs, agricultural chemicals) and ag- 
ricultural niulch that performs when degraded by sunlight 
or rainwater. See antimicrobial agent; bacteria, aero- 
bic; biodegradable waste; degradable; deodorant 
additive; design biomedical product; environment; 
landfill and degradation; polylactide plastic; starch 
degradable. 
biodegradable hybrid plant growth See polyhy- 
droxybutyrate plastic. 
biodegradable paper See landfill and degradation; 
recycled paper. 
biodegradable, pseudo See biodegradable type. 
biodegradable types Completely biodegradable plas- 
tics and pseudobiodegradable types of plastics. The latter 
category includes products that compost in a biologically 
active enviromient because they contain, for instance, de- 
composable starch molecules but that are not completely 
degradable. Those that decompose completely are consid- 
ered conipletely degradable, affording carbon dioxide, 
water, and bioimss, as well as their naturally occurring 
metabolic products. Compost that is obtained froin pseu- 
dobiodegradable plastics contains invisible plastic powder 
that is spread on fields. Such plastics that are “milled” con- 
tinue to exist for decades, while conipletely biodegradable 
plastics reenter the natural, earthly cycle. 
biodegradable versus photodegradable The biode- 

See sterilization quality assur- 
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gradable (BD) additive used in a compound usually causes 
an 8% to 15% cost increase, photodegradable (PD), a 2% 
to 5% cost increase. Their problems are that they must be 
exposed to light for degradation to occur, that PD is inhib- 
ited when material is buried in a landfill or dumped in the 
ocean, and that PD additives used to impart photosensitiv- 
ity may be toxic. However, they can be made with no 
loss of physical properties, or increase in filni gauge, and 
they can generally be recycled. BD starch-based products 
are more expensive to produce with greater loading in the 
compounds and are limited to processing temperatures not 
higher than 230°C (445’F) before the starch is cooked or 
damaged. The wide range of particle size (3 to 5 pm for 
rice starch and 15 to 22 p i  for potato starch) impairs film 
strength and clarity and puts a limit on down gauging. See 
decomposition; landfill and degradation; photo- 
chemistry; photodegradable; photooxidation agent; 
starch degradable. 
biodegradable waste Products that can be disposed 
of by aerobic and nonaerobic degradation. Starch-based 
plastics are examples of a method used to dispose of paper 
and plastic packaging materials. Potatoes, wheat, and rice 
are used as the raw niaterials for the starch. This type of 
plastic undergoes aerobic and nonaerobic degradation and 
is targeted for products such as single-service food and 
medical products. At present their use is suitable for prod- 
ucts that do not place high demands on physical and me- 
chanical properties. The current emphasis on developing 
different types of biodegradable waste has overshadowed 
enviroiiirientalists’ concern about whether it is more dain- 
aging to the environment and about the biological de- 
composition of plastics releasing their energy content 
without making it available for use. See bacteria; bio- 
cide; biodegradable versus photodegradable; cata- 
lyst, enzyme; coating, microencapsulation; decom- 
position; degradable; deodorant additive; drug 
application; energy; environment; landfill and deg- 
radation; medical device packaging clarity; starch 
degradable. 
biodegrading microorganisms Genetically altered 
microorganisms that can biodegrade certain plastics, haz- 
ardous waste, oil, and so on. Because enzymes attack 
amorphous or noncrystalline regions, the resistance of sus- 
ceptible plastics to microbial degradation is related to the 
degree of crystallinity of the plastics. They remain rela- 
tively inimune to attack as long as their niolecular weight 
remains high. In pollution control in the future, chemical 
companies will use tailor-made microbes instead of treat- 
ment plants. See amorphous plastic; catalyst, en- 
zyme; crystalline plastic; crystallinity and proper- 
ties; engineering, generic; molecular weight. 
biological activity Plastics used in a biologcal envi- 
ronment: (1) plastics that are used as biomaterials, such as 
in organ replacement and bone surgery, (2) plastics that 
serve as matrices in devices that permit controlled release 
of an active substance over a long period of time, and (3)  
plastics that are soluble and that display biological activity. 

See design biomedical product; drug-controlled de- 
livery; medical applications; packaging biological 
substances. 
biological biocomputing Biological-inspired ap- 
proaches to creating computer software. See computer 
software. 
biological deposit A water-formed deposit of organ- 
isms or the product of their life processes. 
biological indicator See sterilization chemical in- 
dicator. 
biological packaging See packaging biological 
substances. 
biomass 
biomaterial A substance or conhination of substances, 
synthetic or natural in origin, that can be used for any 
period of tinie, as a whole or as a part of a system that 
treats, augments, or replaces any tissue, organ, device, or 
function of the body. Certain plastics meet these criteria 
and are used in medical applications. See design bio- 
medical product; legal matter: biomaterial liability 
bill; medical market. 
biomedical plastic design See design, biomedical 
product. 
biometric Technology that uses bodily characteristics 
like eyes, faces, hands, fingers, and voices to identiiy a 
person. 
biorientation See orientation, biaxial. 
bioplastic-biomedical See biomaterial. 
biostabilizer See waste biostabilizer. 
biotechnology See design, biotechnology. 
bipolymer See copolymer. 
birefringence The difference in the refractive indexes 
of two perpendicular directions in a given material such 
as a thermoplastic. When the refractive indexes measured 
along three mutually perpendicular axes are identical, they 
are classified as optically isotropic. When the thernioplastic 
is stretched, providing molecular orientation, and the re- 
fractive index parallel to the direction of stretching is al- 
tered so that it is no longer identical to what is perpendicu- 
lar to this direction, the plastic displays birefringence. 
Techniques of birefringence range from the determination 
of structural defects in solid plastics to more basic investi- 
gations of molecular and niorphological properties and are 
used in a wide range of applications. 

Basically, birefringence is the contribution to the total 
birefringence of two-phase materials, due to deformation 
of the electric field associated with a propagating ray of 
light at  anisotropically shaped phase boundaries. The effect 
may also occur with isotropic particles in an isotropic nie- 
diurii if they dispersed with a preferred orientation. The 
magnitude of the effect depends on the refractive index 
difference between the two phases and the shape of the 
dispersed particles. In thermoplastic systenis the two phases 
may be crystalline and amorphous regions, plastic matrix 
and microvoids, or plastic and filler. See amorphous 
plastic; coefficient of optical stress; compact disc; 
crystalline plastic; directional property, anisotropic; 

The volume of living matter. 
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isotope; light index of refraction; magnetic-optical 
technology; orientation and optical property; pho- 
toelasticity; plastic, smart; polariscope; polarized 
light; stress, residual; test, nondestructive photo- 
elastic stress-analysis; test, residual-stress. 
biscuit See preform. 
biscuit material See material, biscuit. 
bismaleimide plastic See polyimide plastic, bis- 
maleimide. 
bisphenol-A A condensation product fornied by the 
reaction of two (bi) molecules of phenol with acetone. 
This polyhydric phenol is a standard plastic interniediate 
along with epichlorohydrin in the production of epoxy 
plastics. See epoxy plastic. 
biostabilizer, waste See waste biostabilizer. 
bit See computer bit. 
bitumen An asphaltlike natural or pyrogeneous liydro- 
carbon mixture and its nonmetallic derivatives, which may 
be solid or semisolid. Bitumens are found in asphalt, min- 
eral waxes, petroleum, and lower grades of coal as products 
left after distillation. They are used in paints, coatings, seal- 
ants, roofings, hot melt adhesives, and road coatings. 
bituminous plastic A compound containing bitumen 
with binders of phenolic plastics or Portland cement and 
mixtures of stearic pitch, asphalt, castor oil, benzyl, asbes- 
tos, sulfur, and iron oxide. Bituminous plastics are gener- 
ally classed as organic (nonrefractory) or inorganic (refrac- 
tory) types and are frequently processed by cold molding. 
See molding, cold. 
black Any of several forms of finely divided carbon, ei- 
ther pure or admixed with oils, fats, or waxes. See color 
standard; test, color; test, organoleptic taste. 
black and white Single color or monochrome; usually 
refers to artwork. See artwork. 
blackbody See radiation blackbody. 
black box A device whose method of working is ill- 
defined or not understood. See coefficient of scatter; 
test, white-box and black-box. 
black, channel See channel black. 
black dye See dye toner. 
black lead See graphite. 
black light See light, black. 
black powder See powder, black. 
black rouge 
black speck See speck, black. 
blank 1. A part, such as a sheet, film, preform, parison, 
or casting, in some intermediate stage of fabrication such 
as forming, bending, blow molding, cupping, drawing, or 
hot pressing. See forming; postforming; thermo- 
forming; thermoforming, solid-phase pressure. 2. 
An uncured thermoset material, such as an elastonier com- 
pound of suitable shape and volume, that fills a inold cavity 
in which it is cured or vulcanized. See mold cavity. 
blanket 1. Fiber or fabric plies that have been kid up 
in a complete reinforced plastic or laminate assembly and 
placed on or in the mold all at one time as in reinforced 
plastic-bag molding. See laminate; reinforced plastic- 

See iron oxide pigment. 

bag molding 
are sealed against a bag-molding mold. 
blanking See cutter, die. 
blast finish See finish, blast. 
blast furnace See furnace, blast. 
bleaching See decolorizing agent. 
bleaching agent An oxidizing or reducing chemical 
such as sodiuni hypochloride, sulfur dioxide, sodiuni acid 
sulfite, or hydrogen peroxide. See decolorizing agent. 
bleed 1. To give up color when in contact with water 
or a solvent. See migration. 2. The undesired movement 
of certain materials in a plastic (plasticizer, lubricant, etc.) 
to the suiface of the part or into adjacent material. Also 
called nzigration. See colorant. 3. An escape passage or 
vent (for example, at the parting line of a mold or the 
grooves in a blow mold) that permits cavity air or melt to 
escape. See mold-cavity venting; reinforced plastic- 
bag molding; transfer molding. 4. See filament 
winding bleedout; screw, venting. 
bleeder cloth 
bleed hole See autoclave venting; reinforced- 
plastic venting cloth; venting. 
bleed, vent See vent bleed. 
bleed, zero See zero bleed. 
blend See alloy/blend; polymer, reactive. 
blender A piece of equipment that is used for dispens- 
ing, metering, and mixing over the feed hopper or in other 
equipment operations such as Compounding operations. 
Blenders can be motor-driven augers as well as air-driven 
valves to process materials such as flakes, powders, granular 
material, liquids, and pellets. See blending; compound- 
ing; feed; material feeding and blending gravimet- 
ric; material feeding and blending volumetric; 
material handling; mill; mixer; mixer-blender, dou- 
ble-lane; mixer-blender with impeller; molding; 
plastic material. 
blender, conical dry A device consisting of two hol- 
low cones that are joined at their bases by a short cylindri- 
cal section and are mounted on a horizontal shaft passing 
through the sides of the cylinder section. Material is 
charged and discharged at openings in the apexes of the 
cones. Cascading, rolling, and tunibling actions accom- 
plish mixing as the cones rotate. 
blender, dough A simple screw-type extruder that can 
prepare doughlike coinpounds. For example, its output for 
bulk-molding compounds that may be about 3 in. (8 cni) 
in diameter is cut into short lengths that are called l o p .  
See dough; mixer, paddle agitator; reinforced- 
plastic bulk-molding compound. 
blending Compounding or combining two or more 
material components. Blending is essentially the same as 
mixing but implies a higher degree of dispersion than sini- 
ple mixing. The niechanical dry or wet mixing of ingredi- 
ents ensures a uniform distribution of particles. When two 
or inore plastics are nixed, several factors should be con- 
sidered. One is whether their phases are ultimately inisci- 
ble thermodynamically. In most cases wherc they are i n -  

2 .  The type of bag in which the edges 

See vent cloth; venting. 



miscible, which is predominantly the case with plastics, 
the minor components become the dispersed phases, and 
the major one becomes the so-called matrix or continuous 
phase. Therefore, another relevant factor is the ultimate 
desired phase morphology (spherical, lamella, cocontinu- 
ous, and s o  on). Other important factors include (1) the 
order of feeding (mixing protocol), tlie thermal glass tran- 
sition temperature ( T J ,  nielt temperature (T,,,), and rheo- 
logical (viscosity, melt elasticity) properties of each plastic; 
(2) whether tlie feed streams are solids, melts, or both; (3) 
the average stress levels; (4) the number of flow reorienta- 
tions experienced by the melts; and (5) anticipated phase 
stability of the final morphology (resistance to coalescence) 
with respect to subsequent flow and heat histories down- 
stream of the extruder mixing elements (pins, gears, 
kneading paddles, pelletizing operations, static mixers, and 
so on). See alloy/blend; blender; bronzing; compati- 
bilizer agent; compound, dry blend; compounding; 
interpenetrating network; material blending let- 
down ratio; material feeding and blending; migra- 
tion; mixer, plastisol blending extender plastic; 
tumbling blender-mixer. 
blind search See hypothesis. 
blister 1. A cavity or sac that deforms the surface of a 
material. I t  is usually a raised area on the parts surface 
caused by the pressure of gases or air inside the part that 
surfaces during fabrication. See defect; screw blister 
ring; sink mark. 2. A thermofornied hape  such as a 
building-ceiling window, aircraft canopy, or blister pack- 
aging. See packaging, blister; thermoforming. 
block See copolymer, block; curing agent, 
blocked; film blocking: See foamed polyurethane; 
expandable polystyrene block molding; polymer, 
block; polymerization, block. 
blockage An undesired cohesion between touching 
surfaces of materials, such as the cohesion that occurs with 
plastic film under just moderate pressure during storage 
or in use. Also called bloc-lzirg. See antiblocking agent; 
extruder melt blockage; film blocking; material 
blocking; sheet blocking. 
blood A complex liquid tissue of density 1.056 and pH 
7.35 to 7.45. See pH; medical applications; polyvinyl 
pyrroldone plastic. 
bloom 1. The result of ingredients corning out of “so- 
lution” in the fabricated plastic product and migrating to 
its surface. See bleed; migration. 2. An increase in di- 
ameter of the blow-molding parison as it exits the extruder 
die. See blow-molding extruder parison. 3. A surface 
Ellin resulting from attack by the atmosphere or from the 
deposition of snioke or other substances such as vapors. 
See contamination; lubricant bloom; phosphorous- 
base flame retardant; smog. 
blow-head The part of a forming machine, such as 
blow molding and therniofonning, that introduces air un- 
der pressure to blow any hollow product. See blow 
molding, extruder blow-action; thermoforming. 

blowhole 1. A hole produced in a casting or other solid 
plastic fabricated product where unwanted gas (such as air) 
is trapped during solidification. 2 .  A pinhole, blowout or 
fisheye, that is evident on the wall surfaces of a blown 
container. These defects may be caused by coiiditions such 
as contamination by water and other substances, improper 
drying plastics, improper blowing, and melt sticking to the 
core rod. 
blowing Using a gas in expanding plastic nielt by diffa- 
ent processes such as foaming, thernioforniing, blow 
molding, and expandable plastic. 
blowing agent A material used to produce gas by 
chemical action, thermal action, or both in the hbrication 
of hollow or cellular products. See environmentally 
friendly additive; expandable polystyrene; foam and 
blowing agent. 
blowing film See extruder blown film. 
blowing glass The shaping of hot glass by air pressure. 
Over a century ago, hot-plastic blow niolding evolved 
based on ancient glass-blowing techniques. See blow 
molding; blow-molding glass, press-and-blow pro- 
cess for. 
blow/injection molding with rotation See blow 
molding, injection-with-rotation. 
blown film 
blow molding (BM) Blow molding can be divided 
into three niajor processing categories: (1) extruded BM 
has continuous or interinittent nielt (called a purisori) from 
an extruder and principally uses an unsupported parison, 
(2) injection BM has noncontinuous iriclt (called a pwfimn) 
from an extruder and principally uses a preform supported 
by a metal core pin, and (3) stretched/oriented EBM arid 
IBM obtains bioriented products providing significantly 
improved performance-to-cost advantages. These UM 
processes offer different advantages i n  producing different 
types of products based on the plastics to be used, perfor- 
mance requirements, production quantity, and costs. See 
blow molding innovation; extruder; processing fun- 
damental. 

Basically the RM lines have an extruder with a die to 
form the parison or with an injection mold to form the 
preform. The hot parison or preform is located in a mold. 
Air pressure through a pin-type device expands the parisoii 
or preform to fit snugly inside the niold cavity. Blow- 
molded products are cooled via the water-cooling systems 
within mold channels. After cooling, the parts are re- 
moved from their respective iiiolds. See blow molding 
mold; Coca-Cola bottle; bottle, beer; foundry shell 
molding. 
blow molding accumulator See accumulator. 
blow molding adapter system See adapter system. 
blow molding air pressure Clean compressed air that 
is supplied to “blow” the hot melt located within the blow 
mold. Other gases can be used, such as carbon dioxide, to 
speed up cooling of the blown nielt in the mold. The gas 
usually requires at least a pressure of 30 to 90 psi (0.21 to 

See extruder blown film; film. 
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0.62 MPa) for extruded blow molding and 80 to 145 psi 
(0.55 to 1 MPa) for injection blow molding. Some of the 
melts niay go as high as 300 psi (2.1 MPa). However, 
stretch EBM or IBM often requires a pressure up to 580 
psi (4 MPa). The lower pressures generally create lower 
internal stresses in the solidified plastics and a more pro- 
portional stress distribution; the higher pressures provide 
faster molding cycles and ensure conforniity to complex 
shapes. With lower pressure or lower melt stresses conies 
improved resistance to all types of strain (tensile, impact, 
bending, environment, and so on). See blow molding, 
extruder blow-action; blow molding, injection 
blow-action; carbon dioxide. 
blow molding air pressure, chilled Production can 
increase usually by at least 20 to 40%) by using aggressive, 
turbulent chilled air at about -35OC (-30°F) that is al- 
lowed to escape. This action provides several changes of 
air through the blow pin during a single blowing cycle. 
blow molding barrel See barrel; plasticator. 
blow molding barrel downsizing and upsizing See 
barrel downsizing and upsizing. 
blow molding blow cavity The final outside blown 
plastic part shape that conforms to the mold cavity shape. 
Sce blow molding mold. 
blow molding blow-head See blow-head. 
blow molding blow rate The speed or rate that the 
blown air or medium enters or the time required to ex- 
pand the parison or preform during the blow-molding 

blow molding blow-up ratio 
blow molding bottle A bottle that is predoniinaritly 
fabricated using the extrusion and injection molding pro- 
cess with or without stretching/orientation. See barrier; 
blow molding; bottle; coating, oxygen-barrier re- 
movable; Coca-Cola bottle; design, collapsible- 
bottle. 
blow molding clamping A two-part claniping system 
that supports and operates the opening and closing of the 
mold halves. Clamp pressure is applied to ensure that a 
closed mold remains closed when air preswre is applied 
to the parison or preform. See clamping; clamping 
platen; mold halve. 
blow molding clamping, shuttle See clamping, 
platen, shuttle. 
blow molding cleaning See cleaning. 
blow molding coextrusion or coinjection The use 
of blow-molding multilayer plastics is a technology that 
provides the advantages of using differing materials, in- 
cluding plastic foams that are systematically conibined to 
meet cost to performance requirements. See foam; blow 
molding, extruder-sequential; coextrusion; coinjec- 
tion molding; extruder, foam. 
blow molding coextrusion foam Coextruded foani 
blow molding reduces part density by 5 to 50x1, Javing 
niaterial and adcling strength. The process can make parts 
with two or three layers of foam and skin, using two or 

cycle. 
Sce blow-up ratio. 

three extruders. Temperature and the amount of blowing 
agent control thickness ofthe skin and foam. Foamed BM 
takes much lower air pressure than conventional BM 
(-0.5 to 1 bar versus 5 to 10 bar). More pressure could 
collapse the foam. However, the same surface quality i s  
generally not obtained. With slow and controllable foan- 
ing agents that temper the bubbly action of the dropping ex- 
truded parison or the movement of the injection preform, 
products can be BM particularly multilayer construction. 
See blow-molding coextrusion or coinjection; blow 
molding, extruder-sequential; coextrusion; coex- 
trusion foam core; coinjection molding; foam. 
blow molding cold parison and preform In a two- 
stage systcm, the extruded parison (or tube) or preform is 
processed and cooled, stored, and when customer orders 
arrive, used in a second-stage blow-molding machine that 
reheats them and makes blow-molded products. 
blow-molding communication protocol See 
communication protocol. 
blow-molding complex parts See blow-molding, 
extruder three-dimensional. 
blow molding, compression-stretched (CSBM) A 
process during which (1) circular blanks are cut from an 
extruder sheet, (2) the blanks are compression molded into 
the desired preliminary shape, (3) during the compression 
action, the blank can be siniultaneously stretched, (4) 
stretching can take place after compression molding, and 
(5) any trimming that niay be required. Conipressioii- 
stretch blow-molding patents include (1) those held by the 
Valyi Institute for Plastic Forming (VIPF) located at the 
University of Massachusetts at Lowell, (2) Ilynaplast S.A.’s 
Co-Hlow system, (3) American Can’s O M N I  container, 
(4) Petainer’s cold forming process, (5) now Chemical’s 
solid phase forming, and (6) Dow Chemical’s coforriiing 
(COFO). See blow molding, stretched operation 
specialty; forming, scrapless. 
blow molding, computer-integrated See blow 
molding, extruder-parison programmed-control; 
computer-integrated manufacturing. 
blow molding, container leakage in See container 
leakage. 
blow molding, dip and displacement A process that 
requires two sets of one or more dipping mandrels, 
equipped with a neck forniing tool, operating in tandem. 
One set is dipped into a feed port (pot) containing plastic 
melt that was injected (by an injection molding machine) 
into the shaped preform cavities. The mandrel is coated 
with the melt. At this stage the neck finish can be formed 
under low pressure. Next, the coated mandrels are lifted 
from the melt pot and shuttled sideways to descend into 
a cavity mold for blowing. Simultaneously as this coated 
mandrel leaves the pot area, an uncoated mandrel is posi- 
tioned into the pot that has been refilled with melt. In 
turn as this coated mandrel is being lifted, the blown bottle 
has cooled and is also being lifted to be released. The dip- 
ping and blowing mandrels can be positioned on the same 
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support plate so that the simultaneous actions occur fol- 
lowing repeat cycles. See blow molding, stretched op- 
eration specialty; casting, dip. 
blow molding downtime See processing-line down- 
time; processing-line uptime. 
blow-molding drawdown See blow molding, ex- 
truder parison draw-down. 
blow molding energy saver See electric motor, 
adjustable-speed-drive; energy loss, machine; ex- 
truder drive-energy consumption. 
blow molding exhaust time The length of time re- 
quired to relieve the blown air pressure in the molded part 
before opening the mold. 
blow molding, extruder See extruder. 
blow molding, extruder-accumulator A device for 
storing plastic melt in the intermittent operation. Melt 
nioves from the extruder to the accumulator and in turn 
moves by rani action through the dies to produce parisons. 
The accuniulator is designed so that literally all the melt 
leaves it so that damaging heat history (residence time) of 
the melt will not occur; this action is usually referred to 
as jirst-in to first-out. As the parison is being formed, the 
accuiiiulator is reloaded with melt, and this cycle repeats 
automatically. See accumulator; residence time. 

The advantages of continuous BM usually include ex- 
cellent parison programming, excellent die tooling profile, 
faster color change, and faster cycle times. With the accu- 
mulator, advantages generally include excellent processing 
of lour-melt-strength plastics, blowing of larger parts, cre- 
ation of larger-diameter parison drops, and creation of 
parts with long pinchoff, where considerable clamp ton- 
nage is needed and available since it is required for the 
larger parts. The larger parts use the accumulator. How- 
ever there is an overlapping area where a given part can 
use either system. 
blow molding, extruder back pressure See back 
pressure. 
blow molding, extruder blow-action Techniques that 
are used in blowing air into the parison. The usual is a tube 
through the die head or at the opposite side of the die head 
where the bottom pinch-offis located. A hollow needle can 
be used with a sharp end, such as a hypodermic needle, that 
pierces the parison usually at the mold parting line. It can 
be withdrawn prior to solidification of the iiielt so that no 
hole remains in the blown product. With a careful setup, 
relatively no pinhole mark will be visible. This technique 
has been used for over a century (for example, in fabricating 
Christmas decorations). See blow-molding air pressure, 
chilled; blow molding, injection blow-action. 
blow molding, extruder blow, fill, and seal In an 
in-line system, after the parts are blown, they can be filled 
and sealed before the mold opens. The other methods 
have the filling and sealing downstream or in another line 
after parts are blown. See thermoforming, form, fill, 
and seal; seal. 
extruder blow pin See blow molding, extruder 
blow-action. 

blow molding, extruder blow-up ratio See blow- 
up ratio. 
blow molding, extruder bottle handle See blow- 
molding handle. 
blow molding, extruder bottle-volume adjust- 
ment A movable plug that is set to control the contents 
of a bottle. The mold of the bottle’s sidewall can have a 
depression plug, sniall and usually circular, that is usually 
adjusted inwardly based on the performance of the blown 
bottle. It  is important for sales purposes that, for example, 
a milk container looks full and contains a specific quantity. 
The level of the n d k  can differ among bottles and appear 
that the contents are not equal due to shrinkage differen- 
tials that can occur afier the bottle is blown or to changes 
in the material properties. 
blow molding, extruder bottom-blow The blowing 
action fi-om the bottom of the part being blown. 
blow molding, extruder coextrusion See blow- 
molding coextrusion or coinjection. 
blow molding, extruder cold parison See blow- 
molding cold parison and preform. 
blow molding, extruder collapsible bottle See de- 
sign, collapsible-bottle. 
blow molding, extruder (continuous) In extruder 
blow-molding, the melted plastic from the extruder 
through a die head is continuously extruded as a parison 
(also called a ti&) vertically down into the atmospheric 
air. It is located between the two halves of an open mold. 
The melt flowing through the die can form different cross- 
sections with or without changes in the parison’s wall 
thickness as it exits the die. When the parison has reached 
its required length, long enough to cover the height of 
the mold cavity, the open mold closes around the hot par- 
ison. A blow pin either is located or is inserted through 
the parison melt, permitting air to enter. Different molds 
and blow pins (with different locations around the inold 
cavity) are designed to meet different requirements. 

Unlike IHM, when tlie mold closes flash exists nornially 
only at the top and bottom of the mold cavity. This excess 
plastic is fornied when the parison is pinched by the mold’s 
“pinch-off,” usually at  the top and the bottom of the cav- 
ity. As an example with a bottle when tlie mold closes, 
the top has its threaded opening with flash around it, and 
simultaneously the bottom of the parison’s pinch-off is 
sealed to contain tlie blown air producing a “hanging” 
flash below the pinch-off. Molds can be designed where 
autoniatically all the flash is removed within the mold, or 
the line will have a secondary operation to remove the 
flash after the cooled part leaves the mold. 
blow molding, extruder (continuous-die) In the 
extruder blow-molding machine, a die can have one or 
more parisons exiting. This niultiparison approach uses a 
mold with the number of cavities equal to the number 
of parisons. This multiple approach increases production, 
provided the extruder output capacity is adequate. With 
this continuous EBM process the closed mold with the 
parisons can be moved downward froni the continuing 
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dropping parisons. This method has the parisons continu- 
ously extruded. When the parisons reach the proper 
length, the open mold cavities located around the parisons 
quickly close, pinching the parisons. The closed mold 
quickly returns to a position away from the parison drop. 
Automatically blow pins are located within the parisons. 
The mold could be below the parisoils or to the side so 
that the parisons continue to extrude with no interruption. 
After the part is blown and cooled, the molds open, the 
parts are removed, the mold moves back to the parisons, 
and the process repeats. Having the parison continually 
move provides for better reproducibility of the melt. See 
die; melt flow; mold. 
blow molding, extruder (continuous-operation) 
In addition to the up-and-down or side motion methods, 
other modes of operations increase production. Three 
other popular modes of operation are the rotary wheel 
with its two modes (carousal system or ferris wheel) and 
a shuttle mode. The rotary-wheel method uses at least 2 
to 20 clamping stations with the molds. These stations are 
mounted to a vertical or horizontal wheel. In  one ap- 
proach, the die with its parison moves around in the path 
of the molds. A mold is opened while the parison is mov- 
ing through it. The mold closes, pinching the parison, and 
starts its cycle of blow, cool, and eject by opening the 
mold. In the meantime, the next mold is opened, and the 
parison is pinched and so on. This system is timed so that 
when the parison drop returns to the first mold, which is 
an open mold with part removed, the rotary system con- 
tinues and repeats. The other rotary approach is having 
the molds move with the parison remaining in a fixed lo- 
cation. 

The third mode is the shuttle method, where usually 
two or more sets of molds are used. Each set of molds can 
have at least two or more molds. Their blowing stations 
are around the periphery of the extruder die head and par- 
isons. One set of molds in the open position is located 
under the die. With the proper length of the parisons (a 
parison for each mold), the open molds underneath close. 
After the molds are closed, parisons are cut, usually with 
an electrically charged hot wire, and quickly shuttled to a 
blow station, where blow pins are inserted into the parison 
openings. Blow-molding parts solidify and are released 
from the molds when they open. In the meantime, the 
parisons continue to be extruded as another set of open 
molds is positioned around these parisons. Thus, the molds 
alternately shuttle producing molded parts. 

Another approach to increase production is to use one 
parison extra long to cover two or more cavities located 
vertically in the mold. In fact, one parison can extend the 
multipanson with two or more vertical cavities. All that 
is required is a machine with the capacity to handle the 
output from the extruder to the clamping capability. See 
blow molding, extruder horizontal rotary-wheel; 
blow molding, extruder vertical rotary-wheel; 
clamping platen, rotary; clamping platen, shuttle; 
mold cavity. 

blow-molding extruder core An extruder die part 
that controls the inside dimensions of the parison. See 
core; die. 
blow molding, extruder curtaining Vertical draping 
or folding that is caused by the parison’s vertical-free drop, 
which swells, grows in diameter, and reduces thickness as 
it is extruded. Because of the gravitational forces, the par- 
ison tends to hang directly below the die opening. As its 
circumference swells and grows, it teiids to fold and wrin- 
kle beneath the die; however, it can be controlled to pro- 
vide a desirable blown part. 
blow molding, extruder cushion See cushion. 
blow molding, extruder, cut-off Blow-mold pinch- 
off areas produce weld lines. These lines (top and bottom) 
are where the mold pinch-off areas can be cut through 
the parison when it closed on the parison for blowing. See 
blow molding, extruder, pinch-oe weld line. 
blow molding, extruder, cycle time 
blow molding, extruder, die A die used with ex- 
truder blow molding. It takes the melt from the (usual) 
horizontal extruder and changes its direction to have it 
exit the die vertically downward (also horizontal in special 
machines such as when using a rotary table with two or 
more molds). The die can be designed to permit a change 
in the thickness of the exiting hot melt. Different die de- 
signs are used to meet different processing requirements. 
With accumulator systems to ensure that the least heat his- 
tory or residence time is developed during processing, the 
design of the accumulator ensures the first melt into the 
accumulator is the first to go out when its “ram” literally 
empties the accumulator chamber. See blow molding, 
extruder (continuous operation); die; die manifold; 
residence time. 
blow molding, extruder, die-head manifold See 
die manifold. 
blow molding, extruder, die ring, static and dynam- 
ic 
blow molding, extruder, die shaping Usually the die 
shape of the extrudate is circular. Depending on the final 
product, the die can be designed to provide shapes that 
are elliptical to square. A die opening for a square shape 
can be designed to extrude a nonuniform or uniform wall 
thickness including the corners. See die, profile special. 
blow molding, extruder, die-swell ratio The ratio 
of the outer parison diameter, or parison thickness, to the 
outer diameter of the die, or die gap, respectively. The 
type plastic, head construction, land length, extrudate out- 
put speed, and extrudate temperature influence die swell 
ratio. See design, basics-of-flow die. 
blow molding, extruder, double-wall A double- 
walled blown part, such as a lid container. 
blow molding, extruder, drape-process It identifies 
multidimensional extruder blow molding where flash is 
minimized. 
blow molding, extruder, exhaust-time The length 
of time required to relieve the blowing air pressure in the 
molded part before opening the mold. 

See cycle. 

See die ring, static and dynamic. 
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blow molding, extruder, feeder 
blow molding, extruder, flat-surface With certain 
products, flat surfaces can cause oil canning. The flat sur- 
faces that are supposed to be rigid or firm will bend or flex. 
Techniques to eliminate the probleni include crowning, 
arching, corrugations, ribbing, and foam filling. See oil 
canning. 
blow molding, extruder, foam See blow molding 
coextrusion foam; blow molding coextrusion or 
coinjection; foam. 
blow molding, extruder, fuel-tank See gasoline 
tank permeability. 
blow molding, extruder, gear-pump See gear 
Pump. 
blow molding, extruder, horizontal rotary- 
wheel A system that uses the principle of a continuous 
extruder blow molding parison that is like a continuous 
tube that nioves from the die into an open mold and con- 
tinues to form parts where the flash between parts keep 
the wheel operating continuously. See blow molding, 
extruder (continuous operation); blow molding, ex- 
truder vertical rotary-wheel. 
blow molding, extruder (intermittent) With an ac- 
cumulator located above the die, the flow of the parison 
through the die is cyclic, permitting intermittent or dis- 
continuous extruder blow molding. These systems can fall 
into two niodes where an accumulator or reciprocating 
screw is used. The accumulator head is used to mold small 
to particularly large parts. Accumulator heads attached to 
the exit end of the extruders are designed to collect and 
eject a measured amount of plastics. See blow molding, 
extruder-accumulator. 

The other mode is the reciprocating screw or a noncon- 
tinuous extruder. It  is actually a single-stage injection 
molding niachine (IMM). Plastic is conveyed and melted 
by the screw turning. As the melt accumulates in the fi-ont 
of the screw within the barrel and has the required yuan- 
tity (shot size), the screw stops turning and when required 
pushes forward (ram), forcing the melt through a die to 
forni a parison. Basically all that is needed is an IMM hav- 
ing the required shot size with a die to form the parison 
followed with a blow-molding mold rather than just the 
usual IM mold. See injection molding. 

The advantages of intermittent BM are usually better 
control of melt strength and swell, easier handling of large 
blown parts, and use of fewer plant utilities. Continuous 
advantages include better thermal stability and melt con- 
trol and use of less plant space. Both methods are used 
in a one-step blow-molding method. With the two-stage 
method, basically a conventional IMM is used to mold 
preforms, short or long tubes, that are solidified, stored, 
and blown in a second machine that only does the 
blowing. 
blow molding, extruder-mold The two-part mold 
has its parting line in the longitudinal direction of the 
blown part or in the direction of the dropping parison. 
With commodity plastics, a sandblasted mold-cavity sur- 
face can usually be used to aid in air venting (between the 

See feeder. parison and cavity wall) and also to provide a sniooth sur- 
face on the blown part; a characteristic of niost melts gen- 
erally prevents penetration of the “rough” surface. With 
eiigineering plastics, the surface of the cavity is generally 
reproduced precisely, so sandblasting is not used. When 
venting is required, vents are usually located on the mold’s 
parting line. For certain molds, holes or slots are located 
where needed. They are kept as small as possible so the 
blown melt does not have an impression of the opening. 
Their sizes can start with a range of0.002 to 0.004 in. (0.05 
to 0.10 mm). If necessary, they are made larger. Different 
plastics behave differently so actual sizes are based on expe- 
rience or trial and error. See blow-molding mold; bot- 
tle, cryogenically cooled filing; commodity plastic; 
engineering plastic; mold; mold-parting line; 
venting. 
blow molding, extruder-mold bluing See mold 
bluing. 
blow molding, extruder-mold cooling See mold 
cooling; mold cooling, flood. 
blow molding, extruder-mold deflashing The in- 
mold deflashirig process separates a blow-molded part 
from its flash as the mold opens eliminating secondary de- 
flashing operations. The technique can incorporate mov- 
ing plates and bars that, simply stated, hold the flash to one 
mold half with a plate while a bar pushes the flash away 
from the pinch-off as the mold opens, during which time 
the sealing action has occurred but the flash section re- 
mains sufficiently warm for the proper separation. 
blow molding, extruder-mold multiple-action 
Typical parts are the molding of a complete container with 
what will become its overlapping lid, such as a trash can 
or threaded lids to bottles. After blow niolding the part is 
cut so that the lid and container will match properly. 
blow molding, extruder-mold multiple, Siamese A 
colloquial term applied to the technique of blow molding 
two or more products from a single parison in a niultiple- 
cavity mold. 
blow molding, extruder-mold pinch-off A critical 
part of a mold where the parison is squeezed and welded 
together. It requires good thermal conductivity for rapid 
cooling and good toughness to ensure long production 
rum. The pinch-off must have structural soundness to 
withstand the plastic pressure and repeated closing cycle 
of the mold. It must usually push a small amount of plastic 
into the interior of the part to slightly thicken and rein- 
force the weld. If this pocket depth is too shallow, the 
flash will be squeezed with too much pressure, putting 
undue strain on the mold, mold pinch-off areas, and nia- 
chine clanip-press sections. If the pocket is too deep, the 
flash will not contact the mold surface for proper cooling. 
Between molding and automatic trimming, heat from the 
uncooled flash will migrate into the cool pinch-off and 
cause it to heat up, creating problerns like sticking to the 
trimmer. During trimniing it can stretch instead of break- 
ing free and clean. Different designs are used with different 
plastics welding characteristics. The typical designs have 
double-angle (from 15 to 45’) opening of the pinch land 



contact on its exit side. Its land length, prior to the angles, 
can range from 0.010 to 0.030 in. (0.025 to 0.076 cm). 
Also called cur-98 
blow molding, extruder, multiple-cavity If nia- 
chine capacity is available, in-line with the parison drop, 
the mold can have two or more cavities to blow mold 
parts in-line with the parison. 
blow molding, extruder, parison The hollow tube 
of melt exiting the extruder die, which in turn is pinched 
at both ends and inflated with air to the contour of the 
closed inold cavity. See mold cavity; striation. 
blow molding, extruder, parison bloom See 
bloom. 
blow molding, extruder, parison draw-down The 
decrease in parison diameter and wall thickness due to 
gravity and the weight of the parison as it extends down- 
ward. See draw-down ratio. 
blow molding, extruder, parison preblow If the 
parison tends to collapse arid bond to itself, during the 
parison drop, low pressure air is initially introduced during 
the drop to eliminate the problem. 
blow molding, extruder, parison clamping preclose 
See clamping preclose. 
blow molding, extruder, parison curling See 
curling. 
blow molding, extruder, parison programmed-con- 
trol For extruder blow molding, the parison thickness 
control is iniportant to reduce processing time, maximize 
part design, and reduce the aniount of plastics consumed. 
The thickness profile in its length direction is prograinined 
to equalize the wall thickness of the blown product when 
blown. Their control and monitoring fLinctions range 
froin extremely simple ones to complete microprocessor 
systems. Some niachiries use electric relays that permit a 
certain degree of control. However, to produce good- 
quality parts with the least plastic resulting in lower prod- 
uct costs, the more sophisticated electronic types are re- 
quired. 

The niost coniiiion niethod is an orifice modulation. 
The die is fitted with a position device that allows posi- 
tioning of the inside taper die diameter during the parison 
drop. The outside- and inside-diameter relationship of the 
tapered die orifice opening is varied in a programmed, re- 
peatable manner to increase or decrease the parison wall 
thickness. The parison, especially a large one as it gets 
longer, the wall thickness will vary as the weight of the 
plastic increase and it sags. Parison control can include 
melt-pressure control in the die, either by regulating the 
extruder's back pressure or possibly by pressure variations 
via the ram action when an accumulator is used. In addi- 
tion to this longitudinal control, there are also circuinfer- 
entia1 distribution controllers such as going from circular 
to elliptical parison shape. See back pressure; com- 
puter-integrated manufacturing; control actuator; 
die head, programmed; die ring, static or dynamic; 
microprocessor control; process control. 
blow molding, extruder, parison sag The extension, 
usually near the die face, of the parison during extrusion 

by gravitational forces. The longer the parison, the more 
the sag develops. This necking down of the parison can 
cause fabricated part problems. The problem can be cow 
trolled with higher-melt-strength plastic or by controlling 
the thickness of the melt as it leaves the die. See blow- 
molding fold area. 
blow molding, extruder, parison swell See design, 
basics-of-flow die. 
blow molding, extruder, part thickness See blow 
molding, extruder parison programmed-control. 
blow molding, extruder, pinch-off The line where 
the two halves of a blow mold come together. Also called 
Push ,groove or cut-off: See blow molding, extruder 
cutoff. 
blow molding, extruder, pinch-off relief edge The 
angle in the mold of the cutaway portion of the pinch- 
off blade measured from a line parallel to the pinch-off 
land. 
blow molding, extruder, pinch-off tail The bottom 
(outside of the blown part) of the parison that is pinched 
when the mold closes. 
blow molding, extruder, plastic melt index (MI) Melt 
index and other melt-flow characteristics directly irifluence 
blow-molding capability. For example, large parts, such as 
plastic fuel tanks, dnins, and trash cans, are BM from low 
MI, ~gh-inolecular-weight polyethyleiies providing a more 
stable parison, tougher products with up to 5 to 10'% reduc- 
tion in weight compared to the hgher MI plastics. See test, 
melt-index. 
blow molding, extruder, plastic scrap Representa- 
tive of the flash that develops during blow molding. See 
scrap. 
blow molding, extruder, platform blowing A tech- 
nique for blow molding large parts to prevent excessive 
sagging of the heavy parison. The machine has a table that, 
after rising to meet the parison at the die, descends with 
the parison but at a slightly slower rate than the parison. 
blow molding, extruder, pock mark An irregular in- 
dentation on the surface of a blown product that is caused 
by insufficient contact of the blown parison with the inold 
surface. Pock niarks are usually caused by low blow pres- 
sure, air or gas entrapment, or moisture coiidensation on 
the mold-cavity surface. 
blow molding, extruder, preblow The injection of 
a medium, such as the usual air, into a closed parison be- 
fore the mold closes to aid in developing the blown shape 
desired. 
blow molding, extruder, prepinch parison Closing 
off an open end of the parison before the mold pinches 
it together. Often used in conjunction with the preblow 
action. 
blow molding, extruder, reinforced plastic A de- 
velopment by Krupp Kautex that uses two methods of 
providing increased structural properties through the use 
of long glass fiber reinforcement with polypropylene. The 
15wt% content use 7 mm long fibers. One approach ex- 
trudes unreinforced nielt into a low-shear Z-blade or 
signia-blade batch kneader. Dry chopped glass fibers are 
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blended into the melt under vacuum, and a discharge 
screw in the mixer’s bottom feeds the compound to the 
blow molders accumulator head. Another approach is to 
use commercially available glass fiber/PP compounded 
pellets made by the pultrusion process. Pellets are plasti- 
cized using a special screw that melts by heat conduction 
rather than by shear to minimize fiber damage. Parison 
is blown initially at very low air pressure; after coniplete 
expansion, full pressure is used. See mixer, sigma blade; 
reinforced plastic; reinforced-plastic pultrusion. 
blow molding, extruder, sequential. Material is fed 
to the parison and is changed as it emerges. For example, 
a rigid conipound might be formed with intermittent elas- 
tomeric sections to form a pipe or duct embodying flexible 
bellows that enable it to twist and turn. Other parts might 
be made with properties changing or alternating through- 
out the longitudinal axis of the parison so that one side is 
hard and the mating other side is soft; an example is an 
armrest on an auto chair. Basically, a coextruder control 
system is used to direct the different melts as required or 
at  the appropriate time periods. See blow molding, 
coextrusion foam; coextrusion; coinjection 
molding. 
blow molding, extruder, single-stage See blow- 
molding extruder stage. 
blow molding, extruder, specification See ex- 
truder specification. 
blow-molding, extruder, stage There are basically a 
single-stage system and a two-stage system. With the sin- 
gle-stage, one machine performs all that is required going 
from the plastic niaterial to the blown product. The two- 
stage method uses two machines. One extrudes tubes 
(short or long tubes where the long tubes can be cut to 
the desired lengths) and has them solidified, stored, and 
blown in a second machine that does the blowing by re- 
heating the prefornis. See blow molding, extruder (in- 
termittent); blow molding, injection preform one- 
or two-step. 
blow molding, extruder, stretched See blow 
molding, stretched. 
blow molding, extruder-thermoformed See blow 
molding, stretched operation specialty. 
blow molding, extruder, three-dimensional In con- 
ventional blow molding the parison enters the niold 
rather in a straight tube. In three-dimensional BM the par- 
ison is laid or oriented in the mold prior to closing. I t  is 
manipulated in the tool cavity providing complex geoniet- 
ric parts that can have uniform or nonuniform wall thick- 
nesses, corrugated and noncorrugated sections, and so on. 
Different techniques are used for placing the parison into 
position, such as (1) articulating the extruder nozzle, (2) 
articulating the mold platen, and (3) robotically orienting 
the parison before the mold closes. Thus, different- shaped 
BM parts are fabricated. Sequential BM integrates hard and 
soft regions of plastics on a single tubular structure (par- 
ison). Also called nonaxisymrnctvir blow molding. See robot. 
blow molding, extruder, top blow The usual type 

of blow-molding machine that forms hollow articles by 
injecting the blowing action into the parison at the top of 
the mold. 
blow molding, extruder, two-stage See blow 
molding extruder stage. 
blow molding, extruder, troubleshooting in See 
troubleshooting. 
blow molding, extruder, two-up molding See 
blow molding, extruder multiple-cavity. 
blow molding, extruder versus injection The ad- 
vantages of extruder blow molding versus injection blow 
molding include lower tooling costs and incorporation of 
blown handle-ware. Disadvantages could be controlling 
parison swell, producing scrap, limited wall thickness con- 
trol, and plastic distribution. If desired, solid handles can 
be molded during the blow-molding process. Trimming 
can be accomplished in the niold for certain designed 
molds. Secondary trimming operations are included in the 
production lines. 

With IBM, the main advantages are that no flash or 
scrap occurs during processing, it gives the best of all thick- 
nesses and plastic distribution control, critical bottle neck 
finishes are easily molded to a high accuracy, and it pro- 
vides the best surface finish. Disadvantages include it has 
high tooling costs, applies only to solid handle-ware, and 
it is restricted or usually limited to very small products 
(however large and coniplex shaped parts are fabricated 
once the market developed). Similar coniparisons exist 
with biaxial orienting EBM or IBM. With respect to 
coextrusion, the two methods also have similar advantages 
and disadvantages but mainly more advantages for both. 
See blow molding, injection-operation. 
blow molding, extruder, vertical rotary wheel 
Similar to the horizontal wheel except the wheel is in the 
vertical position. See blow molding, extruder (contin- 
uous operation); blow molding, extruder, horizon- 
tal rotary-wheel. 
blow molding feeder See feeder. 
blow molding foamed plastic See blow molding 
coextrusion foam. 
blow molding fold area Areas of excess plastic in the 
finished blow-molding product can have an unwanted 
fold. The plastic parison or preform saggmg or more likely 
blowing out unevenly during the blowing process may 
form it. See blow molding, extruder, parison sag. 
blow molding glass, press-and-blow process for A 
process usually associated with blown-glass manufacture in 
which the glass parison is pressed, and in another step, the 
heated parison is blown to form the final shape. See blow- 
ing glass; glass. 
blow molding handle Extrusion blow molding can 
include an integral blown handle. With injection BM a 
solid handle can be included during the blowing action. 
One approach is to include the solid handle as an integra1 
part in the prcforni next to the neck and the other end of 
the handle either away from the blown part (attached as 
part of the neck section) or not attached to the blown 
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section. With stretched blow molding, solid handles can 
be included next to the neck. 
blow molding heat-transfer mechanism See heat- 
transfer mechanism. 
blow molding hinge 
blow molding, injection (IBM) Injection blow 
molding has basically three major stages: (1) The first stage 
injects hot melt through the nozzle of an injection-niold- 
ing machine into a inold with one or more cavities and 
core pins to produce the preforms. There is usually more 
than one cavity. An exact amount of plastic enters each 
cavity. These molds are designed as in regular IMM to 
meet the required BM melt temperatures and pressures. 
After injection of the melt into the mold cavities the two- 
part inold opens. The core pins carry the hot plastic pre- 
forms to the second stage of the operation, where a two- 
part inold has the desired inold cavities for blow molding. 
Upon the inold closing in this second stage, air is intro- 
duced via the core pins, producing the desired blown 
products. 

(2) Controlled chill water (usually 40 to 50°F [4 to 
1 O O C ] )  circulates through predesigned mold channels 
around the mold cavities and solidifies the blown parts. 
This two-part mold that did the blowing opens when the 
parts solidify. (3)  In turn, the core pins carry the blown 
parts to the third stage. In that ctage the parts are ejected. 
Ejection can be done by using stripper plates, air blowing, 
combination of stripper plate and air, robots, and so on. 
See blow molding, extruder-mold; injection mold- 
ing; mold. 
blow molding, injection, back pressure See back 
pressure. 
blow molding, injection, blow-action Air, for the 
blowing action, is usually from the end or part of the core 
pin that fornis the parison. See blow-molding air pres- 
sure, chilled; blow molding, extruder blow-action. 
blow molding, injection, bottle handle See blow- 
molding handle. 
blow molding, injection, Coca-Cola bottle See 
Coca-Cola bottle. 
blow molding, injection/coinjection See coinjec- 
tion molding; blow-molding coextrusion or coin- 
jection. 
blow molding, injection, cold preform See blow 
molding cold parison and preform. 
blow molding, injection, cycle 
blow molding, injection, insert In injection blow 
molding, to reinforce the neck, extra plastic can be located 
in that section making a thicker neck or a plastic IM insert 
can be placed in the blow-mold cavity neck section prior 
to locating the preform in the cavity. 
blow molding, injection, mold See blow molding, 
extruder-mold; mold. 
blow molding, injection, mold bluing See mold 
bluing. 
blow molding, injection, mold filling See injection 
molding melt flow; mold-filling monitoring. 

See design hinge, integral. 

See cycle. 

blow molding, injection, operation Injection blow 
molding can have the usual three stations (stages) of the 
preform nielt injection, blow action, and ejection of the 
blown products from the inold pins. Some machines have 
more than the usual three stations. A station can be located 
between the preform stage and tlie blowing stage to pro- 
vide extra heat-conditioning time for the prefornis. Be- 
tween the blow and ejection, a station can be used to apply 
decals, decoration, test dimensions, and so on. After ejec- 
tion, a station can be used to add an insert for decoration, 
reinforcement, and so on. Alco available are several differ- 
ent methods of IBM, each with different means of trans- 
porting the core rods from one station to another. These 
methods include shuttle, inultiparison rotary, and so on. 
The information on blowing parisons, cooling, clamping, 
and shrinkage that is used for extrusion blow molding is 
similar for IBM. 

When compared to EBM, this IM procedure permits 
the use ofplastics that are unsuitable for EBM (unless mod- 
ified). Specifically it is those with no controllable melt 
strength such as the conventional polyethylene terepha- 
late, which is predominantly used in large quantities using 
tlie stretch IBM method for carbonated beverage bottle 
(liter and other sizes). These injection blow-molded prod- 
ucts have precise dimensions. This action occurs since the 
initial preforming cavities are designed to have the exact 
dimensions required after blowing the plastic nielt as well 
as accounting for any shrinkage that niay occur. Another 
advantage is that no flash or scrap exists. Neck finishes, 
internally and externally, can be molded with an accuracy 
of at  least 5 4  mil (0.10 mm). It  also offers precise weight 
control in the finished product accurate to at least +O.l g. 
See blow-molding, extruder versus injection. 
blow molding, injection, preform A tube, similar to 
a laboratory test tube but much thicker and heavier. The 
tube is hollow and matches the shape of the rod. All the 
dimensions of a preform are precise so that when it is 
blown, a precise product is formed. 
blow molding, injection, preform one- or two-step The 
preform is used to fabricate the injection blow-molded prod- 
uct either in a one-step or two-step operation. The one- 
step goes froin the injection molding to the finished blown 
product. The two-step first produces the preformed, and 
in turn the cool preform is later put into another machine 
where it is reheated and blown to produce the product. 
An example of production output for the one-step poly- 
ethylene terephalate plastic machine is at least up to 4,000 
bottles per hour. See blow-molding extruder stage. 
blow molding, injection, stretched See blow 
molding, stretched. 
blow molding, injection versus extruder See blow 
molding extruder versus injection; blow molding, 
injection-operation. 
blow molding, injection-with-rotation A blow- 
molding process called molding iuith rotation (MWR) that 
combines injection molding and injection blow molding 
with melt orientation (Dow Chemical patent). The equip- 
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meiit used is what is commercially available for IM except 
the mold is modified. The male or feiiiale part of the mold 
rotates; usually the male core rod is rotated. This process 
provides a practical approach by which multiaxial orienta- 
tion can ensure maximuin properties in the molded part 
that can be a bottle or other shape having a polar axis of 
syniiiietry and reasonably uniform wall thickness. Orienta- 
tion of the melt in microii-thick multiple layers occurs 
during injection of the melt as it rotates at a controlled 
speed, pressure, temperature cycle period. After this action 
is completed, the oriented melt around its pin is quickly 
transferred to a mold for its required blowing stage. Also 
called irljectiorz spin r v i o l d i q  or irzjection stretched ~ i ~ ~ l d i n g .  See 
Coor's beer bottle; orientation. 
blow molding innovation Ideas fiom tapered to col- 
lapsible corrugated are used to fabricate products that pro- 
duce blow-molded type bottles and containers. They iii- 
clude other basic processes such as casting, comprecsion 
molding, and stamping. See blow molding, compres- 
sion-stretched; blow molding, stretched operation 
specialty; computerized knowledge-based engi- 
neering; design, innovative; forming, scrapless. 
blow molding machine alignment See machine 
alignment. 
blow-molding machine barrel See barrel, extruder 
and injection molding. 
blow molding machine barrel and feed unit See 
barrel and feed unit. 
blow molding machine-barrel downsizing and up- 
sizing See barrel downsizing and upsizing. 
blow molding machine clamping 
blow-molding machine control See accuracy; 
computer-integrated manufacture; controlled mo- 
tion; design, motion-control, mechanical and elec- 
tronic effects; drive-system control; electric motor; 
injection-molding machine electrical operation; in- 
jection-molding machine hydraulic operation; pro- 
cess control; repeatability; servo-control-drive reli- 
ability. 
blow molding machine daylight See clamping, 
daylight-opening. 
blow molding machine die 
blow molding machine energy See electric motor, 
adjustable-speed-drive; energy input, machine; en- 
ergy loss, machine. 
blow molding machine fabricator process simula- 
tor See process simulator. 
blow molding machine gear pump See gear 
pump. 
blow molding machine maintenance See mainte- 
nance. 
blow molding machine mold See blow molding 
mold. 
blow molding machine operation See fabricating 
startup and shutdown. 
blow molding machine platen See clamping 
platen; platen. 

See clamping. 

See die. 

blow molding machine purging 
blow molding machine safety 
chines; safety machine lockout. 
blow molding machine screw 
blow molding machine screw L/D ratio See screw 
length-to-diameter ratio. 
blow molding machine screw wear See screw 
wear. 
blow molding machine static mixer See static 
mixer. 
blow molding machine vented See screw, vent- 
ing. 
blow molding machine warranty See legal matter 
warranty. 
blow molding mandrel See mandrel. 
blow molding market U.S. annual sales of blow- 
molding products equal about $300 inillion and consume 
about 11 billion Ib of plastics. Type of plastics by weight 
is about 65% HDPE, 22% PET, 6% PVC, 4% PP, 2% 
LDPE, and 1% others. The market breakdown is about 
22% food, 20% beverage, 15% household chemicals, 12% 
toiletries and cosmetics, 8% health, 7 %  industrial chenii- 
cals, 5% auto, and 1 2 %  others. Almost 74% of processes 
are EBM, almost 25% are IBM, and about 1% uses other 
techniques such as dip UM. About 75%) of all IBM prod- 
ucts are bioriented. See blow molding; Coca-Cola 
bottle; Coor's beer bottle; plastic consumption; 
plastic-industry machine sales; market. 
blow molding material and equipment variability See 
plastic material and equipment variable. 
blow molding material handling See material han- 
dling. 
blow molding melt blockage See extruder melt 
blockage. 
blow molding melt-flow orientation See orienta- 
tion, accidental. 
blow molding melt-flow oscillation See melt-flow 
oscillation. 
blow molding melt-flow test See test, melt-index. 
blow molding melt-temperature effectiveness See 
melt-temperature effectiveness. 
blow molding melt-temperature sensitivity See 
temperature sensitivity. 
blow molding melt tracer 
blow molding metal Metal processing is similar to the 
injection blow molding of plastics except the operation 
occurs at a higher temperature. Cans are produced in this 
process, and can be shaped or contoured with different 
patterns (Crown Cork with Sidel equipment, etc.) See 
blow molding, injection; injection molding non- 
plastic. 
blow molding mold The mold to form hollow parts. 
It is generally made froin aluminum (AI). It can have wa- 
ter jackets, flood cooling, cast-in tubing, and/ or drilled 
cooling lines. The AI provides faster heat transfer than 
steel. However, steel is also used to improve wear resis- 
tance, handling, and life cycle for certain type products 

See purging. 
See safety and ma- 

See screw. 

See tracer. 
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and operations. An isolated area, such as a thread or pinch- 
off, can be steel inserted in A1 molds to extend the AI 
longevity. All molds can include air-ejection systems to 
remove parts. See blow molding, extruder-mold; 
mold; mold cooling, flood; molded-part ejection; 
mold-material. 
blow molding mold, complex part See blow 
molding, extruder three-dimensional. 
blow molding mold contractional obligation See 
legal matter: mold contractional obligation. 
blow molding mold cosmetic specification See 
molded-part cosmetics. 
blow molding mold dehumidification See mold 
dehumidification. 
blow molding mold, preengineered See mold, 
preengineered. 
blow molding mold venting 
blow molding operation Most drive systems are hy- 
draulic or hydromechanical hybrid systems with all-elec- 
tric drives starting to be used. See drive-system control; 
injection-molding machine-drive system; injec- 
tion-molding machine electrical operation. 
blow molding operator’s sequence See operation, 
manual; operation, semiautomatic; operation, au- 
tomatic. 
blow molding orientation See blow molding, 
stretched. 
blow molding outgassing See outgassing. 
blow molding parison See blow molding, ex- 
truder, parison. 
blow molding plasticator See plasticator; screw 
length-to-diameter ratio. 
blow molding plasticator wobble See plasticator 
wobble. 
blow molding plastic consumption See blow 
molding market. 
blow molding preform See blow molding, injec- 
tion preform. 
blow molding process control See process con- 
trol. 
blow molding process-control optimization See 
control drive, optimized. 
blow molding process-control safety See pro- 
grammable-controller safety. 
blow molding processing 
blow molding processing window See processing 
window. 
blow molding product leakage See container 
leakage. 
blow molding programmer safety See program- 
mable-controller safety. 
blow molding product design rule See design, op- 
timized. 
blow molding purging See purging. 
blow molding safety See barrel-venting safety; 
safety and machines; safety interlock. 
blow molding scrap See scrap. 

See bleed; venting. 

See FALL0 approach. 

blow molding, scrapless forming See blow mold- 
ing, stretched operation specialty; forming, scrap- 
less. 
blow molding screw See screw. 
blow molding screw puller See cleaning; extruder 
screw pulling; injection-molding screw pulling. 
blow molding shrinkage The shrinkage behavior of 
different thermoplastics and the part geometry. Without 
experience, trial aiid error determined what shrinkage will 
occur immediately at the time of fabrication a n d  what time 
period is required (usually up to 24 h) to ensure complete 
shrinkage. Coefficients of expansion and the different 
shrinkage behaviors depend on whether the thermoplastic 
material is crystalline or amorphous. Lengthwise shrinkage 
tends to be slightly greater than transverse shrinkage. Most 
of the lengthwise shrinkage occurs in the blow-molded 
wall thickness rather than a body dimension. As an exaiii- 
ple with behaviors, with polyethylene higher shrinkage 
occurs with the higher-density plastics and thicker walls. 
Lengthwise shrinkage is due to a greater crystallinity of the 
more linear type plastics. Transverse shrinkage is due to 
slower cooling rates that results in more orderly crystalline 
growth. Part shrinkage depends on many factors such as 
plastic density, inelt heat, mold heat. cooling rate and uni- 
formity, part thickness, pressure of blown air, and control 
or capability of the blow-molding production line. See 
amorphous plastic; crystalline plastic; design shrink- 
age; directional property; molding shrinkage; 
shrinkage; shrinkage block jig; tolerance and 
shrinkage. 
blow molding starve feeding See material starve 
feeding. 
blow molding statistical assessment See statistical 
assessment. 
blow molding, stretched High-speed extruder blow 
niolding and injection blow molding take the extra step 
in  stretching or orienting. For example, orientation in a 
bottle is made almost simultaneously in both the longtudi- 
nal and hoop directions. With EBM the parison can be 
mechanically gripped at both ends of the hot tube in the 
mold, stretched loiigitudinally, aiid blown to provide the 
circumferential stretching. IBM can be stretched in a sinii- 
lar inanner or have a rod within the blown part to apply 
the longitudinal stretch. Stretched BM was coniiiiercially 
developed and accepted by the market just a few decades 
ago, with most of the action using IBM. 

By biaxially stretching the extrudate before it is chilled, 
significant improvements occur with savings in heat en- 
ergy and material consumption. This technique allows the 
use of lower-grade plastics and thinner walls with no de- 
crease in strength; both approaches reduce plastic niaterial 
costs. Many plastics have improved physical and improve 
barrier properties. The process allows wall thickness to be 
more accurately controlled. Draw ratios used to achieve 
the best properties in PET bottles (typical 2-to 3-liter car- 
bonated beverage bottles) are about 3.8 in the hoop direc- 
tion and 2.8 in the axial (longitudinal) direction. These 
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ratios will yield a bottle with a hoop tensile strength of 
about 29,000 psi (200 MPa) and an axial tensile strength 
of 15,000 psi (104 MPa). See acrylonitrile-styrene plas- 
tic; Coca-Cola bottle; Coor's beer bottle; ketchup 
bottle; mayonnaise jar; orientation. 
blow molding, stretched-operation As in non- 
stretched blow molding, stretched BM has in-line and 
two-stage processes. With in-line processing, the complete 
process is done on a single machine. The two-stage re- 
quires two machines: one molds the prefornis or an ex- 
truder producing the tube/parison, and the second takes 
the prefornis or tubes, to be reheated and blown. 

Stretch blow is extensively used with PET, PVC, ABS, 
PS, AN, PP, and acetal, although most thermoplastics can 
be used. The aniorphous types, with a wide range of ther- 
moplasticity, are easier to process than the crystalline types 
such as PP. If PP crystallizes too rapidly, the product is 
virtually destroyed during the stretching. Clarified grades 
of PP have virtually zero crystallinity and overcome this 
problem. The stretching process takes advantage of the 
crystallization behavior of the plastics and requires the pre- 
form or parison to be temperature-conditioned and then 
rapidly stretched and cooled into the product shape. 
blow molding, stretched-operation specialty Other 
techniques have been developed to produce stretched 
bottles/ containers with advantages, such as processing at 
lower temperatures or pressure. They include the dip 
blow-niolding process, where the blow pin dips into a 
premeasured plastic melt rather than receiving a preform; 
the melt shot is provided by an injection-molding ina- 
chine. One technique conibines extrusion (single as well 
as niultiple or coextruded film or sheet) and forming (such 
as thernioforming or compression molding) with the final 
preform stretched blow-molding operation. The scrapless 
forming process that uses extruded blanks is also applicable. 
See blow molding, compression-stretched; blow 
molding, dip and displacement; forming, scrapless. 
blow-molding stripping With transparent plastic, or 
other plastic, with or without graduations, they are coex- 
truded. 
blow-molding temperature control See tempera- 
ture controller. 
blow molding, three-dimensional See blow mold- 
ing, extruder three-dimensional. 
blow-molding temperature See melt-temperature 
effectiveness. 
blow-molding troubleshooting See troubleshooting. 
blow-molding venting See extruder venting; in- 
jection-molding venting; screw, venting; venting. 
blow-molding void See air entrapment. 
blow molding, volume-adjustment See blow 
molding, extruder, bottle volume adjustment. 
blow molding versus injection molding A signifi- 
cant difference exists between blow and injection inold- 
ing. BM usually requires only 25 to 12.5 psi (0.17 to 1.03 
MPa) pressure, with certain plastics or shapes up to 200 
to 300 psi (1.38 to 2.07 MPa). For IM, the pressure is 

usually 2,000 to 20,000 psi (13.8 to 137.8 MPa) and in 
some cases up to 30,000 psi (207 MPa). The lower pressure 
generally results in lower internal stresses in the solidified 
plastics and usually a more proportional stress distribution. 
The result is improved resistance to all types of stress (ten- 
sion, impact, bending, environment). Since only a female 
cavity mold is required, any changes to be made could 
literally be half of IM. UM does not permit meeting the 
tight tolerances achieved with IM. These processes meet 
different shape requirements. With BM reentrant curved 
or irregular shapes are easily obtained. With IM the ap- 
proach is predominantly to make separate parts arid in turn 
assembled (snap fits, adhesives, welded). See plastic 
competition; injection molding. 
blow molding wall-thickness control 
blow molding weld line 
blow molding zero defect 
blown film See extruder-blown film; extruder- 
blown film blow-up ratio. 
blow-up ratio The ratio of the diameter of a product 
such as a blow-molded bottle or extruded blown film to 
the die orifice diameter. See extruder-blown film 
blow-up ratio. 
bluing See mold bluing. 
bluing agent 
See optical brightener agent. 
bluing off See mold, bluing off. 
blush 1. The tendency of a plastic to turn white or 
chalky in areas that are highly stressed, such as the mold 
gate area during injection molding. Also called cl.ralkirzcq or 
cuazirzg. See chalking; crazing. 2. A fault sometimes 
found in finished plastic products due to the presence of 
water, migrating additives, or solvents. See plasticizer; 
lubricant bloom. 3. See mold-gate blush. 
board foot A unit of quantity equal to the volume of 
a board 12 X 12 X 1 inches (30.5 X 30.5 X 2.5 cm). 
boat 1. A tungsten container used to hold aluminum 
during vacuum metallizing. See metallizing, vacuum. 
2. A marine vehicle that makes extensive use of different 
types of plastics, including polypropylene arid reinforced 
plastic, that resist salt and fresh waters. See coating, anti- 
fouling; marine application; vinyl seagoing bag. 
body 1. A nonspecific term approxiniately synonynious 
with the terms rorrsistency or viscosity; usually descriptive of 
a liquid. 2 .  A part having a unique physical property. See 
radiation blackbody. 3. In biochemistry, an agglutinous 
substance present in blood or tissues. See chemistry, bio-. 
body putty See putty, body. 
boiling water See heat, latent. 
boiling point The temperature of a liquid at  which its 
vapor pressure is equal to or very slightly greater than the 
atmospheric pressure of the surrounding environment. For 
water at  sea level with 14.7 psi (100 kPa) atmospheric pres- 
sure, it is 212'F (100OC). See atmosphere; heat, latent. 
boiling point, absolute The boiling point of a sub- 
stance expressed in the unit of an absolute temperature 
scale. See temperature, absolute zero. 

See sensor. 
See weld line. 

See zero defect. 

A substance used to remove yellow light. 
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boiling pressure See pressure, boiling. 
bolster See mold chase. 
Boltzmann, Ludwig (1844-1906) A chemist, born in 
Vienna whose work became of interest in plastics because 
of his development of the kinetic theory of gases and rules 
governing their viscosity and diffusion. Boltzniann’s law 
and principle are still regarded as one of the cornerstones 
of physical science. See kinetic theory. 
Boltzmann superposition principle A basis for the 
description of all linear viscoelastic phenomena. No such 
theory is available to serve as a basis for the interpretation 
of nonlinear phenomena-to describe flows in which nei- 
ther the strain nor the strain rate is small. As a result, no 
general valid formula exists for calculating values for one 
niaterial function on the basis of experimental data from 
another. However, liniited theories have been developed. 
See kinetic theory; viscoelasticity, nonlinear. 
bomb See plasticator safety. 
bombardment See atomic nucleus bombardment. 
bomb effect See plasticator safety. 
bond breaker 
bond, chemical See chemical bond. 
bond, covalent 
bond, de- See debond. 
bond, heat See label, heat-transfer. 
bond order 
bond, sigma 
bond strength The unit load in tension, compresion, 
flexural, peel, impact, cleavage, or shear required in break- 
ing an adhesive assenibly with failure occurring in or near 
the plane of the bond. Also called adherence. See adhesive 
peel strength; reinforced-plastic peel ply; sandwich 
peel torque; strength, pull. 
bond, structural See structural bond. 
bonded abrasive See abrasive. 
bonded fabric See fabric bonded. 
bonding 1. A material or device for binding, uniting, fus- 
ing and/or strengthening materials. See adhesive; fusion; 
joining; seal; staking; transcrystalline growth; weld- 
ing; wetting agent. 2. The joining together of atoms to 
fominiolecules. See atom; chemical reaction; molecule. 
bonding capillary attraction See capillary at- 
traction. 
bonding, cold See press, cold. 
bonding, covalent See covalent bonding. 
bonding, diffusion The assembling or bonding of ccr- 
tain thermoplastic materials without the use of adhesives. 
When heat and pressure are applied, the plastic chains in 
the two adjoining thernioplastic layers diffuse into one. 
See diffusion. 
bonding forces, molecular See temperature and 
molecular bonding force. 
bonding, fusion See fusion. 
bonding, hot-plate See welding, hot-tool. 
bonding, hydrogen See hydrogen atom bonding. 
bonding, induction insert See insert induction 
bonding. 

See joining bond breaker. 

See electron, Lewis structure. 

See electron bond order. 
See electron bond, sigma. 

bonding, ionic See ionic bonding. 
bonding, lap See joining, lap. 
bonding, metal-to-plastic See metal-adsorption 
calorimetry; metal-to-plastic bond. 
bonding, nontacky 
bonding, peel strength See adhesive peel strength. 
bonding, secondary The joining together by the ad- 
hesive bonding of two or more already cured plastics (rein- 
forced plastics, thermoplastic sheets) and other material 
parts, during which the only chemical or thermal reaction 
occurring is the curing of the adhesive itself. See rein- 
forced plastic cocuring. 
bonding, solvent See adhesive, solvent. 
bonding, thermocompression The joining together 
of two materials without an intermediate material by the 
application of pressure and heat in the absence of an elec- 
tric current. 
bonding, ultrasonic See sealing, ultrasonic. 
bone ash See ash, bone. 
bone china Ceramic tableware of high quality in which 
a sniall percentage ofbone ash is incorporated. The major 
source for these products is England. 
bone surgery Sec biological activity. 
bookkeeping See business bookkeeping; legal 
matter. 
ccbo~k’7  opening press See clamping platen, 
“book” opening. 
Boolean algebra See computer science and al- 
gebra. 
booster See pressure booster. 
booster, ram Sce ram booster. 
boral See composite, boral. 
borane 
ron polymer. 
borate glass See glass, borate. 
bore 1. The inside of a barrel, such as a plasticating bar- 
rel. See barrel. 2. To  enlarge a hole with a boring tool, 
as a lathe or boring mill. 
borescoping See barrel borescoping. 
boron An element that is polymeric, being either amor- 
phous and reactive, or crystalline. Its melting temperature 
is about 2,300”C (4,172’F). It is alniost as hard as diamond 
and very inert depending on the method of its preparation. 
It is used in reinforcing plastics. See fiber, boron; rein- 
forcement. 
boron compound A compound that has numerous 
applications in the field of polymer chemistry. The larg- 
est area of application in this field is for inorganic and 
organic compounds of boron as catalysts and polynieriza- 
tion. 
boron polymer A macromolecule that is formed by 
polymerization of compounds containing, for example, 
boroii-nitrogen, boron-phosphorus, or boroii-arsenic 
bonds. See borane. 
borosilicate glass See glass composition. 
boss See design boss. 
bossed, de- 

See fastener, mechanical non-. 

Binary boron-hydrogen conipound. See bo- 

See mold cavity, debossed. 



Boston round 
bottle A light-weight container that is made in different 
shapes to meet different service perforniance require- 
ments. See beer bottle; blow molding; blow-molding 
handle; blow molding; stretched; Coca-Cola bottle; 
container; Coor’s beer bottle; design of the bottle 
base; energy and bottle; ketchup bottle; legal mat- 
ter: bottle bill; mayonnaise jar; packaging; polypro- 
pylene plastic, transparent blow molding; recycling; 
waste. 
bottle, carboy A bottle or container that is made ofplas- 
tic, glass, or metal and is cushioned in a special container. 
bottle coating with glass See barrier, glass coating. 
bottle code system A continuously debatable subject 
on which progress continues to develop worldwide. For 
example, a code system to identify the type of plastic used 
to fabricate a bottle or container was developed to assist 
waste-treatment facilities. The Society of the Plastic Indus- 
try established in 1988 a natioiially recognized voluntary 
system usually located at the bottom of the bottle that has 
been used for recycling. The three-triangle arrow synibols 
are used with the plastic abbreviations in its center. The 
plastics identified include PET, HDPE, LDPE, PP, and 
PS. See container code system; recycled plastic iden- 
tified. 
bottle, collapsible See design, collapsible-bottle. 
bottle, cryogenically cooled filling Cryogenically 
cooled PET bottles have been filled at 90’ to 93’C (1 95’ 
to 200’F) or possibly lower instead of the usual untreated 
85°C (1 8S°F), with the added benefits of longer shelf life 
without additional cost. 
bottle leakage test See test, soap-bubble. 
bottle lug 1. A type of thread configuration, usually 
with thread segments disposed equidistantly around the 
bottleneck (finished), 2. A small indentation or raised por- 
tion on the surhce of a container provided as a nieaiis of 
indexing the container for operations such as multicolor 
decoration, labeling, or filling. 
bottle manufacture See blow molding. 
bottle market Markets for plastic bottles include beer, 
beverage, detergent, juice, hot and cold liquid, food, li- 
quor, wine, health care, and water. See container mar- 
ket; packaging, beverage-can. 
bottle nipple 
bottle, opaque milk White pigmented rather than 
clear transparent higli-density polyethylene bottles that are 
used to protect milk from light, which is said to cause it 
to lose vitamins and taste. This effect is debatable since the 
milk is not sufficiently exposed to light to cause degrada- 
tion. Recyclers report that pigmented plastic is worth 
about 60‘% of the natural HDPE plastic. 
bottle sealing plane It is the plane on the inside of a 
bottle cap along the sealing surface. 
bottle sorter, optical A device used to separate recy- 
clable plastics such as plastic bottles. Optical sensors are 
used with mechanical separation of bottles by type of plas- 
tic. Systems are used that are similar to x-ray sorting de- 

See container, Boston round. 

See silicone molding compound. 

vices. See recycling, automatic-sorting plastic; sen- 
sor, inductive and capacitive proximity; sensor, 
nuclear. 
bottle standard marine reference material (SRM) 
Enviroriiiieiital agencies, as well as others studying pollu- 
tion in the nation’s waterways, need materials containing 
an accurate composition of various compounds as a check 
to verify the reliability of laboratory instruments and 
methods. The National Institute of Standards and Tech- 
nolow (NIST) has developed a bottle standard marine ref- 
erence material (SRM) for this purpose. It contains marine 
sediment with a wide range of pollutant compounds of 
interest to environmental scientists. The sediment mate- 
rial, which has certified values of 1 1  polycyclic aromatic 
hydrocarbons (I’AHS), was collected froni the Chesapeake 
Bay area near Baltimore harbor. It  is a dry powder that 
caii be reconstituted into a wet form so that the con-  
pounds can be extracted by solvents for organic analysis. 
See environment. 
bottle volume adjustment See blow molding, ex- 
truder, bottle volume adjustment. 
bottle weight controller A close-loop control system 
that adjusts extruder and injection blow iiioldirig opera- 
tions in response to a high-speed bottle-weighing device 
on the output conveyor. 
Bouguer’s law The rule that the absorbency of a ho- 
mogeneous sample is directly proportional to the thickness 
of the sample in the optical path. Also called Larrzhert’s lnw. 
bouncing putty See putty, bouncing. 
bowed roll See extruder roll, spreader/expander. 
Bower-Beaman Rule See glass transition tempera- 
ture and melting temperature. 
box beam 
Boyle’s law 
der Waal’s force. 
Brabender plasticorder flow 
plasticorder rheometer melt-flow. 
brackish water See water, brackish. 
braiding 
trusion, braided. 
branching See polymer, branched. 
brashiness See brittle brashiness. 
brass An alloy of copper and zinc used in the inanufac- 
ture of molds, dies, and instruments. One of its desired 
and excellent properties is good heat transfer. See dit mute- 
rial; mold ~izatcrial.  

breaker extension See rupture; tensile strain rup- 
ture. 
breaker plate 
breaking strength See fracture strength; tensile 
strength. 
breakout See fiber breakout. 
breathable film 
breathing 
Brewster’s constant law 
photoelastic stress-analysis. 
brick refractory See refractory, brick. 

See design, optimized; design shape. 
See gas pressure and temperature; van 

See test, Brabender 

See fiber braided; reinforced-plastic pul- 

See screen-pack breaker plate. 

See packaging, breathable film. 
See mold breathing; porous, micro-. 

See test, nondestructive 
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bridging 1. See screw/barrel bridging. See 2. See 
reinforced plastic pultrusion, shrinkage in. 3. See re- 
inforced plastic molding fiber shrinkage. 
brightener See optical brightener agent. 
brine See water brine. 
Brinell hardness 
Brintzinger A chemist from Konstanz University, 
Hamburg, Germany, who in 1982 was the first to report 
on rnetalloorganic (metallocene) coniplex compounds of 
titanium and zirconium. Science and industry soon used 
his discovery to develop new polymerized compounds 
such as polyethylene and polypropylene plastics. Unlike 
its classical predecessors, the structure of inetallocenes can 
be analyzed in all types of details, enabling it to be adapted 
to suit the requirements of the plastic researchers with a 
broad scope of possible variations. See catalyst, metallo- 
cene. 
briquet See material, briquet. 
bristle 1. A generic term for a short stiff, coarse fiber. 
2. A term for the hair of the hog. 
British thermal unit (Btu) A British thermal unit is 
the energy needed to raise the temperature of 1 lb ofwater 
1°F (0.6"C) at sea level. As an example, one lb of solid 
waste usually contains 4,500 to 5,000 Btu. Plastic waste 
contains greater Btu than other niaterials of waste. See 
calorie; energy consumption; heat. 
brittle Easily broken, damaged, disrupted, cracked, 
snapped. See design-failure theory, Griffith; metal 
fracture. 
brittle brashiness Brittleness resulting from drying or 
plasticizer migration. 
brittle erosion behavior See erosion behavior, 
brittle. 
brittle failure A complete fracture of the material in the 
direction perpendicular to the direction of loading with- 
out obvious, uniform cold drawing. See design-failure 
theory, Griffith; forming, cold-drawing; fracture, 
brittle; test analysis, micromechanical. 
brittle-from-ductile transition temperature See 
molecular weight, toughness, and temperature. 
brittleness The lack of toughness. Plastics that are brit- 
tle frequently have lower impact strength and higher stiff- 
ness properties. A major exception is reinforced plastics. 
See chemical and physical characteristics; embrit- 
tlement; extruder film brittleness; glass transition 
temperature and brittleness; hydrogen embrittle- 
ment; test, nondestructive stress-strain measure- 
ment, brittle lacquer technique, toughness; tough- 
ness, area under the curve; viscoelastic. 
brittleness temperature The temperature statistically 
calculated wherc SO'%, of the specimens would probably 
fail 959'1 of the time when a stated minimum number are 
tested. The 50% failure teniperature may be determined 
by statistical calculations. See statistical normal curve. 
brittle point The highest teniperature at which a plastic 
or elastomer fractures in a prescribed inipact test proce- 
dure. See test, impact. 

See test, Brinell hardness. 

broach 1. To finish the inside of a hole to a shape usu- 
ally other than round. 2. A tool with serrated edges pushed 
or pulled through a hole to enlarge it to a required shape. 
broadgood See fabric, broadgood. 
brominated See phosphorous-base flame retar- 
dant. 
Bronsted-Lowry acid A substance capable of donating 
protons. See acid-base pair, conjugate; proton. 
Bronsted-Lowry base A substance capable of ac- 
cepting protons. See proton. 
bronze An alloy of copper and tin, unless otherwise 
specified. It is used in mold and die manufacture. See 
mold material. 
bronze pigment See color, special-effect; pig- 
ment, metallic. 
bronzing 1. A term sometimes used for ylastir bleedirg. 
See bleeding; migration. 2. The appearance of an iri- 
descent metallic luster caused by a film of dry pignieiit on 
a glossy surface. 
Brookfield viscometer See viscometer. 
Brownian movement See colloidal. 
B-scan See data, B-scan. 
B-stage See A-B-C stages. 
Btu See British thermal unit. 
Bu Informal abbreviation for byty l .  
bubble 1. A void, or globule of gas or air, trapped in a 
plastic product, usually as a result of faulty processing. See 
air entrapment. 2. In extruded blown (tubular) film pro- 
duction, the tube extending from the die to the nip roll. 
See extruded blown film. 
bubble forming See thermoforming, bubble. 
bubble pack See packaging, bubble-pack. 
bubbler 
buckling See compression buckling. 
budgeting See business. 
buffer A material or device placed in a container to po- 
sition or protect the contents from the forces of impact. 
Buffers are usually made of a cushioning, corrugated, or 
coniprersible foani-type material. 
buffer action See pH buffer action. 
buffer, spectrochemical See spectrochemical buf- 
fer. 
buffing The smoothing of a surface by means of, LISLI- 

ally, a rotating flexible wheel that has a liquid suspension, 
paste, or grease stick form that contain fine, abrasive parti- 
cles. See ashing; finishing, ashing and lapping; pol- 
ish; surface finish. 
building and construction Products (concrete, bricks, 
sand, etc.) used in these industries represents about 4S'X 
of all industrial raw niaterials consumed worldwide- 
about the sanie volume as lumber. I n  the United States 
about 20wt'X represents plastic consumption. Plastics in 
this market provide advantages such as performance and 
endurance, insulation, aiid cosmetics. See antimicrobial 
agent; building and construction market; plastic 
consumption; plastic growth; plastic properties; 
Figure 4, Guide to the Plastic House. 

See mold cooling channel bubbler. 
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building and construction market The usually re- 
ported second-largest market for plastics is building and 
construction, which consumes about 20wt%, with pack- 
aging in first place at 30%. However, the amount of plas- 
tics is only about 5% of all materials consumed in building 
and construction s o  that a large growth area exists for plas- 
tics when the price is right since their properties provide 
durability. Different plastics that are used include extruded 
profiles, paneling, insulation, and colunin support or rein- 
forcing. See bitumen; building and construction; 
canopy; Corian; plastic house; plastic markets, 
product and material; plastic properties; reinforced 
plastic; vinyl composition tile. 
building and construction sewer rehabilitation See 
sewer rehabilitation. 
building material, perlite A forni of rock, similar to 
obsidian, that is mixed with plastics or cement to produce 
a lightweight building material with good insulation char- 
acteristics. 
building syndrome, sick See antimicrobial agent. 
bulk density See compaction; densification pro- 
cess; density, apparent; density, bulk. 
bulk factor 1. The ratio of volume of a raw material 
to the volume of the fabricated part or waste before and 
after compaction. See density, bulk; mold; loading 
well; packing factor; reinforced plastic debulking. 
2. A term used to describe the volume occupied by a spe- 
cific weight of material to be processed. See mold well. 
bulking agent A material or chemical added to another 
chemical that increases the quantity of the mixture re- 
quired without changing the cheniical activity of the total. 
bulk material handling See conveying, pneumatic; 
material handling. 
bulk molding compound A high-performance niold- 
ing conipound consisting of short glass fiber with therino- 
set polyester plastic. Also called dough nzolding compound. 
See blender, dough; injection molding, bulk mold- 
ing compound; mixer-blender with impeller; mold, 
compression shear-edge; molding, sheet-molding 
compound and vacuum-press; polyester plastic, 
thermoset; reinforced-plastic bulk-molding com- 
pounding; sheet-molding compound; sheet-mold- 
ing compound and bulk-molding compound re- 
cycling. 
bulk storage Tanks or silos large enough to accept bulk 
shipnietits of individual substances. See storage; storage, 
silo; warehousing. 
bumper fascia See automobile bumper fascia. 
bumping 1. See mold breathing. 2. The uneven 
boiling of a liquid that is caused by irregular rapid escape 
of large bubbles of highly volatile components as thc liquid 
mixture is heated. 
bun See foamed bun; foamed sheet stock. 
buna-n 
polynierization of butadiene and acrylonitrile. 
buna-s 
polymerization of butadiene and styrene. 

Synthetic elastomer/rubber produced by the 

Synthetic elastoiiier/rubber produced by the 

bureaucratic dry rot See World of Plastics Re- 
views: Thinking Like a Manager and Managing for 
the Long Run. 
burlap See fabric, burlap. 
burn See safety and machines. 
burned A carbonizing condition showing evidence of 
the plastic’s thermal decomposition or degradation 
through some discoloration, distortion, or localized de- 
struction of the surface. See fire; flammability. 
burning adiabatically See adiabatic flame temper- 
ature. 
burning rate The tendency of a part to burn at a given 
temperature. See flame resistance; flammability. 
burnish 1. The smoothing of a fabricated part’s surfaces 
by means of tumbling such as using a role mill. See mill, 
roll; surface treatment; tumbling. 2. To smooth or 
polish by a rolling or sliding a tool under pressure. See 
finish; polish. 
burnishing, grease A modification of the tumbling 
process used to impart a surface gloss to plastics, particu- 
larly castings. A number of products, such as chalk, greasy 
sawdust, and wax, are used in a tumbler to produce fin- 
ished parts. See tumbling. 
burn line A dark streak of decomposed plastic in a prod- 
uct, such as a blow-molded product, caused by improper 
processing of the plastic. 
burn mark An area of degraded or oxidized plastic on 
or in a molded product that could be due to insufficient 
cavity venting or iinproper melting. It showy evidence of 
thermal degradation through some discoloration on its 
surface, similar to the action with a burn-line. 
burst strength 1. The ability of a material to withstand 
internal hydrostatic or gas dynamic pressure without rup- 
ture. Hoop stress results from quick burst internal pressure, 
such as in a pipe or tank. 2. The hydraulic pressure re- 
quired to burst a container. 3. The force required ruptur- 
ing a material (film, sheet, fabric, etc.) under specified con- 
ditions. See punching device; tear failure; test, burst 
Mullen; test, dart-drop impact; test, tear-resistance. 
bus A cable used to transmit data from one part of a 
computer to another between components of the system. 
See computer architecture. 
business See backlog; capital equipment invest- 
ment; cost; data-management system; entrepre- 
neur; fabricating employment; fabricating out- 
sourcing; gross domestic product; legal matter: 
agreement not to complete; management crisis; 
manufacturing execution system; military market; 
monitoring instances and suppliers; plastic compe- 
tition; plastic economy; processing; profit; purchase 
order; to purchase order; blanket; quality auditing; 
quality control; return in investment; sale invest- 
ment turn; specification and standard limitation; 
Variable; wholesaler; World of Plastic Reviews: 
Thinking Like Manager and Managing for the Long 
Run. 
business amortization Spreading out cost (capital 



Rosato,  Rosato,  and Rosato 129 

equipment, tools, plastic materials, etc.) over a period of 
time. 
business bookkeeping An accounting method that 
clearly shows income, expenses, assets, liabilities, and eq- 
uity (net worth). The single-entry system is simple and 
easy to maintain since it basically includes only income 
and expenses. The double-entry system records total entry 
transactions and has built-in checks and balances to ensure 
accuracy and profit-or-loss control. See A-B-C analysis; 
backlog; capacity overhead rate; capital equipment 
investment; computer electronic document and re- 
trieval system cost; economic evaluation method; 
invest early; profit; project checklist. 
business card, electronic An integrated-circuit busi- 
ness card that has an electronic chip sandwiched between 
thin layers usually of polyvinyl chloride or ABS plastic. 
The cards can keep a complete record of transactions that 
can be useful, such as health care and banking. See credit 
card. 
business toll A business that has custom-made prod- 
ucts. See processor, custom. 
butadiene A gas that is insoluble in water but soluble 
in alcohol and ether. It is obtained from the cracking of 
petroleum, coal tar benzene, or acetylene produced from 
coke and lime. It is widely used in the forniation of co- 
polymers with styrene, acrylonitrile, vinyl chloride, and 
other nionomeric substances where it imparts flexibility to 
the processed products. 
butadiene-acrylonitrile copolymer elastomer See 
nitrile rubber. 
butadiene rubber A synthetic rubber used in plastic 
compounding such as butadiene-styrene and acrylonitrile- 
butadiene-styrene. 
butt fusion 
button See casein plastic. 
buttress thread See thread, buttress. 

See welding, hot tool. 

butt wrap 
butyl acetate A solvent that is widely used in the mak- 
ing of photographic films, printing inks, aircraft dopes, ad- 
hesives, and coatings. See solvent. 
butyl acrylate A colorless liquid that is nearly insoluble 
in water and polymerizes readily on heating. It  is used as 
an intermediate for polymers, copolymers, or organic syn- 
thesis. 
butyl alcohol A solvent that is used in the fabrication 
of cellulose nitrate plastics and with urea and nielamine 
formulations for surface coatings. It is also an important 
solvent for phenol and urea formaldehyde plastic adhe- 
sives. 
butyl diglycol carbonate A colorless, combustible liq- 
uid with a boiling range of 164 to lh6'C. It is used as a 
plasticizer and solvent in lubricants. See plasticizer. 
butyl epoxy stearate A plasticizer for PVC, imparting 
low-temperature flexibility. 
butyl ether An excellent solvent for many plastics and 
miscible with most organic solvents. It is stable and has a 
high boiling point. See solvent. 
butyl rubber A synthetic elastomer/rubber that is pro- 
duced by the polymerization of isobutene and other unsat- 
urated hydrocarbons such as butadiene. See polyiso- 
butylene butyl rubber. 
butyl stearate A mold lubricant and also a plasticizer 
compatible with natural and synthetic rubbers, chlorinated 
rubber, and ethyl cellulose. In polystyrene plastic produc- 
tion, it is added to the eniulsion polyinerization system to 
impart good melt flow. 
butyrate plastic A common name for cellulose acetate 
butyrate (CAB). See cellulose acetate butyrate plastic. 
butyrolactone A hygroscopic, colorless liquid used as 
a solvent for epoxy, cellulosic, and vinyl copolymer plas- 
tics. See solvent. 
buy or lease 

See filament winding butt wrap. 

See capital equipment investment. 
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cable 
cable coating See coating. 
cable insulation water treeing The breakdown of ca- 
ble insulation caused by moisture in the presence of an 
electrical field. 
cable processing 
cable wrap See orientation and heat-shrinkability. 
cadmium A heavy metal element used as a pignient in 
plastic. It is being replaced due to its hazardous nature. 
See colorant; pigment. 
cage mill See mill, cage. 
cahutchu See rubber, natural. 
caking, plastic 
ing cake forming. 
calcined gypsum 
calcining The heating of inorganic materials to a high 
temperature but without fusing to drive off volatile matter 
or to effect changes such as oxidation or pulverization. See 
fluid-bed process; fusion; material pulverizing. 
calcite The inost coninion form of natural calcium car- 
bonate. I t  is used as a filler in plastics. See calcium car- 
bonate. 
calcium carbide (CaC,) A soft white mineral (chalk), 
odorless and tasteless, which when ground and purified is 
used as a filler or color whitener for plastics. It can also 
increase toughness of the plastics. The natural form is the 
calcereous remains of minute niarine organisms, deconi- 
posed by acids and heat. For large production use, it is 
made froin coal and lime in an electric furnace a t  2000OC. 
It  reacts vigorously with water to give ethane. See acety- 
lene; calcining; fluid-bed process. 
calcium carbonate (CaCOJ The coninion mineral 
form of calcite used as a filler and extender. C a C 0 3  is 98% 
pure with silica, iron, aluminum, and/or magnesium. It 
is a nuisance particle dust if not properly handled and con- 
tained. ‘Thic white powder is used in paint nianufacture 
and the iiiaiiufacture of rubber tires. Also called ground 
limestone, rnarhlc, dust, chalk, wlzitiry, arid ralcitr. See calcite; 
Chinese white; coral; filler versus unfilled com- 
pound; limestone; material, powder; pigment, ex- 
tended. 
calcium chloride (CaC12) A colorless, deliquescent 
powder that is soluble in water and ethanol. It is used as an 
antidust agent and antifreeze. See dust; ethylene glycol. 
calcium hydroxide (Ca(OH),) A white crystal, 
slightly soluble in water and used in cement, mortar, and 
the nianufacture of calcium salts. Also called hydrated limp. 
See cement; chemistry, acetylene; lime. 
calcium oxide See lime. 
calcium silicate (CaSiOJ A naturally occurring min- 
eral found in nietaniorphic rocks. It is used as a reinforcing 

See extruder wire and cable. 

See extruder, wire and cable. 

See anticaking agent; filament wind- 

See plaster of Paris. 

filler in thermoset polyester molding coinpourids, LDPE, 
and so on. It provides smooth molded surhces and low 
water absorption. 
calcium sulfate See gypsum. 
calcium sulfide (Cas) A yellow to light gray powder 
with the odor of hydrogen sulfide in moist air that irritates 
people’s skin. It  is used in luininous paint, as a lubricant 
additive, and as a floatation agent. See luminescent pig- 
ment; paint. 
calculus The inatheinatical tool used to analyze changes 
in physical quantities, comprising differential and integral 
calculations. I t  was developed during the seventeenth cell- 
tury to study the four major classes of scientific and niathe- 
inatical problenis of that time: (1) to find the maxiiiium 
and mininiuni value of a quantity, such as the distance of 
a planet froin the sun, (2) given a formula for the distance 
traveled by a body in any specified amount of time, to find 
the velocity and acceleration of the body at any instant; (3) 
to find the tangent to a cu iw at  a point; and (4) to find 
the length of a curve, the area of a region, and the volume 
of a solid. These problems were resolved by the greatest 
minds of the seventeenth century, culiniiiating in the 
crowning achievements of Gottfried Wilhelni (Gerinany 
1646-1727) and Isaac Newton (England 1642-1 727). 
Their information provided useful information for today’s 
space travel. See atmosphere; mathematics. 
calender A system of large-diameter heated precision 
rolls whose function is to convert high-viscosity plastic 
melt into film, sheet, or coating substrates. The calender 
was developed over a century ago to produce natural rub- 
ber products. With the developments of thermoplastics, 
these rnultiniillion dollar extremely heavy calender lines 
started using TPs and more recently process principally 
much more TP materials. The eyuipnient can be arranged 
in a nuniber of ways with different coinbinations available 
to provide different specific advantages to meet different 
product reyuirenients. See process control; web. 
calenderette A series of rolls that are used as the hnul- 
off in sheet or film extrusion or a series of rolls used to 
produce sheet or film. See extruder flat film; extruder 
sheet. 
calendering bank calendering See calender. See 
bank. 
calendering bowl 
calendering bowl deflection The distortion suffered 
by calender rolls resulting from the pressure of the plastic 
running between them. If not corrected, the deflection 
produces a sheet or film thicker in the middle than the 
edges. 
calendering cleaning See cleaning. 
calendering coating 

One of a set of chilled cast rolls. 

The coating of paper, textile, or 
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plastic by calendering. For one-sided coating a calender 
with three rolls is usually sufficient, although four rolls are 
frequently used for extremely thin coatings. Double-sided 
coating can either be done simultaneously on both sides 
using a four-roll or sequentially by two three-roll calen- 
ders. See calendering-in-train. 
calendering coating, frictional The process whereby 
an elastomeric compound is forced into the interstices of 
woven or cord fabrics while passing through calender rolls. 
See fabric. 
calendering configuration, roll A configuration of 
two to seven rolls. The number of rolls and their arrange- 
ment characterizes them. Examples of the layout of the 
rolls are the true L, conventional inverted L, reverse-fed 
inverted L, I, Z ,  and so on. The most popular are the 
four-roll inverted L and Z rolls. The Z calenders have the 
advantage of lower heat loss in the film or sheet because 
of the melt’s shorter travel and the machine’s simpler con- 
struction. They are simpler to construct because they need 
less compensation for roll bending. This compensation oc- 
curs because there are no more than two rolls in any verti- 
cal direction as opposed to three rolls in a four-roll in- 
verted L calender and so on. See roll. 
calendering control An automatic web-thickness pro- 
file control. See control actuator; die head, pro- 
grammed; microprocessor control; process control. 
calendering, controlled nip pressure An adjustable 
nip or controllability of the nip pressure required to pro- 
duce products of uniform quality and thickness, with de- 
fined properties. Control across the full roll width is 
achieved by various niethods, such as suitable compensa- 
tion of the deflection of a pair of rolls; mechanical-geo- 
nietrical compensation, such as roll bending, axis crossing, 
and crowning of the rolls; and hydraulic conipensation sys- 
tenis. Calendering in the manufacture and surface finishing 
of plastic products, such as nonwovens and woven fabrics, 
requires roll systems to meet stringent requirements. See 
extruder roll; nip. 
calendering cost Lines can start at $1 million. Probably 
the largest line processing PVC sheet was built by Kleine- 
wefers Kunststoffanlagen GmbH, in Munich, Germany, 
at  a cost $33 niillion in 1999. It is a 5-roll using L-type 
configuration. They have 3,500 iiini roll-fdce widths and 
770 nini diameters with an output rate at  4,000 kg/h. 
calendering credit card 
calendering finish 
by nieans of a calender stack. See surface finish. 
calendering, foam See foamed sheet stock. 
calendering, friction A process whereby an 
elastonieric/rubber compound is forced into the inter- 
stices of woven or cord fabrics while passing through the 
rolls of the calender. 
calendering grain The difference in properties length- 
wise and crosswise in the calendered film or sheet. Proper- 
ties in these two directions usually differ-for example, 
higher tensile strength occurs in the lengthwise direction. 
See directional property. 

See credit card. 
A film or sheet surface that is glazed 

calendering-in-train The operation of two calenders 
as a single unit, generally where the first calender coats 
one side of a material (plastic, fabric, etc.), which is led 
immediately to the second calender where the other side 
is coated. See calendering coating; train. 
calendering lockout See safety machine lockout. 
calendering material The preparation of the material 
or compound is usually done by computer-controlled 
electronic weighing scales that supply precise amounts of 
each ingredient to a high-intensity mixer. The still-dry, 
free-flowing blend is then charged to a feed hopper where 
it is screw fed into a continuous niixer such as an extruder 
and/or kneader. Under the action of a mixer’s reciprocat- 
ing screw in the confined volume of the niixer chamber, 
the blend begins to flux or masticate into the required plas- 
tic state. Usually the next step is to force it out ofthe barrel 
of the mixing chamber through a die producing strands. 
The strands can exit as a continuous rope or be chopped 
into small baseball size buns. This hot plastic material may 
be passed through a two-roll niill and/or be directly con- 
veyed to the top of the calender rolls. The (usual) parallel 
rolls have extremely flat surfaces and rotate at possibly the 
same speed but usually at  slightly different speeds de- 
pending on the plastic being processed. Although plastic 
forming occurs in the calender itself, down-stream preci- 
sion cooling rolls operating equipment are needed to pro- 
duce the thermoplastic film or sheet. See die; kneading; 
masticate; mill; mixer; plastic consumption; vulca- 
nization. 
calendering material, frictional coat See calen- 
dering, friction. 
calendering melt tracer See tracer. 
calendering neck-in See extruder neck-in and 
beading. 
calendering optical sheet See troubleshooting op- 
tical sheet. 
calendering or extrusion Two methods of making 
film and sheet. Factors that govern the advantages and dis- 
advantages of each process can interact in a complex way. 
Factors to be considered include (1) type of material to 
be processed, (2) quantity of product to be produced, (3) 
thickness and uniformity required on film or sheet, and 
(4) costs. The capital equipment and replacement parts in 
calendering lines are more expensive. The very small, un- 
sophisticated lines start about the million-dollar range 
compared to the much lower-cost extrusion lines. In gen- 
eral, plagtic materials such as polyethylene, polypropylene, 
and polystyrene film and sheet are usually produced 
through the rather conventional extrusion lines. To  pro- 
duce polyvinyl chloride film and sheet in large quantities, 
calendering is alniost always used since the process is less 
likely to cause degradation than is extrusion and also has 
dimensional and cost advantages. 

A web thickness between 0.002 to 0.020 in. (0.05 to 
0.50 mm) is generally the kind of plasticized film and 
sheeting produced by calender lines. For extremely light 
gauges, those under 0.001 in. (0.02 nini), calendering 
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could become impractical or damagmg to the equipment: 
for certain materials the thin webs have poor strength and 
also very high forces can develop on the matting of heavy- 
duty rolls. 

For very heavy or thick gauges such as sheeting over 
0.020 in. (0.50 mm), calendering may not be the optimum 
method ofproduction. There may not be enough shearing 
action that can be put into the rolling banks to keep the 
compound at uniform temperature. In addition, the sepa- 
rating forces on the rolls get so low that gauge variations 
could become prohibitive. 

It can be said that basically the upstream and down- 
stream procedures are similar in production lines whether 
calenders or extruders are used. For a given quantity of 
output, it is usually necessary to have more extruders than 
calenders. This situation make5 the extrusion lines more 
flexible and more able to handle relatively short produc- 
tion runs. The extrusion flexibility, when compared to 
calendering, includes ease of changing product thick- 
nesses, widths, and materials. 

Calenders are capable of higher production speeds. 
Thus, there are situations where they provide a favorable 
situation for long runs. For these long runs, cost advantages 
exist. Tolerancewise the calender is easier for producing 
products that can meet tighter minimum-to-niaxinium 
thicknesses on sheets and films. Calendering also provides 
product uniformity. Constant in-process monitoring and 
continuous profile adjustments are usually a significant ad- 
vantage of calendering over other methods. 
calendering orientation See orientation, tenter 
frame and roll. 
calendering plate-out See plate-out. 
calendering pressure force Variations in these multi- 
million dollar calender lines are dictated by the very high 
force exerted on the rolls to squeeze the plastic melt into 
thin-film or sheet-web constructions. High force at least 
up to 6,000 psi (41 MPa) could (if rolls were not properly 
designed and installed) bend or deflect the rolls, producing 
gauge variations such as a web thicker in the middle than 
at the edges. During calendering, particularly film, roll- 
separating forces in the final nip may be as high as 6,000 
psi. This potential problem is counteracted by different 
methods that include (1) crowned rolls, which have a 
greater diameter in the middle than the edges; (2) crossing 
the rolls slightly (rather than having them truly parallel), 
thus increasing the nip opening at both ends of the roll; 
and (3) roll bending, where a bending moment is applied 
to the end of each roll by having a second bearing on each 
roll neck, which is then loaded by a hydraulic cylinder. 
Controls are used to perform any roll bending and crossing 
of the rolls. 
calendering programmable controller safety See 
programmable-controller safety. 
calendering roll See calendering configuration, roll. 
calendering safety Various safety devices are used in 
different sections of the calender, from start to the end 
of the line. Material being fed into compounding/mixing 

machines includes safety devices that protect people and 
the machines (by eliminating contaminants, for example) 
and a safety bar that is located at  the nip (“bite”) of the 
rolls. See nip; safety. 
calendering, sheet A sheet obtained from a calender. 
See extruder sheet. 
calendering temperature sensitivity See tempera- 
ture sensitivity. 
calendering web See web. 
calendering, Z A calender with four rolls arranged so 
that the plastic material being processed passes through 
them in the form of the letter Z .  
calendering zero defect 
calibration 1. A comparison ofthe indication or output 
of a measuring device with respect to that of a standard. 
2. The setting of individual instruments and component 
devices to give the precise output needed for correct pro- 
cessing operations. 
Calibre Dow Chemical’s trade name for its family of 
polycarbonate plastics. 
caliper A measuring device, such as a micrometer, that 
has a graduated scale for exact measurement. See mea- 
surement. 
calorie The amount of heat needed to raise 1 g of water 
1°C at 1 atm. The abbreviation for calorie is C or c d ;  
when identifting kilogram calories use kcal. See British 
thermal unit; energy consumption; energy effi- 
ciency; heat. 
calorimeter An instrument capable of making absolute 
measurements of energy deposition (or absorbed dose) in 
a material by measuring its change in temperature and im- 
parting a knowledge of the characteristics of its material 
of construction. See adiabatic calorimeter; differential 
scanning calorimetry; energy absorption; radiation 
dosimeter, primary standard. 
calrod heater See thermoforming heater, metal- 
sheathed. 
camelback See rubber tire camelback. 
camphor An important plasticizer for cellulose nitrate. 
It  occurs naturally in the wood of camphor trees or can 
be produced synthetically. 
CAMPUS database This computer-aided material 
preselection by uniform standards of testing method (soft- 
ware) compares different plastics available from different 
material suppliers. Special CAMPUS pages are on suppli- 
ers websites and are updated each time they finish further 
testing of new materials. Its data can be directly merged 
into computer-aided engineering programs. CAMPUS 
provides comparable property database on a uniform set 
of testing standards on materials along with processing in- 
formation. The database contains single-point data for nie- 
chanical, thermal, rheologcal, electrical, flammability, and 
other properties. Multipoint data are also provided such as 
viscosity versus shear rate at multiple temperatures, secant 
modulus versus strain, and tensile stress-strain over a wide 
range of temperatures. See computer-aided engi- 
neering; plastic material selection. 

See zero defect. 



Canada melt flow test See test, Canadian melt 
flow. 
can, beverage See bottle; container; packaging, 
beverage-can. 
candela T h e  luniinous intensity, in a gwen direction, 
of  a source that emits inoiiochrornatic radiation of  fre- 
quency 540 X 10- hertz and that has a radiant intensity in 
that direction of  1 /683  watt per steradian. See geometric 
steradian; luminous flux; measurement; radiation, 
monochromatic. 
canopy 1. Ai1 ornamental rooflike structure that in- 
cludes transparent or translucent plastic enclosures in  
shapes such as blisters, corrugations, arid ribbing. See 
building and construction market. Canopies are trans- 
parent enclosures over an airplane cockpit. See injection- 
molding aircraft canopy; transparent. 2. T h e  lifting 
or  supporting surface of a parachute; usually made of  wo- 
ven nylon fibers arid nylon major support cords. 
canopy, rain-forest Small to very large enclosures 
where people or  vegetation exist in a controlled atino- 
sphere. Transparent large plastic panels are usually used 
supported by geometric reinforced plastic frames. See rain 
erosion; reinforced plastic; transparent plastic. 
cantilever beam See flexural testing; test, deflec- 
tion temperature under load. 
cantilever, snap-fit See design, snap-fit. 
cantilever, spring See design, spring. 
canvas See fabric, canvas. 
capacitance See electrical capacitance. 
capacitor coating See parylene plastic. 
capacity overhead rate See business bookkeeping; 
capital equipment investment; economic evalua- 
tion; production capacity overhead rate. 
capillarity The  attraction between rriolecules, similar to 
surface tension, that results in the rise ofa liquid in small tubes 
or fibers, as can occur in filled coinpounds or reinforced 
plastics. See condensation, capillary; drying, capillar- 
ity; rheometer, capillary; viscometer, capillary. 
capillary attraction T h e  force of adhesion or  bonding 
between a solid and a liquid in capillarity. See adhesive. 
capital and inventors In 1871 Simon Iiigersoll, an in- 
ventor with many patents, including rock-drill mining 
patents, considered hiniself a pure inventor who \vas part 
of  a necessary equation for the advancement of technol- 
ogy. H e  wrote that to put over a new thing in the interest 
of the Iiuman race, it is necessary for some individuals to 
go “crazy” over a subject. It is equally iniportant that (usu- 
ally) someone else should furnish the money. Thus, this 
combination of  a crazy inventor and capital equals the ele- 
ments necessary to success. 
capital equipment investment When a plant is to 
purchase equipment, a buy, loan, or  lease can be used. 
Many factors iiifluerice the final decision, such as new 
equipment that processes inaterials at a faster rate then the 
old equipment did. If cash is used to purchase faster equip- 
ment, then additional cash will be required to purchase 

more material, possibly more handling equipment, storage 
facilities for inaterials and products, arid so on. Deterinin- 
ing the true cost of  each iiivestnient is based on developing 
the proper comparisons. If the comparison is based on total 
costs, then the usual way to go is cash. If cash is not avail- 
able, then a loan is a consideration. Those with low tax 
rates or  investment credit-absorption liniitations could 
find leasing more attractive: (1) usually it is more cortly 
to lease, (2) but cash outlay and down payment could be 
eliminated, (3) borrowing capacity increases, (4) it niay be 
a way to gain additional assets, and (5) it shifts obsolescence 
from lessee to  lessor. There are noneconomic factors to 
consider, and whatever action is taken, a risk factor is in- 
volved. See business bookkeeping; economic evalua- 
tion; equipment; Euro and European Community; 
invest early; legal matter; warranty; machine aging; 
production capacity overhead rate; profit; sales in- 
vestment turn. 
capital equipment investment tax credit A direct 
credit against the federal iiiconie tax that is allowed, gener- 
ally, at 10% of the purchase cost with depreciable life 
greater than seven years. 
capping See coextrusion capping. 
caprolactam See polycaprolactam plastic. 
capstan 
cap, tamper-proof See mold, collapsible-core. 
captive processor See processor, captive. 
car See automobile, composite. 
carbazole White  crystals, irisoluble in water, obtained 
from ortho-amino-diphenyl and used in the production 
of  polyvinyl carbazole plastics. 
carbide A biliary solid compound of carbon and an- 
other element. Faniiliar types include calcium, tungsten, 
silicon, boron, and iron. See fiber, silicon carbide. 
carbon An eleineiit that provides the backbone for all 
organic polymers. It is a iioiiinetalhc element occurring 
freely as a dianiond, graphite, or coal. See chemical 
composition and properties of plastic; element; 
mole. Graphite is a crystalline forin of  carbon. D i a l n o d  
is the densest crystalline foriii of  carbon. See mesophase. 
carbonaceous matter T h e  component of  a fuel, iii- 

cluding solid waste, that consist of  pure carbon or its coni- 
pounds, usually associated with the residue of  incineration. 
See energy reclamation; incineration. 
carbon, activated A fianiily of  carbonaceous substances 
manufactured by processes that develop adsorptive proper- 
ties. See adsorption. 
carbon adsorption See pollution; water. 
carbonated beverage bottle See blow molding, 
stretched; bottle; Coca-Cola bottle. 
carbon atom linkage See molecular structure con- 
figuration. 
carbon black A black colloidal carbon filler iiiade by 
the partial combustion or  thermal cracking of natural gas, 
oil, or other hydrocarbon. Depending on the starting ina -  
terial and method of  nianuiacture, different forms with dif- 

See extruder wire and cable capstan. 



ferent properties are produced that are extensively used 
as additives, fillers, and pigments. Because carbon black 
possesses useful ultraviolet protective properties, it is used 
extensively in plastics for outside weathering applications 
such as wire coating, containers, black agricultural film or 
sheet, and water piping. Usage in plastics and rubbers can 
be divided into the basic categories such as filler, colorants, 
stabilizers, electrical conductors, and weather proofing. 
Also called acetylene black, channel bluck, furnace black, and 
gas black. See additive; material, powder; pigment, 
reinforcing; ultraviolet stabilizer. 
carbon black, animal A finely divided carbon made 
of animal bones or ivory. It is used for pigments, decolor- 
izers, and purifying agents. See decolorizing agent; pu- 
rification. 
carbon black, conductive A specialized porous car- 
bon black with a very high surface area that is used for 
shielding and grounding electric and electronic thermo- 
plastic parts. This conductive additive also can be used to 
make black TP parts paintable by the electrostatic meth- 
ods. Parts such as black autoniobile bumpers and side pan- 
els usually have to be painted separately from the rest of 
the car when using conventional carbon black resulting in 
extra costs and potential noticeable color differences. The 
porous black additive makes the plastic conductive, per- 
mitting parts to be electrostatically painted without sacri- 
ficing mechanical properties. When loaded with large 
amounts of solid acetylene carbon black or other conduc- 
tive materials, loss in properties occur (flexibility, impact 
resistance). See coating, electrostatic spray; electro- 
magnetic interference. 
carbon-carbon composite A composite such as car- 
bon fiber with a carbon matrix. See composite. 
carbon dioxide (CO,) A colorless, odorless gas made, 
for example, by passing air over red-hot coke. It  is an im- 
portant intermediate in the production of many plastics. 
It is used in different fabricating processes in place of air 
or other gases providing heat, resulting in reduced mold- 
ing-cycle time. See autoclave nitrogen atmosphere; 
blow molding; decomposition, digestion; finish sys- 
tem, reduce-solvent; foam and blowing agent; 
foamed-blown CO,. It is used for cleaning metals (dies, 
molds) to remove plastics by blasting with rice-sized pellets 
of dry ice (CO,) at 40°C (104°F). The residue is removed 
in a process often compared to sand blasting without the 
sand. Ice-blasting equipment is sniall and uses shop-coni- 
pressed air. C 0 2  crystals exert strong thermomechanical 
force on impact. Parts can be cleaned while hot and in the 
machine. With heat, they clean faster. See cleaning; fin- 
ish system, reduce-solvent; ice, dry. C 0 2  improves 
plastic processing and properties resulting primarily from 
the lack of chain transfer and urgency for high plasticiza- 
tion. Liquid and supercritical CO? is used as a continuous 
phase in reducing polymerization reactions. The plastics 
industry's driving force in these developments is to reduce 
volatile organic compounds such as polychlorofluorocar- 

bons and reduce the generation of aqueous waste streams. 
See decomposition, digestion; polymerization; vol- 
atile organic compound. 
carbon dioxide autoclave curing See autoclave ni- 
trogen atmosphere. 
carbon disulphide (CS,) A colorless, odorless gas for 
plastics, rubbers, and sulfur. It  is an intermediate in the 
production of viscose rayon (a sulfide used as a solvent 
in paint removers, rubbers, and so on). See fiber, rayon 
viscose. 
carbon filler See fiber, carbon; fiber, graphite; fi- 
ber, graphite and carbon characteristic. 
carbon filler The hniily of fillers that is based on carbon 
in various forms, such as carbon black and graphite. Its use 
includes providing a black pigment, improving plastic's lu- 
bricity during processing and part performances, and in- 
creasing electrical conductivity of plastics. Also called  OW- 
dered carbon or cuubon powder. 
carbonization Process of pyrolyzation in an inert at- 
mosphere at temperatures that start at  800" to 1,600"C 
(1,470" to 2,910"F) and higher-usually about 1,315"C 
(2,400°F), Temperature is influenced by precursor, manu- 
facturing processing capabilities, and properties desired. 
Basically, carbonization is the charring from the loss of side 
components, leaving only the carbon from the precursor 
plastic. See ablation; pyrolyzation. 
carbonization See pyrolyzation. 
carbon monoxide (CO) A colorless, poisonous gas 
that is soluble in water and used in the production ofprod- 
ucts such as fornialdehyde and methyl alcohol. It  can be 
produced during incomplete combustion (burning fumes 
such as automobile exhaust) or microbial decomposition 
of solid wastes in oxygen-limited atmospheres. See com- 
bustion. 
carbon tetrachloride A colorless liquid with a sweet 
odor whose use includes chlorination of organic con-  
pounds. It  decomposes to phosgene at high temperatures. 
Also called tc~ruchloroirie~/iunr or pe~cliluvuinet/?une. See 
phosgene. 
carborundum An artificial abrasive made from carbon 
and silicon. Its use includes as filler in plastics. See filler. 
carboxymethylcellulose plastic (CMC) A water-sol- 
uble plastic that is harmless for exteriial body contact or 
ingestion (edible). It  is used in creams or foods as a thick- 
ening agent. See methylcellulose plastic; plastic, wa- 
ter soluble. 
carcass See belting. 
carcinogen 
contribute to cancer. See ISO-10993 certification. 
carded package, blister See packaging, blister. 
carding See fiber carding. 
card, smart A card that embeds semiconductor corn- 
puter chips between two printed acrylonitrile-butadiene- 
styrene (sheet) labels by injecting ABS between the labels 
to form 0.8 inin thick smart cards. See business card, 
electronic; calender; credit card. 

A substance that is reported to cause or 
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Carilon Shell Chemical’s trade name for its semicrystal- 
line aliphatic polyketone plastics. 
carnauba wax A hard, natural wax obtained from 
South America palm trees. It is used in the plastics industry 
as a lubricant, a modifier, and in polishes. See wax. 
carousal clamp 
carpet coating See powder coating. 
cartridge heater See heater, cartridge. 
case hardening See hardening, case. 
casein A natural protein material precipitated from 
cow’s skimnied niilk and also from soya or similar beans 
by the action ofeither rennet or dilute acid. Kennet casein 
has found its main application in plastics. Acid type has 
gone into different products including adhesives. See ren- 
net; zein plastic. 
casein plastic A tough, nonflammable thermoplastic or 
thermoset plastic based on casein. The most popular is pro- 
duced by reacting formaldehyde with casein to produce 
a slightly flexible TS of good impact strength but poor 
diniensional stability and resistance to water. Used in the 
manufacture of products such as buttons, beads, and buck- 
les. Casein will react with aluminum salts in water solution 
to produce casein-alum, a thermoplastic capable of being 
molded or extruded as rods or tubes. Also called casein- 
formaldehyde. 
cashew plastic A thermoset plastic produced from the 
phenolic fraction of cashew nut shell oil. 
cash flow 
cash-flow uncertainty See economic evaluation 
reliability. 
CASING See surface CASING. 
CASSIS software See legal matter: patent search. 
cast 
castable polyurethane elastomer See additive 
chain extender. 
casting A two-component system that does not involve 
pressure or vacuum, although certain plastics and/or com- 
plex products may require low pressure or vacuuin casting. 
Generally plastics that are free-flowing and have low sur- 
face tensions with low viscosities are used for castings of 
intricate shapes and fine detail in design. Low-viscosity 
plastics are also more suitable for producing bubble-free 
castings. However, high-viscosity systems usually produce 
better physical properties. See air entrapment; embed- 
ding; reaction injection molding. A part is formed by 
pouring a fluid monomer-plastic into a mold cavity. Based 
on the mixture prepared, polymerization takes place in a 
set time. By using an open or closed mold, the part shape 
is formed. Pouring the liquid plastic onto a moving belt 
can produce a cast film. Also called embeddirtg, potting, 
molding, impregnation, and encapsulation. See burnishing, 
grease; coating; cast; decorating; encapsulation; ex- 
trudey flat film; film; film, cast; foamed casting; 
foundry plastic; foundry shell molding; in pregna- 
tion impregnation trickle; iron, cast; mold cavity; 
polymerization; bulk; processing window; nota- 

See clamping platen, rotary. 

See capital equipment investment. 

To form a plastic product. See casting. 

tional molding; soluble-core molding texturizing; 
zinc. 
casting, acrylic-sheet Since the 1930s cast polymethyl 
methacrylate sheeting has been made by polymerization 
of MMA in a cell assembled from two glass plates and a 
flexible gasket. Sheeting is also made continuously by ex- 
trusion casting, using in a stainless steel belt on which poly- 
merization is completed. Continuous is not as optically 
clear as casting. See acrylic plastic. 
casting, air-entrapment See air entrapment. 
casting, centrifugal A method of forming plastic in 
which a dry or liquid plastic is placed in a rotating mold 
such as a pipe. As it rotates around a single axis, heat is 
applied to the mold. The centrifugal force induced will 
force the molten plastic to conform to the configuration 
of the inside mold cavity. This method is different than 
rotational molding since it rotates only around one axis. 
Also called centrifugal molding. See coating, centrifugal 
or rotational; powder coating; rotational molding. 
casting, dip A process of submerging a hot molded 
shape, usually metal, into a fluid plastic. After removal and 
cooling, the product around the mold is removed from 
the mold. Also called d iy  coatirtg or dip m d d i q .  See blow 
molding, dip and displacement. 
casting heat, exothermic With room-temperature 
heat-curing systems, additives or promoters are used to 
provide the necessary heat through chemical reactions. 
This reaction has to be controlled so that overheating will 
not occur, particularly with large parts. See exotherm. 
casting, investment A method developed by early 
Egyptians to make jewelry where sculpture wax was 
dipped in a ceramic slurry and then dried and heated to 
remove the wax. In turn, the ceramic cavity received mol- 
ten metal to form the desired finished part. This technique 
continued to be used with modifications that initially led 
to the so-called lost-wax or soluble-core wax molding 
(which started during the early 1940s). Later, low-melting 
eutectic alloys were used providing a means to high-pro- 
duction complex molding (injection molding, etc.). See 
eutectic mixture; reinforced plastic molding, lost- 
wax; soluble-core molding. 
casting, liquid The pouring of liquid plastic or elasto- 
nier into molds and then allowing it to cure to a solid 
form. Thermoset plastics, such as epoxy, polyurethanes, 
and silicones, are conmionly used. Technically refined 
versions of this old process makes it a reliable and cost- 
effective choice for different products such as electronic 
and ornamental encapsulation, cardiac pacemaker encap- 
sulations, hand-held optical devices, and so on. New de- 
velopments in the basic three material types and process 
control specifically for liquid casting have extended the 
use of this process. See casting. 
casting, slush molding A method where thermoplas- 
tics in liquid form are poured into a hot mold, stationary 
or moving and a viscous skin forms. The excess slush is 
drained off, the mold is cooled, and the molding stripped 
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out. The method is used to produce rain or snow boots, 
auto instrument panels, overshoes and corrugated and 
noncorrugated complex tubes, caps, and other shapes. Also 
called slush molding or cast molding. See powder molding; 
rotational molding. 
casting, solvent A solvent form ofa plastic compounded 
with its constituents (stabilizers, additives, plasticizers, etc.) 
and carefully prepared at a certain rate of mixing. Soluble 
plastics are poured into a niold (to mold parts) or on a 
moving belt (to forni film) where heat is applied using 
heat-control zones to prevent formation of blisters. The 
rate of solvent evaporation is inversely proportional to the 
square of the thickness. To  reduce cost and meet regula- 
tions, solvent recovery systems are used that have explo- 
sive-proof hazard safety capabilities. There are also systems 
that use water-based solvent solutions such as polyvinyl 
alcohol plastic. See blister; film, cast; hazard; solvent. 
casting, spin A process that uses easily adjustable cen- 
trifugal force to inject liquid thermoset plastics into a cir- 
cular disc-shaped elastomeric mold under pressure, coni- 
pletely and rapidly filling the niold cavities. Spin casting 
using plastic molds, such as silicone, is used to produce 
clote tolerance, highly cost effective, limited production 
in a variety of materials. 
casting, vacuum A casting process in which a vacuum 
is required to withdraw air from the different casting mate- 
rials before they harden or cure and that is designed to 
prevent air-bubble defects in the finished product. 
Catalloy process See polypropylene, multiple mo- 
nomer. 
catalyst A phenomenon in which a relatively small 
amount of substance augments the rate of a chemical reac- 
tion without itself being consumed, and is recovered in 
unaltered forni and amount at the end of the reaction. It 
generally accelerates the chemical change. The materials 
ordinarily used to aid the polymerization of most plastics 
are not catalysts in the strict sense of the word (they are 
consumed), but comiiion usage during the past century has 
applied this name to them. See accelerator; alumina, 
activated; antimony trioxide; boron compound; 
chemical reaction; dicyandiamide; hardener; inhib- 
itor; molecular sieve; promoter; vanadium trioxide. 
catalyst, acidic See zinc nitrate. 
catalyst, aluminum alkyl A catalyst used in the 
Ziegler-Natta process. See catalyst, Ziegler-Natta. 
catalyst, auto- A catalytic reaction induced by a prod- 
uct of the same reaction. This action occurs in some types 
of thermal decomposition. 
catalyst, benzoyl peroxide A white, granular, crystal- 
line solid. It is tasteless, has a faint odor of benzaldehyde, 
has active oxygen, and is soluble in almost all organic sol- 
vents. It is used as a polymerization catalyst with different 
plastics such as thermoset polyester, rubber vulcanization 
without sulfur, and embossed vinyl floor covering. See 
extruder wire and cable cross-linking PE with per- 
oxide; polyester plastic, thermoset. 

catalyst carrier A neutral inaterial that is used to sup- 
port a catalyst, such as activated carbon, diatomaceous 
earth, or activated alumina. 
catalyst converter See incineration fume system. 
catalyst coordination See catalyst, Ziegler-Natta. 
catalyst cracking See zeolite. 
catalyst, enzyme An organic catalyst formed by living 
tissue. Because rnicroorganisnis are able to synthesize 
thousands of complex organic molecules, they represent 
an enornious catalytic potential to the industrial chemist. 
A remarkable aspect of enzymes is their enormous acceler- 
ated catalytic power; they can enhance reaction rates by a 
factor of from lo8 to 10'". Also they can function in dilute 
aqueous solution under moderate conditions of tempera- 
ture and pH. See biodegrading microorganisms; 
waste; zymoplastic. 
catalyst, fluid Finely divided solid particles utilized as 
a catalyst in a fluid-bed process using certain thermoset 
plastics. See coating, fluidized-bed. 
catalyst, metallocene A substance that has a uniform 
niolecular weight that effectively eliminates molecular ex- 
tremes, resulting in a range of mechanical, physical, and 
chemical property improvements, processing advantages, 
and lower costs. Metallocene catalysts achieve creativity and 
exceptional control in polymerization and product design, 
perniitting penetration of new markets and expansion of 
present markets. They can model and predict plastics struc- 
tural products in a matter of days rather than years. Empha- 
sis has been on the polyolefiiis (niPOs); others include PS, 
PE/PS, TPO, and EPDM. Uniquely synergistic combina- 
tions of complementary abilities include mPE, which be- 
comes an economical material competing with the proper- 
ties of nylon and thermoplastic polyester plastics. Also one 
can produce niLLDPE film with the same strength at a 
lower gauge than conventional LLDPE because of its nar- 
row molecular weight range. These Me catalysts are more 
accurate in characterizing plastics than today's quality con- 
trol instruments can veriti/. Also called single site, Me, and 
in. See Brintzinger; interpenetrating network. 

They produce plastics that are stronger and tougher, so 
less plastic is required. They process in a different nianner, 
and have unique processing techniques. The target is to 
obtain a plastic with a specific molecular weight distribu- 
tion (MWD), density, melt-flow rate, tensile strength, 
flexural modulus, or a combination of other factors. What- 
ever the parameter, Me catalysts allow fabricators to alter 
reactor temperatures, pressures, and other variables to 
achieve their goal. Regardless of density or comonomer, 
niPO grades can combine softness and toughness, whereas 
conventional POs niust trade off one for the other. 

These catalysts can make plastics that process well by 
knitting long branches into the carbon chains. They make 
plastics with uniform, narrow MWD, high comonomer 
content, very even comonomer distribution, and an enor- 
niously wide choice of coinononiers compared to 
rnultisite Ziegler-Natta catalysts. Comonomer choices in- 
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clude aromatics, styrene compounds, and cyclic olefins. 
Copolyniers made with conventional Z-N catalysts favor 
ethylene and propylene. They incorporate only isolated 
amounts ofmore exotic monomers. The Me catalysts have 
been used to make different plastics such as PE homo-, 
co-, or ter-polymers from 0.865 to 0.96 density; isotactic, 
syndiotactic, and atactic PP; syndiotactic PS; and cyclic 
olefin copolymers. See catalyst, Ziegler-Natta; co- 
monomer. 
catalyst, metallocene, processing As an example, 
blown-film extruders designed to process LLDPE can pro- 
cess niLLDPE generally without difficulty; torque, head 
pressure, and motor load limitations generally do not limit 
film productivity. However, it is important to understand 
the differences arising from the different rheologies. The 
mLLDPE has a narrower MWD, and it thus exhibits lower 
shear sensitivity. The extruder would operate at higher 
temperatures and motor torque levels, while decreasing 
bubble stability and easing tensions on winding and draw- 
down ratio. The Me with less chain branching would re- 
sult in faster melt relaxation and less draw resonance. One 
with lower density would have greater elasticity, decreased 
specific rate in a grooved feed machine, and increased spe- 
cific rate in a smoothbore machine, while harder to wind. 

All other things being equal, they are more viscous at 
typical extrusion shear rates than conventional LLDPE. 
There is a difference between shear rheology with the 
same screwhrre l .  The niLLDPE will extrude at a higher 
melt-temperature profile. This action may limit output on 
cooling-limited lines, but it may be possible to keep line 
speeds constant. The result is a thinner filni having the 
same performance because of the better properties offered 
by mLLDPE. Barrel cooling can be used to reduce 
mLLDPE melt temperatures, but it may be more desirable 
to optimize the extruder screw for the plastic’s rheology. 
catalyst, metallocene, Z-N comparison Catalysts 
are important keys to plastic manufacture and production. 
The long-established Ziegler-Natta catalysts as well as the 
more recently discovered rnetallocene catalysts (m or Me 
catalysts) are used to synthesize polyolefins and other plas- 
tics. A difference is that polyolefins produced with Z-N 
exhibit randomly arranged, comparatively short side 
chains. Me gives rise to polyolefins with a tailor-made side 
chain length (up to entire polymer chains) and a defined 
side chain distribution. See catalyst, Ziegler-Natta. 
catalyst, negative A catalytic reaction such that the re- 
action is reduced by the presence of the catalyst; it is an 
inhibitor, retarding agent that reduces the speed of a 
chemical reaction. See inhibitor; retarder. 
catalyst organotin See foamed polyurethane. 
catalyst, physical A radiant energy that is capable of 
promoting or modifying a chemical reaction. 
catalyst, polymerization See polymerization cata- 

catalyst, redox See redox. 
catalyst selectivity 

lyst. 

1. The relative activity of a catalyst 

in reference to a particular compound in a mixture. 2 .  The 
relative rate of a single reactant in competing reactions. 
catalyst, single-site A substance that is used to produce 
plastics with different, improved properties. See poly- 
merization catalyst; polypropylene plastic. 
catalyst, stereospecific An organometallic catalyst, 
such as the Natta catalyst, that permits control of the mo- 
lecular geometry of plastic molecules. 
catalyst type A catalyst that is usually used for specific 
chemical reactions. Types include Ziegler-Natta, metallo- 
cene, borealis, DuPont, Lyondell, and Sclair, with combi- 
nations of certain catalysts. See plastic competition. 
catalyst, zeolite A silicate that is made with controlled 
porosity. It is used as a catalytic cracking catalyst iii petro- 
leum refineries or a loaded catalyst for other chemical reac- 
tions. See zeolite. 
catalyst, Ziegler-Natta Karl Zeigler (1898-1973) of 
Germany and Giulio Natta (1903-1979) of Italy- developed 
a catalyst for the industrial production of plastics. Together 
they received the Noble Prize for chemistry in 1963. They 
provided the key (Zeigler for polyethylene, Natta for poly- 
propylene) at that time to a relatively simple, inexpensive, 
and controllable large-production method. They also paved 
the way for the ovenvhelniing triumph ofthe polyolefins in 
subsequent years. All this is now changing, to some degree, 
with the metallocene catalysts. Uiilike the Z-N, the new 
generations ofcatalysts provide undreamed of and very sitn- 
plified production capabilities that produce improvements 
in properties, processability, aiid cost. Also called the Z-1V 
catalyst. See polymerization, Ziegler-Natta. 
catalytic The action involving or relating to a catalysis 
reaction. Examples are the catalytic cracker in a petroleum 
refinery in which cracking of fuel is carried out in the 
presence of a catalyst, and catalytic systems that recover 
waste such as toxic materials arid others. See condensa- 
tion agent; heating, catalytic; polymerization, cata- 
lytic; thermoforming heater, catalytic gas; catalytic 
converter. See incineration fume system. 
catastrophic failure See failure, catastrophic. 
catenary See festoon; roving catenary. 
catheter See medical catheter. 
cathode ray tube (CRT) The most widely used visual 
display-essentially a television screen. In  its manufacture, 
it consunies all types ofplastics to nieet all types ofrequire- 
ments. See computer A-scan. 
cathode sputtering See coating, sputtered. 
cationic polymerization See polymerization, cat- 
ionic. 
cationic reagent One of several surface-active sub- 
stances in which the active constituent is the positive ion. 
It is used to flocculate and collect substances that are not 
flocculated by oleic acid or soaps. See flocculation. 
cat’s-eye See fish-eye. 
catsup bottle See ketchup bottle. 
Cauchy-Riemann differential equation See design, 
melt-flow Cauchy-Riemann differential equation. 
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caulking compound A soft plastic consisting of pig- 
ment and vehicle used for sealing joints in buildings, boats, 
and other structures where norinal structural niovenient 
may occur. Compounds retain their plasticity for years; 
sonie can last for centuries. Life expectancy is based on 
composition. Techniques such as knife or gun (niiniex- 
truder) can apply them. See design sealant joint shape; 
plastic, hydrocarbon; putty, body. 
caul plate A thin sheet free of surface defects, usually 
aluminum, the size of press platens used in hot pressing 
material (laminate, reinforced plastics, layered film, etc.). 
See laminate. 
cavitation The emulsification produced by disruption 
of a liquid into a liquid-gas two-phase system, when the 
hydrodynamic pressure of the liquid is reduced to the va- 
por phase. It is the formation and collapse, within a liquid, 
of cavities or bubbles that contain vapor or gas, or both. 
To erode a solid surface by cavitation, it is necessary for 
the Cavitation bubbles to collapse 011 or close to the surface. 
In general, cavitation originates from a decrease in static 
pressure in the liquid. It is distinguished in this way from 
boiling, which originates from an increase in  liquid tem- 
perature. When compared to metals, plastics provide pro- 
tection to cavitation erosion. See erosion; porosity; 
test, cavitation erosion. 
cavitation cloud A collection of a large number of cav- 
itational bubbles. The bubbles in a cloud are small, typi- 
cally less than 1 inin (0.04 in.) in cross-section. A cavita- 
tion cloud usually obscures a surfice that is being eroded 
by cavitation. 
cavitation erosion The progressive loss of original ma- 
terial, particularly steel, from a solid surface due to contiii- 
lied exposure to cavitation due to rapidly moving fluid. 
Erosion may occiir in either internal flow systems such as 
piping, pumps, and turbines or in external flow systems 
such as ship propellers. The phenomenon of cavitation was 
identified as early as 1873. To  protect against cavitation 
erosion use is made of hardened materials, chromiuni, and 
plastic coatings. See erosion; test, cavitation erosion; 
test, nondestructive ultrasonic; wear. 
cavity See cavitation; foam cell; mold cavity. 
C-blade mixer 
Cefor Shell Chemical’s trade name for its fanlily of 
polypropylene-butane plastics. 
cell 1. A single cavity formed by gaseous displacenients 
in a plastic niaterial that forms cellular or foamed plastic. 
Each of the single small cells is surrounded completely or 
partially by walls of plastics. See foam and process cell 
structure; foamed cell. 2. In solid waste disposal, the 
holes into which waste is dumped, compacted, and cov- 
ered with layers of dirt on a daily basis. See waste. 
cellophane A transparent cellulose plastic niaterial 
made by mixing cellulose xanthate with a dilute sodium 
hydroxide solution to forni a viscose. Extruding the vis- 
cose, in sheet form, into an acid bath creates regenerated 
cellulose. I n  the past it was widely used as a packaging and 

See mixer, sigma blade. 

overwrapping material; polyethylene and other poly- 
olefins have replaced practically all the cellophane in pack- 
aging applications. Also called vqgeizevated cellulose. See cel- 
lulose plastic; fiber, rayon; viscous process. 
cellular concrete A lightweight product consisting 
usually of Portland cement, cement silica, cernent-pozzo- 
Ian, or lime-silica pastes containing foaming agents to pro- 
duce voids or cell structures. Autoclave curing is usually 
used. Different binder ingredients are included to provide 
different properties. Plastics are used to provide color and 
meet service resistance such as weathering conditions. See 
concrete. 
cellular elastomer See foamed elastomer. 
cellular material See foam. 
cellular plastic, syntactic 
syntactic cellular plastic. 
cellular telephone 
face-mounted technology. 
celluloid See cellulose nitrate plastic. 
cellulose A natural carbohydrate polymer of high nio- 
lecular weight comprised of long chains of 13-glucose 
units. It  is derived from plants such as cotton and trees. 
C,,H,,,O, is the mai~i polysaccharide iii living plants, forn- 
ing the skeletal structure of the plant cell wall. Cotton is 
almost pure cellulose. It  is the main constituent of dried 
woods, jute, flax, hemp, and ramie. It is used in producing 
cellulose esters and ethers (cellulosic plastics and fibers), 
but its largest use is in paper nianuficture. It is found in 
plastic, textiles, and paints. Also called pulp,  cc/li~lore p d p ,  
or alpha rch/o.sc. See cellophane; fiber linter. 
cellulose I The crystalline modification of cellulose that 
normally occurs in nature. 
cellulose I1 The crystalline modification of cellulose 
that is found in mercerized cellulose, in regenerated cellu- 
lose, and in cellulose produced by the hydrolysis of various 
cellulose derivatives. 
cellulose I11 A crystalline modification of cellulose pro- 
duced by treatment, under certain conditions, with a n -  
iiionia or sometimes amines. The method of removing the 
reagent deteriiiines the modifications produced. 
cellulose IV A crystalline modification of cellulose pro- 
duced by heat treatnient of cellulose 11. 
cellulose acetate butyrate plastic A thermoplastic 
that is similar to cellulose acetate plastic and has improved 
processability, toughness, moisture resistance, and dimen- 
sional stability. Also called CAB, cclltllore butymtc, or buty- 
rate plastic. 
cellulose acetate fiber An acetyl derivative of cellu- 
lose. Triacetate designation can be used when not less than 
92 percent of the cellulose groups are acetylated. 
cellulose acetate phthalate plastic A mixed ester of 
cellulose containing both acetate and phthalate groups. 
cellulose acetate plastic (CA) A member of the cellu- 
losic group of thermoplastics niade by treating cellulose 
with acetic acid and acidic anhydride in the presence of a 
catalyst. They are extremely tough and have good impact 

See reinforced plastic, 

See printed circuit board, sur- 
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resistance, stiffness, hardness, “feel,” and electrical and di- 
electric properties. CA when compounded with suitable 
plasticizers provides tough TP materials. They are available 
in a wide range of colors. This TP has poor resistance to 
solvents, alkaline materials, and fungi; high moisture 
pickup and permeability; low compressive strength; and 
high flammability. Also called CAC. See acetate. 
cellulose acetate plastic process Acetylation of cellu- 
lose (wood pulp or cotton linters) with acetic acid or acidic 
anhydride and sulfuric acid catalyst to produce cellulose 
acetate plastics or fibers. 
cellulose acetate propionate plastic (CAP) A ther- 
moplastic that is similar to CAB but made with propionic 
anhydride. Usually called d d o s e  propionate. See cellulose 
propionate plastic. 
cellulose, alpha A very pure cellulose prepared by spe- 
cial chemical treatment. The major components are wood 
and paper pulp. It is used as filler in different plastics. See 
paper. 
cellulose, bamboo See bamboo. 
cellulose, cork See cork. 
cellulose derivative A substance derived from cellulose 
by substitution of one or more of the hydroxyl groups 
with some other radical. Most derivatives are ethers or es- 
ters. 
cellulose ester plastic A derivative of cellulose in 
which the free hydroxyl groups attached to the cellulose 
chain have been replaced wholly or in part by acidic 
groups. Esterification is effected by the use of a mixture 
of an acid with its hydride in the presence of a catalyst, 
such as sulfuric acid. 
cellulose ether A derivative of cellulose in which one 
or more of the hydroxyl hydrogen’s have been replaced 
by the alkyd groups. 
cellulose ethyl plastic A plastic based on ethylene or 
copolymers of ethylene with other monomers, the ethyl- 
ene being in greatest amount by mass. EC is characterized 
by toughness over a wide temperature range, dimensional 
stability, and freedom from odor. It is used in safety hel- 
mets, gears, slides, power housings, and particularly tool 
handles. Also called ethyl cellirlose plustic. 
cellulose fiberboard A generic term for a homoge- 
neous panel made from lignocellulosic fibers, usually 
wood or cane, characterized by an integral bond produced 
by interfelting of the fibers. Other materials are added to 
improve certain properties. See urea. 
cellulose lacquer 
cellulose nitrate plastic The first of the commercial 
synthetic plastics (1 868) called celluloid discovered by J. W. 
Hyatt. It is a thermoplastic member of the cellulosic group 
made by the intimate blending of cellulose nitrate with 
camphor or cellulose with a mixture of nitric and sulfuric 
acids. Alcohol is nornially employed as a volatile solvent 
to assist plasticization and is subsequently removed. It  has 
toughness and ease of fabrication coupled with low water 
absorption, chemical resistance, and resilience. It is flani- 
mable. It was originally used in varnishes, explosives, and 

See coating, cellulose lacquer. 

toilet articles. A remaining market is in table-tennis balls. 
Also called celluloid, nitrate plastic, or celluloid. See cam- 
phor; Hyatt, John Wesley; powder, black. 
cellulose plastic A plastic that is based on cellulose 
compounds such as esters (cellulose acetate) and ethers 
(cellulose). 
cellulose propionate plastic (CP) A plastic with 
properties such as CA with iniprovenients in low tempera- 
ture impact strength, weatherability, dimensional stability, 
and dielectric properties. See cellulose acetate propio- 
nate plastic. 
cellulose regenerated plastic See cellophane; cellu- 
lose sponge; fiber, rayon; viscous process; vulcan- 
ized fiber. 
cellulose sponge A sponge of regenerated cellulose that 
is highly absorbent, soft, and resilient when wet. It will 
not scratch, can be sterilized by boiling water, and is not 
affected by ordinary cleaning compounds. 
cellulose triacetate plastic A cellulose plastic in which 
the cellulose is almost completely esterified by acetic acid. 
It is not soluble in acetone. It is used as a base for magnetic 
tapes and textile fibers and as a protective coating that is 
resistant to most solvents. 
cellulosic Any of the derivatives of cellulose, such as 
cellulose acetate. See plasticizer, phthalic; sheathing. 
cell unit 1. A unit in plastic foam products. See foam. 
2. The basic repeating structural unit of atoms or mole- 
cules in a crystal. 
Celsius The designation of the degree C on the Interna- 
tional Practical Temperature Scale. Prior to 1948, called 
centigrade. The degree C is related to the degree K (Kel- 
vin) and is used in place of K for expressing C temperature 
( t )  defined by the equation t = T - Ts, where T = ther- 
niodynanllc temperature and T, = 273.15 K by definition 
(Ti, = glass transition temperature). See glass transition 
temperature; temperature. 
cement A term broadly applied to a number of adhe- 
sives as well as bonding elements. See adhesive; bond- 
ing; calcium hydroxide; concrete. 
cement-cement See adhesive contact cement. 
cementing See adhesive; concrete. 
cementation 1. With metals, a process in which steel or 
iron products are coated with another nietal by iinniersing 
them in a powder of the second metal and heating to a 
temperature below the melting point of any of the metals 
involved. 2 .  In the plastic industry, certain processes such 
as fluidized bed coating. See coating, fluidized bed. 
cement adhesive 
cement coated See coating, cement. 
cement construction A process in which the outsole 
of a shoe is attached to the upper sole by cementing instead 
of sewing or by other methods. Also called the compo pro- 
cess, after Compo Industries, which introduced this method 
commercially into the U.S. shoe industry about 1930. 
cement, contact 
cementing See adhesive, solvent. 
cement-plastic impregnated See impregnation. 

See adhesive contact cement. 

See adhesive contact cement. 
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cement, portland See concrete. 
center gate See mold gate, center. 
centerless grinding See grinding, centerless. 
centerline See drawing centerline. 
center of gravity 
Centigrade The temperature scale on which the freez- 
ing point of water is zero and the boiling point at 100 
degrees. Readings on the scale are conimonly expressed 
as O C .  Also known as Celsius. See temperature. 
centrifuge A high-speed rotating apparatus designed to 
(1) separate solid matter from liquids or (2) separate materi- 
als of different densities. See casting, centrifugal; coat- 
ing, centrifugal atomization; coating, centrifugal or 
rotational; equilibrium centrifugation; mixer, cen- 
trifugal impact; rotational molding. 
centrifuge, ultra- A centrifuge capable of rotating 
from 20,000 to 60,000 rpm, creating forces of 250,000 
tinies gravity. Sedinientation studies of high polymers are 
used for determining weight-average molecular weights 
and molecular weight distributions. See atmosphere; 
gravity acceleration; molecular-weight centrifuga- 
tion equilibrium. 
ceramic A product manufactured by the action of heat 
on earthy raw materials in which silicon with its oxide and 
complex compounds known as silicates occupy a predomi- 
nant position. Ceramic niaterials contain nietallic and noti- 
metallic elements and range from window glass to furnace 
brick. They are basically brittle. See automobile, com- 
posite; composite, ceramic matrix; fiberglass; glass- 
ceramic; injection-molding nonplastic; mold; ther- 
moforming heater, catalytic gas. 
ceramic precursor, plastic A plastic that is processed 
as an ordinary plastic to the desired shape and then pyro- 
lyzed to ceramic to overconie the high-teniperature-shap- 
ing problem. The usually extremely high softening tem- 
perature of ceramics precludes their being shaped into 
fibers, films, moldings, or other coniplex shapes through 
melt processing coinnion to organic plastics. See fiber, 
ceramic; injection-molding nonplastics; precursor. 
certification See inspection; ISO-9000 certifica- 
tion; ISO-14000 certification; processor certifica- 
tion; productivity; test certification. 
C-fiber See fiberglass type. 
C-frame machine See clamping, tiebarless. 
C-glass See fiberglass type. 
chain See molecule chain length; molecule chain- 
length distribution; molecular chain session; poly- 
merization, chain; polymer chain stiffening; poly- 
mer chain transfer. 
chalk See calcium carbide. 
chalking The formation of dry, chalklike powdery resi- 
due on the surface of a material resulting from surface deg- 
radation. See bloom; blush; defect; degradation; 
frosting; migration. 
chalking resistance Usually a pigmented color on plas- 
tic that resists degradation and migration. 
chamfer 

See gravity, center of. 

A beveled edge or corner of a product. 

change-can mixer See mixer, change-can. 
channel black A type of filler material made by ini- 
pingenient of a natural gas flame against a metal plate, fi-om 
which the deposit is scraped at intervals. In a high color 
channel black (HCC), a type of channel carbon black is 
of particle size about 10 inin and of the highest tinting 
power. See filler; pigment. 
Chapter 11 
char Carbonaceous material that is formed by pyrolysis 
or incomplete conibustion. See ablation; fire; flam- 
mability; incineration. 
characteristic A property of materials or products in a 
sample or population that, when measured, counted or 
otherwise observed, helps to distinguish between the nia- 
terials or products. 
characterizing plastic See plastic characterization; 
property characterization. 
charge See material charge. 
charge couple device See image, charge couple 
device. 
charged area development See printing, electro- 
static copying charged area development. 
charge-transfer polymerization See polymeriza- 
tion charge-transfer. 
charging tray See compression molding charging 
tray. 
Charle's Law See kinetic theory. 
Charpy impact test 
charring See char. 
chase See mold chase. 
checklist See project checklist; safety and pro- 
cessing. 
check ring See screw tip, injection. 
cheese See fiberglass, cheese. 
chelate See chemical chelate. 
chemical 1. Related to the science of chemistry. 2. A 
substance characterized by definite niolecular cornposi- 
tion. See polarity. 3. A substance obtained by a chemical 
process and used many different ways, including the man- 
ufacture of plastics and additives. See computer chemo- 
metric; design, biotechnology; graphical database; 
plastic. 
chemical acceptor See acceptor. 
chemical acid See acid. 
chemical adduct A chemical compound that fornis 
from chemical addition of two species. An example is the 
reaction of butadiene with styrene to form the adduct. 
chemical, amphoteric Having a capacity of chemi- 
cally behaving either as an acid or a base. 
chemical analysis The determination of chemical 
structure and chenllcally active species. It involves both 
direct nieasureinents and use of specific compounds to 
achieve selective reactions of a component of the sub- 
stance being analyzed, to produce a readily measurable 
species, or to determine the reactive end product. See po- 
larized light; qualitative chemical analysis; spectros- 
copy, microwave; thermal analysis. 

See legal matter: Chapter 11. 

See test, impact Charpy. 
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chemical analysis, volumetric Analysis based on the 
reaction of a volume of standard solution with the material 
volume being analyzed. 
chemical and physical characteristics Characteristics 
of plastics that are derived from the four factors of cheniical 
structure, form, arrangement, and size of the polymer. For 
example, the types of atoms and the way in which they 
are joined to one another influence density. The form of 
the molecules and their size and disposition within the ma- 
terial influence its mechanical behavior. It is possible delib- 
erately to vary the crystal state to vary the hardness or soft- 
ness, toughness or brittleness, and resistance to 
temperature. See atom; brittleness; chemical compo- 
sition and properties of plastic; density; designing 
with plastic-chemical models; hardness; molecular 
arrangement structure; molecule; orientation and 
chemical property; plastic properties; polymer; 
Staudinger, Hermann; toughness. 
chemical assay A chemical measurement of the quan- 
tity of one or inore components of material. 
chemical atmospheric bond An attracting force be- 
tween atonis strong enough to permit the combined ag- 
gregate to function as a unit. Different principal types of 
bonds recognized include covalent, ionic, metallic, and 
bridge. 
chemical benzene ring Under normal conditions a 
colorless or yellowish liquid. This basic structure is an irn- 
portant aromatic chemical. It is an unsaturated, resonant, 
six-carbon ring (C,H,) having three double bonds. Other 
atoms or groups may replace one or inore of the six hydro- 
gen atonis of benzene (Bnz). It  is highly toxic and flan- 
niable (autoignition point 562°C) and is used for synthesis 
of organic compounds. This basic structure of benzene is 
the most important aromatic chemical. See aromatic; 
chemical chelate; phenol; radiation induced reac- 
tion. 
chemical benzene ring aryl group A group of atoms 
equivalent to a benzene ring or a set of fused benzene 
rings, less one hydrogen atom. The simplest aryl group is 
the phenyl group. 
chemical, bicycle A substance in which only two ring 
structures occur. They may or may not be the same type 
chemical ring. 
chemical blowing agent See foam and blowing 
agent. 
chemical bond A link between atonis in rnolecules that 
arises from interractions between electrons. See acety- 
lene; atom bond, multiple; metal-adsorption calo- 
rimetry; Staudinger, Hermann; temperature and 
molecular bonding force. 
chemical bond cleavage The breakage of covalent 
chemical bonds. 
chemical bond energy The energy necessary to break 
a chemical bond. 
chemical buffer See spectrochemical buffer. 
chemical cantenane A compound with interlocking 
rings that are not chemically bonded but that cannot be 

separated without breaking at least one valence bond. The 
model could resemble the links of a chain. 
chemical, carbohydrate Any polyhydroxy aldehyde 
or ketone with the empirical formula CH,O or substances 
that can be hydrolyzed to yield such compounds. 
chemical chain transfer See carbon dioxide. 
chemical change A change that occurs during pro- 
cessing, such as polymerization and cross-linking that iii- 
creases viscosity, depolymerization or damaging of niole- 
cules that reduces viscosity, complete changes in the 
chemical structure that may cause color changes, and al- 
ready degraded plastics that may catalyze further degrada- 
tion. 
chemical characterization of glass See glass com- 
position. 
chemical characterization of plastic A chemical 
Composition that is basically organic polymers, which are 
very large molecules composed of connecting chains of 
carbon (C) atonis. See chemical composition and 
properties of, plastic; molecular arrangement struc- 
ture; molecular size; molecular weight distribution; 
plastic characterization. 
chemical chelate Five or six numbered ring formations 
that are based on intermolecular attraction of H, 0, or N 
atoms. See chemical benzene ring. 
chemical chelating agent A sequestering or coniplex- 
ing agent that, in aqueous solution, renders a metallic ion 
inactive through the formation of an inner ring structure 
with the ion. 
chemical cleaning See scouring. 
chemical cleavage The breakage of covalent chemical 
bonds. 
chemical composition and properties of plas- 
tic The chemical structure and nature of plastics have a 
significant relationship not only to the properties (me- 
chanical, physical, barrier, density, etc.) of the plastics but 
to the ways in which they can be processed, designed, or 
otherwise translated into a finished product. The majority 
of chemical conipositions are basically organic polymers 
that are very large molecules composed of chains of carbon 
((1) itenis generally connected to hydrogen atoms (H) and 
often also oxygen (O),  nitrogen (N), chlorine (CI), fluo- 
rine (F), and sulfur (S). While polymers thus form the 
structural backbone of plastics, they are rarely used in pure 
form (neat). In alniost all plastics other useful and impor- 
tant ingredients are added to modify and optimize their 
properties for each desired process and application; addi- 
tives effect both processability and product performance. 
See additive; barrier via chemical modification; car- 
bon; chemical and physical characteristics; copoly- 
mer; designing with plastic tailor-made models; de- 
sign theory and strength of material; molecular 
basic property effect on product; molecular bond- 
ing; monomer; organic; petrochemical; plastic, 
neat; plastic properties; polymer evolution; rheo- 
logical mechanical spectrometer; Staudinger, Her- 
mann; strength of material. 
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chemical compound A substance composed of atoms 
of two or more elements chemically united in a fixed pro- 
portion. See atom; compound; molar mass of a 
chemical compound. 
chemical configuration 1. The chemical structure 
that is produced by the cleavage and reforming of covalent 
bonds; the arrangement of polymers along a plastic mole- 
cule chain. 2. The structural makeup of a chemical con-  
pound, especially with reference to the spatial relationship 
of the constituent atoms. 
chemical conjugate The regular alternation of single 
or double bonds between atoms of a molecule. 
chemical coupling agent See fiberglass binder/ 
sizing coupling agent. 
chemical decomposition See chemical reclama- 
tion. 
chemical degradation See degradation, swelling, 
extraction, and random. 
chemical dehydrogenation A chemical action de- 
cigned to remove hydrogen from a substance. See hydro- 
genation. 
chemical distillation It  is an important process widely 
used in chemistry, in which liquid or liquified materials 
are separated by evaporation and recondensation. See dis- 
tillation. 
chemical domain A niorphological term used in non- 
crystalline systems, such as block copolymers, in which the 
chemically different sections of the chain separate, gener- 
ating two or more amorphous phases. 
chemical element See element. 
chemical environment See zirconium. 
chemical enzyme See catalyst, enzyme. 
chemical etching The exposure of certain plastic sur- 
faces to a solution of reactive chemical compounds. Solu- 
tions are oxidizing chemicals, such as sulfuric and chroniic 
acids, or metallic sodium in naphthalene a d  tetrahydy- 
drofuran solution. Such solutions are highly corrosive and 
require special handling and disposal procedures. This 
treatment causes a chemical surface change, such as oxida- 
tion, thereby improving surface wettability and increasing 
its critical surface tension. It may also remove some mate- 
rial, introducing a niicroroughness to the surface. Chem-  
cal etching requires immersion of the part into a bath for 
a period of time, rinsing, and drying. Because this process 
is more expensive than most other surface treatments, such 
as flame treatment, it is used when other methods are not 
sufficiently effective. Fluoroplastics are often etched 
chemically because they do not respond to other treat- 
ments; acrylonitrile-butadiene-styrenes are usually etched 
for metallic plating; and so on. See chemical milling; 
chemical surface treatment, plastic; chromic acid 
etching; decorating pretreatment; etching; flame 
treating; machining; photoetching tool steel; sur- 
face treatment. 
chemical etching activation The chemical etching 
process of making a surface more receptive to bonding 
with a coating, encapsulation, and so on. 

chemical extraction See degradation, swelling, ex- 
traction, and random. 
chemical, fluoro- An organic compound, not neces- 
sarily hydrocarbons (usual plastics), in which a large per- 
centage of the hydrogen directly attached to carbon has 
been replaced by fluorine. See fluoroplastic; polychlor- 
ofluorocarbon. 
chemical foamed plastic See foam. 
chemical formula An expression showing the chemi- 
cal composition of a compound using a combination of 
symbols for the component elements. See formula, em- 
pirical; valence. 
chemical hole burning See photochemical hole- 
burning spectroscopy. 
chemical, hydroxy group Chemical group of OH 
(oxygen-hydrogen) conipounds (methyl alcohol, metha- 
nol, or carbinoll). 
chemical, hydroxyl group Chemical group (OH) 
consisting of one hydrogen atom bonded to one oxygen 
atom. 
chemical information See computer batch pro- 
cessing. 
chemical inhibitor See inhibitor. 
chemical intermediate A chemical obtained as a mid- 
step in the manufacture of another chemical. See anti- 
mony oxide. 
chemical introfier A chemical that converts a colloidal 
solution into a molecular one. See impregnation, intro- 
faction. 
chemical marine sediment analysis See bottle 
standard marine reference material. 
chemical microbe See biodegrading microorgan- 
isms. 
chemical milling A controlled etching process that de- 
pends on the etching action of an acid or alkali that uni- 
formly attacks all exposed areas of the product. A mask or 
protective coating is used on those surfaces that are not to 
be etched. Also called chenzical blankiq or dieriiical nzackiri- 
ing. See chemical etching; machining. 
chemical mixing tank 
chemical modeling See computer-aided molecu- 
lar graphic. 
chemical modification of plastic See barrier via 
chemical modification. 
chemical nomenclature See organic acid. 
chemical octet rule The principle that an atom other 
than hydrogen tends to form bonds until it is surrounded 
by eight valence electrons. 
chemical, petro- See petrochemicals. 
chemical polymer In chemistry, a polymer is de- 
scribed by drawing its physical structure of atoms. An ex- 
ample is polyethylene with its hydrogen (H) and carbon 
(C) atonis bonds. The bonds on the carbon atoms indicate 
that molecules can form bonds with like molecules to form 
a polymer chain. Many polymers can be made from the 
same carbon-atom backbone by substituting another ele- 
ment or chemical compound for one or more of the H 

See ice, dry. 
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atoms. Polymer molecules are distinguished from other 
chemical compositions priniarily by their tremendous size; 
most of their properties result from this unusual size. Many 
of the properties and applications of plastics are greatly in- 
fluenced by the individual atoms and functional groups 
within the polymer ~nolecule. See atom; chemical 
composition and plastic properties; chemistry; de- 
sign, biotechnology; molecule; plastic, neat; poly- 
mer chemistry terminology. 
chemical property 
chemical pulping See wood pulping. 
chemical pump 
Pump- 
chemical, pure See reinforcement, whisker. 
chemical rate law See rate law. 
chemical reactant A starting substance that is used in 
a chemical reaction. See reaction quotient. 
chemical reaction A chemical change in which two 
or more atoms or niolecules create a new substance. See 
adiabatic calorimeter; catalyst; enthalpy of reaction; 
material, powder; molecularity; phase change. 
chemical reaction, acid A chemical reaction that is 
produced by an acid. See acid; hydrochloric acid. 
chemical reaction, addition A type of reaction of un- 
saturated hydrocarbons with hydrogen, halogens, halogen 
acids, and other reagents, so that no change in valence is 
observed and the organic compound forms a more corn- 
plex one. 
chemical reaction aeration See aeration. 
chemical reaction, autoclave See autoclave. 
chemical reaction, catalyst See catalyst. 
chemical reaction, chain A chemical or atomic reac- 
tion in which the products of the reaction initiate a further 
reaction, and so on. 
chemical reaction, chlorination See carbon tetra- 
chloride. 
chemical reaction, condensation One of a class of 
cheinical reactions involving a combination between mol- 
ecules or between parts of the same molecule. See con- 
densation; polymerization, condensation. 
chemical reaction, cryochemistry See chemistry, 
cryo-. 
chemical reaction, electro- See electrochemical 
reaction. 
chemical reaction, elementary step A reaction that 
occurs on the molecular level exactly as “written.” An 
overall reaction may involve one or several elementary 
steps. 
chemical-reaction energy See energy, van Hoff 
isotherm. 
chemical reaction, engineering See exotherm; re- 
actor technology. 
chemical-reaction equation A cheniical equation in 
which only those species that actually take part in the reac- 
tion are shown. 
chemical-reaction equivalence point The point at  
which the reaction in a titration is complete. 

See test, chemical property. 

See design chemical processing 

chemical reaction, exothermic See exothermic re- 
action. 
chemical reaction, first-order A reaction whose rate 
depends on the reactant concentrations raised to the first 
power. 
chemical reaction, Gatterman The reaction of a phe- 
nol or phenol ester and hydrogen cyanide, in the presence 
of a metallic chloride such as aluminum chloride to form, 
after hydrolysis, an aldehyde. See aldehyde. 
chemical reaction, half The oxidation or reduction 
part of a redox reaction. The equation for a reduction half- 
reaction shows electrons on the left-hand side. An oxida- 
tion half-reaction shows electrons on the right-hand side. 
The sum of the two such half-reactions gives the overall 
redox reaction. See redox. 
chemical reaction, half-cell The reaction at the elec- 
trode in an electrolytic or galvanic cell. See electrolysis. 
chemical reaction, half-life The tinie required for 
one-half of a given inaterial to undergo a chemical reac- 
tion. 
chemical reaction heat loss See adiabatic calorime- 
ter; calorimeter. 
chemical reaction, induced See radiation-induced 
reaction. 
chemical reaction, polymerization See alkali met- 
als and derivatives. 
chemical reaction, productive See reactor, vapor- 
phase. 
chemical reaction, valence electron. An electron 
that is gained, lost, or shared in a chemical reaction. See 
valence band. 
chemical reaction versus temperature rate The rate 
of cheniical reaction versus temperature is shown in an 
arrhenius equation. 
chemical reaction, Zimmermann The reaction that 
occurs between methylene ketones and aromatic polynitro 
compounds in the presence of alkali. See ketone. 
chemical reactor, extruder See extruder, reactive 
processing. 
chemical reclamation With chemical reclamation, 
plastics are decomposed by physiochemical processes that 
take them back to their basic building blocks. Gaseous or 
liquid hydrocarbon compounds are thereby reclaimed. Pro- 
cesses that are being used include hydration ofplastic wastes, 
hydrolysis (alcoholysis, glycolysis), and pyrolysis. See hy- 
drolysis; plastic and pollution; recycling, chemical; 
recycling method, economic evaluation ofi waste. 
chemical recycling See recycling, chemical. 
chemical resistance The ability of a plastics to with- 
stand attack of acids, alkalis, solvents, and other chemicals. 
Generally plastics have good chemical resistance. See en- 
ergy reclamation. 
chemical safety and processing Some of the products 
developed by the chemical and plastic industries involve 
a certain acceptable risk. The handling of these products 
must be made hazard-free for people and the environment. 
See risk, acceptable; safety and processing. 
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chemical saturation The absence of double or triple 
bonds in a chain organic molecule such as that of some 
polymers, usually between carbon atoms. Saturation 
makes the molecule less reactive and polymers less suscep- 
tible to degradation and cross-linking. See saturation. 
chemical spray plating See plating, silver spray. 
chemical structure See chemical composition and 
plastic properties; designing with plastic-chemical 
models; molecular structure configuration; rheo- 
logical mechanical spectrometer. 
chemical structure and mechanical properties See 
rheological mechanical spectrometer. 
chemical structure building block See Staudinger, 
Hermann. 
chemical structure, discrete A chemical structural el- 
ement that is distinct or not connected. 
chemical structure modeling See designing with 
plastic-chemical models. 
chemical structure, understanding See Staudin- 
ger, Hermann. 
chemical surface treatment, plastic A method of 
rendering inert plastic receptive to inks, adhesives, and 
paints. Techniques include chemical etching, flame treat- 
ment, and abraiding surface. See abraid; chemical etch- 
ing; fluorination; gasoline tank permeability; sulfo- 
nation; surface CASING; surface treatment. 
chemical synonym data-case A chemical source for 
identification that includes formulas, codes, common 
names, and official names for chemicals. 
chemical synthesis The creation of a substance that ei- 
ther duplicates a natural product (material) or is a unique 
material not found in nature. This occurs by one or more 
chemical reactions. Though syntheses are more readily 
achieved with organic compounds because of the great 
versatility of the carbon atom, extremely important syn- 
theses of other atoms also exist such as inorganic sili- 
cones. Basically it is the building of chemical compounds 
(polymers, etc.) from their elements or from simpler 
compounds. See element; packing; polarity; syn- 
thetic. 
chemical test See test, chemical. 
chemical theory polymer See Staudinger, Her- 
mann. 
chemical treatment See chemical surface treat- 
ment, plastic. 
chemical unsaturation The presence of double or tri- 
ple bonds in a chain organic niolecule such that some are 
polymers, usually between carbon atoms. Unsaturation 
makes the molccule more reactive, especially in free-radi- 
cal addition reactions such as addition polymerization, and 
polymers more susceptible to degradation, cross-linking, 
and chemical modification. 
chemical valence See valence. 
chemical vapor deposition (CVD) A proces., that 
produces high-performance reinforcing filaments for use 
in reinforced plastics. I t  is a process in which desired rein- 
forcement material is deposited from vapor phase onto a 

continuous core; boron on tungsten and silicon carbide 
on carbon filament substratcs are examples. Fine-grained 
filaments are formed at one-third or less of the melting 
point of the material for simple crystal structures and 
somewhat higher for more complex crystal structures. 
Typically, a filament is run through a chamber where the 
filament is subjected to electrical resistance heating, and 
surface gases decompose on the heated substrate. See fi- 
ber, boron; fiber, silicon carbide; reinforcement; 
xylylene plastic. 
chemical writing See technical writing. 
chemisorption Adsorption, especially when reversible, 
by means of chemical forces in contrast to physical forces. 
See adsorption. 
chemistry A science that deals with the composition, 
structure, and properties of substances and of the transfor- 
mations that they undergo. I t  has contributed to our un- 
derstanding of the mechanism of the reactions of carbon 
compounds. Its value and importance continue to permit 
an endless growth of new plastics with improved perfor- 
mances. See chemical composition and plastic prop- 
erties; chemical polymer; design, biotechnology; 
interpenetrating network; plastic raw material to 
product; rheological mechanical spectrometer; 
strengthening plastic mechanism. 
chemistry, acetylene In synthesizing calcium carbide 
from lime and coal in a furnace at 2,0OO0C, carbide reacts 
vigorously with water to produce an unsaturated hydro- 
carbon acetylene (ethine) and calcium hydroxide. This re- 
action is the basis for the so-called acetylene chemistry. 
See acetylene; calcium hydroxide. 
chemistry, analytical The subdivision of chemistry 
that is concerned with identification of materials (qualita- 
tive analysis) and with determination of the percentage 
composition of the mixtures or constituents of a pure 
compound (quantitative analysis). The gravimetric and 
volumetric (or wet) methods such as precipitation, titra- 
tion, and solvent extraction are still used for routine work; 
newer titration methods are available. Among these are 
infrared, ultraviolet, x-ray spectroscopy, and chroniatogra- 
phy of various types. Optical and electron microscopy 
mass spectrometry, microanalysis, nuclear magnetic reso- 
nance, and others fall within the area of analytical cheniis- 
try. See infrared spectroscopy; spectroscopy, nuclear 
magnetic resonance; thermal analysis. 
chemistry, bio- Originally a subdivision of chemistry 
but now an independent science. It includes all aspects of 
chemistry that apply to living organisms. See body; de- 
sign, biotechnology; hemocompatibility. 
chemistry, conjugated I n  chemistry, the regular alter- 
ation of single and double bonds between atoms of the 
molecules. 
chemistry, cryo- The branch of chemistry that is de- 
voted to the study of reactions occurring at extremely low 
temperatures of -200°C (-328°F) and lower. See 
chemical reaction; cryogenic. 
chemistry, electro- The branch of science and tech- 
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n o l o g  that deals with transformations between cheniical 
and electrical energy. 
chemistry, inorganic A major branch of chemistry that 
embraces all substances except hydrocarbons and their de- 
rivatives, or all substances that are not compounds of car- 
bon dioxides and carbon disulfides. See plastic, inorganic. 
chemistry, organic The study of the compositions, re- 
actions, and properties of carbon-chain or carbon-ring 
compounds or mixtures that are prepared. See carbon; 
chemistry, inorganic; organic. 
chemistry, photo- See photochemistry. 
chemistry, polymer See chemical polymer; chem- 
ical structure; design biotechnology; polymer 
chemistry terminology. 
chemistry, radio- See radioactive decontamination. 
chemistry, stereo- The branch of chemistry dealing 
with the spatial arrangement of atonis or groups of atoilis 
that make up molecules. Stereoisomerisni is possible in the 
polymerization of iioiisubstituted ethylenes. Two ordered 
or stereoregular polymers are possible, isotactic aiid syndi- 
otactic, wherein the substituent K groups on successive 
chiral carbons in the polymer chain have the same and 
opposite relative configurations, respectively. See molec- 
ular structure, isotactic; isotactic plastic. 
chemistry terminology See polymer chemistry 
terminology. 
chemistry, thermo- The branch of thermodynamic 
that deals with the evolution or absorption of energy as 
heat in chemical processes. Thermodynamic is that part of 
chemistry that deals with the energy change involved in 
chemical reactions aiid changes the physical state of the 
substance. It basically is the measurement, interpretation, 
arid arialysis of heat changes accompanying chemical reac- 
tions and changes in state. See energy absorption; ther- 
modynamic. 
chemometric See computer chemometric. 
chewing gum See chicle. 
chicken-skin See orange peel. 
chicken test 
chicle A natural thermoplastic, gumlike material ob- 
tained from the latex of the sapodilla tree native to Mexico 
and Central America. It softens at 32°C (90"F), is insoluble 
in water, and is soluble in most organic solvents. Its major 
use is in chewing gum after adding sugar and specific fla- 
voring. See plastic, natural. 
chill 1. The cooling action by water, air, and other me- 
diums during processing. A niold is cooled by circulating 
water or water-ethylene glycol through it. See coolant. 
A plasticator barrel is cooled with air or water. See plas- 
ticator. 2. An object, usually metal, imbedded in a por- 
tion of a part or niold to accelerate the local rate of heat 
removal from the plastic being processed. See mold heat- 
transfer device. 3. Chill rolls are used to produce film, 
sheet, and coatings. See extruder roll, cooling. 4. To 
refine a graphite structure or cause formation of primary 
carbides. See graphite. 
chiller A device, that cools materials at  preset processing 

See test, aircraft canopy. 

temperature. There are portable (beside the machine) and 
central types. Each has advantages and disadvantages. The 
type used depends on the cooling temperature capacity 
requirement, length of run for the same part, type ofinate- 
rials processed, and space available. For most operations 
equipment is either at 80 to 85°F (27 to 30°C) or 20 to 
50°F (-7 to 10°C). Mechanical refrigeration is required 
to produce chilled water in the lower temperature ranges. 
Also called temperutwe controller. See coolant; tempera- 
ture controller; water, magnetic. 
chime See container chime. 
china, bone See bone china. 
china clay Hydrated aluiiiinurii silicate, used as a filler. 
It is a mineral aggregate consisting chiefly of microcline, 
albite, and/or anorthite and derived from the weathering 
of the aluminous mineral feldspar. This refractory clay is 
fired to a white or nearly white color. See filler, mineral; 
kaolin. 
Chinese white. A term used in the paint industry for 
zinc oxide and kaolin used as a white pigment. Also called 
ziric white. See paint. 
chip See integrated circuit, plastic. 
Chisolm's Law 
chlorinated compound solvent A solvent that con- 
fers low-flainmability properties in comparison with other 
types of solvents. It  is used where fire hazards are a matter 
of importance. See fire; solvent. 
chlorinated diphenyl A series of plasticizers raiiging 
from mobile oily to hard plastics. They are nonoxidizing 
and noncorrosive, and various grades arc available. They 
are used with chlorinated rubber, polystyrene, and polyvi- 
nylideiie chloride. 
chlorinated flame retardant See phosphorous-base 
flame retardant. 
chlorinated hydrocarbon An organic compound that 
has chlorine atoms in its chemical structure. It is one of a 
series of secondary plasticizers used in vinyl compounds, 
plastisols, and organosols. See polyether chlorinated 
plastic; polyethylene plastic, chlorinated; polyvinyl 
chloride plastic, chlorinated. 
chlorinated solvent A group that is different froiii hy- 
drocarbon solvents. They dissolve oil and fat a id  are not 
ordinarily dissolved by aromatics. Common types are car- 
bon tetrachloride, methylene chloride, ethylene chloride, 
and trichloro-ethylene. 
chlorine (Cl) A heavy, greenish-yellow poisonous gas, 
or clear amber liquid, derived mainly from the electrolysis 
of brine. A powerful oxidizing agent, it is widely used in 
the manufacture of many important chemicals such as eth- 
ylene glycol and trichloroethylene and is also used in the 
production of vinyl chloride and vinylidene chloride. See 
oxidizing agent. 
chlorobutyl rubber See polyisobutylene butyl 
rubber. 
chlorofluorocarbon plastic A plastic that is made 
from monomers composed of chlorine, fluorine, hydro- 
gen, and carbon only. It provides improved performances 

See problem and solution. 
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that range froni chemical to heat resistance. See poly- 
chlorofluorocarbon. 
chloroprene plastic A plastic that is used to form rnate- 
rials resembling rubber. See neoprene elastomer; 
polychloroprene elastomer. 
chlorosulfonated polyethylene plastic See polyeth- 
ylene plastic, polychlorosulfonated. 
chlorotrifluoroethylene See polychlorotrifluoro- 
ethylene plastic. 
choker bar 
chopped fiber See fiberglass, chopped. 
Christmas decoration See blow molding, extruder 
blow-action. 
chromatic aberration In resinograph, a defect in a lens 
or lens systeni resulting in different focal lengths of differ- 
ent wavelengths. An iniage produced by such a lens shows 
color fringes around the border of the image. See lens; 
apochromatic resinograph. 
chromatic color See colorant; saturation. 
chromatography A technique for separating a sample 
material into constituent components and then iiieasur- 
iiig or identifying the conipounds by other methods. For 
example, separation, especially of closely related coni- 
pounds, is caused by allowing a solution or mixture to seep 
through an absorbent such as clay, gel, or paper, and each 
compound becomes adsorbed in a separate, often colored 
layer. See alumina, activated; chemistry, analytical; 
resinography; spectroscopic analysis; thermal anal- 
ysis. 
chromatography, gas (GC) A method of separating, 
characterizing, and quantifying the vaporized components 
of samples using both conventional and pyrolysis tech- 
niques. Use includes identification of plastics and elasto- 
mers by GC fingerprinting, compositional analysis of co- 
polymers and blends, and determimation of residual 
iiionoiners and highly evaporative agents. See vapor de- 
tector, dielectric. 
chromatography, gel (GC) A method of aswssing the 
composition and characteristics of a plastic conipound by 
separating its components on the basis of molecular size 
(molecular weight). Since the weights of the organic niol- 
ecules in a material vary froni a few thousand to a few 
million, the polymers, oligomers, monomers, or additives 
component can be readily separated by size. The process 
requires that the sample be in liquid forin or be dissolvable. 
It is used with virtually all thermoplastics and the unre- 
acted B-stage thermoset plastics (prepregs, etc.). See poly- 
acrylamide plastic; thermal analysis. 
chromatography, gel permeation (GPC) A form of 
liquid chroiiiatography in which the polymers are sepa- 
rated by their ability or inability to penetrate the material 
in the separation coluinn. It is used to determine molecular 
weight distribution of a polymer by this fractionation tech- 
nique. The effective size of a molecule in solution is re- 
lated closely to the molecular weight. See analytical in- 
strument; molecular weight distribution. 
chromatography, ion (IC) A method of utilizing the 

See die restrictor bar. 

principles of ion exchange to separate mixtures of ioniz- 
able materials and, in most cases, a conductivity detector 
to sense the components resolved. A liquid sample is intro- 
duced at the head of an appropriate separator coluniii into 
a stream of ionic eluant, which then carries the mixture 
through the column and toward a detector. The time at 
which a component exits the colunin is a clue to its iden- 
tity, whereas the size of the peak is related to concentra- 
tion. 
chromatography, liquid A technique of separating 
coniponents of a mixture by differences in their rate of 
elusion arising froni interactions between the sample and 
the column-packing material. 
chromatography, thin layer (TLC) A niicrotype of 
chromatography in which a thin layer of special absorbent 
is applied to a glass plate, a drop of solution of the material 
being investigated is applied to its edge, and that side of 
the plate is then dropped into an appropriate solvent. The 
solvent travels up the thin layer of the absorbent, which 
selectively separates the molecules present in the material. 
chrome plating An electrolytic process that depocits a 
hard, semigray film of chroiniuin metal onto the properly 
prepared surfaces of plastic parts. It is used for EMI/RFI 
shielding, corrosion resistant metal coating, and plastic part 
coating. See electromagnetic interference; plating. 
This electrolytic process causes chroniiuni to be depocited 
onto the surhces of other metals. Chrome-plated surfaces 
are frequently used where resistance to corrosion or abra- 
sion is needed such as molds, dies, and rolls. See die coat- 
ing; mold-cavity surface; screw coating. It  is available 
and mined in the former USSR, South Africa, Zimbabwe, 
Philippines, Turkey, and Cuba. Also called clzrorniirrn pla t -  
i q  or Cr platinx. 
chromic acid etching In adhesive bonding, a surface 
cheniical treatment in which chromic acid introduces ox- 
ygenated reactive molecular groups to the part surface and 
to form rootlike cavities as sites for mechanical inter- 
locking. Coninionly used for polyolefins, acrylonitrile-bu- 
tadiene-styrene, polyphenylene oxide, and polyoxymeth- 
ylene. See adhesive bite; chemical etching; surface 
treatment. 
chromium plating See chrome plating. 
chromophore molecule See molecule, chromo- 
phore. 
chronotherapeutic See medical chronotherapeutic. 
chrysotile See asbestos. 
chuck See extruder roll-winding chuck. 
cine-radiography See radiography, cine-. 
circuit An electrical circuit pattern. See electric; fil- 
ament-winding circuit; injection-molding circuit 
board; printed circuit board. 
circular area See area, circular mil. 
circumferential winding See filament winding, 
circumferential. 
circumstantial evidence See legal matter: circum- 
stantial evidence. 
citrate plasticizer A main group of plasticizers that find 
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an outlet in the production of low-toxicity products. See 
plasticizer. 
civil justice See legal matter: forensic science and 
plastic; legal matter: plaintiff. 
civil work See geomembrane; geotextile. 
clad Surface sheathed. 
cladding A plastic coating on different materials such as 
plastics, metals, and aluminum. Its purpose ic to improve 
specific properties of the substrate. Property iniprove- 
ments obtained, such as abrasive and corrosion resistance, 
and color, depend on the plastic used and method of pro- 
cessing. See coating; surface. 
clamping A device or system that provides pressure to 
molds and dies, such as injection molding, blow molding, 
compression molding, and reaction injection molding. For 
example, in the injection-niolding machine, the clamping 
unit is that portion in which the mold is mounted. It  pro- 
vides an accurate and controlled motion and force to close 
and open the mold and to hold the mold closed during 
plastic injection. When the clamp is closed in a horizontal 
direction (the most popular), the clamp is referred to a5 a 
horizontal clamping system. When in the vertical, it is a 
vertical clamping system. See injection-molding ma- 
chine; mold; press. 
clamping area The largest rated molding area that the 
machine can hold closed under full molding pressure. 
clamping, book-type See clamping platen, book- 
opening. 
clamping, close low pressure A provision in the nia- 
chine to lower the clamp closing force to niininiize the 
danger of mold damage caused by molded parts caught 
between the mold halves. 
clamping close-position ejector mechanism A pro- 
vision in the machine-control circuit to allow a clamp to 
fully open and then close to a predetermined position. It  
is generally used to allow the mold-ejector (knockout) 
mechanism to retract so inserts can be placed in the mold. 
See mold ejector. 
clamping daylight opening The clearance between 
two platens of a press (blow molding, compression mold- 
ing etc.). It  provides space for the mold height plus the 
space needed after the mold opens and the part has to be 
removed from the mold cavity. There is a maxiilium and 
niiiiimuin daylight open distance. See injection-mold- 
ing machine daylight. 
clamping, electrical Two-platen or three-platen sys- 
tems that use electrical motor drive systems and provide 
advantages such as reduced power consumption during 
use, clean-room operation, and reduced floor space. See 
clamping, hydraulic. 
clamping, hybrid force See hybrid. 
clamping, hydraulic A clamp system that uses a large 
hydraulic cylinder and piston to directly develop clanip 
force. There are different arrangements used such as the 
usual three-platen, two-platen, C-clamp machines, rotat- 
ing platen, and tiebarless machines with each providing 
different benefits. As an example, the two-platen system 

is niuch shorter, requires less floor space (20 to 400/0), and 
weighs less than a three-platen hydraulic or toggle system. 
A two-platen typically features a drive mechanism that 
pulls rather than pushes the nioving platen. See clamp- 
ing, electrical; platen, press. 
clamping, hydroelectric A system that uses a conibi- 
nation of hydraulic and electrical systems to take advantage 
of their benefits. 
clamping, hydromechanical A system that partly uses 
a mechanical system, such as toggle system, and partly a 
hydraulic system to increase speed of operations, reduce 
operating costs, and so on. 
clamping, magnetic A system that has direct mount- 
ing of cavity inserts in pockets in the platens. Platens are 
brought together with clamping force achieved by mutual 
magnetic attraction. 
clamping mold, slow breakaway A provision de- 
signed to provide slow platen movement for an adjustable 
distance during the initial opening of the mold that may 
be required for molding certain plastics or shapes. 
clamping, open-stroke interruption A complete 
stop of the clamp opening stroke to allow an auxiliary op- 
eration before completion of the opening stroke. 
clamping platen A mounting plate, usually two plat- 
ens, of a press (injection molding, conipression molding, 
etc.) to which the mold assembly is bolted or attached nie- 
chanically. See platen; press. 
clamping platen, book-opening The conventional 
way for a press to open is having the two platens remain 
parallel from open-to-close-to-open. Like the way a text- 
book opens from its one side, these presses use that type 
of motion with the platens. It is used in different processes 
such as compression molding, reaction injection molding, 
and printing. It  has been popular since at least the 1930s 
when it started in rubber conipression molding. Also called 
tiltingpess. See compression molding; printing; reac- 
tion injection molding. 
clamping platen, floating The movable platen be- 
tween the stationary and normal moveable platens re- 
sulting in two or niore daylight openings where two or 
more molds can be used simultaneously during one ma- 
chine operating cycle. See mold, stack. 
clamping platen, movable The platen to which half 
of the mold is secured and moves to close and opedsepa- 
rate the mold halves. See mold half. 
clamping platen, parallelism and flatness in The 
ability of a molding press during use to maintain the platen 
surfaces parallel to each other and their surfaces remaining 
flat (no bellowing, etc.). 
clamping platen, rotary A technique that is used to 
overmold two or more materials into a single part for dif- 
ferent processes (injection molding, conipression molding, 
foaming, etc.). For each plastic, a separate injection, ex- 
truder, or other feed unit is required. Two or more mold 
halves are arranged in a circle on the moving platen with 
the matching mold halves attached to the fixed platen. Ba- 
sically the process starts with the first closed mold cavity 
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receiving a plastic. O n  opening, that cavity with the par- 
tially solidified plastic is rotated into the next position 
where its matching mold cavity is recessed to receive the 
next shot. With three or more plastics, this molding proce- 
dure continues. When the platens close after the initial 
start-up, each cavity is simultaneously injected with the 
required plastic. Also called a carousal system when platens 
operated horizontally orferric wheel when operating verti- 
cally. See blow molding, extruder (continuous oper- 
ation); injection molding, two-shot; molding, ro- 
tary; rotational molding type. 
clamping platen, shuttle Molds in which usually two 
or more shuttles are moved so that one mold is positioned 
to receive plastic material and then moves to permit an- 
other mold to receive, with this cycle repeating. The result 
is to permit insert molding and reduce the molding cycle. 
See blow molding, extruder (continuous operation). 
clamping platen, stationary The fixed platen on 
which the stationary half of the mold is fastened. This 
member usually includes a mold-mounting pattern of bolt 
holes or T slots; a standard pattern is recommended by 
Society of the Plastics Industry. For certain processes, such 
as injection molding, a mold with a sprue is properly 
aligned with the platen’s opening and is secured to this 
platen so that the injection-molding machine nozzle can 
be firmly fitted. This platen, with the nozzle leaning 
against the mold’s sprue, does not move or separate under 
normal operation. 
clamping platen troubleshooting Problem solving 
when platens do not operate properly or the molding op- 
eration is not properly controlled. Typical problems that 
can develop include mold wear or damage, mold flashing, 
out-of-tolerance parts, tiebar stress, and unbalanced mold 
filling. In addition to various textbooks, material suppliers 
and machine manufacturers generally provide guidelines 
relating these type problems with causes and solutions. See 
troubleshooting. 
clamping preclose Closing the mold to some point 
near the closed position before and after final closing. This 
permits bumping, improved parison pinch areas for blow 
molding, and mold safety measures. See blow molding, 
extruder parison. 
clamping press See press. 
clamping pressure The force in tons (T) that is exerted 
to hold the two platens or mold halves together when (1) 
laminating, (2) melt under pressure fills the mold cavity, 
or (3) air pressure pushes the melt parison against the mold 
cavity (during blow molding). Also called clunipingforce and 
locking-force. See pressure. 
clamping pressure, injection molding machine De- 
pending on what plastic is being molded, the IMM clamp- 
ing force may be from less than 20 to over thousands of 
tons. Different plastics require different pressures applied on 
their melt in the mold cavity, which can range from 2,000 
to 30,000 psi (14 to 207 MPa). The average machine uses 
a range from 100 to 400 tons, and large machines provide 
thousands of tons of clamping pressure. A force is also re- 

quired to open the mold that is usually much less than the 
clamping force. So one has to ensure that opening claniping 
pressure is available. Usually this requirement is not a prob- 
lem. Clamping predominantly uses hydraulic systems. Also 
becoming popular are all electric-drive systems and 
hydraulic/ electrical hybrid systems. The actual mechanical 
mechanisms range from toggle to straight ram systems. Each 
of these hfferent systems has its individual advantages. See 
clamping, electrical; clamping, hydraulic. 
clamping pressure measured Methods of pressure 
measurement includes (1) pressure transducer between 
closed platens, (2) sum of the tie bar forces, (3) force in a 
toggle mechanism, and (4) oil pressure in a hydraulic sys- 
tem or electric power that uses electric drive system. Mea- 
surements usually are made by some type of electrical 
strain gauge in the tie bars and offer the advantage of inon- 
itoring the forces in the individual bars. Thus, uneven 
loads or even overloading of individual bars caused by uii- 
balanced or worn molds, and other problems, can be iden- 
tified quickly to avoid major problems. Also called cluniping 
pressure and locking force. See clamping tiebar sensing; 
pressure-detecting film. 
clamping, rotary See clamping platen, rotary; 
press, rotary. 
clamping shut height The nlinimurn distance be- 
tween machine platens when the clanip is closed. 
clamping, shuttle 
clamping stroke maximum The niaximuni distance 
that the opening and closing niechanisni can traverse a 
platen. This action can be adjusted to shorten the travel 
to meet mold or molding requirements. 
clamping tie bar A bar (rod) between the fixed platen 
on which the moving platen slides. It  serves as a tension 
member of the clamp when the mold is closed. 
clamping tiebar dimension The distance between tie 
rods (bars) through which the mold must fit. 
clamping, tiebarless Without the tie bars, larger molds 
can reduce injection-molding machine cost, mount larger 
molds in a smaller IMM, pemiit easier mold mounting, 
and allow simpler part-handling automation. Tiebarless 
design is of a “C” frame construction to provide clamping 
pressure and proper parallel as well as operating platens; 
does not use standard 3 or 4 tie bar layouts. 
clamping tie-bar, retractable A device that is used to 
unlock a tie bar. It permits the installation of molds that 
would occupy the complete platen minus the tie rod areas. 
Thus the mold literally has holes. 
clamping tie-bar sensing Using sensors, such as elec- 
trical strain gauges, to detect the stretch or load applied 
and if an unbalance situation occurs, to alert the operator 
with an indicator. During clamping and applying pressure 
on the molds, the tie rods stretch. If everything is in bal- 
ance, the platens and mold stretch evenly. The distance 
the rods stretch is directly proportional to the applied load. 
Bar sensing can also be used to signal the switch from pack 
to hold pressure, a potential alternate or support for a pres- 
sure transducer. 

See clamping platen, shuttle. 



clamping, toggle action A machine clamping system 
that uses a toggle mechanism to develop clamp force by 
stretching the tie rods attached to the movable platen. 
clamshell foamed See environment and public 
opinion. 
clamshell package See thermoforming, clamshell. 
clarifier 
clarity See medical-device packaging clarity; 
transparent. 
Clash-Berg test 
clasp See packaging clasp. 
classification See ISO; Underwriters Laboratory 
classification; test and classification. 
clay, ball A secondary clay that has good plasticity, 
strong bonding power, high temperature processing, high 
dry strength, and processes to a white or creamy colored 
product. It is used as a bonding and plasticizing agent. An 
example is PVC floor and wall tiles. 
clay filler A natural-occurring sediment that is rich in 
hydrated silicates of aluminum predominating in  particles 
of colloidal or near colloidal size. It is used extensively as 
a filler in plastics. See china clay; fuller’s earth; kaolin; 
steatite. 
clay, hard Sedimentary rock that is composed mainly 
of fine clay niineral niaterial without natural plasticity; any 
compacted clay. 
clean-area fabricating A niilieu of artificial purity that 
protects sensitive products from air-laden particle contarn- 
ination. Required measures include (1) a workplace cor- 
rectly designed for clean-air technolog and suitable con- 
duct by employees, (2) effective filtration of the air supply 
and carefully planned air ducting, (3) easy-to-clean sur- 
faces throughout the clean-area, (4) a high degree of auto- 
niation of all work operations, and (5) regular monitoring 
with the aid of suitable particle-measuring technology. 
See fabricating; maintenance; troubleshooting. 
cleaning A technique that is used to clean fabricated 
products. Techniques include solvent, ultrasonic, blasting 
with dry ice (carbon dioxide) pellets, toxic chemicals, and 
even PCFC-based solvents, particularly for medical de- 
vices. See polychlorofluorocarbon; scouring. Clean- 
ing is done on a periodical maintenance time schedule to 
ensure the proper operation of equipment. Available are 
cleaning devices for molds, extruder dies and screen 
changers, niolded flash, and so on that operate econonii- 
cally and safely remove contaniiriated plastics. The routine 
techniques used include blow torches, hot plates, hand 
working, scraping, burn-off ovens, vacuum pyrolysis, hot 
sand, molten salt, dry crystals, high-pressure water, ultra- 
sonic chemical baths, heated oil, and lasers. Personnel have 
to be careful not to damage expensive tooling by spot an- 
nealing or mechanical abuse. Commercial cleaning sys- 
tems include aluminum oxide beds (fluidized beds), salt 
baths, hot air ovens, and vacuum pyrolysis. For example, 
the vacuuni pyrolysis cleaner utilizes heat and vacuum to 
remove the plastic. Most of the plastic is melted and 
trapped. The remaining plastic is vaporized and appropri- 

See additive clarifier; adhesive, isinglass. 

See test, stiffness, Clash-Berg. 

ately collected in a trap. See aerated sand cleaning, hot; 
carbon dioxide; coating, fluidized-bed metal strip- 
ping; decorating preparation problem; extruder 
screw pulling; injection-molding screw pulling; la- 
tex; mold cleaning; scouring; screw removal; steril- 
ization; stripping fork. 
cleaning, abrasion A cleaning method that removes 
surface contamination and increases surface roughnesc. 
Removal of surface contamination eliminates a potential 
existing weak boundary layer. It  has a positive effect on 
laminating or adhesion. Cleaning is usually carried out by 
several mechanical processes such as dry blasting with non- 
inetalhc grit (flint, silica, aluminum oxide, plastic, walnut 
shells), wet abrasive blast (slurry of aluniinuni oxide), hand 
or machine sanding, or scouring with tap water and 
scouring powder. See abrasive; mold-cavity grit blast- 
ing; surface treatment. 
cleaning, chemical See scouring. 
cleaning, dry ice See carbon dioxide. 
cleaning, hot salt A cleaning method using molten salt 
in a container. It is a very old cleaning method for metal 
molds and dies. Cleaning cycles are as short as one minute, 
depending on tool shape and plastic. See salt bath. 
cleaning, metal part See aerated sand cleaning, 
hot. 
cleaning, screw See extruder screw pulling; injec- 
tion-molding screw pulling; stripping fork. 
cleaning, self- See reaction injection-molding self- 
cleaning. 
cleaning, solvent A method of cleaning that may con- 
sist of wiping, immersion in a solvent, spraying, or vapor 
degreasing. Wiping is the less effective process and may 
result in distributing contaniinate over the surface rather 
than removing it. Immersion, especially if accompanied 
by mechanical or ultrasonic scrubbing, is a better process. 
It is even more effective if followed by either immersion 
or a spray rinse. Vapor degreasing is by solvent vapors con- 
densing on parts; it is the most effective process because 
the surfaces do not come in contact with the contaminated 
solvent bath. Vapor degreasing is carried out in a tank with 
a solvent reservoir on the bottom. The solvent is heated, 
and vapor condenses on the cool plastic surfaces. The con- 
densate dissolves surface impurities and carries them away. 
Cleaning action is as fast as a minute. See aldehyde; sol- 
vent; surface treatment. 
cleaning, ultrasonic A cleaning method that is iised for 
thoroughly cleaning plastic parts, particularly electrical and 
mechanical parts. A transducer mounted on the side or 
bottom of a cleaning tank is excited by a frequency genera- 
tor to produce high-frequency vibrations in the cleaning 
medium. These vibrations dislodge contaminates from 
crevices and blind holes that normal cleaning methods 
would not affect. 
cleaning, vacuum-pyrolysis A method of cleaning 
metal parts in pyrolytic ovens. Instead of sealing the cham- 
ber and starving oxygen, as burn-off ovens do, pyrolytic 
ovens pull a vacuum over parts to remove combustible air. 
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Theoretically, a vacuum oven is the safest method, since 
it removes all oxygen from the heating chamber. See py- 
rolysis. 
cleanroom A low-particle-count production room. In 
the past cleanrooins were found in a few large plants or 
specialized operations concerned with medical or pharma- 
ceutical products. The trend toward cleanroom produc- 
tion has been extended to achieve the necessary quality 
levels from the electronics and microelectronics industries 
and lately even from the automotive and entertainment 
industries. With careful planning, considerable savings can 
be made in investments and operating costs. The required 
degree of cleanliness, in particular, determines costs to a 
large extent and is directly influenced by a number of fac- 
tors such as the size of the room and contaminants. The 
worst enemy is dust, which must be eliminated. The great- 
est dust producer is human beings. The smallest dust parti- 
cles are less than 0.5 pin. Moreover, the nuniber of parti- 
cles depends on the type and speed of any motions. Since 
the continued production of dust is unavoidable, measures 
must be taken to reduce the total particle count. The lower 
the perniissible amount of dust in a planned production 
area, the greater the resultant costs. See design, medical- 
device; quality control; test. 
cleanroom standard The U.S. Federal Standard 20YE, 
Airborne Particulate Cleanliness Classes in Cleanrooms 
and Clean Zones, must be niet by manufacturers who 
want to conform to quality-system regulation. Via the in- 
dustrial International Standardization Organization Euro- 
pean Community, it has been integrated with ISO. 
Among the more important recent changes are metrica- 
tion, revision of the upper confidence level requirement, 
provisions for sequential sampling, and an alternative veri- 
fication procedure based on determination of the concept 
of ultrafine particles known as U descriptors. See I S 0  
TC-209 certification; quality-system regulation. 
clearance See design clearance. 
clich6 See printing, pad-transfer. 
clicking See cutter, die. 
clogging 
closed-die forming See forging. 
closed-loop control See control, closed-loop. 
closure 1. A structure or device that is designated to 
close off the opening of a container and prevent loss of 
contents. Properties of plastics, such as a combination of 
flexibility and rigidity, provide different capabilities for the 
closures, such as snap fit with ease of removal. See pack- 
aging. 2. A compression joint; a closure or joint designed 
so that a sealing action is obtained by compressing an elas- 
tomer coniponent. See design hinge, integral; joining. 
3. In filament winding, the complete coverage of a man- 
drel with fiber. When the last tape circuit that completes 
the mandrel coverage is laid down adjacent to the first 
without gaps or overlaps, the winding pattern is said to 
have closed. See filament winding. 4. In grouting, the 
achievement of the desired reduction in the grout take by 
splitting the hole spacing. If closure is being achieved, 

See geotextile; landfill and degradation. 

there will be a progressive decrease in grout take as pri- 
mary, secondary, tertiary, and quaderary holes are ground. 
See plastic grout. 
closure, medical 
cloth See fabric, nonwoven; fabric, woven; pre- 
form. 
coagulant A substance that initiates the formation of 
relatively large particles in a finely divided suspension or 
assists in gel formation with the result of accelerated set- 
tling of the particles or their deposition on a substrate. See 
anticoagulant agent; gel. 
coagulation 1. The physical or chemical change that 
induces a transition from a fluid to a semisolid or gellike 
state. 2. The irreversible agglomeration of particles origi- 
nally dispersed in a latex; precipitation of a plastic dispersed 
in a latex. See anticoagulant agent; fiber, rayon vis- 
cose; latex, natural rubber; latex precoagulum. 
coal A black or brownish black solid conibustible sub- 
stance formed by the partial decomposition of vegetable 
matter without free access to air. It is formed from carbon, 
hydrogen, and oxygen. Moisture, pressure, and tempera- 
ture (such as from lush and swanipy forests) during the 
formation of the earth’s crust influenced its production. It  
was a source of organic materials for the production of 
organic chemical intermediates used in the nianufacture 
of plastics. They include benzene, toluene, phenol, and 
xylene. See cracking; oil and gas; plastic raw material 
to product. 
coal and energy efficiency 
coalesce 
gether. 
coalescence See anticoagulant agent. 
coal tar A thick, black liquid obtained from the destruc- 
tive distillation of coal. Organic products are produced 
that include raw materials in the production of certain 
plastics such as coumarone-indene plastic. See bitumen. 
coating A layer of paint or film applied for functional, 
protective, decorative, adhesive, and many other reasons. 
See cleaning; coating method. 
coating, acrylic emulsion 
coating, air atomization A method that uses an air 
gun and a high-velocity air stream to break up a liquid 
plastic coating. Diameters of all droplets are less than 15 
pi, with the average at 5 p i  permitting good control of 
thickness. Its disadvantage is considerable overcpray (poor 
transfer efficiency) unless electrostatic assist is used. See 
coating, centrifugal atomization; coating, electro- 
static spray; foamed polyurethane; spray-paint 
coating. 
coating, air-drying alkyd plastic The coined term 
cyclyd refers to cyclic alkyd coatings used in air-drying 
maintenance paints and baking metal primers. See alkyd 
plastic; paint; primer. 
coating, air-knife A technique that is especially suit- 
able for use with thin aqueous plastics such as adhesives, 
where it provides accuracy in metering and uniformity of 
application. A high-pressure jet of air is forced through 

See medical seal and closure. 

See energy efficiency. 
T o  conibine into one body or to grow to- 

See acrylic emulsion. 
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orifices in the knife under controlled conditions. See 
coating, knife. 
coating, antifouling A plastic coating or paint com- 
pounded with principally copper naphthenate and mer- 
cury for use on parts subjected to submersion or iinnier- 
sion in water, such as bottoms of ships, to protect thein 
from attack by barnacles and other marine organisms. See 
marine application; pigment. 
coating, anti-icing See polyphosphazene plastic. 
coating, antistatic 
humectant agent. 
coating, barrier See barrier plastic. 
coating, bitumen See bitumen. 
coating bottle with glass See barrier, glass- 
coating. 
coating, calender See calendering coating. 
coating, cast A coating that is applied in reverse where 
it is transferred from one surface to the surface where the 
coating remains. An example is the plastic cast coating on 
a substrate such as plastic film, paper, or aluminum foil. 
Also called tvun~fer coating. 
coating, cellulose lacquer A liquid coating material 
containing as the basic film-forming ingredients cellulose 
esters or ethers and plasticizers. See cellulose ester plas- 
tic; lacquer. 
coating, cement A surface that is coated by tumbling 
or ininiersing metal parts, such as nails, in plastic or shellac. 
This produces a bond between the driven nail and the 
surrounding wood and is not removed when the nail is 
driven into the wood. Thus, it reduces the rusting of the 
nail during storage and while in service. 
coating, centrifugal atomization A method that uses 
a centrifugal atomizer that consists of a rotating disk or 
bell. The plastic spray flows to the periphery of the rotor 
and disintegrates as it leaves the rotor’s edge. The atomiza- 
tion is generally poor, and the paint direction is difficult 
to maintain, but the process is very efficient mechanically. 
To improve atomization, the rotor speed must be in- 
creased to a very high level, and electrostatic assist is used. 
See air atomization; foamed polyurethane. 
coating, centrifugal or rotational 1. An external 
method. The external surface of a product, such as a pipe, 
is coated. The coating is applied by feeding powder from 
a feed-roll or vibrator-type feeder while the preheated part 
is being rotated. See casting, centrifugal. 2. An internal 
method. Powdered plastic is placed or metered into the 
inside of a heated rotating object and fused or solidified 
forming, for example, an inside tank liner or pipe. See 
rotational molding. 
coating chrome See chrome plating. 
coating, coil A method of plastic coating a coil sub- 
strate material. It is used extensively in different markets 
such as building products, transportation, containers and 
packaging, appliances, and furniture fixtures and equip- 
ment. About 200,000 T of coil is used principally using 
almost 80wt% of steel and almost 20% of aluminum. Dif- 
ferent methods of coating are used such as paint or flame 

See antistatic agent; moisture, 

spraying, fluidized bed, flock spraying, and plastisol dip- 
ping. See coating, fluidized bed; flocking; paint; 
plastisol. 
coating, conformal See encapsulation. 
coating cratering Depressions on coated plastic sur- 
faces usually are caused by excess lubricant additive in the 
coating compound. 
coating, crocked Crocking is the removal of a dye or 
pigment from the surface of a paint or textile by rubbing 
or attrition. 
coating, curtain A method of coating that usually uses 
a low-viscosity themioplastic in solution, suspension, or 
emulsion in which the substrate to be coated is passed 
through and perpendicular to a free falling liquid curtain. 
The flow rate of the falling liquid and the speed of the 
substrate passing the curtain are controlled to provide the 
desired coating thickness. Also called watefull c o u t i q .  See 
extruder coating and lamination; roll coating. 
coating, defective A defect. Defects can have pictur- 
esque names that become important when an explanation 
is needed. Names include chalking, cratering, fisheye, 
floating, flocculation, flooding, mooning, orange peel, pin- 
hole, and wrinkle. See defect; troubleshooting flaw. 
coating, dielectric See parylene plastic. 
coating, dip A method of applying a plastic coating by 
dipping the heated metal part to be coated into a tank of 
plastisol or melted plastic for a specified time, removing 
it from the tank, and then chilling the adhering melt. Also 
called dip casting. See casting, dip; forming, dip; poly- 
vinyl chloride dispersion plastic. 
coating, dispersion The process of applying a flexible 
barrier material, suspended or dispersed in a vehicle that is 
usually water, to a surface in such a way that a continuous, 
coalesced, adherent layer results when the vehicle liquid 
is evaporated. 
coating doctor blade 
coating electrical spark test See test, coating elec- 
trical spark. 
coating, electrodeposition The precipitation of a ma- 
terial on an electrode as a result ofthe passage ofan electric 
current through a solution or suspension of the coating 
material. The electrode is in the shape of the desired prod- 
uct. An important advantage of this process is that very 
complex products can be coated with rather exact thick- 
ness control. It offers very high corrosion protection of 
metals and conipliance with environmental regulations. It 
is used for coating parts of various sizes including steel 
building trusses, car bodies, furniture, appliances, toys, and 
nuts and bolts. Also called electrocouting or electroplating. See 
nickel. 
coating, electrophoretic deposition See electro- 
phoretic deposition. 
coating, electroplating See electroplating. 
coating, electrostatic-spray A method of coating. 
Coating thicknesses are in the range of 3 to 30 mil (0.08 
to 0.8 nim) depending on the service performance re- 
quired of the part. In this process a dry-coating plastic 

See doctor blade. 
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powder is withdrawn from a reservoir in an air stream and 
electrostatically charged in a high-voltage corona field of 
a spray gun. The charged particles are attached to the 
grounded product (metallic or surfaced conductive plastic 
part) to be coated and adhere to it by electrostatic at- 
traction. The coated substrate is then placed in a heated 
oven, and the coating is fused and bonded to form a con- 
tinuous film. When the powder builds to a certain thick- 
ness, usually about 0.8 mil (0.2 mm), a dielectric barrier 
is created, and more powder is rejected. The part is heated 
prior to the application of additional coatings. This 
method reduces volatile organic compound (VOC) ernis- 
sions by up to 70% over air-atomized and niechanical 
spraying systems and also produces less waste. See air at- 
omization; carbon black, conductive; coating, air 
atomization; powder coating; spray, centrifugal. 
coating, enamel See enamel. 
coating, Engel-process A process that starts using a 
cold mold filled with plastic powder such as polyethylene 
plastic. The closed mold is placed in an oven operating 
from about 260 to 400°C (500 to 7W°F), with the higher 
temperatures preferred. Thickness of fused plastics is deter- 
mined by temperature, heating time, and to some extent 
the density and melt index of the plastic. The mold is 
cooled by spray or immersing in water. See fusion. 
coating, engraved-roll See printing, gravure. 
coating, fabric A method of coating fabric with a plas- 
tic to supplement desirable or improved properties of the 
fabric. In woven or knitted fabrics, the yarns almost always 
need to be sized or lubricated to eliminate problems during 
weaving. However, prior to coating they are removed and 
may require a finish to obtain coating to fiber bonds. Dif- 
ferent methods are used for coating that depend on desired 
properties and cost. Processes include extrusion coating, 
calendering, knife coating, and fluidized techniques. See 
calendering coating, frictional; test, fusion Kling; 
twist, direction of yarn. 
coating, fabric woven, vinyl See vinyl seagoing 
bag. 
coating, flame-spraying A method of applying coat- 
ing in which finely powdered plastic, together with suit- 
able fluxes, are projected through a cone of flame onto 
the surface. See flame; powder coating. 
coating, flocking A decorative or sound-deadening 
coating in which finely dispersed fibers of different materi- 
als are attached to the surface of a plastic part. Fiber can 
be oriented in specific directions and patterns determined 
by the process, such as spraying used and adhesive patterns 
laid down on the surface of the part. See flocking. 
coating, flood A simple dry-powder technique for 
coating shaped and hollow articles where minor variations 
in coating thickness are not objectionable. A nonfluidized 
bed is a form of flood coating. See powder coating. 
coating, flow A painting process in which an article to 
be painted is passed under a curtain of lacquer. The part 
is withdrawn and rotated until the coating dries. 
coating, fluidized-bed A method in which thermo- 

plastics are suspended in an open top box containing an 
air stream flowing up usually through a porous bottom 
plate containing the powder. The small plastic powder in 
the air behaves like a liquid mix. The part to be coated is 
heated and immersed in this fluidized bed. The plastic 
melts and fuses to the hot surface, forming a sniooth coat- 
ing. After the required time period the part is removed 
and cooled. See catalyst, fluid; extruder, Ballatini 
process; powder coating; sintering. 
coating, fluidized-bed metal stripping A fluidized- 
bed stripping system that is used to remove solidified plas- 
tic from nietal tooling such as plasticator screws, barrel 
vent ports, plugs molds, dies, and screen filters. This action 
can reduce downtime and cleaning costs. See cleaning. 
coating, foam 
coating, foil 
coating, fouling See coating, antifouling. 
coating, frictional 
tional. 
coating, fusion 
coating, gravure See printing, gravure. 
coating, heat protection See coating, intumes- 
cent. 
coating, hydrocarbon plastic See plastic, hydro- 
carbon. 
coating, icing See polyphosphazene plastic. 
coating imperfection See sensor, dynamic accu- 
racy. 
coating, in-mold decorating, labeling A plastic that 
is introduced into the mold cavity to provide surface ini- 
provements such as a protective coating or a smooth sur- 
face as well as decoration and information. See injection 
molding, in-mold; in-mold decorating; molding, 
coating in-mold. 
coating, in-mold paint See paint coating, in- 
mold. 
coating, intumescent A plastic-type formulated coat- 
ing with an intumescent action to protect a product from 
the intense heat of flames by decomposing into a foam 
barrier. This sprayed surface covering on a combustible 
material delays ignition and reduces flame spread when 
exposed to flames. At high temperatures, chemical reac- 
tions within it form a thick and tough inert layer. Some 
coatings protect to at least 1,100"C. See ablative plastic; 
flame retardant. 
coating, kiss-roll A method of coating in which the 
plastic, in fluid form, is picked up by a roll and transferred 
to a secondary roll from where it is transferred to a sub- 
strate. By using this technique, very thin coatings can be 
achieved resulting in reduced plastic consumption. See 
extruder roll coating, kiss. 
coating, knife A method of coating a continuously 
moving web (fabric, paper, film, aluminum foil), where 
the thickness of the coating is controlled by an adjustable 
knife (also called bar) set at  the required spacing from the 
web and a suitable angle with the substrate. There are 
many variations of this basic technique, and they vary ac- 

See foam inverse lamination. 
See injection molding, in-mold. 

See calendering coating, fric- 

See test, fusion Kling. 



cording to the product required. See coating, air-knife; 
embossing spanishing. 
coating, knife-over-roll A knife coating technique in 
which the knife or bar is located above a backing roll car- 
rying the substrate. 
coating, light sensitive See printing, photome- 
chanical coating. 
coating, liquid (LC) A system that uses conventional 
spray equipment or dip-coating systems. The industry uses 
water-based (primarily) and solvent-based systems. The 
preferred water-based system results in no solvent fumes. 
Not all materials lend thenuelves to water-based systems. 
See coating, dip; spray-paint coating. 
coating material The plastic that is used to meet differ- 
ent performance and processing requirements as well as 
cost requirements. The materials used include aiiiine 
alkyds, thernioset acrylics, acrylic films, TS polyesters, so- 
lution vinyls, vinyl f i lms,  vinyl foams, modified silicones, 
epoxies, phenolics, plastisols and organosols, and fluoro- 
carbons. See plastic material type. The applicable plas- 
tic coating protects metals from corrosive environments, 
impacts, abrasions, and provides ultraviolet resistance and 
decoration. 
coating, metallizing A method of coating plastics with 
metals for decorative or functional purposes. Processes 
used include electroless plating, flame and arc spraying, 
sputtering, and vacuum. See metallizing plastic. 
coating method The method used to meet different 
requirements. The most popular for high production is by 
extrusion and calendering. The processes used include air 
knife, calender, cast, dip, doctor roll, electrodeposition, 
electron beam, electroplating, electrostatic spray, emul- 
sion, encapsulation, engraved roll, extruder, flocking, flu- 
idized, foam, gel, gravure, in-Inold, kiss-roll, metallizing, 
offset, overcoating, painting, powder, reverse roll, roll, ro- 
tational, sinter, solution, solvent borne, spraying, sput- 
tered, vacuum, and waterborne. See calender; extruded 
coating and lamination; extruded wire and cable; 
injection molding, in-mold; primer. 
coating, microencapsulation A method of individu- 
ally coating particle matter for protection against enviroii- 
mental influences. In the broadest sense, it provides a 
means of packaging, separating, storing materials on a i n -  
croscopic scale for later release under controlled condi- 
tions. See drug application; drug, controlled- 
delivery; encapsulation; medical-device packaging 
clarity. 
coating, mold See mold-cavity coating. 
coating oven See festooning oven. 
coating, oxygen-barrier removable A gas-barrier 
coating for polyethylene terephthalate plastic that can be 
removed during recycling. This is an option in the oxy- 
gen-sensitive food-packaging market. Applications in- 
clude beer, fruit juices, and tomato-based products. PPG’s 
(Pittsburgh Plate Glass) coating is a thermoset two- 
component epoxy-amine plastic that is tough and hu- 
midity resistant. The coatings, colored or not, can be 

removed by contact with conventional cleaning solutions 
during reclaiming operations. See barrier plastic; blow 
molding. 
coating, paint See paint. 
coating, photoelastic See test, nondestructive 
photoelastic stress-analysis. 
coating, pinhole-free See xylylene plastic. 
coating, plasma A method in which a high tenipera- 
ture is established in an inert gas such as nitrogen and a 
coating powder is introduced at the periphery of the 
plasma. The particles melt and are propelled at  high veloc- 
ity to the substrate, where they form a film. See plasma 
arc treatment; powder coating. 
coating, printing offset See printing/coating, 
offset. 
coating, profile See extruder profile. 
coating protection See screw wear protection; 
surface treatment. 
coating, radiation See polymerization, photo; ra- 
diation. 
coating, rain erosion 
coating reinforced concrete rod See coating, steel- 
rod. 
coating, reverse-roll A niethod of coating in which 
the coating material is premetered between a pair of rolls, 
one of which deposits the coating onto the sub3trate. Ad- 
justing the gap between the rolls or varying the speed of 
the coating roll can control the thickness of a coating. 
coating, roll 
coating, roller The process of coating substrates with 
fluid plastics, solution, or dispersion by contacting the sub- 
strate with a roller on which the niaterial is spread. The 
process is often used to apply a contrasting color on raised 
lettering or inarkings. See roll. 
coating roll, kiss See extruder coating and lamina- 
tion; extruder roll coating, kiss. 
coating, sinter A method in which the metal product 
to be coated is first heated and then immersed into a plastic 
powder, such as PTFE or nylon, so that the plastic be- 
conies fused on to the metal. Then it is withdrawn and 
heated to a higher temperature to complete the fusing ac- 
tion. See coating, fluidized-bed; extruder, Ballatini 
process; fusion. 
coating, slush See casting, slush-molding. 
coating, solid A high-solid (close to 100%) liquid plas- 
tic, predominantly acrylic, that is sufficiently fluid for ap- 
plication but cures with the application of radiation or 
heat. See acrylic plastic; heat; radiation. 
coating, solution A method of plastic coating plastic 
film. Coating coinpounds (plastics, additives, and fillers 
needed) are dissolved in appropriate solvents. Baths are 
normally kept at  rooin temperatures, but they may require 
elevated or lower temperatures depending on the coni- 
pound’s capability. Coatings are applied by continuous 
processing equipment. The thickness of the coating is con- 
trolled by various means depending on the specific coating 
process. When film is run directly into a coating bath, doc- 

See rain erosion. 

See roll coating; roll covering. 



tor rolls with controlled openings between the roll control 
the thickness after the film leaves the bath. Film speeds 
and bath consistency also influence thickness. Films may 
be coated on one side by using one roll immersed in the 
bath and transferring the coating to the second roll that 
is in contact with the film. Using flexographic rolls with 
controlled engraving patterns, uniform coatings will de- 
pend on depth of the engraving pattern. In the knife pro- 
cess, coatings are applied in large excess onto the surfaces 
of films, and the excess is removed with a knife or doctor 
blade. See printing, flexographic. 
coating, solvent See ethyl acetate; solvent, hydro- 
carbon; solvent, latent. 
coating, solvent-borne See solvent-borne coating. 
coating, solventless See powder coating. 
coating, solvent-resistant See cellulose triacetate 
plastic. 
coating spark test See test, coating electrical spark. 
coating, spray See spray coating; spray-coating 
transfer efficiency. 
coating, spread A process that passes the material (film, 
sheet, etc.) to be coated over a roller and under a long 
blade or knife. The plastic coating compound is placed on 
the substrate or material just in front of the knife and is 
spread out over the material. The coating thickness is con- 
trolled by the speed the substrate travels under the knife, 
the space positioning between substrate and knife, and the 
viscosity of the conipound. Also called !&I!$ spvead iq .  
coating, steel See recycling steel with vinyl scrap. 
coating, stress-strain calibration See test, nonde- 
structive stress-strain measurement, brittle lacquer 
technique. 
coating, sputtered A process for depositing permanent 
metal coatings onto plastic substrates to provide industrial 
and decorative capabilities. The term spffeviiztq describes 
the removal of metal atonis from a base (metal) material 
utilizing a bonibardment action. The bonibardnient is 
nlade of ions from gaseous sources such as argon and con- 
trolled within a magnetic field. The metal atonis coat all 
surfaces exposed. When compared to vacuum metallizing, 
its chief advantages are the ability to deposit a variety of 
nietals on plastics and J I ~ L I C ~  thicker coatings. See elec- 
troplating; metallizing, vacuum. 
coating static See antistatic agent. 
coating, steel-rod A method of using steel rods to re- 
inforce concrete and avoiding corrosion deterioration in 
certain environments, such as near salt water. Plastic, par- 
ticularly polyethylene, is used as a coating or cover to pro- 
tect the steel. See composite; concrete, reinforced. 
coating, stress-strain test See test, nondestructive 
stress-strain measurement, brittle lacquer technique. 
coating, strippable A temporary plastic coating that is 
applied to finished products (plastic, steel, aluminum, dec- 
orative panels) to protect theni from damage, such as abra- 
sion, corrosion, or scratches, during shipment, storage, and 
handling up to when they are stripped. 
coating surface See orange peel. 

coating, thickened See thickening agent. 
coating tool See tooling coat. 
coating, vacuum A method of depositing a coating us- 
ing vacuum vapor techniques, either by physical or chemi- 
cal vapor-deposition methods. Physical methods include 
evaporation and sputtering; chemical niethods include po- 
lymerization through pyrolysis and glow discharge 
(plasma). Materials used can be solid or gas, and the type 
of energy applied either thernial or plasnia. Sputtering em- 
ploys a solid target and a plasnia energy source. See poly- 
merization, electron beam; polymerization, ion- 
beam; tooling coat. 
coating, vacuum-deposition The process of coating 
by evaporating a metal under high vacuum and condens- 
ing it on the surface of the substrate to be coated. The 
vaporized material travels in all directions from the source 
and condenses on the plastic surface. 
coating vehicle See vehicle. 
coating, water-borne system A system of solutions in 
which 80% of the liquid is water. A L ~ L I ~ ~ U S  systems have 
three categories: those in which the binder is soluble i n  
water, those in which they have a colloidal dispersion, and 
those in which it is emulsified to form a latex. Water- 
soluble binders are low-iiiolecular-weight plastics (5,000 
to lO,OOO), colloidal-dispersion plastics have 10,000 to 
50,000, and emulsion plastics have IO" or more. The 
eniulsion types have the best film properties and resistance 
to water. The water-soluble binders have the poorest in 
these respects, and the colloidal are interniediatc. See or- 
ganosol nonaqueous dispersion; polymerization, 
aqueous; water-aqueous. 
coating, water-resistant See polylactic plastic. 
coating weight The weight of the coating per unit area 
varies per the industry requiring the coating. I n  the United 
States usually it is per ream, such as 500 sheets 23 in. X 
36 in. or 3,000 ft' (64 X 90 cni or 280 in'), but sometimes 
it is only 1,OOO ft' (93 ni'). 
coaxial electrical cable See electrical cable button. 
cobalt-60 An unstable isotope that is used widely as a 
source of gamma radiation. See gamma radiation; radi- 
ation. 
cobalt napthenate A powder that is used as a catalyst 
in bonding rubber to steel and other metals as well as paint 
and varnish drier. Also called robaltour riapflienatc. 
cobwebbing A filmy, wcblike build-up of dried plastic, 
ink, or other material that appears on the doctor roll, end 
of an inipression roll, and so on. 
Coca-Cola bottle Acrylonitrile-styrerie (AN) plastic 
was used in 1958 to produce the first conimercial stretched 
Coca-Cola carbonated beverage bottles (two-liters). The 
glass pinch bottle debuted in 1915 was resurrected out of 
plastics. Production was by Monsanto Co. using Barex 
plastic from Sohia of BP Chemical International and Du- 
Poiit's stretched injection blow-molding process. After 
production started in about eight plants on the East Coast, 
AN was banned by the U.S. Food and Drug Adniinistra- 
tion because of possible food contamination, even though 



156 Con& Encyclopedia of Plastics 

its permeability requirements could not be determined by 
instrumentation available at  the time. Rumors had it that 
competitors fed the FDA the wrong information. After 
significant cost and decades of experimentation, AN re- 
ceived approval. It was the forerunner of using PET plas- 
tics in an avalanche of bottles that appeared commercially 
worldwide beginning in the 3 970s and continuing today. 
See acrylonitrile-styrene plastic; blow molding, 
stretched; Coor’s beer bottle; polyethylene tereph- 
thalate plastic; risk, acceptable packaging. 
cocatalyst See accelerator. 
coconut shell An organic noncellulose niaterial that has 
been reduced to a grit for polishing plastics or in a flour 
form used as an additive. 
cocuring See reinforced plastic cocuring. 
code See bottle code system; container code sys- 
tem; recycled plastic identified; Unwritten Laws of 
Engineering: The Professional Code for  Engineers. 
coefficient of cornering The ratio of a cornering force 
to the vertical load. See load. 
coefficient of cubic expansion See coefficient of 
linear thermal expansion. 
coefficient of damping 
coefficient of elasticity The reciprocal of Young’s 
modulus in a tension (modulus of elasticity). Also called 
tensile compliance. See modulus of elasticity; test com- 
pliance. 
coefficient of expansion A measurenient change in 
length or volume of a part; specifically a percent change 
measured by the increase in length or volume of a part 
per original unit length or volume. See coefficient of 
linear thermal expansion; melt flow. 
coefficient of friction The measure of the resistance 
to sliding of one surface in contact with another surface. 
A value is calculated under a known set of conditions, such 
as pressure, temperature, operating speed, material, and 
surface condition. The target is to develop a number rela- 
tionship for either static or dynamic loading of the resis- 
tance of the niaterial to slide or roll. The lower the num- 
ber, the higher the material’s lubricity. See additive, slip; 
friction; lubricant; lubricity. 
coefficient of friction, kinetic The friction under 
conditions of macroscopic relative motion between two 
bodies. It  is the ratio of tangential force, which is required 
to sustain motion without acceleration of one surface with 
respect to another, to the normal force, which presses the 
two surfaces together. 
coefficient of friction, static The ratio of the force that 
is required to start the friction motion of one surface against 
another to the force, usually gravitational, acting perpendic- 
ular to the two surfaces in contact. See friction; static. 
coefficient of gas permeability The volume of a gas 
flowing normal to two parallel surfaces at a unit distance 
apart (thickness), under steady-state conditions, through a 
unit area under a unit pressure differential at a stated test 
temperature. An acceptable unit is 1 cni’ (at standard 
conditions)/s . cin2 . cm Hg/cm of thickness at the stated 

See damping coefficient. 

temperature of the test (generally 33OC). See barrier 
plastic; coefficient of permeability; test, perme- 
ability. 
coefficient of linear thermal expansion The change 
in volume per unit volume resulting froin a change in teni- 
perature of the material. The mean coefficient is coni- 
nionly referenced to room temperature. It is expressed in 
mm/mm “C (in/in. O F ) .  See expansion, linear; ther- 
momechanical analysis. 
coefficient of optical stress The constant of propor- 
tionality between the stress in a inaterial and the birefrin- 
gence resulting from the molecular orientation produced 
(stress-optical law). See birefringence; molecular 
structure; stress. 
coefficient of permeability (CP) The cm3 of vapor at 
standard temperature and pressure (STP) permeating 
through a barrier material ofunit area (cin’) and unit thick- 
ness (cin) under a partial pressure difference of one cni Hg 
per unit time (s), regardless of the mechanism used. Thus 
CP is (in1 @ STP) (crn) (cui’) (s) (cm Hg). Since CP in 
these units have values for most plastics in the range of 
lo-’ to IO-’*, many large number units have been used in 
practical application studies. The most common of these 
is in units of g mil/m224 h . atm. Since CP is often highly 
temperature dependent, values should be quoted at a given 
temperature. With organic vapors, and often water vapors, 
the CP is dependent on the vapor pressures themselves, 
and it is necessary to speciEy the exact conditions of mea- 
surement. See barrier plastic; coefficient of gas per- 
meability; test, permeability. 
coefficient of scatter The rate of increase of reflec- 
tance with thickness, weight per unit area, at infinitesimal 
thickness ofinaterial over an ideally black box. See black 
box; gloss; light scattering. 
coefficient of shear The reciprocal of Young’s modu- 
lus in a shear test. Also called shear conzpliance. See shear. 
coefficient of thermal conductivity The amount of 
heat that passes through a unit cube of material in a given 
time when difference in temperature of two faces is one 
degree, identified as the K factor in units of Btu . ft/(h . 
ft’ . O F )  or W / ( m  . K). See thermal conductivity. 
coefficient of thermal expansion See coefficient of 
linear thermal expansion. 
coefficient of viscosity The shearing stress necessary 
to induce a unit velocity gradient in a material. In actual 
measurement, the viscosity coefficient of a material is ob- 
tained from the ratio of shearing stress to shearing rate. 
This assumes the ratio to be constant and independent of 
the shearing stress, a condition satisfied only by Newton- 
ian fluids. Consequently, in all other cases that include 
plastics, values obtained are apparent and represent only 
one point in the flow chart. Also called Newtonian viscosity. 
See viscosity, coefficient, Peltier. The reversible heat 
that is absorbed or evolved at a thermocouple junction 
when unit current passes in a unit time. See thermo- 
couple. 
coercive field See electrical coercive field. 
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coextrusion The simultaneous processing of two to 
seven plastic melt streams meeting in a die or mold to 
produce laminated plastic products. Product performances 
gained are a combination of what each individual plastic 
provides. The lay-up can include recycled material or low 
cost material that will reinforce more expensive niaterials 
in strength, tear resistance, and so on. It  produces products 
(such as extruded film, sheet, cable covering, and pipe) 
where two or more different or similar plastics go through 
a single die. Two or more orifices from each extruder pro- 
cessing the different plastics are arranged s o  that the extru- 
dates nierge and weld together into a single structure prior 
to cooling. Each ply of the coextruded laminated structure 
imparts a desired property such as impermeability or resis- 
tance to some environment, heat stability, toughness, tear 
resistance, lower cost, and so on. See blow-molding 
coextrusion foam; blow-molding coextrusion or 
coinjection; coextrusion tie layer; die, coextruding; 
coinjection molding; ethylene n-butyl acrylate co- 
polymer plastic; extruder-blown film die, coex- 
truded; extruder blown film die, coextruded; film, 
reflective; gasoline tank permeability. 
coextrusion capping A method of using the extrusion 
process to produce a plastic product that is topped or 
capped with another plastic. 
coextrusion foam core A method of creating low- 
density foam-core products, such as pipe. The thicker wall 
can reduce material costs without sacrificing performance, 
In fact, properties can be improved by using the sandwich 
design advantages. See blow-molding coextrusion 
foam; design, sandwich construction; foam; sand- 
wich construction. 
coextrusion melt Sonie melt problems can be coin- 
pensated for by making plasticator and die or mold adjust- 
ments. Interfacial instability is caused by an unsteady bal- 
ance of shear forces. Examples of problems include (1) 
different melt temperatures of adjacent layers, (2) plastic 
viscosity differentials that should not be greater than 2-4/ 
1, and (3) keeping the ininiinuni thickness of a cap (top) 
layer to 5 to 10% of the total thickness because it is sub- 
jected to a high shear stress. There is a tendency for the 
less viscous plastic to nligrate to the region of high shear 
stress in the flow channel, causing an interface defornia- 
tion. When greatly different viscosities exist between ad- 
joining layers, the less viscous tends to surround or encap- 
sulate the other plastic; resulting in fuzzy interfaces, orange 
peel, and so on. See melt. 
coextrusion safety alarm A method to alert the opera- 
tors of a coextrusion line if one of the extruder drives trips 
out. This will prevent extrudate from back flowing into 
the stopped machine and creating a blockage in the feed 
section that could become hazardous. 
coextrusion tie-layer A plastic tie-layer that is used 
when no bonding layers are desired in a coextruded con-  
posite structure. Choosing the proper adhesive layer is by 
no means a simple task since evaluation includes process- 
ability, bonding capabilities, and performance in the final 

coextruded product. There are many different types with 
different capabilities, with ethylene-vinyl alcohol copoly- 
mers being one of the important ones. See barrier plas- 
tic; tie-layer. 
cohesion 1. The propensity of a single substance to ad- 
here to itself; the ability to resist partition from the mass; 
internal adhesion; the force holding a single substance to- 
gether. 2 .  The internal attraction of molecular particles 
toward each other. See adhesion; molecular adhesion. 
coil coating See coating, coil. 
coin impact test See test, nondestructive impact 
RP coin typing. 
coining 1. See injection-compression molding. 2. 
The mechanical reshaping of part surface. It is usually a 
secondary operation with forming techniques such as pro- 
viding deep draw. See design hinge, integral; forming. 
3. The peening over or compressing of a material to 
change its original shape or form. 
coining hinge It is possible to create living hinges in 
some of the tougher engineering therinoplactics by the 
coining techniques. A molded or extruded part is placed 
in a fixture between two coining (shaped) bars. Pressure 
is applied to the bars sandwiching the hinged area with or 
without heat. The part is compressed to the desired thick- 
ness that is usually 0.012 to 0.020 in. (0.03 to 0.05 crn) 
with melt flow occurring perpendicular to the hinge. Mo- 
lecular orientation occurs to provide the bending action. 
Also called cold working. See design hinge, integral. 
coinjection molding Joining together two injection 
molding barrels by a coninion nianifold and nozzle 
through which both melts flow before entering the mold 
cavity. (More than two plasticators can be used.) The noz- 
zle is usually designed with a shutoff feature that allows 
only one melt to flow through at any controlled time. The 
first melt shot to enter the cavity would provide the skin. 
The second melt shot would provide the core, and if de- 
sired the third step would take the melt used in the first 
shot to apply a skin over the final entrance of the second 
shot to completely enclose the part with a continuous skin. 
If adhesion between the plastics does not occur, a tie-layer 
is used. It provides an excellent way to integrate or entrap 
recycled contaminated plastic with one side or both sides 
using a barrier virgin plastic. Also called double-shot injecfiori 
ni o ldin'q, sa vi dtvicli co ns triictio n m o lding, sandwich moldirz<q, m 14 1- 
tiple-shot molding, structural jhani moldirig, in-nioldiujJ, and 
two-color. See barrier plastic; blow-molding coextru- 
sion or coinjection; coextrusion; injection molding; 
injection molding, foamed low-pressure coinjected; 
injection molding, sandwich; injection molding, 
two-shot; tie-layer. 
coinjection molding, single-plasticator A noncon- 
ventional molding method that uses only one single-screw 
barrel. It is called (by Addniix Ltd., London UK) sequpncinx 
screw loading. The system feeds different but compatible 
plastics volumewise through the injection-molding ma- 
chine's feed throat in a predetermined computer-coii- 
trolled sequence that is maintained as the materials travel 



through the screw. The first plastic entering the cavity 
forms the aesthetically pleasing skin of the part and the 
second fills out its core. Any slight degree of niixing of 
the plastics that might occur is buried in the core. 
coinjection tie-layer See coextrusion tie-layer. 
coke 1. The carbonaceous residue resultirig from the 
pyrolysis of pitch. See fiber, carbon. 2. Chpitalized, an 
abbreviation for Coca-Cola. See Coca-Cola bottle. 
coke dust An organic noiifibrous material used as a fil- 
ler. See filler. 
coking Refinery recycling at a high temperature where 
the batch-process (coker) units are favored in refining 
heavy feedstock. 
cold-bend test See test, cold-bend. 
cold-cure foam See foam, cold-cure. 
cold-cut varnish See varnish, cold-cut. 
cold drawing 
cold-fed extruder compounding 
truder. 
cold fit See ice, dry. 
cold flow See flow, cold. 
cold forming See forming, cold. 
cold-gas polishing See polishing, cold-gas. 
cold heading A process for forming plastic rods into 
rivets by uniformly loading tlie shaft end or projection in 
compression while holding and containing the shaft trunk. 
Heat is sometimes used. All thermoplastics can be thus 
formed. Acetal aiid nylon are particularly suitable and 
used. See joining rivet; staking. 
cold molding See molding, cold; thermoforming, 
comoform cold-forming/molding. 
cold preform molding See blow molding, injec- 
tion preform. 
cold pressing See press, cold. 
cold resistance A synonym for Jrcrw-ot f  or j e c z c  resis- 
tnncc. See freeze-off. 
cold runner See mold runner, cold (for thermo- 
plastic); mold runner, cold (for thermoset plastic). 
cold setting A plastic that will assume an iniiiiobile state 
at near ambient temperatures without the application of 
heat from an outside source. 
cold-setting adhesive See adhesive, cold-setting. 
cold shot 
cold slug 
cold stamping See stamping. 
cold stretch A pulling process designed to improve the 
mechanical properties of filaments, sheets, flitis, pipes, and 
so on. Also called cold drawing. See orientation, cold 
stretching. 
cold worked hinge 
cold working Any form of mechanical deforniation 
processing carried out on a plastic below its crystallization 
temperature. See crystallization. 
collapsible bottle See design, collapsible-bottle. 
collapsible core See mold, collapsible-core. 
collapsible squeeze tube See tube, collapsible 
squeeze. 

See forming, cold drawing. 
See mixer, ex- 

See extruder cold shot. 
See molding cold slug. 

See coining hinge. 

collapsing frame See extruder-blown film. 
collet 1. A rigid, lateral container that is used for ther- 
iiioforniing sheet material. See thermoforming. 2. A 
dam or restriction box that is used to collect nielt during 
certain fabricating operations. See mold. 3. The drive 
wheel that pulls glass fibers fi-oiri the bushing or spinneret; 
a forming tube is placed on the collet and a package of 
strand is wound on the tube. See fiberglass. 4. A metal 
band, ferrule, collar, or flange that often is used to hold a 
tool. 
colligative property The property of a solution that 
depends on a number of solute particles but not on their 
nature. See solute. 
collimated Rendered parallel. See roving, colli- 
mated. 
collimator In resiiiography, a device for controlling a 
beam of radiation such that its rays are as nearly parallel as 
possible. See resinography. 
colloidal Being in a state ofsuspension in a liquid iiie- 
diuni in which extremely small particles are suspended, 
dispersed, arid not dissolved and do not settle. This motion 
is caused by impact of molecules of the liquid on the col- 
loidal particles. The continuous zigzag motion of these 
particles is known as the Brmvrzinri m v e m w t .  Elastomer la- 
tex is an example of colloidal suspension. See aerosol; 
deflocculation; latex; material, powder; micelle; 
suspension. 
colloidal carbon See carbon black. 
colloidal mill See mill, colloidal. 
colloidal solution See solution, colloidal. 
colloidal ultrafiltration The sepxation of colloidal or 
very fiiie solid niaterials by filtration through riiicroporous 
or semipermeable niediuiiis. 
colophony See rosin. 
color and light See light. 
color and ultraviolet stabilizer See ultraviolet sta- 
bilizer and color. 
colorant A dye or pigment. The dyes are synthetic or 
natural compounds of submicroscopic or iiiolecular size, 
soluble i n  most coitinion solvents, yielding perfectly trans- 
parent colors. The pigments are organic or inorganic sub- 
stances with larger particle sizes aiid usually iiisoluble in 
the coiiiiiioii solvents. They are used to provide conditions 
such as coloring plastics for aesthetic qualities, color 
matching, ultraviolet stability, strength, electrical proper- 
ties, and resistance to niigratioii (bleedirig). They may ei- 
ther be naturally present in a material, admixed with it 
mechanically, or applied in solution. A valid distinction 
between dyes and pigments is almost impossible to draw. 
Some have established it on the basis of solubility or on 
physical form and method of application. Dyes are fairly 
soluble in plastics, while pigments, being insoluble, are dis- 
persed throughout tlie iii . The choice depends on plas- 
tic compatibility or the need for solubility. Color stability 
is important, which means that the color is stable at pro- 
cessing temperature arid on exposure to light and iiioisture 
when in use. Certain colorants, such as heavy metals (lead, 



cadmium, mercury), can present a problem in waste dis- 
posal. They can constitute a toxic residue following incin- 
eration if they are not properly handled and disposed. Safer 
alternatives are being used based on environinental re- 
quirements. See additive; bleed; carbon black; chan- 
nel black; dye; extruder color changeover; fixing 
agent; hue; iron oxide pigment; melt vibration; pig- 
ment; titanium dioxide. 
color, apochromatic See lens, apochromatic. 
coloration, dis- 1. A change in the original color of a 
material. 2. The lack of uiiiforiiiity in a color that should 
be the saiiie over the entire suiface of a iiiaterial. 
color bleed See bleed; colorant. 
color changeover 
color, channel black 
color concentrate See concentrate. 
color corrected lens 
color decoration See blow molding, extruder 
blow-action; film decorating. 
color dispersion See pigment, color dispersion in. 
color-dispersion staining The color effect that is pro- 
duced when a transparent part, immersed in a liquid hav- 
ing a refractive index near that of the part, is viewed uiidcr 
the microscope by a transmitted light and precise-aperture 
control exists. See stain, antioxidant non-. 
color, dry The lowest-cost method of coloring plastics. 
Dry colorants have one major disadvantage: they tend to 
be messy and dusty. Very careful haiidling and blending 
are required. 
color evaluation The assessment of color quality. 
Color-evaluation technology continues to improve, mov- 
ing toward allowing the industry to rely on niachiries 
rather than the trained eye. Since machinery iiiiperfections 
can exist, the eyes still have it. See black; spectropho- 
tometer. 
color fadeometer An instrument that is used for de- 
terniiiiiiig the resistance of materials to fading. This appa- 
ratus accelerates the fading by subjecting the product to 
high-intensity ultraviolet rays of about the sanie wave- 
length as those found in sunlight. 
color-fast Having the ability to resist change in color, 
particularly in outdoor ultraviolet light. See light resis- 
tance. 
color formulation The creation of pigments. The 
transition from heavy-metal-based inorganic pigiiients to 
more eiivironrrieiitally friendly substitutes has progressed 
steadily. Pigments based on cadriiiuin and lead now repre- 
sent about 20% of the market. These typcs can be used 
in nearly any kind of plastics and provide a full range of 
yellow, oraiigc, and red shades. The organic pigment and 
dye and non-heavy-metal inorganic piginelits substitutes 
to date have limitations such as heat stability, color 
strength, opacity, light fastness, and dispersibility. 
color, freeze-dry A pigment that is dispersed in a vehi- 
cle that solidifies at  room temperature or when chilled. 
Pignieiits are usually coiiiniercialized in flake or chip 
forms. 

See extruder color changeover. 
See channel black. 

See lens, apochromatic. 

color hopper See hopper, color. 
color hue See hue. 
colorimeter An instrument for matching colors. It pro- 
duces results that are about the saiiie as those of visual in- 
spection but more consistent. The saniple is illuminated 
by light from the three primary color filters and scanned 
by an electronic detecting system. It  is sometimes used in 
conjunction with a spectrophotometer, which is used for 
close control of color in production. Also called color. c o m  
parator or plzoforlectric color courzpuraror. See postconsumer 
plastic; spectrophotometer; test, color; yellowness 
index. 
colorimetry, visual A procedure for determining the 
color of an unknown material by visual comparison to 
color standards. See gas burn. 
coloring agent See pigment. 
coloring, dry A niethod that is corniiioiily used to 
color plastic by using a drum to tumble blend uncolored 
particles with selected dyes and pi, mi ents. 
color, iron-oxide pigment See iron-oxide pig- 
ment. 
colorizer, de- 
color, Kubelka-Munk theory 
matching, Kubelka-Munk theory. 
colorless dye 
cal brightener agent. 
colorless oxygen resistant 
phosphine oxide plastic. 
color-light source See light metamerism. 
color loader See hopper, color. 
color masterbatch See compound, masterbatch. 
color matching The process of accessing colors. Con- 
tinued efforts to improve cpectrophotoiiieters’ hardware 
and software have greatly iiiiproved the usefulness of the 
spectrophotoiiieters, but the iiistruinents have not been 
able to replace people who have color-matching experi- 
ence. See colorimeter; computer color matching, 
Kubelka-Munk theory of spectrophotometer. 
color migration The movement of dyes or pigments 
through or out of a material. See bleed; colorant. 
color mismatch See light metamerism. 
color mixing See compounding; extruded-blown 
film die, coextruded-reflective; mixing evaluation. 
color molding, two-shot See injection molding, 
two-shot. 
color, mottle A mixture of any irregular colors or 
shades that produces a more or less distinct or complicated 
pattern effect (specks, spots, streaks). See screw marble- 
izing. 
color, pastel A tint; a mass tone to which white has 
been added. 
color pellet sorter 
color pigment See pigment. 
color pigment dispersion 
persion. 
color reflectance See iridescence. 
color removal See decolorizing agent. 

See carbon black, animal. 
See computer color 

A synonym for (~ptical br<$rc,r. See opti- 

See polyarylene ether 

See pellet color sorter. 

See pigment, color dis- 
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color saturation See saturation. 
color segregation A succession of clearly defined wavy 
lines of color on the surface, which do not match the color 
of the remaining areas and produce the illusion that the 
product is comprised of separate pieces. 
color selection The selection of pigments for a plastic 
product. Color selection is important for reasons other 
than aesthetics. For example, the surface temperature of a 
product exposed to sunlight is dependent on its color. 
color shade A lightness difference between surface col- 
ors whose other attributes are essentially the same. Shade 
is derived from shadow and so should be applied only to 
change toward darker color. In practice, reference is made 
to lighter as well as darker shades. 
color sorter See pellet color sorter. 
color, special-effect A pigment or dye that is used to 
produce visual effects other than color. These effects in- 
clude metallic, pearlescent, fluorescent, and phosphores- 
cent. Aluminum-based materials are used to get silvery 
metallic colors, and copper alloys are used to obtain gold- 
like metallic appearance$. T o  get pearlescence or nacreous 
effect, a platelike pigment, with a high refractive index, is 
required, such as lead carbonate. Fluorescent colorants can 
give a more brilliant color than ordinary dyes and pigments 
as they absorb invisible light and emit it as visible light. 
Phosphorescent colorantc behave in a similar way, but they 
emit light as an afterglow-that is, they glow in the dark. 
See glass sphere, solid; phosphorescence; pigment, 
fluorescent pigment, metallic; pigment, pearlescent. 
color spectrum See spectrum. 
color stability and processing Avoiding color shift by 
controlling melt temperature and, to a lesser degree of sig- 
nificance on both the mean and variance, melt flow and 
melt pressure. See melt temperature. 
color standard Accuracy in color for a plastic. A very 
high degree of accuracy is required. Color chip samples 
are used for matching, but special instrumentation is avail- 
able to ensure exact color matching when required. With 
or without concentrates, it is important to know what ad- 
ditives are used and their reproducibility in production 
based on how the equipnient is set up (temperature, etc.). 
See black; Macbeth apparatus. 
color striation See striation. 
color test 
ganoleptic taste. 
color tint 
color, titanium dioxide 
color, transparent 
color value The lightness of a color. A color may be 
classified as equivalent to some member of a series of grays 
ranging from black (the zero niember) to white. 
color, white See calcium carbide; titanium di- 
oxide. 
column crush 
combination mold See mold, family. 
combustible Being able to burn regardless of a materi- 
al’s autoignition temperature or whether it is a solid, liq- 

See color standard; test, color; test, or- 

An even-tone area of a solid color. 
See titanium dioxide. 

See printing ink, transparent. 

See load column crush. 

uid, or gas. See combustion, autoignition point; fire; 
flammability; incineration; landfill and degradation; 
nonflammable material; test, tunnel fire. 
combustible, non- Being unable to flame or produce 
ignitable vapors. 
combustion An exothermic oxidation reaction that 
may occur with any organic compound as well as with 
certain elements. An example is controlled burning of 
solid wastes for (recoverable) disposal. Another is using an 
oxygen-starved process via pyrolysis to produce combusti- 
ble solid and gas fuels that can be burned to generate en- 
ergy. See back flash; carbon monoxide; combustion, 
autoignition point; fire; flame extinguished; flam- 
mability; heat of combustion; ignition; pyrolysis; 
pyrophoric material; smoke emission. 
combustion, autoignition point The minimum tem- 
perature required to initiate or cause self-sustained or self- 
ignition conibustion in any substance in the absence of a 
spark or flame. It is caused by an internal, chemical exo- 
thermic reaction. Also called spontmzeous ignition or s~lf-lfitii- 
tiorr. See exotherm; pyrophoric material. 
combustion efficiency The ratio of heat actually de- 
veloped in a combustion process to the heat that would 
be released if the conibustion were perfect. 
combustion modular unit An incineration device of 
low capacity. Sniall waste-to-energy systems can be cre- 
ated. See incineration. 
command system The set point or the reference input 
to a control system. See control system reliability. 
commingled plastic See recycling commingled 
plastic. 
comminute To reduce size of particles by methods 
such as grinding or pulverizing. See abrasive; granula- 
tor; material, powder. 
commodity plastic A higher-volume, lower-priced 
plastic that has low to medium properties. It is used for less 
critical parts where engineering plastics are not required. 
About 9Owt% of all plastics are commodity types. See en- 
gineering plastic; plastic. 
communication The transmission and reception of 
data among processing equipment and upstream to down- 
stream equipment. See control actuator; electronic 
doppler effect; 1 / 0  device. 
communication protocol A set of rules governing 
conimunication or transfer of data between computer 
hardware and software. When related to plastic primary 
and secondary processing equipment, communication in- 
cludes reference to exchange of process controls, meeting 
standards, following production schedules, and so on that 
permits the interchanging of action such as molding ma- 
chines with auxiliary equipment. The target is to have a 
worldwide exchange interface as set up among the trade 
associations, SPI, Washington, DC, and Euroniap, 
Frankford, Germany. See auxiliary equipment; fabri- 
cating process type; test, white-box and black-box. 
communication protocol, auxiliary equipment 1. 
Devices that require minimum configuration or data, such 
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as chillers, dryers, or loaders. 2 .  Devices that require large 
amounts of configuration or data, such as robots, sensors, 
and mold and die controllers. 
communication protocol interface The information 
that is required to monitor and configure a manufacturing 
operation and is distributed among various units of auxil- 
iary equipment. This information is transferred to the cen- 
tral control. Communication interfaces and coiiiniunica- 
tion protocols have been developed to allow the 
information to be exchanged. Successful communication 
requires a durable interface and a versatile protocol. A 
communication interface must be both mechanically and 
electrically durable. 
communition A mechanical shredding or pulverizing 
process of solid waste or waste water. See granulator; 
waste. 
comoforming See thermoforming, comoform cold 
forming / molding. 
comonomer A monomer that is mixed with one or 
more different monomers for a polymerization reaction 
that results in a copolymer. See catalyst, metallocene 
chemistry; copolymer. 
compact disc (CD) A digital-storage medium that is 
used with music and computer data. This large worldwide 
marketable product includes high-density CDs (HDCDs), 
twin-faced CDs, multilevel CDs, floppy disk, and so 0x1. 

They are precision injections molded from special, easy- 
flowing polycarbonate with cycle times of seconds, such 
as 5 to 10 sec. They are common types of storage devices 
where data are written and read. A variety of floppy discs 
are used. Also called coinputer disc. See birefringence; 
digital versatile disc; magnetic-optical technology; 
phonographic record; polycarbonate plastic; re- 
cording media. 
compacting 1. The progressive compacting of materi- 
als by thc use of a rolling mill or other device. Also called 
powder rolling. 2. See compressibility. 
compaction 1. A process that is used to compress mate- 
rials (virgin, waste, recycled) to reduce their bulk density 
for use during fabrication or to reduce the materials vol- 
ume to cave space. See bulk factor; compounding, 
shear roll; density, bulk; granulator; material han- 
dling; solid waste volume reduction; waste compac- 
tion. 2. In reinforced plastics and composites, the applica- 
tion o f a  temporary vacuum bag and vacuum to remove 
trapped air and compact the lay-up. See reinforced plas- 
tic vacuum bag molding. 
company success See World of Plastics Reviews: 
Making Marketing Work. 
compatibility The ability of two or more materials to 
combine with one another to form a homogeneous com- 
position (without separation) that has improved properties 
compared to the individual materials. See material, mi- 
crophase structure; solubility and molecular weight. 
compatibility, bio- See biocompatibility. 
compatibilizer agent An agent that makes useful 
blends of dissimilar plastics, including recycled plastics. If 

natural compatibility is missing, a plastic can be chemically 
modified, such as by grafting, to improve reactivity with 
another plastic, or a third agent can be added to do the 
blending. Two-component and multicomponent mix- 
tures are used. The most common agents are block or graft 
copolymers and polymer cosolvents. See blending; 
grafting; polymer, reactive. 
competition and management See World of Plas- 
tics Reviews: Thinking Like a Manager and Manag- 
ing for the Long Run. 
competitor pooling See legal matter: patent pool- 
ing with competitor. 
complete information management See manage- 
ment, complete information. 
complex agent A compound that conibines metallic 
ions to form complex ions. See compound; ion. 
complex ion An ion that contains a central metal cation 
bonded to one or more molecules or ions. See ion. 
compliance 1. The reciprocal of the tensile modulus 
of elasticity. See modulus of elasticity. 2. The recipro- 
cal of shear modulus. See shear modulus. 3. The evalua- 
tion of stiffness and deflection of material. See deflection; 
stiffness. 
component 1. A separate compound that is one of at 
least two compounds. See compound. 2. A part of a 
whole system; for example, reinforced plastic with the re- 
inforcement and plastic. See reinforced plastic. 
composite A combination of two or more materials 
with properties that the components do not have by therri- 
selves. Wood is a composite of cellulose fibers held to- 
gether with a matrix of lignin. Steel reinforced concrete 
and iiiedical pills are composites. Included are reinforced 
plastics. In this book the term rek forced  p las t ic  is used to 
denote a coniposite of reinforcement (usually in fiber 
form) with a plastic matrix. Other plastics compounds are 
laminated plastic films. 

During the 1940s the Society of the Plastics Industry 
started the Low Pressure Industries Division, which 
shortly thereafter became the Reinforced Plastics Division 
under the direction of Charlie Condit arid in 1954, with 
D. V. Rosato’s leadership, the Keinforced Plastics/Com- 
posite Division. It is currently called the C:omposites Insti- 
tute. The original product was glass-fiber-thernioset poly- 
ester plastic RPs. T o  date about 90wt% of all RPs continue 
to be glass-fiber-TS polyester plastics. 

Composites may be identified and classified many hun- 
dreds of ways. There are aggregate-cement matrix (cow 
Crete), aluminum film-plastic matrix, asbestos fiber-con- 
Crete matrix, carbon-carbon matrix, carbon fiber-carbon 
matrix, cellulose fiber-lignin/silicic matrix, ceramic fiber- 
matrix ceramic (CMC), ceramic fiber-metal matrix, ce- 
ramic-metal matrix (cermet), concrete-plastic matrix, 
fibrous-ceramic matrix, fibrous-metal matrix, fibrous- 
plastic matrix, flexible reinforced plastic, glass ceraniic- 
amorphous glass matrix, laminar-layers of different metals, 
laminar-layer of glass-plastic (safety glass), laminar-layer of 
reinforced plastic, laminar-layers of unreinforced plastic, 
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metal fiber-metal matrix, metal matrix composite (MMC), 
niicrosphere glass-plastic matrix (syntactic), particle- 
ceramic matrix, particle-metal matrix, particle-plastic ma- 
trix, potassium nitrate-charcoal-sulfur matrix (blasting 
powder), plastic-plastic (coextruded, coinjection, Iam- 
inated), silver-copper-mercury niatrix (dental anial- 
gam), steel-rod-concrete matrix, whisker-metal matrix, 
whisker-plastic matrix, wood-plastic matrix, and many 
more. See automobile, composite; bamboo; carbon- 
carbon composite; coating, steel-rod; concrete, 
reinforced; dental amalgam; hybrid; injection- 
molding nonplastic; mold; plastic and the future; 
plastic-concrete composite; reinforced plastic; rein- 
forced plastic, advanced; reinforced-plastic future; 
reinforced plastic process; skin, synthetic; wood- 
plastic impregnated. 
composite, bora1 A composite consisting of boron car- 
bide crystals in aluniinuni with a cladding of commercially 
pure aluminum. It is in reactor shields and neutron curtains. 
composite, ceramic matrix (CMC) A material that 
consists of ceramic or carbon fiber surrounded by a ce- 
ramic matrix, us~ially silicon carbide (Sic). See ceramic. 
composite, cermet A composite material of two con-  
ponents-( 1) an oxide, carbide, boride, or similar inor- 
ganic compound and (2) a metallic binder that is interdis- 
tributed in any of various geometrical forms. 
Composite Institute An organization that represents 
the reinforced plastics industry and is part of the Society 
of the Plastics Industry. In the late 3940s it started as the 
Reinforced Plastics Division of SPI. See composite; re- 
inforced plastic. 
composite-metal matrix (CMM) A material that 
provides performance advantages over monolithic metals. 
It is used in metal wire and other reinforcements such as 
whiskers. See injection-molding nonplastic. 
composite, nano- A composite that contains very tiny 
platelets of a special type of surface-modified clay called 
nzanfmouillorrite. This reinforcing filler is dispersed in a ther- 
nioplastic or a reactive liquid plastic. The clay particles are 
one Iianonieter thick (40 billionth of an inch). Only 2 to 
Swt% of the nanoclay is required to obtain high-perfor- 
niance properties. Nanoclays have been used in paints and 
various organic fluids. 
composite variation, reliability factor See material 
variation, reliability factor. 
composition The elemental and chemical coniponents 
that make up a material and their relative proportions. See 
material. 
composition board See wood composition board. 
compost An organic material that mixes food, sewage, 
sludge, and yard wastes with soil and in which aerobic 
bacteria have broken down the waste to an intermediate 
huniuslike state. The end product is often used as a soil 
conditioner. llecomposition is accelerated by adding 
starch, ammonia bicarbonate, and so on. See biodegrad- 
able type; biodegradable waste; separator, balisic; 
starch degradable; waste. 

compound An intimate mixture of a plastics with all 
the materials necessary, such as additives required to fabri- 
cate a product. Yearly U.S. consumption is about 11 X loq 
lb (5 X 109 kg) with 35% PVC, 28% color compounds/ 
concentrates, 19% reinforced/filled, 9% TPE, and 9% 
other blends and alloys. The annual U.S. market of at least 
$9 billion by end product is 26% automotive, 24% build- 
ing arid construction, 14% packaging, 12% appliance, 10% 
electrical/electronic, and 14% others. See additive; 
blending; bulk factor; chemical compound; com- 
pounding; density, bulk; filler versus unfilled com- 
pound; mixer; plastic consumption; plasticizer; 
plasticizer, internal; reinforced-plastic bulk- 
molding compound; reinforced-plastic prepreg; 
reinforced-plastic sheet-molding compound; screw 
mixing and melting; unsaturated compound; yield, 
theoretical. 
compound, batch The product of one mixing opera- 
tion as distinct from continuous processing. See com- 
pound, masterbatch; computer batch processing; 
mixer, batch. 
compound, bulk molding See bulk-molding com- 
pound; reinforced-plastic bulk-molding com- 
pound. 
compound coordination A compound that is formed 
by a Lewis acid-ba5e reaction in which a metal atom or 
ion is the electron acceptor. 
compound curing test See test, scorch Mooney. 
compound, dry-blend A free-flowing dry compound 
containing all necessary additives prepared without fluxing 
or the addition of a solvent. Also called powder blcrd. See 
blending. 
compounded, pre- Preloaded with a specially de- 
signed plastic. The term usually applied when spccial coin- 
plex loading equipment is employed. 
compound, electrical See plastic, electrically con- 
ductive. 
compound, electron-deficient See electron-defi- 
cient compound. 
compound-extruder mixer See extruder com- 
pound mixing. 
compound fine See fine. 
compound, -ide A compound that ends with the 
suffix-idc (sodium chloride, calcium chloride) contains 
only two elements. See element. 
compounding A method used to compourid playtics 
through dry blending, melt mixing, or both using batch 
or continuous methods. Batch systems tend to be more 
labor-intensive and less complicated to operate and con- 
trol. Continuous systems are more consistent and easier to 
instrument for statistical process control. Extrusion equip- 
ment, predominantly twin and other multiscrew types, 
provides the major source for conipouiiding. Equipment 
usually operates a t  rates rangirig from SO0 to 5,000 Ib/h 
(230 to 2300 kg/h). Compounding is usually carried out 
at high rates because costs are reduced. Large extruders are 
required where screw5 could range up to at least 12 in. 
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(300 nini) in diameter. compounding is perfornied by 
plastic material suppliers, in-house by fabricators (convert- 
ers), and companies that specialize in compounding. Usu- 
ally the compounding is done for a specific product appli- 
cation. 

During compounding a variety of equipment is used to 
meet specific needs, such as (1) ingredient storage, 
weighing, preblending (box, bin dischargers, tippers, tilt- 
ers, power compactors, dryers), (2) extrusion continuous 
mixing (feeders, gear pumps, screens, filters, heating/ cool- 
ing systems, recycling systems), (3) size reduction (pelletiz- 
ers, dicers, granulators, choppers), (4) downstream equip- 
ment (inaterial handling, water strippers, pellet cleaners, 
screens, classifiers, inspection systems), (5) product storage, 
packaging (baggers, loaders, containers), and (6) test labo- 
ratory (testing capabilities, analytical equipment, color 
iiiatching equipment, light booths, quality controls). Most 
of all the 17,000 plastics available worldwide undergo 
compounding to nieet product requirenients. Over 
hSwt%) of all the worldwide 150 niillion tons (3.10 billion 
Ib) consumed are estimated to be compounded in designed 
extruders and batch-type mixers. The thousands of differ- 
ent additives and other ingredients used in the compounds 
iniprove the plastics performance during processing or 
meet the many different product requirements (including 
cost). The composition of the conipound is dictated by the 
rcyuirenients of the converter’s application. See plastic 
consumption. See activator; binder; blender; blend- 
ing; calendering material; complex agent; com- 
pound; compounding; extruder compound mixing; 
extruder, multiple-screw; extruder, twin-screw; fil- 
ler versus unfilled compound; generic; kneading; 
masticate; mill; material blending letdown ratio; 
mixer; mixing; peptizer; polymer; reactive; rubber; 
scavenger; thickening agent; titanate coupling 
agent; tolerance and shrinkage; vulcanization. 
compounding, shear-roll A unit that is suitable for 
hoiiiogenization, melting dispcrsion, compression, and 
pelletizing plastics. The actual process takes place in the 
adjustable gap between two rolls rotating in tandem. Sur- 
faces of both rolls have many longitudinal grooves across 
their hces and spiral grooves designed to shear and trans- 
port the plastic. Rolls have independent teniperature COTI- 

trols across their entire length. See mill, roll; mixing; 
pelletizing; roll; shear. 
compound intermediate A conipound that is in itself 
not useful or of little primary importance but is used as a 
stepping stone for the preparation of another product. 
compound, ionic See ionic compound. 
compound, masterbatch A homogeneous mixture of 
a plastic matrix and one or more matcrials in known pro- 
portions for use as a raw material in the preparation of 
fabricated parts. It  usually contains a high concentration 
of an additive or additives. Masterbatch is designed for use 
in appropriate or very specific quantities so that the correct 
(accurate) end concentration is achieved, such as color 
matching. See compound, batch; mixer, batch. 

compound odor See odor. 
compound, organic A compound containing carbon 
in its molecule. See chemical synthesis; ether; or- 
ganic. 
compound, organic volatile See volatile organic 
compound. 
compound, peroxy A compound that contains 
oxygen-oxygen linkage. See chemistry. 
compound, premix A preloaded ready-to-use strand 
in bulk or molding cornpound foriris that is iiiade with 
standard plastics, usually on simple operating equipment. 
With proper storage condition of temperature, its shelf life 
can be controlled. Also called p r i k  tddi tg  nzuteriul. See 
mixer, medium- and low-intensity; plastic material; 
recycled material property; reinforced molding 
compound. 
compound, saturated. Sec saturation compound. 
compound, sheathing A material, such as cable cov- 
erings, that provides protection of products against 
electrical transmission, wear resistance, and so on. See 
sheathing. 
compound, sheet-molding See sheet-molding 
compound. 
compound uniformity The compounding of differ- 
en-size mechanical-type particles, such as with recycled 
plastics alone or iiiixed with virgin plastics, so that they are 
uniformly compounded to obtain maximum performance. 
See mixer. 
compound, unsaturated Sce unsaturated com- 
pound. 
compound, volatile organic See volatile organic 
compound. 
compreg See wood, compreg. 
compregnate To impregnate and simultaneously or 
subsequently compress, as in the production of compregs 
and aluniinuni casting. See impregnation. 
compressed wood See wood, compressed. 
compressibility The ability of a material to be com- 
pressed. It  is usually reported in conjunction with recovery 
and does not indicate behavior of a material under pro- 
longed load. See creep; elastic stability; test, com- 
pression property; thermal data. 
compressible melt See thermodynamic property. 
compression buckling A mode of fiilure generally 
characterized by an unstable lateral niaterial deflection due 
to compressive load action on the structural element. 
compression crush test See test, container column 
crush. 
compression mold A mold that is open when the nia- 
terial is introduced and that shapes the material by heat 
and pressure of closing. See mold; mold cavity, com- 
pression. 
compression molding A technique for molding ther- 
moset plastics. Usually preheated material (dielectric 
heater, etc.) is placed in a heated mold cavity. The inold 
is closed under pressure, which causes the material to flow 
and completely fill the cavity. Chemical cross-linking oc- 
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curs, solidifying the molding material. See air entrap- 
ment; automation; blow molding, stretched 
operation specialty; bonding; thermocompression; 
clamping; clamping, daylight-opening; clamping 
platen, book-opening, clamping platen, rotary; 
cleaning; coating, in-mold decorating, labeling; 
cross-linking network characteristic; wiring, post-; 
eutectic mixture; exotherm; film, skived; heating, 
dielectric; heating, pre-; injection-compression 
molding; isotactic plastic; loading edgewise; mate- 
rial charge; modulus, compression; modulus of 
elasticity; mold breathing; mold cavity, compres- 
sion; mold cavity pressure; mold, compression; 
mold dehumidification; molded-part cosmetics; 
mold flash; molding; molding, isostatic; molding, 
match metal; molding pressure required; mold well; 
operation, automatic; operation, manual; opera- 
tion, semiautomatic; outgassing; plastic consump- 
tion; platen; preform; press, press rotary; pressure, 
locking; process control; processing, art of; pro- 
cessing-line downtime; processing-line system; 
processing window; reinforced-plastic, molding; 
reinforced-plastic, XTC; safety machine lockout; 
screw compression ratio; screw transition zone; 
shot; shot, short; sintering; soluble-core molding; 
strain; stress; test, compression property; test, melt- 
flow spiral; thermoforming, solid-phase pressure; 
thermoset plastic; tracer; transfer molding; venting; 
yield point. 
compression-molding charging tray A tray de- 
signed to charge simultaneously with plastic material all 
the mold cavities of a niultiimpression mold. The device 
can operate by using a tray with openings where the mate- 
rial is placed (manually or usually automatically) and in 
turn a withdrawing sliding bottom tray that initially closes 
the openings and slides exposing openings matching the 
top tray so material drops into the cavities. Also called load- 
ing tray. See material charge. 
compression-molding cut-off The line where the 
two halves of a conipression mold come together. Also 
called-flash groove or pinchm$f 
compression-molding inching The easing of pres- 
sure on the molding material just prior to its final closing 
action. See mold inching. 
compression molding, screw preplasticator A 
screw unit, next to the mold, that preheats materials, par- 
ticularly bulky materials such as bulk-molding compound. 
A controlled amount of heated material can be autoniati- 
cally directed into the cavity or cavities. These screws do 
not require any special design such as in an injection- 
molding machine or extruder. See plastication, pre-. 
compression molding, vacuum A vacuum chamber 
around or within the mold that removes air and other gases 
from the cavity. Applying a vacuum in a mold cavity can 
be very beneficial in molding plastics at low pressures. See 
reinforced-plastic vacuum bag molding; vacuum 
press. 
compression plane strain A method of loading the 

central area of a sheet specimen by compressing it between 
the faces of two molds or dies with rectangular cross- 
sections. Thus, the area of the specimen being stressed is 
constant, so that the true, not nominal, stress is the most 
readily calculated. Also, unlike uniaxial compression, the 
friction between molds and dies and the sample remains 
constant with increasing strain. It niay be necessary to cor- 
rect for edge effects. See strain. 
compression set The residual deformation of a mate- 
rial after removal of the compressive stress or load. 
compression shape factor The ratio of the loaded 
volume or area to the force-free volume or area. 
compression test strength The ability of a force [MPa 
(psi)] that tends to crush or buckle a part; the ultimate 
compressive load divided by the original cross-section of 
a test specimen. See strength; test, compression prop- 
erty. 
computer acceptability Information produced via 
computer- aided design, computer-aided manufacturing, 
and computer-aided engineering that niay require a pass- 
word. See programmable-controller safety; safety. 
computer accessibility See programmable-con- 
troller safety. 
computer acoustic holography The storing and inte- 
grating of homographic images by computer. The image 
provides full characterization and details of buried flaws. 
See digital; holography. 
computer address The label or nuniber identifying the 
memory location where a unit of infomiation is stored in 
a computer disk or tape. 
computer-aided Assisted by a computer. It  implies 
that the task is done faster than it would have been done 
without the computer in developing a product that is prac- 
tical or accurate in representing an idea. See art and sci- 
ence; definition, art of; design analysis; design tech- 
nology; experience and science; graphic art; 
people’s challenge; productivity; risk, acceptable; 
scientific method. 
computer-aided design (CAD) A method of design- 
ing the critical characteristics of a part, mold, or die via a 
computer. This method is susceptible to geometric and 
topological anomalies when creating complex surfaces and 
solids. These problems may not surface until well down- 
stream of design such as during analysis, rapid prototyping, 
data exchange, numerical-control programming, or other 
manufacturing applications. See design; prototype, 
rapid. 
computer-aided design drafting See artwork; 
graphic art. 
computer-aided engineering (CAE) The engi- 
neering design analysis, system modeling, simulated struc- 
ture analysis, finite-element analysis, and so on that ini- 
prove product quality and lower product development 
time and cost. See CAMPUS database. 
computer-aided laboratory (CAL) A work environ- 
ment that uses computers in evaluation. Computers are 
used in specific instrument methods. The analyst or user 
has the prime responsibility to set up requirements to be 
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met and ensure that complete and reliable data are ob- 
tained. See ISO-9000 certification; laboratory ac- 
creditation. 
computer-aided manufacturing (CAM) A system 
that can take a computer-aided design product, devise the 
essential production steps, and electronically communicate 
this information to manufacturing equipment to reduce 
lead time and leads to more efficient material use, im- 
proved inventory, etc. See fabricating; computer- 
integrated manufacturing; fabricating process; 
FALL0 approach; maintenance; manufacturing 
execution, system; troubleshooting. 
computer-aided molecular graphic (CAMG) Com- 
puter software that facilitates the investigation of the prop- 
erties of macromolecules by graphically creating virtual- 
reality versions of the molecules. Research utilizing these 
models has been very useful both tiniewise and costwise. 
See designing with plastic tailor-made models. 
computer-aided process planning (CAPP) A 
method that supports steps of manufacturing planning such 
as choosing the best or available machine for the job, pro- 
gramming delivery of raw materials, and so on. 
computer-aided quality control (CAQC) A method 
for performing tests at fast speeds with an unusually high 
degree of accuracy. It provides information such as rapid 
data collection, data analysis and reporting, statistical anal- 
ysis, process control, testing, and inspection. See quality 
and control. 
computer-aided testing (CAT) A system actively in- 
volving for the computer in testing that can take place 
in all stages of product devclopnient from design through 
production to product final evaluation. See test; test, 
nondestructive. 
computer-aided tomography (CAT) A diagnostic 
technique using x-ray photographs in which the shadows 
of structures before and behind the section under scrutiny 
do not show by other methods. Technically, it is the pro- 
cess that produces an image in a plane of an object without 
interference from the adjacent planes. See digital im- 
aging; test, nondestructive. 
computer algorithm See algorithm. 
computer analog-to-digital converter (A/D or ADC) A 
device that converts red-world analog data, as for transducers, 
into binary or digital fomi suitable for computer processing. See 
computer servo control digital/analog; digia ,  drive- 
system controt motion-control system; servo control. 
computer annotation The process of inserting text on 
a drawing. 
computer application program A computer pro- 
gram that accomplishes specific tasks, such as process con- 
trol and word processing. See process control. 
computer architecture The specific components of 
and the way those components are interconnected to 
make up a microcomputer system. The term is often used 
to describe the specific bus structure within a niicrocom- 
puter. See bus. 
computer arithmetic logic unit (ALU) A computer 
unit that performs the arithmetic and logic operations on 

data presented. Data are processed in the form of binary 
words, each word containing a specified number of binary 
bits. Arithmetic operations include addition and subtrac- 
tion. Logic operations involve shifting all bits of a word 
to the left or right. See mean, arithmetic. 
computer A-scan A method of data presentation on a 
cathode ray tube that utilizes a horizontal base line that 
indicates distance, or time, and a vertical deflection from 
the base line that indicates amplitude. See cathode ray 
tube. 
computer assembly language A machine-oriented 
language in which mnemonics are used to represent each 
machine language instruction. Each computer central pro- 
cessing unit (CPU) has its own specific assembly language. 
computer-assisted design and drafting (CADD) A 
design that uses a computer screen to provide enhanced 
quality and efficiency when compared to previously con- 
ventional plotting. It is used by industrial designers, design 
engneers, and architects. See design. 
computer-assisted manufacturing See computer- 
integrated manufacturing. 
computer-automated laboratory to production A 
single integrated circuit that is capable of providing cen- 
tralized control and data manipulation for a number (hun- 
dreds) of attached devices or equipment. When a set of 
prograninied instructions (a read-only memory) and some 
form of input and output for communication with the 
outside world are added, a fully functional microcomputer 
is created. See automation; automation level; mo- 
tion-control system; operation, automatic. 
computer-based training (CBT) An affordable video 
technology that makes training a large number of people 
easy and efficient. CBT allows plants to create in-house 
training programs that are easily updated. Video-based 
training limitations include its sequential nature: teaching 
units logcally follow and build on one another, so a user’s 
attempt to circumvent the predetermined sequence can be 
both time consuming and frustrating. Also, it is a one-way 
communication tool with the user maintaining a relatively 
passive role in the learning process. 

A major advantage of CBT is that learning can take 
place at the conveyance of the consumer. These training 
methodologies can take a back seat to the niultimedia- 
based training (multimedia based application [MMBA], 
computers and media working together), using audio, 
video, text, and graphics to take full advantage of a per- 
sonal computer’s ability to capture, reconfigure, and dis- 
play data. They are efficient and effective, particularly in 
the area of technical training such as running complex or 
dangerous equipment in a safe environment. Real-life sit- 
uations are depicted, and the learner is asked to respond. 
See education; productivity; training; training ver- 
sus education; website. 
computer batch A group ofjobs that is to be run on 
a computer in succession, without human intervention. 
computer batch file A computer program that consists 
of a text file containing several commands. When the file 
is run, each line command is executed serially. 
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computer batch processing The application of coin- 
puter data-analysis techniques to the classification, assinii- 
lation, and interpretation of subjects such as plastic and 
chemical information. It  is a method in which a computer 
program or set of related programs must be completed be- 
fore the user goes on to the next operation. lts major pur- 
pose is to correlate data in such a way that trends or pat- 
terns are indicated. See compound, batch; computers 
and statistics; control; fabricating process; micro- 
processor control; plant; plastic failure or successs; 
production. 
computer baud It is a unit ofriieasure for the transmis- 
sion speed of data over aiiy serial link, such as a coniputer 
modem. One bit per second is a baud. There are standard 
rates such as 300, 1,200, 9,600, or 19,000 baud. 
computer, bio- See biological biocomputing. 
computer bit The smallest piece of electronic informa- 
tion used by a computer. The word conies from binary 
&if; a bit can be either 0 or 1. Eight bits niake up a byte 
of information, and 16 bits make a word. 
computer browser The software that is used for bring- 
ing up and displaying web pages. Two of tlie most coin- 
riionly used browsers are Netscape Navigator and Micro- 
soft Internet Explorer. 
computer bulletin board system (BBS) A system 
that allows computer users to hold discussions and make 
announcements that others can read and respond to. 
computer bus A conmiunication network consisting 
of a parallel data path within the computer system that is 
shared by many system components. Usually described by 
the width of the parallel lines available, typical busses are 
8-, 16-, or 32-bits in width. See bus. 
computer chemometric The application of computer 
data-analysis techniques to the classification, assimilation, 
and interpretation of chemical information. It  can corre- 
late data in a way that indicates trends or patterns. 
computer Chinese room A hypothetical situation that 
is used as a vehicle in the debate over whether computers 
can think. 
computer chip See integrated circuit, plastic; 
packaging, electronic. 
computer coinjection See coinjection molding, 
single-plasticator. 
computer color matching, Kubelka-Munk theory 
of A theory of computer color-matching calculations. It 
is a phenomenological turbid-medium theory relating the 
reflectaxice and transmission of scattering and absorbing 
materials to constants and the concentrations of their col- 
orants. See colorant. 
computer communication protocol See commu- 
nication protocol. 
computer continuous processing The real-time pro- 
cessing ofdata on a continual basis. It often is used for process 
control arid monitoring applications. See process control. 
computer control A mode of machine operation. Its 
software process control sets the parameters of operation. 
See fabricating asynchronous; numerical control; 
process control. 

computer control motion See design, motion- 
control, mechanical and electronic effects. 
computer cost modeling See technical cost mod- 
eling. 
computer data analysis, chemical See computer 
chemometric. 
computer databank A collection of information held 
in a computer’s memory whose data are handled by a data- 
base. See computer database; computerized data- 
base, plastic. 
computer database A set of computer software pro- 
grams that make it easy to handle data in different ways. 
It is an electronic filing system that allows users to put in 
aiiy information; cross-reference, alter, delete, and add to 
it; and retrieve it in forms specified by the user. The data- 
base handles the data in the databank. Databnsc soiiietiuies 
refers to highly organized data, and data bnsc refers to data 
without regard to organization. The usual is datahasr. Also 
called data nzanqenzent. See computer databank; com- 
puter monitoring information; computer software; 
data-management system; intelligent database; 
plastic material selection; technical writing; test. 
computer database binary A riuriierical representa- 
tion in computer database technology of base 2 in which 
each digit can have only one of two possible values of 1 
or 0. 
computer database relation A linkage within a data- 
base that logically binds two or more elenients in the data- 
base. For exarnple, a nodal line (interconnect) is related to 
its terminal connection nodes (pins) because they all be- 
long to the same electrical net. See computer database. 
computer design approach See computer-aided; 
definition, art of; design analysis; design, graphic; 
people’s challenge; risk, acceptable. 
computer digit 
computer digital A numerical output device that iii- 
dexes, iiuiiiber by number, froni tlie initial output reading 
to the final output reading. It is more accurate than a simi- 
lar analog device but slower. I t  gives an exact reading. See 
analog; computer analog-to-digital converter. 
computer digital controller A niicroprocessor con- 
troller that converts signals froin a pressure or teiiiperature 
sensor to an output signal to a power unit to hold the 
sensor at the set point value. See control drive, opti- 
mized; computer. 
computer digitized Converted into cornputer-read- 
able form wherein all information units (letters, iiunibers, 
symbols, graphs, picture elements) are represented by on- 
off sequences of- electronic impulses. 
computer digit, significant A digit that is necessary 
to define a value or quantity. 
computer disk See compact disc. 
computer drawing A computer program that offers 
choices of mode functioning, such as positioning, grid 
choice, zoom, and line quality. See artwork; graphic 
art. 
computer finite-element mesh operation An engi- 
neering method for determining the structural integrity of 

One of 10 Arabic numbers (0 to 9). 
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a mechanical part by mathematical simulation. Automatic 
mesh generation creates grid points and elements for spe- 
cific regions of a model, allowing the creation of necessary 
data for finite-element analysis programs. See finite- 
element analysis. 
computer graphic (CG) 1. The application of the 
capabilities of a computer to the analysis and synthesis of 
engineering problems. 2. The communication of solutions 
in a graphic form. See design protection; graphic art. 
computer hardware The five standard hardware 
components of an electronic digtal computer that are 
connected by the internal signal pathways that make up 
the bus. These units are the arithmetic-logic unit (ALU), 
the control unit, the input and output units (I/O), and 
the memory. The heart of a computer is the central pro- 
cessing unit and the arithmetic-logic unit. See com- 
puter software; control system reliability; reliabil- 
ity. 
computer home page The introductory page of a 
coinputer website. 
computer hypertext Computer text that can be linked 
to other text by clicking with a inowe at designated points. 
computer hypertext transfer protocol (HTTP) The 
system of coniinunication rules for the World Wide Web. 
computer image-processor A computerized unit that 
is an important aspect of a niachine vision system. It can 
be classified as configurable, task-specific, or custom/ ded- 
icated. Many have been designed for specific tasks such as 
gauging or pattern recognition. Also called vision engine. 
See inspection, vision system. 
computer information processing See computer 
monitoring information; plastic, smart. 
computer-integrated manufacturing (CIM) A sys- 
tem of using a computer or a system of computers that 
coordinates different (parts or all) stages of manufacturing 
through troubleshooting, which enables the IiiaIiufacturer 
to custom design products efficiently and economically. 
All equipment and processes that have an effect on pro- 
ductivity, quality control, and so on are monitored and 
controlled by a central computer. The CIM addresses dif- 
ferent functional aspects of plant operations that have an 
impact on productivity aiid quality. See blow molding, 
extruder parison programmed control; computer- 
aided manufacturing; computer monitoring infor- 
mation; design, motion-control, mechanical and 
electronic effects; fabricating process; management, 
complete-information; quality control; trouble- 
shooting. 
computer intelligence See intelligence, artificial. 
computer Internet A collection of computer networks 
that are tied together into a massive worldwide electronic 
network. See computer website. 
computerized database, plastic A software database. 
Extensive plastics databases are available but because they 
are not all prepared using uniform testing and reporting 
systems, users must analyze how the data are presented. 
See computer database; intelligent database; plastic 
material selection; plastic consumption; test. 

computerized electronic document and retrieval 
system An automated system for document processing, 
retrieval, and storage. See plant operation; process 
control; production data acquisition; storage. 
computerized knowledge-based engineering A 
method of engineering that incorporates computer soft- 
ware. Since computers still cannot translate human 
thought processes into computational and cognitive mod- 
els that make intelligent computer-aided designs, the hu- 
man-mind engineering approach to programming a coni- 
puter continues to be essential. The activities ofthe huniaii 
designers, such as alternating steps of abstraction and re- 
finement to blue-sky thinking, are not easily codified into 
the computer program languages. See algorithm; blow- 
molding innovation; computer software; design, in- 
novative; engineer; modeling parametric; produc- 
tivity; program; revolutionary versus evolutionary 
developments. 
computerized ultrasonic See molded-material sur- 
face measurement. 
computer machine interface unit (MIU) A piece of 
coniputer hardware placed 011 or near a riiacliine to collect 
and represent data from various sensors or niicroprocessor- 
based devices. 
computer machine language The instructions that 
huinaiis write so that a computer can execute directly (do 
its job when it is working). Also called ohjcrt rode or object 

la I gn up. 
computer market size 
computer measurement See machine, coordinate 
measuring. 
computer, micro- A computer that is physically sinall. 
computer, microprocessor control See micropro- 
cessor control. 
computer modeling Three predominantly three-di- 
inension methods of creating products aiid storing thein 
in databases with different advantages and limitations. See 
modeling; modeling, solid; modeling, surface; 
modeling, wire-frame; prototype. 
computer modem A computer accessory that con- 
nects to a telephone line and allows, as an example, coni- 
munication between coniputers that are connected to fib- 
ricating equipment. 
computer monitoring information A method of 
monitoring the fabricating niachine inforination to iiii- 
prove a machine’s productivity. I n  Iliachine-productivity 
terms, inforination is the speed and ease with which data 
about a machine’s performance can be integrated with the 
other infbrnmation to provide a basis for control decisions. 
Transducers, servo control, and other devices can provide 
the data needed for diagnostics and production nionitor- 
ing, increasing the machine’s productivity. This informa- 
tion can then be provided through the factory network. 
See computer database; production data acquisi- 
tion; productivity; servo control; technology assess- 
ment; transduce. 
computer-multimedia-based training See com- 
puter-based training. 

See plastic industry size. 



computer optical data storage (ODS) The technol- 
ogy for storage, processing, and retrieval of vast quantities 
of data. In various forniats, ODS is suitable for applications 
of mass replication of predetermined data, long-term (over 
10 years) archiving, recording of legally nonalterable rec- 
ords, and finite erasing and recording. Because ODS pro- 
vides very high data density (such as up to 1 gigabyte/ 
second on a 130 iiim disk), removal from the drive, ran- 
dom access, and low cost per bit exists when compared to 
magnetic and micrographic storage devices. 
computer packaging See antistatic agent. 
computer Pascal A high-level, general-purpose com- 
puter language that is often used for scientific and business 
programs. See Pascal. 
computer, personal See personal computer. 
computer picture-level benchmark (PLB) A pro- 
gram for running graphics and display performance tests 
on a vendor’s hardware. It measures the length of time 
needed to execute a series of transformations for a specific 
picture, or a set of two-dimension, three-dimension, or 
bitrriap data suited for a particular application. A PLB pro- 
gram is available from the National Computer Graphics 
Association. See artwork. 
computer plant layout See designing plant layout 
via computer. 
computer plastic flow analysis See design, die; de- 
sign, mold. 
computer plotter A device that displays data output 
from a computer in graphical form. See graphic art. 
computer procedure-oriented language (POL) An 
artificial language that is used to define, in a form under- 
stood by people, the actions required by a computer to 
solve a problem. Hundreds of programs have been devel- 
oped, such as Ada, Agol, APL, Cobol, Fortran, and Pascal. 
For example, Ada was a new language for the 1980s devel- 
oped by the U.S. Department of Defense as a language 
for all applications that included commercial and scientific. 
See mathematics. 
computer processing control automation A 
method for applying precise control to any fabricating pro- 
cess. Clear physical relations can seldom be set up because 
the flow process are coupled with thermal and mechanical 
models. A valid description is usually achieved only by 
experiments such as trial and error. The important process 
parameters are changed one at  a time to the limits of the 
working point. See FALL0 approach; molding area 
diagram; molding volume diagram; process con- 
trol, adaptive. 
computer processing control, statistical (SPC) A 
system that starts with the premise that the specifications 
for a product can be defined in terms of the product’s re- 
quirements or that a product is or has been produced that 
will satisfy those needs. Generally, a computer commun- 
cates with a series of process sensors or controllers that 
operate in individual data loops. The computer sends set 
points (built on desired performance characteristics for the 
product) to the process controller that constantly feeds 

back to the computer to signal whether the set of points 
are in fact maintained. The systems are programmed to 
act when key variables affecting product quality deviate 
beyond set limits. See process control; quality control; 
statistical process control; tubing, microbore. 
computer processor See processor, micro-. 
computer process simulator See process simulator. 
computer program A list of instructions that a com- 
puter follows to perform a task. See blow molding, ex- 
truder parison programmed-control; order. 
computer protocol, machinery See communica- 
tion protocol; test, white-box and black-box. 
computer, random access memory (RAM) A type 
of memory that can be both read and changed during 
computer operation. RAM is volatile so that power dis- 
ruption or loss causes all the data stored to be lost. 
computer rapid response See manufacturing exe- 
cution system. 
computer, read only memory (ROM) A type of 
nieniory that contains fixed data. The computer can read 
data but cannot change it in any manner. 
computers The hardware and software that permeate 
all areas of the plastics industry from the concept of a prod- 
uct design, to raw material to processing, to marketing and 
sales, to recycling, and so on. Proper knowledge is re- 
quired to use computer hardware and software efficiently. 
The fastest of today’s computers are able to perform more 
than a billion calculations per second. Even so, they are still 
too slow to approximate the higher intellectual processes 
characterized by humans, such as the capacity to reason, 
discover meaning, generalize, and learn from past experi- 
ences, that require the nearly instantaneous making of nu- 
merous associations and generalizations. Computers are 
very useful tools, but the most important and essential part 
to have with the computer is qualified people. See algo- 
rithm, recognition; computer-based training; com- 
puterized knowledge-based engineering; computer 
software; device, smart; integrated circuit; produc- 
tivity. 
computers and cybernetics See cybernetic. 
computers and innovation See design, innovative. 
computers and plastic 
computers and statistics Coniputers make statistics a 
more flexible tool and help prevent “cookbooks” (the 
blind application of the same standard techniques no niat- 
ter what problem exists). A statistical perspective can be a 
simple route to substantially increase productivity, quality, 
arid profit. See quality; statistic. 
computer science and algebra The symbolic system 
of mathematical logic called Boolean algebra that repre- 
sents relationships between entities, either ideas or objects. 
George Boole (England; 1815-1864), first professor of 
mathematics at University College Cork, regarded as one 
of the greatest mathematicians of the 19th century, forniu- 
lated the basic rules of the system in 1847. Boolean algebra 
eventually became a cornerstone of computer science. See 
algebra; mathematics. 

See computers design. 
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computer servo control, digital/analog In the past 
the majority of servo systems used analog elements. Con- 
versions have been made to digital systems. See com- 
puter analog-to-digital converter; drive-system 
control; motion-control system; servo control. 
computer software Computer programs that perform 
tasks such as product design, processing techniques, mold 
and die design, managenlent control, storage control, test- 
ing, quality control, cost analysis, and so on. Software 
helps with the jobs of product design, mold or die design, 
material selection, processing setup, and so on. Software 
programs can be purchased off the shelf or created inhouse. 
They are useful tools and can perform certain functions. 
See auxiliary equipment; biological biocomputing; 
CAMPUS database; computer-based training; com- 
puter Chinese room; computer hardware; comput- 
ers; control system reliability; COSMIC software; 
creativity; DART software; Deere JD/GTS soft- 
ware; EnPlot software; fabricating process type; 
FORTRAN software; GAIM software; legal matter: 
patent search; melt-flow analysis; mold-cavity melt- 
flow analysis; numerical control; order; process 
simulator; program; reliability; screw inspection; 
test data and uniform standard; training; vinyl com- 
position tile; Appendix G, websites on plastics. 
computer-software limitations See melt-flow 
analysis problem. 
computer-software white-box See test, white-box 
and black-box. 
computer technical cost modeling See technical 
cost modeling. 
computer, thinking See computer Chinese room. 
computer tolerance analysis See design and toler- 
ance. 
computer virus A destructive program that invades 
and infects computer programs, causing them to inalfunc- 
tion or self-destruct. 
computer warmware People in the computer industry. 
concave surface See shape, concave. 
concavity factor The relative aniount that elastomer 
or rubber varies from Hooke's law ideal curve. It is deter- 
mined as the ratio between the energy of the extension 
curve to the straight-line curve to the same point. The 
entire stress-strain curve of elastonier/rubber is concave 
toward the stress axis or away from the strain axis. See 
modulus of elasticity; stress, elastic limit; stress- 
strain curve. 
concentrate 1. A mixture of a measured aniount of ad- 
ditives (colorants, lubricants, antistats, antifogs, antioxi- 
dants, biocides, blowing agents, ultraviolet stabilizers, etc.) 
and a specific plastic that is prepared usually in pellet form. 
Other forms include tablets, biscuits, and microporous car- 
riers. This approach can provide an accurate mixture for 
mixing with the base plastics during processing. Care 
should be taken to veri@ that the concentrate plastic is 
compatible with the base plastic being processed. Usually 
the amount of concentrate used is about 1 to 4wt%. See 

fragrance concentrate, material; pellet, micro-; 
plastic material; preform. 2. T o  increase the aniount 
of a disolved substance by evaporation. 
concentrate letdown ratio The ratio of a plastic con- 
centrate material, such as a color additive to the basic plas- 
tic material. This ratio is usually identified as a percent by 
weight of both materials (wt'%). See material blending 
letdown ratio. 
concentricity 1.Two circles or cylindrical shapes that 
have a common center and coninion axis, such as the in- 
side or outside diameters of a barrel or outside diameters 
of the surface and bearing surfaces of a screw. Deviation 
from Concentricity is referred to as ~ n ~ l o n t .  See barrel in- 
spection; mathematical closure error indicator 
movement; screw inspection; tolerance, full indica- 
tor movement. 2. The relationship of all inside dimen- 
sions to all outside dimensions usually expressed in thou- 
sands of an inch or millimeter full indicator movement 
(FIM). Deviation from concentricity is usually referred to 
as a runout. The concentricity should allow for the maxi- 
mum part tolerance. The geometry of the part should help 
indicate the tolerance applied. See mathematical clo- 
sure error; plasticator; screw. 3. The relationship of all 
circular surfaces with the same center. 4. See runout. 
concentric-screw extruder mixer See extruder, 
concentric-screw mixer. 
concrete A hard, strong building material made by mix- 
ing a cementing material, as portland cement, and a min- 
eral aggregate, as sand and gravel, with sufficient water to 
cause the cement to set and bind the entire mass. To pro- 
duce nonshrinkablc concrete, plastic is included in the mix. 
Concrete has been used since at least the Roman Empire. 
See aluminum stearate; plastic-concrete composite. 
concrete, cellular See cellular concrete. 
concrete, injection-molding See injection-mold- 
ing nonplastic. 
concrete, nonshrinkable See concrete. 
concrete-plastic composite See composite; im- 
pregnation; plastic-concrete composite. 
concrete, reinforced A composite reinforced concrete 
that contains steel rods in various forms to significantly 
increase perforniance (strength, etc.) over unreinforced 
concrete. I n  areas in or near ocean salt water or big bodies 
of water, steel is protected from corrosion by a cover of 
plastic, usually polyethylene, or polypropylene. Steel rods 
can be prestretched during solidification of the concrete 
to provide increase perforniance over nonstretched steel 
reinforced concrete. See coating, steel-rod; compos- 
ite; directional property; orientation. 
condensable vapor See vapor, condensable. 
condensate A product of condensation from the vapor 
phase. 
condensation 1. A chemical reaction in which two or 
more niolecules combine. See chemical reaction, con- 
densation; polymerization, condensation. 2. The 
process of converting a material in the gaseous phase to a 
liquid or solid state by decreasing temperature, by increas- 
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ing pressure, or both. Usually in air sampling only cooling 
is used. See storage and condensation. 3. The transfor- 
mation from a gas to a liquid. 
condensation agent A chemical compound that per- 
fornis a catalytic action and furnishes a complement of ma- 
terial necessary for the achievement of the polycondensa- 
tion of a plastic. See polycondensate. See mold 
dehumidification. 
condensation, capillary The condensation of an ab- 
sorbed vapor within the pores of the material. See capil- 
larity. 
condensation polymerization See polymerization, 
condensation. 
condensation plastic A plastic formed by polyconden- 
sation (condensation polymerization). Examples include 
the alkyd, phenol-aldehyde, and urea formaldehyde plastics. 
conditioning The process of bringing the material, 
product, or apparatus to required conditions (moisture, 
temperature, cleanliness, etc.) prior to further processing, 
treatment, inspection, or testing. Also called carrditioning cy- 
cle. See service condition; temperature conditioning. 
conditioning, pre- Any preliminary exposure of a ma- 
terial to specific atmospheric conditions, such as humidity 
and temperature, for the purpose of favorably approaching 
equilibriuni with that prescribed atmosphere. 
condition, initial A special type of boundary condi- 
tioning specified for time equals zero. 
condition, service See service condition. 
condom A prophylactic that is usually made from latex and 
PVC type but more recently also with polyurethane plastic. 
conductimetry The scientific study of conductance 
measurenieiits of solutions. To avoid electrolytic compli- 
cations, conductance nieasureinents are usually taken with 
alternating current. 
conduction, heat In heat transfer, the migration of en- 
ergy due to a temperature gradient. The movement of 
molecules transfers the heat energy to hotter or colder 
temperatures, with different degrees of thermal motion, 
into colder or hotter regions. See convection; heat; 
heater; kirksite; radiations; thermal conductivity; 
thermodynamic. 
conductive carbon black See carbon black, con- 
ductive. 
conductivity The transfer of electrical or thermal en- 
erg9 along a potential gradient. It is the reciprocal of vol- 
ume resistivity-the electrical or thermal conductance of 
a unit cube of any material that is the conductivity per 
unit volume. 
conductivity, electrical The mechanism of conduc- 
tivity in plastics that has electrons traveling from point to 
point when under stress, following the path of least resis- 
tance. Most plastics are iiisulative; their resistance to elec- 
tron passage is extremely high. Speed of electron niove- 
ment depends on the additive/niodifiers concentration 
and the degree of separation of the additive particles. In- 
creasing additive content reduces interparticle separation 
distance, and at a critical distance, known as the percola- 

tion point, resistance decreases dramatically and electrons 
move rapidly. See electrical conductivity; plastic, 
electrically conductive. 
conductivity, super- See temperature conductiv- 
ity, super-. 
conduit 1. A tubular raceway for carrying electrical 
wires, cables, and so on. 2. A pipe for conveying fluid. 
cone See textile cone. 
cone calorimeter test See test, fire cone and lift. 
conference See Appendix D, Worldwide Plastics 
Industry Events. 
confidence interval See population confidence in- 
terval; population confidence level; population con- 
fidence limit. 
confidentially See design protection. 
configuration See chemical configuration. 
conflict of interest See legal matter: conflict of in- 
terest; specification and standard limitations. 
conformal 1. Representing sniall areas in their true 
shape. 2. Leaving the size ofan angle between correspond- 
ing curves unchanged. 
conformal coating See encapsulation. 
conformance See quality optimization goal. 
conformation See molecular conformation. 
conical dry blender See blender, conical dry. 
conjugated See chemistry, conjugated. 
conjugate plane See optical conjugate plane. 
connector See electrical connector; fastener. 
connector, female lure failure See medical con- 
nectors, female lure failure in. 
conservation Plastics offer resource conservation bene- 
fits many different ways and in all marketed products, as 
described throughout this book. A few are listed here for 
cross-referencing. See adhesive; building and con- 
struction; coating; energy; incineration; insulation 
resistance; medical; plastic consumption; packag- 
ing; market; recycling; waste. 
Conservation of energy See energy conservation; 
energy, law of conservation oe energy loss, ma- 
chine; plastic and food. 
conservation of matter, law of A statement that the 
iiiass flow through any cross-section of a pipe is constant 
(applies to pipe conveying and inaterial handling). An off- 
shoot of this law is the continuity offlow through a pipeline 
equation. This equation states that the volume of discharge 
will be the same at any point within the pipeline. Because 
of this law, the density of air is assumed to be a conctant 
when the pressure differential between the beginning of a 
pipeline and the end is less than 1% based on incasurements 
utilizing absolute pressure. See energy conservation; 
material handling; conveying, pneumatic. 
consignment Giving inaterial to another supplier for 
use in manufacturing a cuytonier’s product. 
consistency A property ofa material determined by the 
complete flow-force relation. See flow. 
consolidation A processing step such as the compress- 
ing fiber and matrix to reduce voids and achieve a desired 
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density. See design consolidation and minimization 
of material. 
consolute Of  or pertaining to liquidc that are periectly 
miscible in all proportions under certain conditions. Sce 
material, microphase structure. 
consumption, plastic worldwide by type See plas- 
tic consumption; Table 1, World Plastics Consump- 
tion in the Year 2000. 
constantin A copper-nickel alloy, wires of which are 
used in conjunction with wires of a different niaterial (usu- 
ally iron) in thermocouples for measuring temperatures. 
See thermocouple. 
constant rate test machine See tensile testing ma- 
chine test rate. 
constituent Refers to an ingredient included in a plastic 
or compound such as other plastics, additives, fillers, or 
reinforcements. 
constraints See design constraints. 
constrained-geometry catalyst See catalyst; poly- 
merization catalyst. 
construction and building See building and con- 
struction market. 
Consumer Product Safety Act See legal matter: 
Consumer Product Safety Act. 
consumer goods See energy efficiency. 
consumer testing See test, organoleptic. 
consumption, energy See energy consumption. 
consumption, plastic See plastic consumption. 
contact adhesive See adhesive, contact; adhesive 
contact angle; adhesive contact cement; laminate; 
lens, contact; plastic, contact-pressure; pressure, 
contact; reinforced-plastic molding. 
container A receptacle that contains inaterial. They 
range from simple to very complex shapes. See blow 
molding, extruder bottle volume adjustment; bottle; 
bottle lug; closure; gas effusion; load column crush; 
packaging; packaging container content misrepre- 
sentation; packaging dual-ovenable tray; packaging, 
hot fill; packaging pouch heat-sealed, wraps, and re- 
usable containers; Petlite; recycling, automatic-sort- 
ing; recycling steel with vinyl scrap; spin trimming; 
tare; text, container column crush; tube, collapsible. 
container bead shape Contoured container lip. A 
good bead is designed to have a cross-section thickness 
siniilar to the side wall. It  is shaped to hold a lid in place 
during handling and repeated recapping yet allow the lid 
to be renioved without destruction or great effort. See 
container lid skirt shape. 
container, Boston round The shape of a container, like 
a bottle, where its cross-section as well as shoulders are round. 
container, buffer A inaterial or device placed in a con- 
tainer to position or protect the contents from the force 
of inipact. 
container chime In packaging, the rim of a container 
such as a drum, barrel, or can. 
container, choked-neck A narrowed or constricted 
opening in the neck of a container. 

container code system Standards that have been es- 
tablished to identify plastic materials and to assist separators 
of plastic bottles and other products to create a higher 
value for recycled material. For example, the bottoms of 
bottles identify the most widely used plastics. See bottle- 
code system; recycled plastic identified. 
container collapse The contraction of the walls of a 
container on cooling after Inanuhcture, such as blow 
molding, leading to a perinanent deformation of the con- 
tainer. See green dot. 
container head space The space between the fill level 
of a container and the sealing plane. 
container heel The part of a container between the 
bottom bearing sudice and the side wall. 
container heel radius The degree of curvature at the 
extreme bottom elid of a container extending upward 
from the bearing surface. Also called hare vadim.  
container leakage A defect. Prior to blow molding 
with its fast production lines, it was relatively easy and 
quick to check leakage (not including exotic tests for spe- 
cial products such as sensing porosity of metal castings) by 
sending pressurized air into the container and immersing 
it in a water bath. If no bubbles appeared, then it was 
presumed not to leak. Sophisticated leak detection equip- 
ment is used for the fast-operating lines. The inethods de- 
pend on air or other gas as the test niedia and fall into the 
categories of achieved pressure test, pressure drop test, and 
displacement test. See blow molding; bottle; dissocia- 
tion; test, soap-bubble. 
container lid skirt shape A shape around the bead of 
the container that allows the lid to be reiiioved without 
great effort and yet remains in place during capping coii- 
veying, insertion into cartons, shipping, warehousing, and 
repeated recapping. The design is critical in high-speed 
capping lines. 
container lid, stacking or capping of It is best to al- 
ways allow sonie stacking clearance between lids. Though 
a lid may have been designed with little or no stacking 
clearance and intended initially to be used in a shuttle or 
static-type feeder, a future requirement may dictate the 
part to be used on a spinning rod capper. Lids with no 
stacking clearance will act as a solid coluiiin and will not 
move along the spinning rods. When stacks of lids are 
packaged out of register, unnested, they will contain warp- 
age and create capping problems in all types of capping 
equipment. See warehousing. 
container market In U.S. plastic bottle shipments 
passed glass container shipments in 1994, but the metal 
container market share is alniost three times larger than 
plastic bottle share. See market. 
container neck-down A tapering, downward and in- 
ward, of a container body. 
container nesting Containers can be molded with as 
little as ' / 2 O  angle (draft) on the side wall, but those that 
are nested usually have a niininiuni of 5" angle. Angle, 
wall thickness, and stacking lug height priinarily determine 
how much clearance will exist from one to the other. 
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container, oblong A shape where a container’s rectan- 
gular cross-section is perpendicular to the major axis. 
container, off-center Any condition where the finish 
opening is not centered over the bottom of the container. 
Also it is the condition where the mandrel is not concen- 
tric with the ring of the blowing head. 
container, oil canning See blow molding, extruder 
flat surface; oil canning. 
container, pour-out finish A container finish with an 
undercut below the top, designed to facilitate pouring 
without dripping. 
container, recessed-panel A container designed with 
a label panel in which the area for labeling is indented or 
recessed. Adding or bonding a label could provide addi- 
tional strength to the container (bottle, etc.). 
container, refillable A container that is designed to be 
refilled as long as the container is not cracked, chipped, 
or uncleanable. 
container, returnable A container that provides a fi- 
nancial refund that was included in the original purchase. 
container, rocker A bottle with its bottoni deformed 
so it does not stand solid (rocks). 
container, round-square A shape of a container that 
has sides of equal width with well-rounded corners and 
shoulders. 
container, top-load The amount ofweight bearing on 
the top of a container. This term is sometimes used to 
indicate the maxiniuni load the container will bear with- 
out becoming distorted. 
container, wall thickness determination A method 
of measuring wall thickness. Various devices are used, in- 
cluding mechanical measurement by calipers, optical sen- 
sors, and different radiation sensors such as infrared. 
contamination An unwanted or foreign body in a ma- 
terial or the processing area, including air, that affects or 
detracts from part’s quality. See cleanroom; electro- 
static discharge detector; fiber processing filtration; 
lint; material contamination; material impurity; 
material inclusion; metal detection; packaging 
pouch heat sealed wraps, and reusable containers; 
pollution, air; purification; rail-car contamination; 
recycled paper; scavenger; sensor, inductive and ca- 
pacitive proximity; waste. 
content, plastic See plastic content. 
continuous phase See mixture, continuous-phase. 
continuum mechanic See Boltzmann superposi- 
tion principle. 
contour package See packaging, contour. 
contract See fabricating outsourcing; government 
contract directory; legal matter: mold contractional 
obligation; legal matter: product liability law; legal 
matter: shop-right. 
contraction See shrinkage. 
contractor See vinyl composition tile. 
contract processor See legal matter: processor 
contract. 
control In any process or experiment, the reference 

base with which the results are compared. The control 
represents known or target requirements of facts or figures. 
The use of a control is vital to provide interpretation of 
the final product. See device, smart; process control; 
adaptive; quality optimization goal; sensor. 
control actuator The use of serial coniniunications in 
conjunction with programmable logic controller to over- 
see machine operations. The advantage of a serial commu- 
nications network is that its single common thread runs 
throughout the plant floor, replacing large, hard-wired 
umbilicals that are costly both to install and maintain. The 
overall advantages are well documented in niany industrial 
applications. See auxiliary equipment; microproces- 
sor control; plant control; sensor. 
control, automatic A machine operating mode in 
which the equipment continues production output and 
line equipment operates in a feedback mode to continu- 
ously control dimensions, or until a fault develops. See 
automation. 
control band, dead The range through which an input 
can be vaned without initiating response. 
control, blow-molding parison See blow molding, 
extruder parison programmed-control. 
control, cascade A control method that uses the out- 
put of one controller to control, or feed, another. 
control, change The activities that deal with product 
changes from the proposal to the implementation stages. 
The change control encompasses areas of raw materials, 
software, devices, processes, labeling and packaging, in- 
spection, and so on. Change-control problems affect dif- 
ferent plants such as being one of the top violations for 
medical-device quality system regulation (QSK). There- 
fore, device manufacturers must implement a procedure 
for managing changes in a product or in the manufacturing 
processes. Each manufacturer needs to find a model that 
complies with QSK and is suitable for its product and 
company, making appropriate adjustments as experience 
reveals new or better ways of handling changes. As with 
other similar situations, the start-up costs of such a project 
may seein high, but they should be weighed against the 
long-term benefits of improving efficiency and reducing 
the likelihood of recalls or lawsuits. See quality system 
regulation. 
control chart 
control, closed-loop A system that is used with a mi- 
croprocessor to control a machine’s line from start to the 
finished product. A controller compares input signals with 
set inputs; corrections are made when required. The sys- 
tem feeds back information such as dimensions to adjust 
line speed and to correct for dimension shifts. See con- 
trol, open-loop; injection-molding process control; 
motion-control system; servo control. 
control data See fabricating, asynchronous. 
control, derivative A control mode in which there is 
a continuous linear relationship between controller output 
and the derivative of error signal. 
control drive, optimized Virtually all new converting 

See statistical quality control. 
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machines are electronically line shafted or designed as indi- 
vidually powered sections that are then precisely synchro- 
nized by digital control. With performance of these “shaft- 
less” machines, electronic control is quickly forging the 
demise of the mechanical line shaft. Electronic line shaft- 
ing sectionalizes the machine into separate sections, each 
powered by its own high-performance digital servo drive. 
A master control electronically synchronizes all machine 
operations, coniniunicating in real time with each sec- 
tion’s drive motor over a single fiber-optic cable. This 
shaftless design eliminates mechanical inaccuracies and 
provides for electronic registration with minimal loss of 
product during start-up. Trial-and-error mechanical ad- 
justments are replaced with highly precise push-button 
electronic control. See computer digital speed con- 
troller; drive motor control; fabricating process 
type; machining; printing; sew0 control; sewo- 
control-drive reliability; temperature proportional- 
integral-derivative control algorithm. 
control, electronic logic A method that permits con-  
plex timing and sequencing functions in different pro- 
cessing equipment to be programmed and controlled. 
control element, final The device that directly changes 
the value of the manipulated variable of a control loop. 
control, feedback An action in which a measured vari- 
able is compared with the reference value to produce an 
actuating error signal, which is acted on to attempt to re- 
duce the error. 
control, feed-forward System in which corrective ac- 
tion is based on the measurenient of disturbance inputs 
into the process. 
control, front end 
control, fuzzy-logic (FLC) A control method that 
avoids overshooting process limits and dramatically im- 
proves the speed of response to process upsets. These con- 
trollers acconiplish both goals simultaneously, rather than 
trading one against another as done with proportional-in- 
tegral-derivative (PID) control. However, not all FLCs are 
equal, and FLCs are sometimes switched off so that a tradi- 
tional PIL) control takes over. FLC has been used to con- 
trol many conveniences of modern life (from elevators to 
dishwashers) and more recently to control industrial pro- 
cesses such as temperature and pressure. See process con- 
trol; temperature proportional-integral-derivative 
control algorithm. 
control, human See processing, intelligent. 
control, integral A control mode in which there is a 
continuous linear relationship between the integral of the 
error signal and the output signal of the controller. 
controlled motion A means of low-friction precision 
linear motion that is provided by linear guides through 
an assortment of rails (round or profile), contact elements 
(rollers, ball bearings, or full-contact sleeves), and niount- 
ing configurations. Many types of guides exist, each engi- 
neered toward optimized performance in a specific range 
of applications. Therefore, various application criteria will 
effect linear guide incorporation. These criteria can be 

See control, open-loop. 

summarized as follows: dynamic load capacity, envelope 
size, inounting configurations, life, travel accuracy, rigid- 
ity, speed or acceleration, cost, and environmental consid- 
erations. The priority of these items will determine the 
appropriate linear guide for the application. See accu- 
racy; design lubricant, reduced-friction; design, 
motion-control, mechanical and electronic effects; 
motion-control system; repeatability. 
controlled-release delivery system See biodegrad- 
able waste; coating, microencapsulation; drug ap- 
plication; medical-device packaging clarity. 
controller An instrumentation such as pressures, teni- 
peratures, or timers that is used to control and regulate the 
fabricating cycle. See cybernetics; die temperature; 
mold temperature; potentiometer; process control; 
pyrometer; temperature measurement; tempera- 
ture controller. 
controller, automatic set A technique that is used in 
modern controllers, compared with older proportional 
controllers, that permits more accurate control of tempera- 
ture at set point even in the presence of lag time from 
remote locations. 
controller, coordination The connecting of a group 
of controllers so that they may all be changed at the same 
time from a single point. For example, the extruder and 
haul-off may all be ramped up or down sirnultaneously. 
controller, heating overshoot circuit. See temper- 
ature controller, heating overshoot circuit. 
controller, multizone A microprocessor that monitors 
temperature, pressure, output rate, and so on signals from 
several sensors to achieve more reliable and efficient per- 
formance, either independently or coordinated. 
controller, programmable logic See motion-con- 
trol system. 
controller safety See programmable-controller 
safety. 
controller, temperature See temperature control- 
ler rate term. 
control loop 
control, microprocessor See processor, micro-, 
control. 
control mold parting line See injection-molding 
process control parting line. 
control, motion See motion-control system. 
control, nip pressure See calendering, control nip 
pressure. 
control, open-loop Control of the fabrication process 
operation, from upstream through downstream equip- 
ment, where all controls are set by the operator and are 
not adjusted by feedback information. It will recognize a 
fault but not correct it. Also calledfvont-end contvol. See 
control, closed-loop. 
control plan A plan that lists step-by-step procedures 
describing how a specific operation will be conducted and 
followed. It includes many factors such as material han- 
dling and delivery rate, all equipment settings, processing 
controls, start-up, shutdown, and so on. 

See process control, control-loop. 
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control, plant See plant control. 
control plastic storage See storage. 
control pressure See injection-molding nozzle 
pressure control. 
control, quality See quality control. 
control, production See production-control 
system. 
control, proportional See proportional control. 
control response The measurement of a variable and 
the corresponding control action. Pressure, temperature, 
and other controls combine with the instrument response 
loop to bring about precision in production. For example, 
due to the response lag in a pressure sensor, by the time 
an increase in pressure is transmitted to a control device 
the actual system pressure continues to change. The con- 
troller that receives this information then niust process it 
and transmit an appropriate control response. This can 
usually take time. See process control. 
control-response sensor A sensor that is designed to 
respond to a physical stimulus (temperature, pressure, nio- 
tion, product gauging, product weight, etc.) and transmit 
a resulting signal for interpretation, measurement, or op- 
erating a control. A broad selection of sensors have ex- 
t rendy different sensitivities, capabilities, and repeatabili- 
ties. To select the correct sensor, the user should know 
something about how the different sensors work and 
which is used for what application. Not all sensors measure 
the same way. The three niost conirnon sensors used 
down-stream are nuclear, infrared, and caliper. Specialized 
types such as microwave, laser, X-ray, and ultrasonic sense 
different conditions for operating equipment (tempera- 
ture, time, pressure, dimensions, output rate, etc.) and also 
sense color, smoothness, haze, gloss, moisture, dimensions, 
and many more. See sensor. 
control, servo See servo control. 
control, solid-state The type of control system that su- 
perseded relay control. It is based on electronic conipo- 
nents that have no nioving parts and yet can, for example, 
provide switching action. 
control system See process control. 
control system, manufacturing See manufactur- 
ing execution system. 
control-system reliability Knowledge and under- 
standing of the control system’s expected behavior a t  
startup, during processing, and at shutdown. The defini- 
tion applies to both personal computer-based (K-based) 
and progranirnable logic controller-based (PLC-based) 
systems with one exception. In a PLGbased system, con- 
trol designers, as part of a supplier’s quality-check respon- 
sibilities, confirm reliability. In a PC-based control system, 
users who take advantage of the key-system benefit of 
niultivendor product integration shift responsibility for re- 
liability froni the supplier to themselves. Based on the ex- 
tent of control-systems integration, the result can be a 
myriad of factors, known and unknown, that may contrib- 
ute to reliability. Many ‘iactors contribute to system reli- 
ability, but the basic factors, risks, and suggestions include 

software issues, hardware issues, and both software and 
hardware. See auxiliary equipment; reliability; risk. 
control, transducer-specification Understanding the 
accuracy of specifications on pressure transducers from dif- 
ferent manufacturers. An ideal device would have an ex- 
actly linear relationship between pressure and output volt- 
age. In reality, there will always be some deviations; this is 
referred to as being nonlineavly. The best straight line is fitted 
to the nonlinear curve. The deviation is quoted in the speci- 
fications and expressed as a percent offull scale. The nonlin- 
ear calibration curve is determined in ascending direction 
from zero to full rating. This pressure will be slightly differ- 
ent from the pressure measured in descending mode. This 
difference is ternied hystcvesis; it can be reduced via electrical 
circuits. See hysteresis; transducer. 
control variable See motion-control system; pro- 
cess control. 
control web stretching See extruder-web stretch- 
ing and tearing. 
convection The mass movement of particles arising 
from the movement of a fluid due to difference in a physi- 
cal property such as density, temperature, and so on. It is 
energy transfer by moving or flowing of gas or liquid. Nat- 
ural convection results from differences in density caused 
by temperature differences. Forced convection involves 
motion caused by punips, blowers, and other mechanical 
devices. See conduction, heat; coolant; heat; heater. 
convention, plastics See Appendix D, Worldwide 
Plastics Industry Events. 
conversion See Appendix B, Conversion Tables; 
weight-to-volume conversion. 
converter A device that converts stock material into 
finished products. An example is where the converter buys 
plastic film or sheeting in the form of roll stock and con- 
verts it into useful forms by slitting, die cutting, and heat 
sealing into bags for resale to the packaging industry. See 
credit card. 
converting equipment Devices such as fihn winders, 
coaters, laminating, corona-treating rolls, and ninny more. 
They are usually identified as auxiliary equipment. See 
auxiliary equipment; control drive optimized; fabri- 
cating process. 
conveying material See material handling; conser- 
vation of matter, law of. 
conveying, pneumatic Bulk material handling and 
conveying. Almost any substance (pellets, granules, pow- 
ders, etc.) can be conveyed pneumatically (air), increasing 
the efficiency of materials purchase, storage, and plant ac- 
tivities, such as fabricating machine hoppers. Velocity, 
which is defined as the rate of motion or speed, is the key 
to transporting materials. Pipeline conveyors are coni- 
monly referred to as dilute-phase systems. They convey a 
sinal1 volume of material by a large volume of air. The 
physics principles that play an important role in pneumatic 
conveying are gravity, pressure differential (force caused 
by a difference in pressure to initiate the movement of air 
and material), inertia, shear (between adjacent particles), 
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and elasticity (intrinsic tendency of a compressible gas to 
expand and flow from a high pressure to a low pressure). 
The basic laws of physics affecting fluid flow are the law 
of conservation of matter, law of conservation of energy, 
law of perfect gas properties, and laws based on Boyle’s 
law, Gay Lussac’s or Charles law, and the combined 
gas law. See conservation of matter, law of; material 
handling; storage. 
conveyor A mechanical device that transports materials, 
products, and tools from one point to another, often con- 
tinuously. The most important of these auxiliary equip- 
ment types are chain, belt, screw, and pipeline; nonme- 
chanical types are gravity roller, bucket, and pneumatic. 
See part handling. 
convexity See shape, convexity. 
coolant A liquid or gas (air, etc.) that has the property 
of absorbing heat from its environment and transferring it 
efficiently away from its source. Coolants are used in dif- 
ferent processes such as molds, chillers, and extruder cool- 
ing rolls. One of the most effective and low-cost coolants 
is water. Coolants operating below fi-eezing incorporate 
antifreeze such as ethylene glycol. See barrel cooling; 
chiller; convection; ethylene glycol; extruder cool- 
ing and take-off equipment; extruder line; extruder 
pipe, cooling-tank weir; extruder profile; extruder 
roll, cooling; mold cooling; mold cooling, flood; 
molding cooling, pulse; mold-cooling rate; Rey- 
nolds number; screw cooling; shrinkable fixture; 
temperature controller; thermal capacity; water, 
magnetic; water softening. 
cooking waste 
coolant, laminar flow A smooth, nonturbulent flow 
that is not desirable in a coolant system. See coolant, 
turbulent-flow; melt flow, laminar; Reynolds 
number. 
coolant, turbulent-flow The opposite of laminar flow, 
where a fluid moves in all different directions, as is desired 
in inold-cooling channels. With turbulence, more heat will 
be removed since as the fluid on the inside surface of the 
channel is heated, that heated fluid moves away, subjecting 
a cooler fluid to rapid removal of more heat. With laminar 
flow, the fluid-heat build-up on the wall acts as an insulator 
so that inside laminar flow is an inefficient heat remover. 
See melt flow, laminar; Reynolds number. 
cooling, chilled-water A hot/cold system that is used 
for central chilled-water systems, whether air or water 
cooled. This type of system incorporates a dual-conipart- 
inent reservoir with dedicated process and chiller recircu- 
lation pumps. For cooling below the freezing point, anti- 
freeze, such as ethylene glycol, is included in the water. 
See ethylene glycol. 
cooling ring, venturi A unit used to cool or stabilize 
shaped nielt, such as a film, by using a primary air stream to 
draw additional room air by the venturi effect and improve 
cooling. See extruded-blown film air ring; venturi. 
cooling, super- The rapid cooling of a normally crys- 
talline plastic through its crystallization temperature, so 

See waste, pressure cooking. 

that it does not get a chance to crystallize, and it remains 
in the amorphous state. See saturation, super-. 
cooling tower A method of cooling materials. Towers 
are more efficient when dual pumping systems are used 
with towers that utilize pressure sensitive nozzles for 
square spray patterns or towers equipped with rotating 
spray guns. These types do not perform well in single- 
pump systems due to inevitable changes in available water 
pressure at the tower inlets. With two or more chiller sys- 
tems, consider butterfly valves installed between each unit 
and a pressure gauge installed between each valve and the 
inlet connection. This will properly balance recirculation 
flows through the heat-transfer equipment. 
cooling trough/tank Usually a closed trough, filled 
with water, with or without sizing plates or a vacuum sys- 
tem around the extruded part (pipe, tube, rod, profile, 
etc.) being cooled. 
cooperage The manufacture of barrels. Barrels for- 
merly were made only of wood but now also are iiiade of 
plastics such as blow-molded polyethylene plastic or rein- 
forced thermoset plastics. 
Coor’s beer bottle During the mid-l95Os, Coor’s Beer 
Company in Colorado almost used coniniercially 
stretched, injection blow-molded bottles. It would have 
used the blow-molding injection with rotation process. 
Unfortunately, it was using acrylonitrile-styrene plastic 
(AN-styrene from Barex plastic from Sohia of BP Chem-  
cal International) (DVR project), which was banned by 
the FDA. Many years later it was approved for use. See 
acrylonitrile-styrene plastic; blow molding, injec- 
tion-with-rotation; blow molding, stretched; Coca- 
Cola bottle. 
coordinate measuring machine See machine, co- 
ordinate measuring. 
copal A group of fossil plastics still used to some extent 
in varnishes and lacquers. They are insoluble in oils and 
water. The most important types are Congo, kauri, and 
manila. See lacquer; varnish. 
copolyester plastic See polyester plastic. 
copolyester elastomer (COPE) A material that was 
developed to replace rubber and thermoplastic elastomers 
and some high-performance engineering TPs. They are 
generally tougher than polyurethanes. In general, the main 
features of these semicrystalline TPs are wide temperature 
flexibility range, impact strength, chemical and weathering 
resistance, tear resistance, and abrasion resistance. They are 
random block copolymers consisting of rigid polyester 
blocks as the hard or stiff phase and flexible polyether or 
polyester blocks as the soft or rubbery phase. 
copolymer A long-chain molecule formed by the reac- 
tion of two or more dissimilar monomers (bipolynier, ter- 
polymer, quadripolymer, etc.). The final properties of a 
copolymer depend on the percentage of each monomer, 
the properties of each, and their arrangement along the 
chain. See butadiene; chemical composition and 
properties of plastic; interpenetrating network; mo- 
lecular structure; polymer. 



176 Concise Encyclopedia qf Plastics 

copolymer, alternating A pattern in which each re- 
peating unit is joined to another repeating unit in the poly- 
mer chain (A-€3-A-B-A-). 
copolymer, azeotropic A copolymer in which the 
relative numbers of the different kinds of units (niers) are 
the same as in the mixture of monomers from which it 
was obtained. 
copolymer B A repeating unit in a copolymer chain. 
It is an essentially linear copolymer consisting of a small 
number of repeated sequences of polymeric segments of 
different chemical structure. 
copolymer, block Essentially a linear polynier in 
which there are repeated sequences of polymeric segments 
of different chemical structure. The polymeric chains are 
composed of shorter homopolymeric chains that are 
linked together. These blocks can be either regularly alter- 
nating or random. Thus, an essentially linear copolymer 
consists of a smaller number of repeated sequences ofpoly- 
nieric segments having different chemical structures. See 
amorphous domain; copolyester elastomer; design- 
ing with plastic tailor-made models; material, mi- 
crophase structure; polymer, block. 
copolymer, comonomer See comonomer. 
copolymer, graft A high polymer, the molecules of 
which consist of two or more polymeric parts, of different 
compositions, chemically united together. A graft copoly- 
mer may be produced, for example, by polymerization of a 
given kind of monomer, with subsequent polymerization 
of another kind of monomer, on to the product of the first 
polymerization. This union would also produce a graft poly- 
mer. See designing with plastic tailor-made models; 
material, microphase structure; polymer, graft. 
copolymer halogenated See halogenation. 
copolymerization See polymerization, co-. 
copolymer, random An alternating segment of two 
monomeric units of random lengths, including single mol- 
ecules. They usually result from the copolymeriza- 
tion of two nionomers in the presence of a free-radical 
initiator. 
copolymer type See interpenetrating network. 
copper (Cu) A material that provides good electrical 
and thermal conductivity, atmospheric corrosion resis- 
tance, ease of fomiing, and color. Copper and its alloys 
have rather low strength-to-weight ratios and low 
strengths at elevated temperature. Some alloys are suscep- 
tible to stress-corrosion cracking unless they are stress re- 
lieved. Use with plastics include insulated wire coatings, 
electroplating coatings, catalysts, antifouling plastic paints, 
beryllium-copper alloys for fast heat transfer in molds and 
dies, whiskers used in thermal and electrical RPs, and lac- 
quer coatings. Regarding coatings, to retain its origmal 
alloy color without darkening, a protective coating is ap- 
plied, such as an acrylic with benzotriazole. See con- 
stantin; die material; electric; mold material. 
copper-clad laminate See laminate, copper-clad. 
copper molding See injection-molding non- 
plastic. 

copyright See legal matter: copyright. 
coral Skeletons of the coral polyps found in the warnier 
oceans and consisting mainly of calcium carbonate with 
ferric oxide. It is used as filler. See filler. 
cord See wood cord. 
cordage All types of threads, twine, and rope produced 
by twisting fibers together. See roving. 
core 1. The central member of an assembly. See blow- 
molding extruder core. 2. The central member of 
a sandwich construction. See design, sandwich- 
construction; sandwich core material. 3. The male 
element in a mold or die that produces a hole or recess 
in a product. 4. Parts of a coniplex mold that has under- 
cuts. See mold core. 5 .  A channel in a mold for circula- 
tion of a heat transfer media. See mold cooling; mold 
heating. 6. 111 extruded blow molding, the part of the 
extruder die that controls the inside dimension of the par- 
ison. See die. 7. A core is used in wrapping film, fabric, 
and so on. 
core, fluted An integrally woven reinforcement mate- 
rial consisting of ribs between two skins in a mixed sand- 
wich construction. See sandwich core material. 
core, honeycomb or foam Low-density, honey- 
comb, or cellular/foam material (plastic, reinforced plastic, 
aluminum, paper, etc.). Using different processing meth- 
ods, the honeycomb is formed into hexagonal-shaped 
cells, resembling natural honeycomb, that are used as a 
core in sandwich construction where they contribute to- 
ward greater strength and rigidity. One processing tech- 
nique is to have layers of flat sheets or films that basically 
have strips of adhesives applied. After curing in a flat press, 
the sheets or films are mechanically expanded to form 
honeycomb-constructed cores. Foam cores can be made 
from flat foamed slabs or sheets or can be foamed in-place 
between surface materials. See sandwich-core material; 
foam. 
core molding See soluble-core molding. 
core pin See mold-core pin. 
Corfam DuPont’s trade name for a tough, leatherlike, 
nonwoven sheet of polyurethane plastic fibers. 
Corian DuPont’s trade name for a marblelike material 
made from mineral filled acrylic cast-sheet. This solid ma- 
terial can be cut and shaped like hardwood. In a kitchen 
and bathroom, it has the beauty of expensive natural stone 
materials but is far more practical. It resist stains, impact, 
water damage, and fading caused by exposure to sunlight. 
Superficial cuts and scratches are easily removed. See 
building and construction market. 
coring 1. The removal of excess material from the 
cross-section of a molded part to attain a more uniform 
wall thickness. 2. A method ofsizing and shaping a blown- 
bottle opening by appropriate tools. 3. A variable compo- 
sition between the center and outside of a unit of structure. 
See machining. 
cork A form of cellulose comprising the light outer bark 
of the tree known as Quercus suber. It  grows naturally in 
Europe and northern Africa and has been cultivated in the 
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southwest United States. Its special properties are extreme 
lightness, relative imperviousness to water, resilient struc- 
ture, and low rate of heat transfer. It  is used in bottle stop- 
pers, insulation, gaskets, and as the core in sandwich con- 
struction. See bottle stopper. 
corkwood See wood, balsa. 
cornering coefficient See coefficient of cornering. 
corona See electrical corona-discharge treatment; 
plasma treatment. 
corrosion Chemical erosion by motionless or moving 
parts. See mold storage; phosphorous-base flame re- 
tardant; pipe, water deterioration; scale. 
corrosion, passivation The condition in which a nor- 
mal corrosion is impeded by an absorbed surface film on 
an electrode. See electrode. 
corrosion resistance The ability of a material to with- 
stand contact with ambient natural factors or those of a 
particular artificially created atmosphere without degrada- 
tion or change in properties. Since plastics (not containing 
nietallic additives) are not subjected to electrolytic corro- 
sion, they are widely used where this property is required 
alone as a product or as coatings and linings for material 
subjected to corrosion such as in a chemical, water-filtra- 
tion, or mold and die plant. See coating, steel-rod; con- 
crete, reinforced; erosion; mold-cavity coating; 
screw coating; stress corrosion; zirconium. 
corrugated See design, corrugated. 
corrugated tubing See tube, collapsible squeeze. 
cosmetic market The cosmetic industry has made ex- 
tensive use of many different plastics to meet stringent 
safety requirements, including those of the U.S. Food and 
Drug Administration. See aesthetic; market; marking. 
cosmetic reinforcement See alumina trihydrate. 
cosmetic specification, molded See molded-part 
cosmetics. 
COSMIC software NASA’s software catalog, via the 
Univerrity of Georgia, Computer Software Management 
and Information Center. It has over 1,300 programs, in- 
cluding programs on management procedures, thermody- 
namics, structural mechanics, heat transfer, fluid flow, and 
so on. See computer software. 
cost The price that is needed to produce products, based 
on categories such as materials and hardware, method of 
purchasing, processing method, additives used, and manu- 
facturing costs. Some plastics are low-cost, and others 
more expensive. It is usually best to compare materials 
based on volume rather than weight used. Plastics, low- 
cost processing is included when evaluating the cost of a 
product to be fabricated. See economic efficiency and 
profitability; economic evaluation reliability; fabri- 
cating process type; plastic material type; process 
control, computer; profit; profitability study; qual- 
ity control. 
cost analysis The economic evaluation that focu,es on 
the costs of any intervention and does not consider out- 
comes. 
cost analysis, least- A calculation of order quantity or 

production lot size that balances the inventory carrying 
costs against the ordering costs. See A-B-C analysis. 
cost and economic growth See gross domestic 
product. 
cost and marketing See World of Plastics Reviews: 
Making Marketing Work. 
cost and molecular weight (MW) High-molecular- 
weight plastics are inore expensive to produce and process; 
they generally require more highly purified monomers. In 
many additional polymerization reactions, HMW requires 
a lower polymerization temperature, often involving 
costly refrigeration and longer polymerization time. Occa- 
sionally, low-molecular-weight plastic is more costly to 
produce for various reasons. For example, in coordination 
polymerization of polyolefins, it is often easy to reach ex- 
tremely HMWs, and much more difficult at controlled 
LMW required temperatures, which create higher vinyl 
chloride niononier pressures. When a specific MW distri- 
bution is required, this may also involve additional manu- 
facturing costs. See molecular weight. 
cost-benefit analysis (CBA) The economic analysis, 
such as with research programs, in which both the inputs 
to produce the intervention (or costs) and its consequences 
or benefits are expressed in monetary terms of net savings 
or a benefit-cost ratio. A positive net saving or a benefit- 
cost ratio greater than one indicates the intervention 
saves money. See cost analysis; cost-effectiveness 
analysis; profit and technology; research and devel- 
opment. 
cost, capacity differential The difference between the 
hourly production cost based on expected volume and the 
hourly cost based on practical capacity volume. 
cost, capital-equipment See capital-equipment 
investment; capital-equipment investment tax credit. 
cost, carrying The amount of expense incurred in 
holding inventory. It is usually expressed as a percent of 
the inventory value. It  includes the costs of storage facili- 
ties (air conditioning, fire proofing), insurance, handling, 
and financing. When inventory is not moving, it can be 
very expensive to hold. See production performance. 
cost, compensating balance An average daily balance 
of a bank account, the earnings of which are sufficient to 
defray the cost of the bank’s handling of the transactions 
for the account. It  represents a form of security, or collat- 
eral, against loaned funds. 
cost, contract See government contract directory; 
legal matter: product liability law. 
cost contribution The portion of the net sale dollar 
left after all variable costs have been deducted. 
cost conversion The cost of direct labor and overhead 
required to make the finished product. See specific grav- 
ity conversion. 
cost, corollary savings Economic advantages realized 
because of a reduction in indirect costs. 
cost, decorating See decorating; film decorating; 
texturizing. 
cost, demurrage A fee imposed on shippers of plastics 
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and cheniicals by the railroads for freight cars at loading 
docks for more than a given period of time, usually 24 h. 
cost, direct and indirect As the controllable cost of 
prevention and appraisal increases, the uncontrollable cost 
of internal and external failure decreases. At some point 
the cost of prevention and appraising defective products 
exceeds the cost of correcting for the product failure. This 
point is the optimum operating quality cost. 

Indirect quality costs can be divided into three catego- 
ries: customer-iiicurred quality costs, customer-dissatisfac- 
tion quality costs, and loss-of-reputation costs. These in- 
tangible, indirect quality costs are difficult to measure but 
do effect the total quality-cost curve. This influence is ap- 
parent when the indirect quality costs are added to the 
direct cost curve. When the optimum point increases, it 
indicates the need for a lower product-defect level. A 
lower product-defect level can be obtained by increasing 
the prevention and appraisal costs, which subsequently 
lowers the external failure costs. A lower external failure 
has a desirable influence on the direct costs. The nieasure- 
nient of the actual indirect costs may be impossible, but 
knowing that these costs exist and their relationship to the 
direct costs can aid in their control. 
cost effectiveness Minimizing costs is generally an 
overriding goal in any application, whether a process is 
being selected for a new product or opportunities are 
being evaluated for replacing existing materials. The 
major elements of cost are equipment, material, and in- 
efficiencies such as scrap, repairs, waste, and machine 
downtime costs to granulate, handle, and slow down the 
line. Each of these elenients must be evaluated before 
determining the most cost-effective approach. See ma- 
terial handling, automatic; technical cost model- 
ing. 
cost-effectiveness analysis (CEA) The economic 
analysis in which the consequences or effects of interven- 
tion are expressed in iniprovenients such as fabricating suc- 
cessful products, years of service, and so on. See cost- 
benefit analysis. 
cost-effective training Proper training of eniployees 
to help (and even eliminate) variable costs. In addition to 
other forins of training, such as shop-floor training, semi- 
nars, video, and reading, implementing an interactive in- 
house training program becomes an important cost-effec- 
tive forni of educating the workforce. Interactive training 
has proved to be the best way to provide eniployees with 
the skills and knowledge that ultiniately create a inore con- 
fident and productive workforce. See education; 
training. 
cost, energy Cost savings via energy conservation can 
be considered from the viewpoints of machine operation, 
the plastic material, and the finished product. Fabricating 
machines are usually energy intensive, so energy reduction 
begins with the purchase of any equipment in the line. 
See energy; energy and bottles; energy and plastic; 
energy consumption; energy efficiency. 
cost estimating A critical aspect of custom fabrication 

that tells customers what can be done at what cost and 
that is often practiced with little logic. Fewer than 10 esti- 
mates in 100 produce a successful bid. Some estimates niay 
not consider scrap, coloring, setup time with trial and er- 
ror, and so on. Some estimates are simple creations such as 
determining the part weight, cost of plastic, and procesqing 
time; scribbling down some numbers; and adding a fudge 
factor (possibly a little prayer). Some companies do not 
even have their own standard forms whereby they could 
develop some useful history. Because plastic processing is 
a highly competitive industry, quotes should be prepared 
only where a payoff has a possibility to occur. See techni- 
cal cost modeling. 
cost, fair market value See legal matter: fair mar- 
ket value. 
cost, fixed A cost that will not vary markedly within 
the normal range of operations. 
cost, free trade See legal matter: free trade. 
cost freight car retention 
cost, hidden See technology assessment. 
cost, inventory A group of costs related to inventory. 
It  includes item costs, ordering costs, carrying costs, and 
stock-out costs. 
cost, item The actual invoice and inbound freight costs 
of a purchased item and the variable manufacturing costs 
(material, direct labor, and variable manufacturing over- 
head) of a product fabricated. 
cost, load The amount of work expressed in hours, kg 
(lb), or even dollar value of an order. 
cost, medical See medical cost-of-illness study; 
medical-device packaging clarity; medical material 
and the environment. 
cost-minimization analysis (CMA) An analysis that 
shows that two alternatives have equivalent effectiveness 
so that only their costs need to be cornpared to identify the 
most economically desirable alternative. See economic 
efficiency and profitability. 
cost modeling 
cost, mold See legal matter: mold contractional 
obligation; mold cost. 
cost, ordering For purchased items, the total cost to 
place a purchase order, receive items, and pay the invoice. 
For manufacturing items, it includes the cost of preparing 
the production papers, scheduling the work, preproduc- 
tion mold and tool maintenance, and set-up. 
cost-overhead rate A manufacturing overhead hourly 
rate based on the practical capacity volunie of an opera- 
tion. See machine-hour rate. 
cost per volume of plastic To determine the cost per 
volume of plastic material, multiply cost per pound with 
specific gravity and in turn niultiply with 0.03163; thus 
cost/in.3 = cost/lb X s.g. X 0.03163. See specific grav- 
ity; volume-to-weight conversion. 
cost, plant See designing plant layout via com- 
puter; production data acquisition. 
cost, product The total of all costs required to produce 
a product. In a production line that has a relatively long 

See cost, demurrage. 

See technical cost modeling. 
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run, the cost for equipment in relationship to producing 
the product including its financial amortization, could be 
about 5%. Plastic material cost could be as high as 80% for 
high-volume production. The other costs include power, 
water, labor, overhead, and taxes. With precision, short 
runs, costs could be equipment at 20 to 30% and material 
at 45 to 50%. Equipment that costs less may produce less 
profit than more expensive equipment. Of  course the re- 
verce is possibly true. See mold cost; product update; 
test, product weight. 
cost, recycling See material buy-back; recycling 
cost; recycling limitations; recycling method, eco- 
nomic evaluation of. 
cost reduction The following practices help to reduce 
costs: (1) strive for the simplest shape aiid form; (2) com- 
bine parts into single extrusions, use more than one die 
to extrude products, or use multiple die heads and open- 
ings; (3) make gradual changes in thickness to reduce fro- 
zen stress; (4) where bends occur, use rnaximum permissi- 
ble radii; (5) purchase plastic material as economically as 
possible; (6) keep custonier tolerance as liberal as possible, 
but once in production aim for tighter tolerances to save 
material costs and also probably reduce production costs. 
See economical control of equipment; extender; in- 
jection molding, gas-assist; processor and competi- 
tion; technical cost modeling. 
cost, supplier See monitoring customers and sup- 
pliers. 
cost target The production flexibility of the plastics 
fabrication processes is often the single most important 
economic factor in producing a product. The product’s 
size, shape, complexity, strength, and orientation can be 
primary determinants but are not impossible to produce. 
Thus, processing takes on the task of doing the impossible 
at the lowest cost. Econoniics can be improved by tar- 
geting various factors: (1) reduction in the use of material 
by niininiizing tolerances, (2) improvement in product 
quality in terms of strength and/or other mechanical- 
physical characteristics, (3) reduction in setting-up times 
of start-up aids and automation system?, and (4) savings in 
electricity consumption by the optiniization of the plasti- 
cizing and the use of efficient heating and cooling. 
cost, technical modeling See technical cost mod- 
eling. 
cost, transportation 
cost-utility analysis (CUA) The economic analysis in 
which the consequences are expressed as the utility or 
quality of the outcome. See quality. 
cost variable A cost variation may be due to one or 
more of the following factors: (1) improper or unattainable 
performance requirements, (2) improper plastic selection, 
(3) improper in-line and off-line hardware and control se- 
lections, (4) improper selection of the complete line, (5) 
improper collection or handling at the end of thc line, 
and (6) improper setup for testing, quality control, and 
troubleshooting. 
cotton The fibers of plants of various species of Gossyp- 

See truck and plastic. 

iuni. Cotton is used in the plastics industry to produce 
products such as cellulose derivative plastics, as a filler in 
molding compounds (cotton flock filler), in reinforced 
laminated plastic, and so on. See fabric, canvas; rayon. 
cotton linter See fiber linter. 
coulomb See electrical coulomb. 
coumarin See optical brightener agent. 
coumarone-indene plastic A coal-tar thermoplastic 
that is produced by heating a mixture of coumarone aiid 
indene with sulphuric acid. It is pale yellow to dark browu 
in color and soluble in hydrocarbon solvents. These plas- 
tics have no commercial applications when used alone. 
They are used primarily as processing aids, extenders, and 
plasticizers with other plastics such as in asphalt tile. 
council, solid-waste See waste, solid, council. 
count See fabric count; softener; yarn count. 
counterflow injection molding See injection- 
molding counterflow. 
counterpressure molding See injection molding, 
foamed-gas counterpressure. 
counterrotating screw See extruder, multiple- 
screw. 
countersink An internal chamfer. 
coupling agent See fiberglass binder/sizing cou- 
pling agent; reinforced plastic coupling agent; ti- 
tanate coupling agent. 
coupon See test coupon. 
covalent bonding A bond in which two electrons are 
shared by the two atonis of either the same or different 
elements. See atom, electrovalent bond; molecular 
structure configuration. 
covering, roll See roll covering. 
cowoven fabric See fabric, cowoven. 
C/R See screw compression ratio. 
CR-39 plastic See allyl diglycol carbonate plastic. 
crack A surface defect. Atmospheric cracks appear on 
the surface of certain plastics and are caused by weathering. 
Cyclic deformation (bending) usually results in perpendic- 
ular cracks caused by the strain in the plastics when ex- 
posed to ozone. If cracks extend through the plastic, they 
could represent a fracture. See crazing; environmental 
stress cracking; fracture; orientation, accidental; re- 
inforced-plastic hairline craze; reinforced-plastic 
microcracking; reinforced-plastic pultrusion crack; 
stress crack; test analysis, micromechanical. 
crack damage tolerance 
crack growth Crack-growth behavior can be analyzed 
using fracture mechanics so that fracture toughness can 
prevent fracture. Fracture is a crack-doiniiiated failure 
mode. For fracture to occur, a crack must somehow be 
created, then initiate, and filially propagate. The preven- 
tion of any of these eveuts will prevent fracture. Cracks 
can be considered elastic discontinuities that can come 
from a variety of sources, such as internal voids or dirt, 
surface scratch, ernbrittlement, or weld line. Cracks can 
be the consequences of faulty design, poor processing or 
poor handling of raw material, assuming the material ar- 

See damage tolerance. 
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rived clean. See design failure theory, Griffith; frac- 
ture; test, crack growth. 
crack growth rate The rate of propagation of a crack 
through a material due to static or dynamic applied load. 
See tolerance, damage. 
crack, hairline A small fissure in plastic, such as coat- 
ings, often caused by uneven cooling or curing during 
processing. See crazing; reinforced plastic hairline 
craze. 
cracking 1. A refining process involving decomposi- 
tion and molecular recombinations of organic compounds, 
especially hydrocarbons obtained by means of heat, to 
form niolecules suitable for monomers, using petrochemi- 
cals, gas, and so on. It can operate at 400 to 600°C (752 
to 1,112"F) and at pressures slightly above atmospheric to 
make waxy oligomeric liquids suitable for further catalytic 
cracking-gases formed fuel process. See oil, cracking; 
plastic raw material to product; recycling, chemical. 
2. See crack; fatigue; phosphorous-base flame re- 
tardant. 
crack initiation or propagation 
cratering See coating cratering; powder coating. 
crazing Fine, thin, tiny cracks that may extend in an 
unreinforced or reinforced plastic network on or under 
the surface or through a layer of the plastic material. Also 
called hairline craze. See blush; cracking; phosphorous- 
base flame retardant; plastic product failure; stress 
crack; stress whitening; test analysis, micromecha- 
nical. 
crazy putty See putty, bouncing. 
credit card A printed and laminated piece of plastic 
core stock that is usually rigid PVC. Most are die cut from 
sheets 20 to 23 in. (SO to 58 cm) wide by 26 to 30 in. 
(66 to 76 cm) long. Secure card manufacturers generally 
produce their cards in one of two ways: (1) by applying 
a 1.8 to 2.0 mil (0.045 to 0.051 mm) thick PVC film lanii- 
nated to both sides of a 26.0 to 26.5 mil.(0.66 to 0.67 mm) 
usually homopolymer sheets or (2) by using the split-core 
method where two 13.5 mil (0.34 mm) thick copolymer 
sheets are joined through a heat-pressure lamination pro- 
cess followed with a film overlay that is thinner than that 
used in the solid core. 

Thickness control is important otherwise problems will 
develop with card embossing equipment and the mag- 
netic-stripe-reading machines. Other considerations that 
influence calendering sheet include ink adhesion, flex 
capabilities, cleanliness, and embossed-characteristic 
height retention. Secure cards tend to be made from PVC 
copolymers, while others with less stringent performance 
demands often are made from homopolymers. The life ex- 
pectancy of cards is about three years. New plastic com- 
pounds continue to be evaluated to extend life with cost 
reductions. See business card, electronic; calender; 
card, smart; converter. 
creel See fiber creel. 
creep The time-dependent increase in strain in material 
that occurs under stress. Creep at room temperature is 
sometimes called coldpow. It is the change in dimensions 

See fatigue. 

of a plastic under a given stress, load, and temperature over 
a period of time, not including the initial instantaneous 
elastic deformation. The following factors should be con- 
sidered when reviewing creep properties and behavior: (1) 
predictions can be made about creep behavior based on 
creep and relaxation data, (2) less pronounced curvature 
appears when creep and relaxation are plotted log-log to 
facilitate their extrapolations, and (3) particulate fillers pro- 
vide better creep resistance than unfilled plastics but are 
less effective than fibrous reinforcements. During the 
twentieth century plastic products have been successfully 
designed for long term creep perforniance based on labo- 
ratory testing and analyzing data. See deformation un- 
der load; designing with creep data; electrical creep- 
age; flow, cold; production performance; rupture 
time; viscoelastic creep. 
creep isometric and isochronous graph Creep curves 
are a conmon method of displaying the interdependence of 
stress-strain-time. However, other methods may be useful 
in particular applications such as isometric and isochronous 
graphs. The isometric graph provides an indication of the 
relaxation of stress in the material when the strain is kept 
constant. It also provides the time-dependent variation of 
modulus. With the isochronous graph a time is constant 
through the creep section relating to stress versus strain. 
Other information is obtained and is useful in design and so 
on. 
creep loading The creep behavior of plastics is usually 
reported at  the level of the applied stress being constant. 
However, in service the material may be subjected to a 
complex pattern of loading and unloading cycles. In these 
cases it is useful to develop intermittent loading data. With 
high-performance plastics dynamic loads such as creep, 
impact, and related issues are important considerations in 
many products. These materials' behaviors are influenced 
by many factors that include temperature and time. If a 
product fails in the performance of its nornial long-time 
function, it is usually caused by one oftwo factors-exces- 
sive deformation or fracture. 
creep modulus, apparent The concept of apparent 
modulus is a convenient method of expressing creep be- 
cause it takes into account initial strain for an applied stress 
plus the deformation or strain that occurs with time. Be- 
cause parts tend to deform in time at a decreasing rate, the 
acceptable strain based on service life of the part must be 
determined. The shorter the duration of load, the higher 
the apparent niodulus and the higher the allowable stress. 
Also called viscous modulzir. See modulus, apparent. 
creep rate The slope of the creep-time curve at a gven 
time; deflection with time under a given static load. See 
deformation under load; flow, cold. 
creep recovery The time-dependent decrease in strain 
following the removal of the force. 
creep relaxation A transient stress-strain condition in 
which the strain increases concurrently with the decay of 
stress. See relaxation. 
creep rupture strength The stress that causes fracture 
in a creep test specimen at a given time, in a specified 
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constant environment. Also called stress-rupture strength. 
See rupture time. 
creep strain, initial The strain produced by given load 
conditions before creep occurs. See strain. 
creep strength The stress that causes a given creep in 
a creep test at a given time in a specific constant environ- 
ment. See strength; stress. 
creep, zero time See zero time. 
cresol A series of compounds, all of which are soluble 
in ordinary organic solvents. It  is used in the production 
of plastics such as phenolic. See phenolic plastic. 
criminal justice and plastic See legal matter: fo- 
rensic science and plastic. 
crimp 1. See fiber crimp. 2. The corrugations on a 
part to lock them in place. 
cristobalite See fiber, silica. 
crocidolite An asbestos fiber that occasionally is used as 
a filler in plastics. Fiber diameter is about 100 nni and bun- 
dle lengths about 20 mm. Important properties include 
being acid resistance, tensile strength is 3.5 GPa and mod- 
ulus is 175 GPa, etc. The toxic hazard associated with as- 
bestos requires careful handling and use. See asbestos. 
crocking The reinoval of a dye or pigment from the 
surface of a paint or textile by rubbing or attrition. 
cross breaking strength 
crosshead See die, crosshead. 
cross laminated See directional property, cross- 
wise; laminate. 
cross-link With thermoset plastics and certain thernio- 
plastics, the setting up of chemical links between the oc- 
curring molecular chains. When extensive, as in most 
thermoset plastics, cross-linking makes an infusible super- 
molecule of all the chains. The plastic formed usually can- 
not be remelted because the bonds are too strong. The 
greater the degree of cross-linking, the greater the rigidity 
of the plastic, the less it is soluble, and the less it responds 
to remelting. See cross-linking; molecular structure. 
cross-linked density See polymer cross-linked 
density. 
cross-linked network parameter A measure of the 
cross-link density of a plastic; the molecular weight of the 
primary chain segment between the cross-links. It is 
readily determined only in lightly cross-linked elastomers 
either by equilibrium swelling measurements or from 
measurements of stress-strain behavior. 
cross-linked polyethylene plastic When subjected to 
cross-linking, conventional thermoplastic polyethylene 
becomes a thermoset polyethylene plastic with different 
or improved properties. See extruder wire and cable 
cross-linking PE without peroxide; extruded wire 
and cable cross-linking PE with peroxide; polyeth- 
ylene plastic. 
cross-linking The setting up of chemical links between 
the molecular chains of polymers. It is the principal differ- 
ence between thernioplastics and thermosets plastics. Dur- 
ing curing or hardening of TSs the cross-links are formed 
between adjacent molecules producing a complex, inter- 
connected network that can be related to its viscosity and 

See flexural strength. 

performance. These cross-bonds prevent the slippage of 
individual chains, thus preventing plastic flow under the 
addition of heat. If excessive heat is applied, degradation 
rather than melting will occur. Certain TPs can be con- 
verted to TSs providing improved properties. They can 
be cross-linked by different processes such as chemical and 
irradiation. PE is a popular plastic that is cross-linked; its 
abbreviation is XLPE. Cross-linking is an irreversible 
change that goes through a chemical reaction-that is, by 
conden$atiou, ring closure, or addition. Cure is usually ac- 
complished by the addition of curing (cross-linking) 
agents, with or without heat and pressure. Also called cruss- 
linking. See barrier plastic; cross-link; cure electron 
beam treatment; interpenetrating network; ionic 
bonding; vulcanized elastomer; zinc acetate. 
cross-linking, chemistry See polymer chemistry 
terminology. 
cross-linking cryogenic See bottle, cryogenically 
cooled filling; cryogenic. 
cross-linking density See polymer cross-linked 
density. 
cross-linking network characteristic The accurate 
characterization of cross-linked polymer networks is 
among the more difficult tasks of polynier analysis. Yet 
cross-links have a niajor effect on physical and mechanical 
properties of the fabricated plastic products. Cross-linked 
materials are relatively difficult to handle by solution tech- 
niques due to linllted solubility. Solution techniques can 
be used after a degradative process has been applied. Many 
of the characterization tests are based on mechanical prop- 
erties such as stress-strain, tensile, compression, hardness, 
and other properties. See hardness; modulus of elastic- 
ity; strength; stress-strain curve; tensile strength. 
cross-linking, radiation The interaction of electro- 
magnetic radiation with plastics, which can lead to the for- 
mation of three-dimensional network molecular structures 
that generally improve the overall physical and chemical 
properties of the original substrate polymer. Network 
structures form under a wide variety of radiation condi- 
tions (ionizing or nonionizing radiation, photochemical or 
thermal chemical cure systems). In general, cross-linking 
and the related technologies involve four main variables: 
the type of radiation and source, the nature of the polymer 
structure to be irradiated and its response characteristics, 
the mechanisms or theories of reaction, and the chemical, 
physical, and mechanical properties of network formation. 
The most common radiation sources are cobalt 60, low- 
and high-energy electron accelerators, light energy (ultra- 
violet visible), infrared sources of energy, and plasmas or 
glow-discharge energy sources (microwave or radio- 
frequency range). See extruder. 
cross-linking rubber See vulcanizing agent; wire 
and cable. 
crosswise direction See directional property, 
crosswise. 
crowfoot pattern See fabric woven. 
crushing load 
crush test 

See load column crush. 
See test, container column crush. 
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cryogenics 1. The science of low temperature c o d -  
tions. See chemistry, cryo-; conductivity, super-; de- 
flashing, cryogenic; material pulverizing; recycling, 
cryogenic. 2. The study of the behavior of material at 
temperatures below -200°C (-328°F). 3. The use ofliq- 
uified gases. 
cryogenic bottle See bottle, cryogenically cooled 
filling; deflashing, cryogenic; recycling, cryogenic. 
cryogenic property Properties at low temperatures. 
Thermal shock i s  a critical problem with certain plastics. 
As an example, fluoroplastics (also called -fltrovocurbon plus- 
tics) have shown superior resistance to enibrittleinent, and 
thermoplastic polyester f i l m  are useful in specialized prob- 
lems with liquid hydrogen. In general, most plastics are 
twice as strong at cryogenic temperatures as at room teni- 
perature. As teniperatures decrease, generally increases oc- 
cur in strengths, modulus, and total thermal contraction. 
There is variable change in impact strength, adhesive shear 
strength, and coefficient of thermal conductivity. De- 
creases can occur in ductility, elongation, coefficient of 
expansion, and specific heat. See fluoroplastic. 
cryogenic recycling See recycling, cryogenic. 
cryogenic service Usually refers to temperatures below 
- 100°C (173’K). See temperature. 
Cryovac W. K. Grace & Co.’s trade name for a light, 
shrink film, transparent packaging material based on poly- 
vinylidene chloride plastic. It is used especially for meats 
aiid other perishables. 
crystal The nornial forni of the solid state of materials 
that form regular structures. Crystals have characteristic 
shapes and cleavage planes due to arrangement of their 
atonis, ions. or molecules that comprise a pattern called a 
lattice. See allotropy; orientation, random; polarized 
light. 
crystal growth habit 1. The characteristic mode of 
growth or occurrence of a crystal. 2. The characteristic 
assemblage of forim (free faces) at crystallization leading 
to a usual appearance. See nucleation, secondary. 
crystalline dislocation Any variation from perfect or- 
der or symmetry in a crystalline lattice. 
crystalline growth See transcrystalline growth. 
crystalline melting point ‘The temperature of melting 
of the crystalline phase of a crystalline plastic. It is higher 
than the temperature of melting of the surrounding amor- 
phous phase. 
crystalline plastic The relatively regular repeating 
structure of thermoplastic molecules. Crystalline plastics 
are usually transluceiit or opaque and generally have 
higher softening points than the corresponding amorphous 
plastics. They can be made transparent with cheniical 
modification. Partly crystalline plastics are often less brittle 
than amorphous plastics. Technically they are called semi- 
rvystal l in~ since typically less than 80% of their content is 
crystalline; the remainder is amorphous. They tend to pack 
into orderly three-diinensional geometric symmetry, pro- 
viding an  arrangement of high density, sharp melting point 
(T,,), and directional properties. When molecules crystal- 

lize, their high degree of organization becomes a major 
factor in their overall structure. Thus properties depend 
on the percent of crystallinity and the size of the crystals 
present. See amorphous plastic; amorphous plastic 
region; amorphous plastic scatter; annealing; bire- 
fringence; cooling, super-; deflection temperature 
under load versus crystallinity; glass transition tem- 
perature; heat capacity; heat profile; melt flow; 
melting temperature; mold cooling rate; molecular 
arrangement structure; morphology; orientation, 
random; plastic solidification; polarized light; 
spherulite; Staudinger, Hermann; stereospecific 
plastic; temperature and molecular bonding force; 
test, nondestructive carbon fiber reinforced plastic 
x-ray scanning; transparent. 
crystalline plastic and glass transition See glass 
transition temperature and crystalline melting point. 
crystalline plastic and polarized light See polarized 
light. 
crystalline plastic, annealed See annealing. 
crystalline plastic lamella The basic morphological 
unit of a crystalline polynier, usually ribbonlike or platelike 
in shape. The ribbonlike are generally about 100 A (10 
nm) thick, 1 pin (40 pin) long, arid 0.1 pni (4 pin) wide. 
Lanzellap is the plural of lamella. The average thickness of 
laniellae in a specimen (usually estimated from x-ray stud- 
ies or electron microscopy) is 100 to 500 A (10 to 50 nm). 
crystalline plastic relaxation With thermoplastics, a 
relaxation with its accompanying transition associated with 
the crystalline regions. The most important relaxation or 
the primary relaxation is melting. Certain secondary tran- 
sitions are also sometimes observed, such as premelting. 
crystalline plastic, transparent See transparency 
improvement. 
crystalline, semi- A plastic that exhibits localized crys- 
tallinity. Thermoplastics are basically either semicrystalline 
or amorphous plastics. Generally the seniicrystallines are 
called cvystullinr plastics. See amorphous plastic; crystal- 
line plastic lamella; semicrystalline plastic. 
crystalline solution See deliquescence. 
crystalline region 
crystallinity and load See deflection temperature 
under load versus crystallinity. 
crystallinity and orientation Orientation of the crys- 
talline axis with reference to some fixed direction, often 
the direction of deforniation (machine direction). Inter- 
molecular order refers to the geometric arrangement of 
adjacent molecules in the solid mass. See directional 
property; orientation and crystallization. 
crystallinity and properties When molecules crystal- 
lize, this high degree of organization becomes a major fac- 
tor in the overall plastic structure. I n  particular, the forces 
holding the plastic molecule into the crystalline lattice 
greatly restricts its mobility and thus affects most of its 
properties. Thus, most properties depend on the percent- 
age of crystallinity and the size of the crystals present. See 
amorphous plastic; biodegrading microorganisms. 

See amorphous plastic region. 
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crystallinity versus temperature See test, deflec- 
tion temperature under load versus crystallinity. 
crystal, liquid An organic compound in an interniedi- 
ate or mesomorphic state between solid and liquid. 
crystallite The crystal present in a crystalline polymer. 
In contrast to nonpolynier, crystallites are so small that 
they can be observed only with an electron microscope. 
See polariscope; transcrystalline growth. 
crystallization The formation of crystallites or groups 
of molecules in an orderly structure within the plastic as 
the plastic is cooled from its amorphous melt state to a 
temperature below its crystallization temperature. See 
cold working; crystallization-induced stress; orien- 
tation and crystallization; polyethylene terephthal- 
ate plastic; water of hydration. 
crystallization and orientation See orientation and 
crystallization. 
crystallization, degree of See differential scanning 
calorimetry; x-ray spectroscopy. 
crystallization, first-order transition A change of 
state associated with Crystallization, melting, or a change 
in crystal structure of a polymer. 
crystallization, fractional The separation, by succes- 
sive solutions and crystallizations, of different substances 
in a mixture. 
crystallization habit 1. The characteristic mode of 
growth or occurrence of a crystal. 2. The characteristic 
assemblage of forms (free faces) at crystallization leading 
to a usual appearance. 
crystallization, hydrothermal A procedure for grow- 
ing single crystals within a heated aqueous solution. 
crystallization-induced stress The production of 
crystals in a plastic by the action of stress, usually in the 
form of an elongation. It  occurs in plastic fiber spinning, 
rubber elongation, and so on, resulting in iniproved prop- 
erties. See fiber processing, spinning; orientation; 
rubber. 
crystallization nucleating agent See nucleating agent. 
crystallization, row nucleating See fiber pro- 
cessing, spinning, row nucleation. 
crystallization, secondary A slow crystallization pro- 
cess that occurs after the main solidification process is 
complete. It  often is associated with impure molecules. 
Also referred to as second order transition. 
crystallography The study of the crystal formation of 
solids, including X-ray determination of lattice structures, 
crystal habit, shape, form, and defects of crystals. When 
applied to metals, this science is called metal lography.  
crystal orientation See orientation, random. 
crystal plastic See liquid crystal polymer or plastic; 
liquid crystal, lyotropic. 
crystal polymer, liquid See liquid crystal polymer 
or plastic. 
crystal polystyrene plastic See polystyrene plastic, 
crystal. 
crystal-pulling A method of growing single crystals by 
slowly pulling a "seed" crystal away from a molten pool. 

crystal structure The orderly, repeating arrangement 
of atonis or molecules in a material. See light micros- 
copy; molecular structure. 
crystal, thermotropic liquid See thermoforming, 
thermotropic liquid crystal in. 
crystal, zone fusion A procedure for growing single 
crystals by moving a molten zone along a rod of the inate- 
rial. See zone. 
C-stage See A-B-C stages; postforming. 
cull See transfer molding cull. 
cullet In ancient glass manufacturing, the chunks of glass 
of varying sizes and colors that were furnished to artisans 
for shaping and finishing. Today, the term refers to frag- 
ments of scrap glass. See glass filler. 
cupric oxide (CuO) Black, monoclinic crystals, insol- 
uble in water. It is used in making fibers and ceramics, etc. 
Also called copper o x i d e .  See fiber processing. 
cuprous oxide (Cu,O) An oxide of copper found in 
nature as cuprite and formed into copper by heat. Its niajor 
uses are as a pigment and as a fungicide. Also called copper 
o x i d e .  See biocide. 
cure To change the properties of a plastic inaterial by 
chemical polycondensation or addition reactions. It  gener- 
ally refers to the process of hardening a plastic. More spe- 
cifically, it refers to the changing of the physical properties 
of a material by chemical reactions usually by the action 
of heat (includes dielectric heat) and/or catalyst with or 
without pressure. It is the process of hardening or solidifi- 
cation involving cross-linking, oxidizing, or polynitriza- 
tion (addition or condensation). The term cuv i t y ,  even 
though it is applied to thermoset and thermoplastic materi- 
als, refers to a chemical reaction (cross-linking) or change 
that occurs during its processing cycle. This reaction oc- 
curs with TS plastics or TS elastomers as well as cross- 
linked TPs that become TSs. The T P  materials go basically 
through a melting action. However, the more popular 
plastics at  the beginning of the twentieth century (with 
about 90wt%1 of the market and principally the TS pheno- 
lic) were TSs, and the term czivirzy was correctly used for 
TSs. Even with the advent of TPs early in the twentieth 
century (now over 9Owt% of all plastics) the term contin- 
ued to be used to indicate any plastic (TP or TS) that goes 
from a melt stage to a hardened stage. Also called Curing. 
See adhesive set; cross-linking; dielectric analysis; 
plastic; pot life; vulcanization. 
cure degree The degree of cure is the extent to which 
curing, or hardening, of a thermoset plastic has progressed. 
See differential scanning calorimetry. 
cure, fast See resorcinal-formaldehyde plastic. 
cure, ramping See ramping. 
cure, step A cure that starts at lower temperature and is 
gradually brought up to the cure temperature. This action 
allows gasses to escape before solidification of the plastic, 
such as in curing of phenolic plastic. See mold 
breathing. 
curie The official unit of radioactivity where Ci is de- 
fined as exactly 3.70 X 10"' disintegrations per second. 
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This decay rate is nearly equivalent to that exhibited by 
one g of radium in equilibrium with its disintegration 
products. A millicurie (mCi) is 0.001 curie. 
curie point 
curing See autoclave nitrogen atmosphere; cure; 
extruder wire and cable process, dry cure; inhibitor; 
prepreg volatile content; reinforced plastic resin 
transfer molding; test, Barcol hardness; test, scorch 
Mooney; thermoset plastic; vulcanization; welding, 
induction. 
curing, after- A continuation of the process of curing 
after the energy source has been removed. 
curing agent The catalytic or reactive agent that causes 
cross-linking. Also called hardener. See aerobic; cross- 
linking. 
curing agent, blocked A curing agent or hardener that 
has been rendered unreactive but can be reactivated as de- 
sired by physical or chemical means. Also called hardener. 
curing agent, latent An agent that produces long-term 
stability at  room temperature but rapid cure a t  elevated 
temperatures. 
curing, dielectric A process of curing thermoset plas- 
tics by a high-frequency generator electric charge passing 
through it. The charge is produced from a high-frequency 
generator. See dielectric; dielectrometry; heating, di- 
electric; thermoset plastic curing, dielectric moni- 
toring. 
curing, hot-air-oven A process of curing favored for 
curing rubberized and elastomer fabrics, such as those used 
in footware and clothing. Dry heat produces a drier surface 
and eliminates the unsightly water marking that often oc- 
curs on products cured in open steam. However, hot air 
curing is more costly than steam because longer cure cycles 
are required due to poorer heat transfer. 
curing, kick-over The curing of a thermoset plastic to 
the solid state. Also called set-up mw. 
curing monitor A technique for overseeing curing. A 
popular one detects changes in the electrical properties or 
mobility of the plagtic niolecules during curing. It  provides 
a controlled measure of cure. See dielectric moni- 
toring. 
curing oven A heated chamber designed to provide the 
heat necessary to effect the cure of a plastic product. 
curing, post- In certain plastics, particularly thermoset 
plastics, the complete cure and ultimate mechanical prop- 
erties or other performances that is attained only by expo- 
sure of the cured plastic product after demolding to higher 
temperatures, usually without pressure, than those of the 
cure or melt process. When volatiles exist, annealing can 
release the volatiles during post curing. 
curing, pre- 1. The full or partial setting of a plastic 
before the complete cure, during which time the precured 
plastic can be positioned in a particular process. An exan- 
ple is precuring a plastic for an adhesive bond prior to 
clamping the joint or prior to applying pressure. 2. A de- 
fective thermoset molding material when the material has 

See magnetized curie point. 

begun to harden before the application of heat and pres- 
sure and will therefore not soften or flow properly in the 
mold. 
curing, step A process of curing that is started at lower 
temperatures and gradually brought up to the cure teni- 
perature. This action allows gasses to escape before solidi- 
fication of certain thermoset plastics, as in the curing of 
phenolic plastic. 
curing stress The residual internal stress produced dur- 
ing the curing cycle of reinforced plastic structures. Nor- 
mally these stresses originate when different components 
of a lay-up have different thermal coefficients of expan- 
sion. Stresses can also occur when curing thernioplastic- 
that is, going through a heat melting to cooling cycle. See 
thermoplastic. 
curing temperature The temperature at which the 
plastic product will become cured. 
curing, under- A state of thermoset curing or vulcani- 
zation between the onset of reaction and the state of opti- 
mum cure. It  is an undesirable condition of a fabricated 
part due to little time, temperature, or pressure for ade- 
quate hardening of a part. 
curling 1. A condition in which blow-molded parison 
curls upward and outward, sticking to the outer face of 
the die ring. Balancing the temperatures of the die and 
mandrel will usually relieve this problem. See blow 
molding. 2. The warping or distortion of an adhesive 
bonded assembly due to the introduction of moisture or 
solvents into the adherend surfaces and due to the unequal 
contraction and expansion properties of the adherent sur- 
face. See adherend; adhesive. 
curtain coating See coating, curtain. 
curtaining See blow molding, extruder curtaining. 
curve diagram See directional property, abscissas; 
directional property, ordinate. 
cushion 1. In extrusion blow molding, the slowing 
down of the molds just prior to their coming together. 2. 
In injection molding, the packing of the mold cavity. 
See injection-molding melt cushion. 3. In other pro- 
cesses, such as reinforced plastic processing, a delay action 
just prior to the plastic solidifying to ensure even melt 
flow, elimination of air and other gas contamination, and 
so on. See mold-filling hesitation. 4. See packing 
factor. 
cushioning material A material such as plastic foam 
that is used to isolate or reduce the effect of external ap- 
plied shock or vibration forces. 
customer See fabricating outsourcing; fabricating, 
world-class; monitoring customers and suppliers. 
See Making Marketing Work. 
customer reciprocity The practice of giving prefer- 
ence to certain vendors who are also customers of the buy- 
er’s conipany. 
custom processor See processor, custom. 
custom product 
particular customer’s specification. 

A product that has been tailored to a 
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cut, fly An operation in which a cutter is rotated around 
one center point, such as around an extruded pipe. See 
extruder pipe and tubing. 
cut, kerf, and registration The kerf is the plastic lost 
and recyclable when a knife or other cutting device makes 
a cut. The wider the cutting device, the larger the kerf. 
Typically the feed length is the sum of the finished product 
and the kerf. In inany cut-to-length applications, the 
length of the feed is not specifically defined at the start 
of the move. For exaniple, this happens when cutting or 
performing other operations on preprinted webs. It  is i n -  
portant that the cut be in the proper position with respect 
to the printing rather than to the last cut. In motion con- 
trol, this on-the-fly adjustment to the final positioning is 
called registration. Performing registration moves can be 
called re&vation move1 or indexing on-the&. See kerf; 
thermoforming, preprinting. 
cut-off See blow molding, extruder mold pinch- 
Off .  

cutter A device that is used to produce clean and accu- 
rate cuts. The best cuts come from quickly slicing material 
rather than chopping, which can distort the plastic and 
result in uneven cuts. The criteria in selecting a knife for 
a particular cut are attack angle, force required, and cut 
time. Attack angle describes the angle between a blade’s 
cutting edge and its axis. A high attack angle means a good 
slicing action, whereas a zero attack angle means a chop- 
ping action. Force required depends on the size, density, 
hardness, and composition of the material. See abrasive; 
auxiliary equipment; dicer; die-face pelletizer; fi- 
berglass chopper; flash scarfing; kere machining; 
material, cutting burr-free; reinforced-plastic cut- 
ting; saw. 
cutter, die A device or machine that cuts shapes from 
sheet material or stock by striking it sharply with a shaped 
knife known as a steel-rule die. Also called blankinx, click- 
ing, or dinking. See machining and punching. 
cutter die, kiss-cut A die that cuts through a face sheet 
to a liner but not through the liner. 
cutter, guillotine A cutter that uses a wide-blade op- 
erating in an up-down motion. It is used in different fabri- 
cating lines such as for extruder take-off cutting opera- 
tions, and stacks of sheets. See machining. 
cutter, rotary A niachine that has rotary knives that act 
in conjunction with stationary blades. 
cutting, water-jet Water emitted from a nozzle under 
high pressure of 70 to 420 MPa ( I O  to 60 ksi) or higher 
at niach 2 speed. I t  can cut through most plastics, including 
RPs, without creating heat or dust and without exerting 
lateral force on the material being cut. This action elimi- 
nates deformation of the cut edge. If abrasives, such as gar- 
net powder, are added to the jet water stream, it will cut 

through virtually any material that includes aramid fibers 
and titaniuni. 
cut-to-length control See extruder-web tension 
control, slippage and tearing. 
cyanate plastic A thermoset plastic that is derived from 
bisphenols or polyphenols and is available as monomers, 
oligomers, blends, and solutions. Also known as cyanate 
esters, cyanic- esters, or triazine plastics. 
cyanoacrylate See adhesive, cyanoacrylate. 
cybernetics The study of control and communication 
in people and machine. Technically the term means the 
“human use of human beings” that would “render unto 
people the things that are people’s and undo the automatic 
control the thing5 which are the controller’s.” The ultimate 
in control is the coniputer; however, the human brain will 
always be unbeatable in innovation. See controller; com- 
puter; design; problems and solutions; productivity. 
cyborg A person who is augmented with technological 
attachments. The first International Symposium on Wear- 
able Coniputers was cosponsored October 1997 by MIT 
and Georgia Tech. in Cambridge, MA. 
cycle The complete repeating sequence of operations in 
a process or part of a process. One cycle represents the 
time period, or elapsed time, between a certain point in 
one cycle and the same point in the next. It  is the time 
for fabricating a part that repeats itself. See fatigue cyclic 
load; injection-molding cycle time, shortened; load 
cycle; load cycle ratio; mold gate size; servo control. 
cycle, dry A cycle where no material is used. I t  usually 
is conducted for test purposes. 
cylinder See barrel. 
cycling material See material cycle. 
cycloalkene copolymer plastic (COC) A family of 
plastics derived from using nietallocene catalysts. These 
thermoplastics are transparent as glass but far less fragile. 
Depending on their type and niolecular structure, they 
have a high degree of thermal stability, resistant to chenii- 
cal reagents and ultraviolet radiation, and a low level of 
moisture absorption. 
cyclohexane A colorless liquid with a pungent odor. It  
is used in the production of nylon and as a solvent for 
cellulose ethers. 
cyclohexanone An oily, water-white to pale yellow liq- 
uid with a slight odor of peppermint and acetone. It is used 
in the preparation ofPVC and its copolymers, methyl meth- 
acrylate ester plastics, adipic acid, caprolactam, and metal 
degreasing. Also called ketohexametlz~~lenc or pimelic krtone. 
cyclone See dust collection, cyclone. 
cyclyd 
Cycolac 
family of ABSs and their alloys. 
cylinder See barrel. 

See coating, air-drying alkyd plastic. 
General Electric Plastic’s trade mine for its 
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Dacron DuPont’s trade name for its family of thernio- 
plastic polyester fiber made from PET. Available as fila- 
ment, yarn, tow, and fiber fill. See medical applica- 
tions. 
dam See reinforced plastic molding dam. 
damage tolerance 1. A design measure of crack- 
growth rate. Cracks in damage-tolerant designed struc- 
tures are not permitted to grow to a critical size during 
expected service life. See crack-growth rate. 2. A mea- 
sure of the ability of products to retain load-carrying capa- 
bility after exposure to sudden loads such as an impact 
drop. See tolerance, damage. 
damping The loss of energy, as dissipated heat, that re- 
sults when a material or material systeni is subjected to an 
oscillatory load or displacement. Perfectly elastic rnaterials 
have no niechanical damping. Damping reduces vibrations 
(mechanical and acoustical) and prevents resonance vibra- 
tions from building up to dangerous amplitudes. How- 
ever, high damping is generally an indication of reduced 
dimensional stability, which can be very undesirable in 
structnres carrying loads for long time periods. Many other 
mechanical properties are intimately related to damping; 
these include fatigue life, toughness and impact, and wear 
and coefficient of friction. See design energy and mo- 
tion control; design spring; elastomer; hysteresis, 
elastic; nonresonant forced and vibration technique; 
resonant forced vibration; torsional pendulum; vi- 
bration, free. 
damping capacity A measure of the ability of a mate- 
rial to absorb Vibration by converting mechanical energy 
into heat. It is equal to the area of the elastic hysteresis 
loop divided by the deformation energy of a vibrating nia- 
terial. It can be calculated by measuring the rate of decay 
of vibrations induced in a material. See ethylene acrylic 
elastomer; modulus, dissipation factor; vibration. 
damping coefficient The characteristic function of a 
system, the parameter of which characterizes the nature of 
damping of the transient response. 
damping, critical In dynamic mechanical measure- 
ment, that damping required for borderline condition be- 
tween oscillatory and nonoscillatory behavior. See dy- 
namic mechanical measurement. 
damping curve See dynamic mechanical analysis, 
alpha loss peak. 
damping, dash pot A device for damping down vibra- 
tion using a fluid or air hydraulic system where its piston 
is attached to the part to be damped. It  absorbs shocks by 
reducing the rate of change in the nionientuni of moving 
parts of machinery. See auxiliary equipment; fabricat- 
ing process type. 
damping factor See electrical loss angle, tangent. 

dampin,; gamma loss peak In dynamic mechanical 
ineasuremrnt, the third peak in the damping curve below 
the melt, i i order of decreasing teniperature or increasing 
frequency. 
damping index In dynamic mechanical behavior, a 
nieasure oi ‘damping being defined as the number of oscil- 
lations bet m e n  two arbitrary fixed boundary conditions 
such as tht aniplitude in a series of waves. It is principally 
used in tc irsional analysis. See dynamic mechanical 
measurer lent; test, torsional. 
damping. internal See elasticity, an-. 
damping. mechanical A damping that gives the 
amount of energy dissipated as heat during the defornia- 
tion of a inaterial that is subjected to an oscillatory load 
or displacf nient. Perfectly elastic materials have no me- 
chanical d iniping. Damping ternis may be calculated by 
niany met iods that include use of the logarithmic decre- 
ment and the area of the hysteresis loop. See dynamic 
mechanical measurement; elastomeric shape factor; 
energy; hysteresis loop; resonant forced vibration. 
damping, oscillatory load See dynamic mechani- 
cal measurement; resonant forced vibration. 
damping, specific capacity A measure of the danip- 
ing of a material when its dynaniical behavior is coiisid- 
ered. It  is defined as the ratio of the energy dissipated per 
cycle of the alternating stress field to the inaxiniuni energy 
stored or the elastic energy. See dynamic mechanical 
measurement. 
damping vibration See dash pot; torsional pen- 
dulum. 
dancer roll See extruder roll, dancer. 
Danner process A mechanical process for continuous 
drawing material, such as glass cane or tubing, from a rotat- 
ing mandrel. 
dart drop test 
DART software A diagnostic software expert system, 
developed by IBM, that is used to diagnose equipment 
failure problems. It does not hold information about why 
equipment hils but instead contrasts the expected behavior 
with the actual behavior of the equipment to diagnose the 
problem. See computer software; fabricating pro- 
cess. 
dash pot A device used for damping down vibrations 
such as in hydraulic systems. It consists of a piston attached 
to the part to be damped and fitted into a vessel containing 
fluid or air. It absorbs shocks by reducing the rate of 
change in the nionientuin of moving parts. See damping; 
vibration. 
data See business bookkeeping; computer A-scan; 
computer databank; computer database; computer- 
ized electronic document and retrieval system; 

See test, dart-drop impact. 
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computer optical data storage; fabricating, asyn- 
chronous; performance, predicting; plastic data, 
theoretical versus actual value; plastic properties; 
production data acquisition; sampling plan; statisti- 
cal data collection; test data and uniform standards. 
data, B-scan A means of data presentation that provides 
a cross-sectional view of the test piece. 
data, confidence level See A-basis; B-basis; S- 
basis; typical basis. 
data-management system (DBMS) A computer sys- 
tem with management and administrative capabilities for 
control of record storage, selection, updating, formatting, 
and reporting from a database. See business; computer 
database; plant control; technical writing. 
datum A basis for calculating or measuring. The datum 
has the dual nature of being both a theoretically perfect 
element of part geometry and when a part is actually pro- 
duced. See perfection. 
da Vinci's dream See aircraft, Gossamer Alba- 
tross. 
daylight opening See clamping, daylight-opening. 
day-to-night light switching See plastic, light- 
switchable. 
dead control band 
dead load See load, dead. 
dead time See time, dead. 
deaerate To remove air from a plastic to obtain its max- 
imum performance. Techniques used during processing 
include venting and applying vacuum. See air entrap- 
ment; debulking. 
debond 1. An area within the bonded interface be- 
tween two adherends in which an adhesive failure or sepa- 
ration has occurred. See adhesive. 2. A deliberate separa- 
tion of a bonded joint usually for reworking or repair 
purposes. See joining. 3. An unbonded or nonadhered 
region, such as in reinforced plastics, where a separation 
at the fiber-matrix interface is due to strain incompatibil- 
ity. See test, laminated curved-bar delamination 
analysis. 4. Accidental damage. 
debossed See mold cavity, debossed. 
debug To find or correct mistakes in a problem area 
such as the processing line or a process control program. 
See hypothesis; problems and solutions. 
debulking 1. The process in which air is squeezed out 
of reinforced plastic prepregs in order to promote fiber- 
matrix adhesion that in turn improves part performances. 
See reinforced plastic. 2. The compacting of a thick 
laminate under moderate heat and pressure and/or vac- 
uum to remove most of the air, to ensure seating on a 
tool, and to prevent wrinkles. See deaerate; laminate. 
debur 
decal A printed or decorated design on a temporary car- 
rier, such as plastic film, paper, or aluminum, that is used 
for identifying or decorating a part. The imprint is adhered 
to the plastic (or other materials) surface by means of a 
pressure-sensitive adhesive. Also called decalcomania or decal 

See control band, dead. 

See deflashing; flash; trim; tumbling. 

tranrfer. See adhesive, pressure-sensitive; decorating; 
inlay or overlay; label; printing; printing, screen; 
dye transfer, sublimable. 
decay, radiation See curie. 
decibel (dB) A unit expressing the relative intensity of 
sounds on a scale from zero for the average perceptible 
sound to about 130 dB for the average pain level. A decibel 
is 10 times the common logarithm of the ratio of two like 
quantities proportional to power and energy (electric and 
acoustic). Thus one dB corresponds to a power ratio of 
10"' and ndB corresponds to a power ratio of (10"')". 
decimal number system A system that was conceived 
in the sixteenth century when there was a great confusion 
of units of weights and measures. It was not until 1790 
that the French National Assembly requested the French 
Academy of Science to create a system suitable for adop- 
tion by the entire world. This system based on the metre 
(meter in the United States) as a unit of length and the 
gram as a unit of mass. See digit; meter; number 
marker; SI; weight; Appendix B, Conversion Ta- 
bles. 
deck See platen. 
deckle rod 1. See die deckle system. 2. In manufac- 
ture of paper, the width of the web sheet as it conies off 
the wire carrier. See fourdrinier. 
decolorizing agent A material that removes color by 
a physical or chemical reaction. See bleaching agent; 
carbon black, animal; colorant. 
decomposition The process by which bacteria, en- 
zymes, and fungi break down and stabilize organic waste 
products. It is fundanlentally a chemical change. In simple 
decomposition, one substance breaks down into two sub- 
stances, such as water yields hydrogen and oxygen. In dou- 
ble decomposition, two components break down and re- 
combine to form two different compounds, such as 2HC1 
+ C a C 0 3  = CaCI2 + H2C03. In some cases heat is ab- 
sorbed or otherwise it is released. Decomposition may 
occur as a result of (1) reaction at room temperature, 
(2) heating in air, (3) electrolysis of inorganic materials, 
(4) bacteria or enzyme action (fermentation), (5) radiation 
(photodegradable), and (6) heating in the absence of air 
(pyrolysis or thermaldegradation). See biodegradable 
versus photodegradable; degradation; distillation, 
destructive; electrolysis; molecular decomposition; 
photodegradable; pyrolysis; waste; zymoplastic; zy- 
murgy. 
decomposition, digestion The decomposition of 
processed organic wastes into methane and carbon dioxide 
under oxygen-starved conditions. See carbon dioxide. 
decomposition temperature The degree of heat at 
which decomposition begins. For product applications 
having moderate thermal requirements, thermal deconi- 
position may not be a problem. Some plastics can resist or 
provide some degree of resistance; their temperatures 
range from 500 to 1,000'F (260 to 540OC). Decomposi- 
tion is largely determined by the elements and bonding 
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within the molecular structures, as well as the characteris- 
tics of additives, fillers, or reinforcements that may be in 
the compounds. See plastic. 
decompression See melt-pressure decompression. 
decompression screw See screw decompression 
zone; screw venting; venting. 
decontamination See radioactive decontamina- 
tion. 
decorating The finishing of certain plastic products by 
adding decoration that includes printing or functional ser- 
vice effects. Plastics are unique in that decoration and color 
can be added prior, during, or after fabrication. The differ- 
ent decorating methods provide different capabilities and 
benefits, such as better quality and second surface graphics, 
decoration on subtle curves and embossing, design versa- 
tility, dry processes that eliminate volatile organic coni- 
pound issues, durability and tamper proofing, economical 
advantages for niultiple colors, graphic flaws eliniinated 
prior to molding, no-label look, reccssed label area elinii- 
nating collection of dirt, scrap reduction or elimination, 
and secondary step to printer elimination. Many different 
basic methods are used to decorate all types of products; 
certain methods are used for specific type products. See 
aluminum foil; bottle lug; casting; chrome plating; 
coating; coextrusion; coinjection molding; color- 
ant; decal; decorative sheet; embossing; encapsula- 
tion; fabric, knitted; film decorating; film perforat- 
ing; finish; flocking; foil decorating; injection 
molding, in-mold; injection molding, two-shot; 
in-mold decorating; in-mold operation; label; let- 
tering, recessed; metallizing, vacuum; molded let- 
tering and surface decoration; potting; printing; 
printing, Acrobot; printing, roll-leaf; printing, 
screen; screw marbleizing; sheet overlay; spray- 
paint coating; stamping; stamping, hot; texturizing; 
therimage; volatile organic compound. 
decorating dye transfer, sublimable See dye trans- 
fer, sublimable. 
decorating, extruder roll See extruder roll, deco- 
rating. 
decorating, fill-and-wipe For parts having depressed 
letters or designs, the wiping off of excess paint after appli- 
cation, leaving the paint remaining only in the depressed 
areas. Also called s p a y  and wipe or wipe-in. See paint. 
decorating preparation problem With surface deco- 
ration, cleaning and preparing the surface in the correct 
manner for the decorating method used. Some of the 
common causes of failure are contamination from pro- 
cessing lubricant, dust, natural skin greasiness, excess plas- 
ticizer on the surface, moisture, and frozen strain in plastic. 
Each plastic (material type with their different additives, 
fillers, etc.) is to be considered separately when selecting 
coatings, thinners, decals, and foils. Some surfaces, partic- 
ularly thermoplastics, are prone to solvent attack. Fre- 
quently, it is necessary to preheat, flame-heat, or chemical 
treat a plastic surface before applying the decoration. Static 

electricity on surfaces tends to cause major problems; air- 
borne impurities become attracted and settle on the sur- 
faces. There is equipment used to eliminate static charge. 
Decorating any material should be carried out in clean, 
controlled-room conditions. See cleaning; electrical 
corona discharge treatment; surface treatment. 
decorating pretreatment Factors such as molecular 
weight, method of manufacture, processing conditions, 
processing flash, and the form and shape of thc part that 
all affect decorating and paint adhesion. This can involve 
nothing more than water cleaning the part of dirt or other 
residue. For some plastics, such as the polyolefins with 
their waxlike surfaces, more involved treatments are re- 
quired. However, many plastics require their special type 
of surface treatment prior to decorating. Methods used in- 
clude solvent treatment (hot or cold), etching using strong 
oxidizing agents, flame or heat treatment, niild sand- 
blasting, corona or arc discharge, mechanical abrasion, 
primer coat, gas plasma, and machining. See chemical 
etching; electrical corona discharge treatment; fab- 
ricating process type; flame treatment; mold flash; 
molecular weight; primer; solvent; surface finish. 
decorating primer See primer. 
decorating, removing mold-release residue before 
Eliminating the release agent, which can cause poor bond- 
ing of decorations or finishing the part’s surface. Zinc stea- 
rates are the least harmful, and silicones can be very dam- 
aging. Treatments are used to remove the undesirable 
agents. If possible, do not use an undesirable release agent, 
and regardless of type used apply sparingly. See decorat- 
ing pretreatment; mold release agent. 
decorating, second-surface A method of decorating 
a transparent plastic part from the back or reverse side. The 
decoration is visible through the part but is not exposed 
to the environment or other daniaging conditions such as 
people. 
decorating, spray-and-wipe See decorating, fill 
and wipe. 
decorating, steel See photoetching tool. 
decoration See blow molding, extruder blow- 
action. 
decorative sheet A decorative sheet, usually plastic, 
used during processing such as laminating or niolding, 
where it becomes an integral part of the fibricated part. 
See decorating; injection molding, in-mold; lami- 
nate, decorative. 
deep drawing sheet A thermoplastic sheet material 
that is capable of being formed into large components such 
as refrigerator liners by vacuum forming. See thermo- 
forming. 
deep well The location of a sensor, such as a tempera- 
ture sensor in a plasticating barrel, as close as mechanically 
possible to the plastic melt being processed. 
Deere JD/GTS software A John Deere/Group 
Technology System (Moline, IL) analytical tool. See 
computer software. 



defect A flaw. Different terms are used (throughout the 
industry and this book) to identify defects in  plastic niateri- 
als, fabricating equipment, and products. See adhesive 
stringing; alligatoring; automation, vision; apple- 
sauce surface; bleed; blister; blockage; bloom; 
blowhole; blow molding, extruder pock mark; 
blush; burn line; chalking; coating, defective; com- 
pression buckling; crack, hairline; crazing; defini- 
tion; degradation; die spider line; electrostatic dis- 
charge detector; extruder film arrowhead; extruder 
film cooling roll versus quench-tank; fin; fish-eye; 
flash; fracture; freeze-off; frosting; gas pocket; gel; 
globule; migration; molded-part cosmetics; orange 
peel; paint framing defect; pimple; pin hole; pit; 
plastic failure or success; pocket, plastic; plastic 
product failure; plate-out; problems and solutions; 
processing and patience; processing defect; quality 
level, acceptable; run; sag; sampling plan; scale; seg- 
regation; shark skin surface; sheeter line; sink mark; 
speck, black; splay mark; stain, contact; starved 
area; streak; stress whitening; striation; surface 
finish; testing; test, nondestructive; trim; trouble- 
shooting; troubleshooting flaw; void; weld line; yel- 
lowing; zero defect. 
defendant See legal matter: defendant. 
definite proportion law See element, definite pro- 
portion law. 
definition A written and graphic explanation. Defin-  
tions are necessary in  all industries (designers, fabricators, 
societies, trade organizations) and in all legal regulations 
(local, state, federal, worldwide). For example, to enforce 
a law, the FDA, the court, and others are obligated to  
interpret the language of the law and inevitably stretch 
definitions rather far. T h e  challenge for FDA and others 
is to keep them within the bounds of  reason. Thus, care 
is required to  ensure that a definition is specific, c o n -  
plete, concise, arid not subject to change. See art and 
science; composite; design; Dominick; elastomer; 
fabricating process; people’s challenge; perfection; 
polymer chemistry terminology; plastic; quality 
control; recycled plastic; tooling; toxicology; trou- 
bleshooting flaw; Appendix A, List of Abbrevia- 
tions. 
deflashing Removing flash from a plastic product, LISLI- 

ally a molding. Several different methods are employed 
that include low teinpcratures of dry ice and cryogenic. 
See cleaning; finish, blast; flash; ice, dry; molding 
flash line; pressure-blasting; spin trimming; trim; 
tumbling. 
deflashing, airless blast 
deflashing blow mold See blow molding, extruder 
mold deflashing. 
deflashing, cryogenic An efficient method of deflash- 
iiig parts, particularly when small and numerous, using 
cryogenic tumblers and shot blast. Liquid nitrogen or  diy 
ice is used at -320°F (-196°C). T h e  parts can be frozen 
by liquid nitrogen and then blasted usually with a plastic 

See finish, blast. 

niedia while tumbling in a basket sealed in an eiic-losed 
chamber. T h e  air moving system can be sprayed at  about 
225 psi (1.6 MPa). Advantages of  this procedure include 
accuracy, repeatable deflashing, and reduced finishing 
costs. See cryogenic; ice, dry. 
deflashing, pressure-blasting A method that utilizes 
a stream of  small pellets, usually crushed fruit pits or others 
that are not as hard as the plastic being deflashed, tlirown 
at high speed at the molded parts that are tunibliiig over 
a continuous moving belt o r  in a perforated cont~iner  or 
basket. 
deflashing, wheelabrator Deflashiiig nioldcd and 
other parts by bombarding with sniall particles at high air 
velocity. 
deflection 1. In processing, such as extrusion or mold- 
ing, the distortion that pressure causes to the die, mold, 
clamping press, or associated equipment. 2. T h e  deforirla- 
tiori o r  displacenient from a part’s original contour or 
shape. 3. T h e  linear distance that a test spccinien bends 
under stress at the centel- from no load to stated load when 
loaded as a beain. See flexural testing. 
deflection, residual See residual deflection. 
deflection temperature under load versus crystallin- 
ity A high degree of crystallinity. as in HDPE, PP, and 
nylon, has little or 110 effect on the rigidity of  the glassy 
amorphous stdte at low temperatures and only niiiior effect 
on the phciioiiienon of  the glass transition temperature. It 
introduces so much stiffening into the flexible ariiorphous 
state that the material becomes quite tough and rigid. This 
tough rigid state can be extended out to much higher t e n -  
peratures and thus greatly broaden the range of useful rigid 
properties, until true ciystalline melting occurs quite 
sharply to a fluid liquid state. See crystalline plastic; 
glass transition temperature. 
deflocculation T h e  dispersion of  colloidal particles 
within a liquid dispersion. See colloidal. 
defoamer additive A foam reducer that facilitates the 
removal of air cntraiiied in a mix during high-speed blend- 
ing in liquid plastic systems. For example, in potting and 
eiicapsulatioii applications entrained air could cause sur- 
face bubbling and might even occasionally arc with electri- 
cal devices. T h e  additive is optimized during vacuuni and 
drying processes. Additives also serve as filler lubricants, 
wetting agents, and surface-tension depressants, all of 
which contribute to air release and aid to minimize initial 
air entrapment. Silicones and related blends of silicones are 
popular defoamers. See air entrapment; antifoaming 
agent. 
deformation A part of the total deforiiiatioii of a body 
that occurs immediatcly when the load is applied but that 
reiiiaiiis permanently when the load is removed. See 
elongation; energy deformation; melt elasticity; 
melt flow; mold deformation; resilience, impact; 
rheology. 
deformation, affine A type of deformation in which 
each element in the volume of  a product distorts in the 
same way as does the volume a c  a whole. 
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deformation analysis See test, nondestructive 
moire fringe analysis. 
deformation and toughness Deformation or elasticity 
is an important attribute in most plastics providing tough- 
ness. However, some plastics with no deformation are ex- 
tremely tough. This is particularly true for reinforced plas- 
tics. For designs requiring such traits as toughness or 
elasticity, this characteristic has its advantages, but for other 
designs it is a disadvantage. However, there are materials 
that are normally tough but may become enibrittled due 
to processing conditions, chemical attack, prolonged ex- 
posure to constant stress, and so on. A high modulus and 
high strength, with ductility, is a desired combination of 
attributes. However, the inherent nature of most plastics 
is such that their having a high modulus teiids to associate 
them with low ductility, and the steps taken to improve 
one will cause the other to deteriorate except KPs. See 
coefficient of elasticity; elasticity; strain and elastic- 
ity; toughness; viscoelasticity. 
deformation, anelastic A portion of the total defor- 
mation of a body that occurs as a function of time when 
load is applied and that disappears completely after a period 
of time when the load is removed. In practice, the term 
also describes viscous deforniation. 
deformation, elastic A deformation in which a rnate- 
rial returns to its original dimensions on release of the 
deforming load or stress. See deformation, plastic; 
energy deformation; energy, plastic work; stress, 
elastic limit; viscoelasticity, linear. 
deformation, immediate set 1. A defect that is deter- 
mined by the nieasureincnt taken iniinediately after the 
removal of the load causing the deformation. 2. See mold 
deformation. 
deformation, inelastic The portion of deformation 
under stress that is not annulled by removal of the stress. 
See stress. 
deformation, permanent set The deformation re- 
maining after a specimen has been stressed a prescribed 
aniount in tension, compression, or shear for a specified 
time period and released for a specified time period. 
deformation, plastic The change in dimensions of a 
part under load that is not recovered when the load is re- 
moved. See deformation, elastic; ductility; extruder- 
web stretching and tearing; strain hardening. 
deformation under load The dimensional change of 
a material under load for a specific tinie following the iii- 
stantaneous elastic deformation caused by the initial appli- 
cation of the load. See creep; designing with the 
pseudo-elastic method; flow, cold; load. 
deformation, viscous A portion of the total defoniia- 
tion of a body that occurs as a function of time when load 
is applied but that remains permanently when the load is 
removed. 
deformer See antifoaming agent. 
degassing See mold breathing. 
degating See mold-gate degating. 
degradability Ability to be broken down into very 

sniall particles with large surface areas and reduced molec- 
ular weight. Biodegradable and photodegradable products 
accomplish this differently and have different processing 
and environmental requirements. See biodegradable 
versus photodegradable; landfill and degradation; 
molecular weight. 
degradable Capable of being broken down into natural 
elements or simpler compounds under nornial environ- 
niental conditions. See biocide; biodegradable waste; 
catalyst, enzyme; decomposition; engineering, ge- 
netic; photodegradable; photooxidation agent. Ac- 
tive chemical compounds are used as preservatives to coli- 
trol degradation; those that produce death are termed 
hiorides. Many chemicals may inhibit the reproduction and 
growth of organisms without causing death. These agents 
have the two coniinon classcs of control agents known as 
hncteriostuts and j4rgistnts. See deodorant additive. 
degradable waste See biodegradable waste; com- 
post; starch degradable; landfill and degradation; 
waste. 
degradant The substance added to promote the break- 
down of a product. For example, starch may be added to 
plastic film so that it degrades when discarded. See starch 
degradable. 
degradation A deleterious change in characteristics 
such as the chemical structure, physical and mechanical 
properties, or appearance of plastic. A degraded appear- 
ance usually means discoloration. Llegradation can occur 
during heat processing. Factors that determine the rate of 
degradation are (1) residence time, (2) stock (melt) t en-  
perature and distribution of stock temperature, (3) defor- 
mation rate and deformation rate distribution, (4) the pres- 
ence of oxygen or other degradation-promoting additive, 
and (5) the presence of antioxidants and other stabilizers. 
See burned; chalking; engineering, generic; landfill 
and degradation; photochemistry; photodegrad- 
able; photooxidation agent; radiation-induced reac- 
tion; ultrasonic degradation; test, fusion Kling; zy- 
moplastic. 
degradation and weatherability See weatherabil- 
ity. 
degradation, melt See screw length-to-diameter 
ratio. 
degradation, photodegradable See biodegradable 
versus photodegradable; decomposition; photooxi- 
dation agent. 
degradation scavenger See contamination; pack- 
aging, oxygen scavenger food; scavenger. 
degradation, scission Degradation of plastics by radia- 
tion that splits their molecules. See radiation. 
degradation, swelling, extraction, and random The 
use of chemical methods such as extraction of a lightly 
cross-linked network by solvent to remove noii-cross- 
linked components. Many polymer networks swell by i n -  
mersion in the proper solvent or by exposure to solvent 
vapors. Care should be taken that s\velling occurs under 
eq~iilibriuni conditions. Alternatively, a cross-linked net- 
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work may be degraded into sniall soluble chemical frag- 
ments. See chemical reaction. 
degradation with water 
degreasing See cleaning, solvent. 
degree of polymerization 
gree of. 
degree of saturation 
dehumidification, mold See mold dehumidifica- 
tion. 
dehumidifier A device that removes moisture from 
plastic niaterials or air. See desiccant. 
dehumidify To reduce, by any process, the quantity of 
water vapor within a p e n  space. See drying. 
dehydrating agent See barium oxide. 
dehydration The removal of water from a material 
through ordinary drying, heating, absorption, chemical re- 
action, condensation of water vapor, centrifugal force, or 
hydraulic pressure. See drying. 
dehydrogenation See chemical dehydrogenation. 
deink See recycled paper. 
delaminated See adhesive, disbonded; laminate, 
de-; test, nondestructive temperature differential by 
infrared. 
deliquescence The absorption of atmospheric water 
vapor by a crystalline solid until the crystal eventually dis- 
solves into a saturated solution. See moisture. 
delivery system See drug controlled-delivery. 
DeLorean automobile See automobile, DeLorean. 
Delrin DuPont's trade iianie for its fainily of acetal plas- 
tics. See satinizing. 
demand and supply See monitoring customers 
and suppliers. 
demineralization See water pollution. 
Deming, W. Edwards 
demulsification See emulsion/demulsification. 
demurrage See cost, demurrage. 
dendritic plastic A highly branched (dendritic) precur- 
sor of synthetic plastics that lead to three-dimensional gels 
and networks. These systems are broadly recognized as 
thermoset plastics. See gel. 
dendrimer plastic A fainily of three-dimensional 
spherical or rod-shaped nanostructures that range to about 
500 angstrom units in diameter, some 0.000002 in., or the 
size of proteins and enzymes. They contain hollow interi- 
ors and densely packed surfaces. These plastics are unlike 
others because chemicals are able to control and tailor their 
size, shape, molecular weight, topology, and surface 
chemistry to a greater degree than is possible with conven- 
tional plastics. See plastic. 
denier See fiber denier. 
denked paper See paper, denked. 
densification process The consolidation of loose or 
bulky materials. See density, bulk; material handling. 
densify T o  compact to reduce volume of inaterial such 
as film scrape. See recycled film and sheets. 
density The mass of any substance per unit volume of 
a material that represents the absolute density. It usually is 

See drying operation. 

See polymerization, de- 

See saturation, degree of. 

See Japanese workmanship. 

expressed in lb/ft' or g/cms. See chemical and physical 
characteristics; dilatometer; electron density; elec- 
troplating current density; foamed density reduced; 
gravity, absolute; light densimeter; melt density; 
optical density; polymer cross-linked density; tex; 
weight; weight, material. 
density and specific gravity The density of any mate- 
rial is a measure of its mass, per unit volume, usually ex- 
pressed in grams per cubic centimeter (g/cni') or pounds 
per cubic inch (lb/in')). Specific gravity is the ratio of the 
mass in air of a given volume compared to the mass of 
the same volume of water, both being measured at room 
temperature ( 2 3 O C :  or 73.4'F). Since this is a dinieiisionless 
quantity, it is convenient for comparing different niateri- 
als. Like density, specific gravity is used extensively in de- 
termining part cost versus average part thickness, initial 
sheet thickness, product weight, and quality control. It is 
frequently used as a nieans of setting plastic specifications 
and following product consistency. 

In crystalline plastics, such as PE, density has a direct 
effect on properties such as stiffness and permeability to 
gases and liquids. Changes in density may also affect some 
mechanical properties. The ASTM D 792 standard pro- 
vides the relationship of density to specific gravity at  23OC 
(other tests include ASTM U 1505 and I S 0  1183): density 
(g/cm3) = specific gravity X 0.9975, also specific gravity 
X 0.0361 = lb/in.' For greatest usefulness, density needs 
to be nieasured to an accuracy of at least ?0.001. Sample 
shape is not an issue, but the sample must be completely 
wettable in the liquid and contain no voids (per the rtan- 
dards using a gradient or liquid displacement method). See 
melt density; specific gravity. 
density, apparent The weight in air of a unit volume 
ofiiiaterial including voids usually inherent in the material. 
Also called hulk demity with materials such as molding 
powders. 
density, bulk The ratio of weight to volume of a solid 
material including voids. It also refers to loose form (bulk) 
inaterial such as pellets, powders, flakes, and compounded 
molding inaterial. See bulk factor; compaction; densi- 
fier; material handling. 
density, gross 
density, true The mass bulk density divided by true 
(pore or void free) density. 
dental amalgam The preferred composite filler of a 
silver-colored alloy of mercury filling that was developed 
during the early 1800s. It is less expensive than cast restora- 
tion such as gold inlay and to date niore durable than com- 
posite plastic-metals (tooth colored plastics). 
dental market Useful preventative and restorative den- 
tal materials such as fast-cure plastics, including epoxy and 
amine-peroxide initiator systems, acrylics, and TP polyes- 
ters. The largest volume of plastics is in the construction 
and repair of prosthetic devices such as denture bases, re- 
pair and relining materials, and plastic teeth. Other uses 
include protective sealants, elastomers for impressions of 
oral structures, mouth protectors, patterns for metal inlays, 

The density of unprocessed plastic. 



Rosato, Rosato, and Rosato 193 

oral iniplants, and operative dentistry (restore, cavity lin- 
ers, etc.). See market; medical market. 
deodorant additive A material that prevents the de- 
velopment of bad odors. With odorants, they produce a 
fragrance. O r  mask distasteful odors and dcodorizers. 
Deodorants prevent microorganisms froni reacting with 
organic matter to produce odors. Two major organisms 
that initiate attacks are bacteria and fungi. In thc presence 
of heat and moisture, for example, bacteria from the skin 
could react through perspiration with products such as 
certain plastic clothing to develop odor unless an antinn- 
crobial agent is present. The most popular is orgaiionietal- 
lics, primarily used in PE and PVC trash bags. See antimi- 
crobial agent; bacteria; bacteria, aerobic; odorant 
agent; fragrance concentrate. 
dependent variable See variable, dependent. 
depletable Nonreplaceable. 
depolymerization See polymerization, de-. 
deposition The process of applying a material to a base 
substrate by vacuum, electrical, chemical, screening, or va- 
por methods, often with the aid of a temperature and pres- 
sure container. See chemical vapor deposition; mold- 
cavity coating. 
deposition, legal 
deposit law 
depressant See viscosity depressant. 
depth In the case of a beam, the dimensions parallel to 
the direction in which a load is applied. In a container, it 
is the internal depth. See screw depth. 
depth dose See radiation depth dose. 
derivative See mathematical derivative. 
derivative control See control, derivative. 
desalination See water, desalinizing ocean. 
desiccant A hygroscopic material such as activated alu- 
mina, calciuni chloride, silica gel, or zinc oxide that can 
be used for drying purposes because of its affinity for wa- 
ter. They absorb water vapor from the air. A desiccant is 
the heart of a dehumidifying dryer system for hoppers, 
molds, and so on. Most plastics can absorb 3 to 15% of 
their dry weight, while desiccants absorb 20 to 1,200%. 
The most commonly used is a synthetic crystalline metal 
alumina-silicate from which water of hydration has been 
removed, permitting it to adsorb moisture. I n  use it be- 
comes saturated with moisture, requiring it to be regener- 
ated by heating it to drive off moisture. The drying action 
is called selective adsorption. This drying cycle is repeatable 
many times. See absorption; alumina, activated; de- 
humidifier; moisture; mold sweating; water. 
desiccant drier A type of hot-air drier in which the 
moisture is removed froni the air by means of a desiccant 
such as silica gel. See mold dehumidification. 
desiccator A tightly closed vessel or container that con- 
tains a desiccant. It is used for drying plastics, molds, dies, 
and so on. See mold storage. 
design The process of devising a product that fulfills as 
completely as possible the total requirements of the user 
and at the same time satisfies the needs of the fabricator 

See legal matter: plaintiff. 
See legal matter: bottle bill. 

in terms of cost-effectiveness (return on investment). The 
efficient use of the best available material and production 
process should be the goal of every design effort. Design 
guidelines for plastics have existed for over a century, pro- 
ducing many thousands of parts meeting service require- 
ments, including those requiring long life. See art and 
science; aspect ratio; computer-aided design; com- 
puter-assisted design and drafting; computerized 
knowledge-based engineering; computer software; 
design optimized; empirical; experience and sci- 
ence; intelligence, artificial; legal matter; design 
material optimization; mathematical dimension; 
plastic, long-life; productivity; quality optimization 
goal; risk, acceptable; servo-control-drive reliabil- 
ity; statistical equivalent loading system; theory. 
design accuracy Exactness; freedom from errors; con- 
formity to a standard. When applied to a method, it de- 
notes the extent to which bias is absent; when applied to 
a measured value, it denotes the extent to which both bias 
and random error are absent. A fabricating system can be 
very precise and have poor accuracy. A manufacturing tar- 
get of consistent, repeatable fabrication requires more than 
tight mechanical equipment standards, tight plastic mate- 
rial standards, and precise instruments with fast-integrated 
control response, but these conditions can go a long way 
to meeting the target. Instruments need to be calibrated 
to fixed standards. T o  achieve accuracy, the pressure, teni- 
perature, speed, and other control parameters must be cali- 
brated to traceable standards. By measuring against known 
standards, the design accuracy of thc measurements can 
be determined. There can be parameters that cannot be 
quantified, so these will contribute to the variability and 
liniit the accuracy that can be obtained. Variations in mo- 
lecular weight, pellet size, virgin/recycled mixes, and so 
on can effect the process. Unfortunately, these variations 
are not often recognized or easily identified. Also called 
deviation. See accuracy; accuracy and repeatability; 
decimal number system; deviation; deviation, 
standard measurement; machine, coordinate mea- 
suring; measurement; molded-material surface 
measurement; performance, predicting; quality; re- 
liability; sensor, dynamic accuracy of a. 
design advantage, plastic See plastic advantages 
and disadvantages; structure. 
design allowable A statistically defined material prop- 
erty with allowable strengths, usually referring to stress or 
strain. See design safety factor; A-basis; B-basis; S- 
basis; typical basis. 
design analysis Using plastics (as with metals, alunii- 
num, wood, etc.) with maximum advantage and niini- 
mum risk of failure by becoming familiar with their behav- 
ior. See computer-aided; definition, art of; design 
technology; economic efficiency and profitability; 
design-failure theory; people’s challenge; perfor- 
mance, predicting; risk, acceptable. 
design and cost, technical cost modeling See tech- 
nical cost modeling. 
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design and product liability I11 designing products, 
equipment, and testing procedures, liability factors need 
to be considered. These factors include top management 
support; liability issues as recognized by design, produc- 
tion, and other people’s involvement; all possible safety 
devices; coniniunication with and documentation for the 
customers or buyers regarding any potential problems and 
hazards; outside-source parts’ safety programs aiid docu- 
mentation; collecting the history of the same or similar 
part; and feedback on performance and problems with re- 
call system. See legal matter: product liability law. 
design and risk 
design and stress cracking See environmental 
stress cracking; orientation, accidental; stress crack; 
stress whitening. 
design and tolerance The complex interactions of the 
many processing factors, including plastic properties and 
behaviors, geometry of the part, toolmaking quality ap- 
plied to manufacture of dies or molds, and the processing 
conditions and fluctuations inherent in the equipment and 
~uaterials. See plastic material and equipment vari- 
able; tolerance. 
design and weathering The effect of weather on ilia- 
terials with short or prolonged outdoor exposure. The 
process of disintegration and decomposition that can occur 
as a consequence of exposure to the atmosphere with its 
oxygen, coiitamina~its (smoke, chemicals, etc.) and the ac- 
tion of frost, water, and heat. See aging; antioxidant 
agent; antiozonant agent; weatherability; weather- 
ing, artificial. 
design approach See engineering approach versus 
practical approach; kiss. 
design, aspect ratio See aspect ratio; reinforce- 
ment, disk; reinforcement, whisker; slenderness 
ratio. 
design assembly The putting together of parts. It is an 
irrefutable fact of nature that the fewer the parts, the less 
that can go wrong. See assembly; joining, design; de- 
sign disassembly. 
design, automobile See automobile, composite. 
design, basics of flow die The noti-Newtonian be- 
havior of plastics melt makes its flow through a die some- 
what coniplicated. A simplified equation was obtained 
from a high-speed computer study during the early 1960s 
by G. P. Lahti. He did this work at DuPont and later went 
to NASA. This excellent foundation uses an empirical ap- 
proach that pertaim to extrusion die channels of several 
shapes. Flow equations for dies of si~iiple shapes, such as 
circular or rectangular channels, were known in the previ- 
ous century; M. J. Boussinesq (France) first developed 
them in 1868. Formulas for pressure drop through more 
complex channels had not yet been developed because the 
researchers required extremely complicated mathematics. 
Tlie following equations were used: Q = (1/p) (AP/L)  
(BH3/12) ( F )  or AP = (12pQL/BH3)  (l /F);  where H 
= minimum dimension of cross-section, in (nim); B = 

See risk, acceptable. 

niaxiniuni dimension of cross-section, B = r H ,  in (mm); 
AP = pressure drop; Q = volumetric flow rate; L = 
length of channel; and F = flow coefficient. 

To  account for the entrance effect when a melt is forced 
from a large reservoir, the channel length (L) must be cor- 
rected or the apparent viscosity niust be used once it has 
been obtained from shear rate/shear stress curves for the 
L / H  value of the existing channel. The entrance effect 
becomes negligible for L2/H > 16. This single equation 
can be used for a variety of flow channels. 

Based on knowing the product geometry, plastic viscos- 
ity, and pressure drop, the volunietric flow rate (Q) can 
be calculated. Calculations are also presented for (1) flow 
in two or three directions that exists in a tapered die, 
(2) detailed discussion including limitations and assump- 
tions for regular and irregular shapes are made for slow 
viscous melts, (3) and so forth. To  date various organiza- 
tions have expanded the capability of CAD software pro- 
grams for die designs. 
design, bearing See bearing. 
design, biomedical product The biomaterial that is 
used to repair, restore, or replace damaged or diseased tis- 
sues. Biomaterials also interface with the physiological eri- 
vironnient. Synthetic bioniaterials, such as plastics, metals, 
and ceramics, are ohen called biomaterials to differentiate 
them from natural materials. Advances in plastic science 
and surgery make it possible to rebuild many parts of the 
human body. They are widely used for intracorporeal, 
paracorporeal, and extracorporeal applications. Applica- 
tions include (1) iiiiplaiits as temporary devices (surgical 
dressings, sutures, etc.), siinple semiperinanent devices 
(tendons, reinforcing meshes, etc.), and complex devices 
simulating physiological processes (artificial kidney-blood 
dialysis, etc.), and (2) interfacing and outside materials that 
include catheters, blood bags, syringes, surgical instru- 
mentr, and disposables for health care delivery. See bio- 
degradable; biological activity; legal matter: bioma- 
terial liability bill; medical-device packaging clarity; 
packaging biological substances; packaging, elec- 
tronic; static charge; toxicology. 
design, biotechnology The technologii that is con- 
cerned with the application of biological and engineering 
solutions to materials, machines, aiid humans. For example, 
biotechnolog based on manipulation of genes at the uiolec- 
ular level is potentially useful in polymer-based materials. 
The target is to provide more productive manufacturing 
processes. Currently, the materials’ value chain is over- 
whelmingly based on petroleum feedstocks and uses classic 
polymer chemistry with eiigiiieeriiig analyses. This ap- 
proach is capital intensive aiid creates byproducts that must 
be disposed of in an e~ivironnie~itally acceptable way. Po- 
tentials via biotechnology exist to replace parts of this system 
with lower-cost, less capital-intensive processes based on 
transgenic plants and microorgaiiisnis. For cxainple. Du- 
Pont niade a new type polyester called 3GT. When 3GT is 
compared to DuPoiit’s Kynite 2GT (PET) and Crastin 4GT 
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(PUT), it may have a more economical processing route. 
Other developments include using natural organisms to 
convert glucose to glycerol. See plastic and feedstock; 
plastic and future; plastic products, raw material to. 
design blow molding parison controller See blow 
molding, extruder parison programmed-control. 
design boss A hollow or solid projection that is used for 
(1) attachment (insert, screw, etc.) and support of related 
components and (2) diniensional stability for a part, while 
reducing material usage. Unsupported edges of a part may 
be stiffened or strengthened by turning the edge or chang- 
ing the plane of the wall. The result is to reduce or elinii- 
riate part warpage especially when thin wall thickness is 
used. Also called sfid. 
design, bottle See blow molding. 
design, bottle-base The radius at the base of a bottle 
that connects the body (wall) of the container with the 
bottom-bearing surface of the bottle. It  varies in size, de- 
pending on the geometry of the bottle. See bottle. 
design camber A deviation from a straight edge; mu- 
ally the maximum deviation of a n  edge from a straight line 
of given length. 
design, cardioid A heart-shaped curve that is traced by 
a point on the circumference of a circle rolling completely 
around an equal fixed circle. 
design chemical processing pump Sealless pumps 
that are used primarily in the chemical and petrochemical 
industries with no packing or seals. 
design chemical structure See designing with plas- 
tic-chemical models. 
design circular board The simultaneous, niultidirec- 
tional deformation of a substance, such as reinforced plas- 
tic, in wliich one face of a flat specimen becomes concave 
and the other becomes convex. 
design clearance A controlled distance by which one 
part of a unit is kept separated froin another part by a spcci- 
fied distance. See tolerance; design, snap-fit. 
design, clearance-fit A limit of size so prescribed that 
a clearance always results when mating parts are assembled. 
design, collapsible-bottle A bellows-style collapsible 
container, such as bottles aiid tanks, that is foldable. The 
series of bellows overlap and fold to retain their folded 
condition without external assistance, thus providing a 
self-latching feature. This latching is the result of bringing 
together under self-pressure of two adjacent conical sec- 
tions of unequal proportions and different angulations to 
the bottle axis. The swing action of one conical section 
moves around a fixed pivot point from an outer to an 
inner resting position. The two symmetrically opposed 
pivot points aiid rotating segments keep a near constant 
diameter as they travel along the bottle axis. These blow- 
molded bottles provide advantages aiid conveniences such 
as reduced storage space, transportation, and disposal space 
as the content is disperscd, reducing oxidation that affects 
certain freshness products (mayonnaise, etc.). See blow 
molding; bottle. 

design, competitive See plastic competition. 
design, computer and cybernetic See cybernetics. 
design conceptual See computerized knowledge- 
based engineering. 
design confidentiality See design protection. 
design consolidation and minimizing material Plas- 
tic materials and processes that permit a wide variation to 
coiiibiiie two or more parts or components into one unit. 
See assembly; plastic myth and fact. 
design constraints The advantages and disadvantages 
of plastics and processing methods. Until the designer be- 
comes familiar with processing, a fabricator must be taken 
into the designer’s confidence early in the development 
stage and consulted frequently during those early days. 
The fabricator and the mold or die designer should advise 
the product designer on plastic materials behavior and how 
to siniplifjr the design to perinit easier processability. Al- 
though there is no limit theoretically to thc shapes that 
can be created, practical considerations imist be met, such 
as available processing equipment and cost. These relate 
not only to the part design but also the iiiold or die design, 
since they must be considered as oiie entity in the total 
creation of a usable, economically feasible part. See de- 
sign features that influence performance; plastic 
advantages and disadvantages; plastic material and 
equipment variable. 
design container lid See container lid skirt shape. 
design control and quality-system regulation De- 
tailed procedures that ensure the coritiiiual success of 
products nieetirig perforniance requirements. See qual- 
ity-system regulation. 
design, corrugated A material containing parallel 
ridges and furrows for rigidity. Ilifferent plastics and reiii- 
forced plastics are used to meet different performance re- 
quirements. The product can be a simple flat corrugated 
theet or complex shapes. An example is a corrugated 
blow-molded symmetrical or unsymmetrical shape. Ex- 
tensive use is made of small to very large-diameter ex- 
truded corrugated pipe or tubing. See extruder pipe 
and tubing; extruder-blown tube; tube, collapsible 
squeeze. 
design, cost-modeling Coniputer-generated routine 
tasks of embodiment and detailed operation rather than 
the human creative activities of conceptual operation. 
Knowledge of the computer’s capability in specific areas 
of interest such as machine settings, product design, and 
die design is necessary. Using the computer tools properly 
results in a much higher level of processing. See cost; 
creativity; blow-molding innovation; design and 
cost, technical cost modeling; plastic myth and fact; 
productivity. 

Successfully designed products require the coiiibiriation 
of various factors that iiicludes sound judginent aiid 
knowledge of processing. Until the designer becoiiies Li- 
iniliar with processing, a fabricator must be taken into the 
designer’s confidence early in development aiid consulted 
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frequently. It is particularly important during the early de- 
sign phase when working with conditions such as shapes 
and sizes. Certain features have to be kept in mind to avoid 
degradation of plastic properties. Such features may be 
called property detractors or constraints. Most of them are 
responsible for the unwanted internal stresses that can re- 
duce the available stress for load bearing purposes. See 
plastic and future. 
design creep 
design deformation See deformation and tough- 
ness. 
design, die Design of a die includes (1) minimizing 
head and tooling interior volumes to limit stagnation areas 
and residence time; (2) streamlining the flow through the 
die, with low approach angles in tapered transition sec- 
tions; and (3) polishing and plating interior surfaces for 
minimum drag and optimum surface finish on the extru- 
date. Basically the die provides the means to spread the 
plastic being processed/plasticated under pressure to the 
desired width and thickness in a controllable, uniform 
manner. In turn, this extrudate is delivered from the die 
(targeted with uniform velocity and uniform density 
lengthwise and crosswise) to takeoff equipment to produce 
a shaped product (film, sheet, pipe, profile, coating, fila- 
ment, etc.). 

Puniping pressure on the melt entering the different de- 
signed die heads must meet their melt-flow patterns within 
the die cavities. The pressure usually ranges as follows: 
(1) blown and lay-flat films at 2000 to 6000 psi (13.8 to 
41.3 MPa); (2) cast film, sheet, and pipe at 500 to 4,000 
psi (3.5 to 27.6 MPa); (3) wire coating at  1500 to 8000 
psi (10.3 to 55.1 MPa); and (4) nionofilament at 1000 to 
3,000 psi (6.9 to 20.7 MPa). See computer-aided; die, 
coathanger; die efficiency; extruder pipe and tubing 
die design; melt-flow defect; zinc. 
design directional property See directional prop- 
erty. 
design disassembly The two basic methods of disas- 
sembly-reverse assenibly or brute force. Joining pro- 
cesses that are not reversible and require the use of 
brute-force disassembly include most inserts and welding 
procedures. See adhesive; design assembly; fastener; 
joining-and-bonding method; insert; welding. 
design, E1 theory The principle that deformation in 
beam or sheet sections depends on the mathematical prod- 
uct ofthe modulus ofelasticity (E) and the moment ofinertia 
(I), commonly expressed as El. This theory has been applied 
to many different constructions including sandwich panels. 
See design, sandwich-structure; modulus and stiff- 
ness; modulus of elasticity; moment of inertia; sand- 
wich construction; stress-strain. 
design, electronic shielding See electromagnetic 
interference. 
design energy and motion control Thermoplastic 
elastomers are frequently subjected to dynamic loads 
where energy and motion control systems are required. 
Products include sporting goods, home appliances, auto- 

See designing with creep data. 

mobiles, buildings, bridges, aircraft, and spacecraft. The 
elastomers are used to control noise, shock, and vibration 
and are used in many applications strictly to accommodate 
motion. They are used in situations of shear, compression, 
buckling, and bulk. The particular application will dictate 
which would be best. See damping; design, motion- 
control, mechanical and electronic effects; energy 
absorption; motion control system; thermoplastic 
elastomer. 
design engineering The application of graphic princi- 
ples and practices to the solution of engineering problenis. 
It  is the systematic process by which a solution to a prob- 
lem is created. Engineering design is a decision-making 
activity that uses scientific and technological information 
to produce a product or system. It  is different in some 
degree from what the designer knows to have been done 
before and is meant to meet new needs. See artwork; 
computer-aided design; computer drawing; com- 
puterized knowledge-based engineering; computer 
picture-level benchmark; design, graphic; design 
theory and strength of material; directional prop- 
erty; engineer; moment of inertia; performance 
prediction; safety, engineering; stress-strain curve; 
test analysis, micromechanical; toughness and area 
under the curve. 
design ethic See The Unwritten Laws of Engineering. 
design, experiment The large number of material, ge- 
ometry, and process variables involved with their interac- 
tions, such as in injection molding. One approach is design 
of experiments (DOES), which requires some rigorous 
analysis of the factors involved. See plastic myth and 
fact. 
design factor of safety See design safety factor. 
design failure theory The criteria for failure based on 
normal or shear stress. In many cases, a product fails when 
the material begins to yield “plastically.” In a few cases, 
one may tolerate a small dimensional change and permit 
a static load that exceeds the yield strength. Actual fracture 
at the ultimate strength of the material would then consti- 
tute failure. Fatigue failure is the most coninion mode of 
failure. Other modes of failure include excessive elastic de- 
flection or buckling. The actual failure mechanism may be 
quite complicated; each failure theory is only an attempt to 
explain the failure mechanism for a gven  class of materials. 
In each case a safety Factor is employed. However, with 
proper part design, these failures are eliminated or can be 
permitted since part performance is met. See DART 
software; design safety factor; dynamic fatigue; fail- 
ure fault tree analysis; fatigue; hypothesis; hysteresis 
measurement; people’s heuristic; performance pre- 
diction; plastic failure or success; plastic material 
and equipment variable; plastic product failure; 
problems and solutions; quality system regulation. 
design-failure theory, Griffith The strength of a ma- 
terial expressed in terms of crack length and fracture sur- 
face energy. Brittle fracture is based on the idea that the 
presence of cracks determines the brittle strength and crack 
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propagation occurs. It  results in a fracture rate of decreased 
elastically stored energy that at least equals the rate of for- 
mation of the fracture surface energy due to the creation 
of new surfaces. See crack growth; fracture; fracture, 
brittle. 
design features that influence performance One of 
the earliest steps in product design is to establish the con- 
figuration of the part that will form the basis on which 
strength calculations will be made and to select a suitable 
material to meet the performance requirements. During 
this phase certain design features have to be kept in mind 
to avoid problems such as reduction of properties. Such 
features are called detractors or constraints. Most of them are 
responsible for the unwanted internal stresses that can re- 
duce the available stress level for load-bearing purposes. 
Other features may be classified as precautionary measures 
that may influence the favorable perforniance of a part if 
they are properly incorporated. For example, something 
as simple as a stiffening rib is different for an injection- 
molded or structural-foamed part even when both parts 
use the same material. Familiarization of design constraints 
is a critical first step in design to eliminate product prob- 
lems. For example, a designer might have an expensive 
tool (mold or die) prepared based on a plastic’s shrinkage 
value but discovers belatedly that the plastic did not meet 
some overlooked design constraint and the required plas- 
tic has a much lower shrinkage value. The tool has too 
large a mold cavity or die opening, requiring expensive 
modification or replacement of the tool. See design 
constraints; risk, acceptable design, finite-element 
analysis, computer finite-element mesh operation; 
finite-element analysis. 
design flow diagram See Figure 3, Product Design 
Diagram Incorporating Process Selection. 
design, geodesic The shortest distance between two 
points on a surface. It  is used in designing load-bearing 
structures that include plastics and reinforced plastics. See 
automobile, composite; design, shape; directional 
property. 
design, geodesic isotensoid A design with a constant 
stress level in any given surface at all points in its path. 
Filament-wound plastic structures are extensively used. 
See filament winding geodesic-isotensoid contour. 
design, geodesic-ovaloid See filament winding 
geodesic-ovaloid. 
design, good manufacturing practice See quality 
system regulation. 
design, graphic The principles of engineering draw- 
ings, computer graphics, descriptive geometry, and prob- 
lem solving. The overall study of graphics involves the 
three aspects of terminology, skills, and theory. See art- 
work; design, engineering; directional property. 
design guide A general guide of the design process 
anatomy can use the overlapping approach of chronolog- 
cal order, clarifying the task, conceptual design, embodi- 
ment of design, and detailed design. See people’s heu- 
ristic. 

design hinge, integral An integral fold or pivot line. 
Various techniques are used to fabricate thernioplastic 
hinges: molded-in (during injection or blow molding, 
etc.), cold worked, extruded, and coining. These so-called 
living hinges take advantage of molecular orientation to 
provide the bending action in the plastic hinge. An integral 
hinge can be molded by conventional processing tech- 
niques providing certain factors are observed. The re- 
quired molecular orientation runs transverse to the hinge 
axis. This can best be achieved by a proper fast melt flow 
through a thin hinge section, using a proper high melt 
temperature. The main concern in integral-hinge molding 
is to avoid conditions that can lead to delamination in the 
hinge section. These include filling the mold too slowly, 
having too low a melt temperature, having a nonuniform 
flow front through the hinge section, suffering material 
contamination as from pigment agglomerates, and running 
excessively high mold temperatures near the hinge area. 
Postinold flexing while it is still hot also produces an inte- 
gral hinge. Coining is used where the plastic at the hinge 
section is compressed to the desired thickness using match- 
ing bars. The plastic in the hinge section is stressed beyond 
its yield point after creating a necking-down effect that 
causes stretching or orienting of its molecules. See clo- 
sure; forming; injection molding; orientation; ther- 
moforming, clamshell. 
design, industrial (ID) The design element of all in- 
dustry that relates to research, engineering, production, 
and marketing activities. See productivity. 
designing processes with models A model is used to 
describe a process using a mathematical equation. The 
matheniatical formulation enables the model to be used 
for a variety of purposes that include design, control, and 
exploration of process control to study the effects of 
changes in process variables. See fabricating; plastic 
material and equipment variable; process control. 
designing with creep data Creep data can be very 
useful to the designer. In sound design procedure, long- 
term creep information should be obtained on the pro- 
spective material, under the conditions of product usage. 
In addition to the creep data, a stress-strain diagram under 
similar conditions should be obtained. The combined in- 
formation will provide the ba5is for calculating the predict- 
ability of the plastic performance. The factors that affect 
being able to design with creep data include a number of 
considerations, such as the following: (I) The strain read- 
ings of a creep test can be more accessible to a designer if 
they are presented as a creep modulus. In a viscoelastic 
material such as plastic, the strain continues to increase 
with time while the stress level remains constant. Since 
the creep modulus equals stress divided by strain, we thus 
have the appearance of a changing modulus. (2) The creep 
modulus, also known as the apparent modulus or viscous mod- 
ulus when graphed on log-log paper, is nornially a straight 
line and lends itself to extrapolation for longer periods of 
time. (3) Creep-data application is generally limited to the 
identical material, temperature, stress level, atmospheric 
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conditions, and type of test. Data of a relatively short dura- 
tion of l ,000-h can be extrapolated to long-term needs. 
Reinforced thennoplastics and particularly reinforced 
therniosets display a much higher resistance to creep than 
do the unreiiiforced plastic. See creep; creep behavior, 
guideline; creep isometric and isochronous graph; 
creep loading. 
designing within variable See plastic material and 
equipment variable. 
designing with models See modeling, solid; mod- 
eling, surface; modeling, wire-frame. 
designing with plastic-chemical models Modeling 
of a “glassy” or vitreous state of polyniers is iniportant 
because the peculiar condition called glass is not very well 
understood or applied. This condition is often and easily 
realized with polymers; polymeric glasses are technologi- 
cally significant. Connected with the quest for structure 
and properties of the glassy state is the need to understand 
the range of temperature, pressure (stress), arid time (fre- 
quency) where the conventional states, most important 
liquid, undergo the glass transition or glass forniation and 
becoming glassy. See chemical composition and plas- 
tic properties; chemistry; glass transition; molecu- 
lar-structure configuration; stress. 
designing with plastic tailor-made models Model 
polymers (plastics), also referred to as tailor-madc niac-uomolc- 
cules, were originally defined as polynier species in which 
the linear structure of the molecules aiid their average size 
were defined unambiguously. Also they are where fluctu- 
ations in niolecular weight and in composition were very 
low. A broader definition now exists with the more coiii- 
plex molecular structures as well as their more specific 
properties and applications. They include branched iilac- 
romolecules, block copolymers, graft copolymers, and 
polynieric networks with elastically effective chains of 
known average length. There exists accurate control of 
molecular structures for these polyiiiers. Specific methods 
have been designed for the preparation of the model poly- 
mers, allowing proper control of the parameters governing 
chain growth. These methods, sometimes called macroino- 
l rc~t lav  e ~ ~ g i i m r i i g ,  have been developed to synthesize struc- 
turally controlled polymers. See computer-aided mo- 
lecular graphic; copolymer; molecular structure; 
molecule, macro-; performance prediction; plastic; 
plastic properties; polymer evolution; Staudinger, 
Hermann. 
designing with quality See quality control; quality 
level, acceptable. 
designing with smart plastic 
designing with statistical See statistical benefit; 
statistical material selection, reliability. 
designing with the pseudoelastic method Since at 
least the 1940s extensive research and developnient has 
applied equations for plastics based on the behavior of plas- 
tics. Many different plastic products have been designed 
using these equations, fabricated, and provided long ser- 
vice life, including those used in aircraft, buildings, boats, 

See plastic, smart. 

transportation vehicles, and deep-space antennas. For 
those not familiar with this type information recognize 
that the viscoelastic behavior of plastics shows that their 
deformations are dependent on such factors as the time 
under load arid temperature. Therefore, when structural 
(load-bearing) plastic products are to be designed, it must 
be remembered that the standard equations that have been 
historically available for designing springs, beams, plates, 
cylinders, and so on have all been derived under the as- 
sumptions that (1) the strains are sniall, (2) the modulus is 
constant, (3) the strains are independent ofthe loading rate 
or history aiid are iinniediately reversible, (4) the inaterial 
is isotropic, and (5) the inaterial behaves in the same way 
in tension and compression. 

These assumptions are not always justifiable when ap- 
plied to plastics nnless niodificatioii has occurred. The 
classical equations cannot be used indiscriniinately. Each 
case must be considered on its own merits, with account 
being taken of such factors as the mode of deforniation, 
the service temperature and environment, the fabrication 
method, and so on. In particular, it should be noted that 
the past traditional equations that have been developed for 
other materials, principally steel, use the relationship that 
stress equals the modulus times strain, where the modulus 
is constant. Except for thermoset reinforced plastics and 
certain engineering plastics, niaiiy plastics do not generally 
have a constant modulus. Different approaches have been 
used for the nonconstant situation; some are quite accu- 
rate. The drawback is that most of these methods are quite 
coniplex, involving numerical techniques that are iiot at- 
tractive to designers. One method that has been widely 
accepted is this so-called pseudoelastic design method. In 
this method appropriate values of such time-dependent 
properties as the modulus are selected and substituted into 
the standard equations. 

It  has been deterniined that this approach is sufficiently 
accurate in nos t  cases if the value chosen for the I T I ~ ~ L I ~ L I S  

takes into account the projected service life of the product 
and the limiting strain of the plastic, assuming that the l in -  
itiiig strain for the material is known. Unfortunately, this 
is not a straightforward value applicable to all pldstics or 
even to one plastic in all applications. This value is often 
arbitrarily chosen, although several nietliods have been 
suggested for arriving at a suitable value. One is to plot a 
secant modulus that is 0.85 of the initial tangent i i i od~ i l~ i~  
and note the strain at which this intersects the stress-strain 
characteristic. For inany plastics, particularly the crystalline 
thermoplastics, this method is too restrictive. So in niost 
practical applications the limiting strain is decided in coli- 
sultation between the designer and the plastic inaterial 
manufacturcr. Once the limiting strain is known, design 
methods based on its creep curves beconie rather straigh- 
fonvard. See designing with creep data; design, rein- 
forcement; design safety factor; directional prop- 
erty, isotropic; dynamic mechanical measurement; 
engineering plastic; load; modulus of elasticity; 
modulus, secant; modulus, tangent; performance 
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prediction; reinforced plastic; strain; stress; struc- 
tural adhesive; viscoelasticity. 
designing with thermal situation Designing with 
thermal expansion characteristics included in the use of 
plastics and other materials when parts are to be fitted or 
restricted when subjected to temperature changes. See 
coefficient of linear thermal expansion; design 
shrinkage; thermal. 
designing with tolerance See melting temperature; 
tolerance. 
design injection-molding cycle time shortened See 
injection-molding cycle time, shortened. 
design, innovative Blending a knowledge of materials, 
an understanding of manufacturing processes, and imagi- 
nation of new or innovative designs. Kecognizing the lim- 
its of design with traditional materials is the first step in 
exploring the possibilities for innovative design with plas- 
tics. Sonie designers operate by creating only the stylish 
outer appearance, allowing basic engineers to work within 
that outside envelope. This approach is used very success- 
fully in certain products or in parts for furniture. Combin- 
ing designing appearance with engineering creates a stylish 
product that incorporates the best combination of ease of 
processing, simple assenibly, capability of repair, stream- 
lined quality control, and other conditions. The stylish en- 
velope that eventually emerges will be a logical and aes- 
thetic answer to the design challenge. See aesthetic; art 
and science; blow-molding innovation; computer- 
ized knowledge-based engineering; dendrimer plas- 
tic; design, biotechnology; design success; inte- 
grated circuit, plastic; plastics and the future; 
performance prediction; polymer, reactive; pro- 
ductivity; prototype; revolutionary versus evolu- 
tionary developments. 
design lubricant, reduced-friction Sigiiificaiitly re- 
ducing friction between two sliding surfaces is acco~ii- 
plished by rapidly oscillating the width of the lubricant- 
filled gap separating the sliding surfaces. This technique 
keeps the lubricant in a state of dynamic disorder, pre- 
venting the formation of niolecular laying that can increase 
friction. Based on molecular dynaniics simulations, this ap- 
proach is of particular interest to designers of microscale 
iiiachines. See friction; lubricant. 
design, material optimization Designers can turn to 
materials as a means of dramatically improving their prod- 
ucts’ performance and cost. However, design automation 
has CAE/CAD/CAM tools focusing on the use of geoni- 
etry as the only means of optimizing product design. 
About 70%) of product designs are nongeometric. With 
over 80,000 materials (including 17,000 plastics) to choose 
from, the material software tools have become an asset to 
designers and engineers with or without experience in ma- 
terial characteristics. The software provides information 
on specific perforniarice requirenients so that only one or 
a few will be listed as the best material for the product. 
These tools let designers consider materials as a variable in 
design to meet specific product requirements. See com- 

puter software; design, optimized; moment of iner- 
tia; plastic; plastic material and equipment variable; 
plastic material selection; plastic material type; sta- 
tistical material selection, reliability of; statistical 
material selection, uncertainty in; test, short-time- 
behavior. 
design, maximum diametrical interference In in- 
terference fit design, the maximum allowable interference. 
An example is,  for a particular hub and shaft, the per unit 
measurement of the shaft diameter. It depends on the types 
of iilaterials used in the hub and shaft and 011 the ratio 
of the shaft diameter to the hub outside dianieter. It is 
determined to ensure that hoop stress in the interference 
fit does not exceed the allowable stress of materials used. 
See fit, interference. 
design, medical-device Designing niedical devices, 
building controlled environments, and submitting devices 
for FLIA approval are time consuming, costly activities for 
medical-device nianufacturers. Such activities generally 
have a target time line with a set completion date and bud- 
get. The daily operations of manufacturing in a controlled 
erivironnient present continual challenges that vary as the 
regulations change and the cost of nianufacturing iii- 
creases. A system designed to ensure efficient coiitamiiia- 
tion control operations i s  called PACT (prevention, assess- 
ment, corrective action, and training). PACT is designed 
to assist supervisor, managers, and engineers with contanii- 
nation control management. It  involves the continuous- 
improvement principles of total quality managenient. See 
design, medical-product; medical material and the 
environment; quality management, total. 
design, melt-flow See melt-flow analysis; melting 
temperature; injection molding process control. 
design, melt-flow analysis limitation See melt- 
flow analysis problem. 
design, melt-flow Cauchy-Riemann differential 
equation Equations that were developed to describe the 
melt-flow behavior of plastics. They have been applied to 
studying the melt flow during processing in plasticators. 
Patterns of different positions and locations during pro- 
cessing can be produced. For example, they can be related 
to shrinkage of plastic melt in a mold cavity during irijec- 
tion molding. See design shrinkage; plasticator; 
shrinkage. 
design mold Particularly for injection molding, a coii- 
trollable complex mechanical device that must also be an 
efficient heat exchanger. If not properly designed, ham 
dled, and maintained, it will not be an efficient operating 
device. Hot melt, under pressure, moves rapidly through 
the mold. Air is released from the niold cavity to eliminate 
melt burning or voids in the part. T o  solidify the hot inelt, 
water or somc other inediuni circulates in the niold to 
remove heat from thermoplastics, or heat is used with 
thermoset plastics. All kinds of actions can be used to oper- 
ate the mold such as sliders and unscrewing inechanisins. 
CAD and CAE programs are available that can aid in inold 
design and in setting up the complete fabricating process. 
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These programs include melt flow to part solidification 
and the meeting of performance requirements. See com- 
puter-aided; mold; mold-filling monitoring; ther- 
moplastic; thermoset plastic; zinc. 
design-mold basics of flow The variable conditions 
during molding that influence part performance. Of para- 
mount importance are gate location and controlling the 
cavity fill rate or pattern. The proper fill helps eliminate 
part warpage, shrinkage, and other problems. In the practi- 
cal world of mold design, there are many instances where 
tradeoffs must be made to achieve a successful overall de- 
sign. For example, while naturally balanced runner systems 
are desirable, they may lead to problems in mold cooling 
or increased cost due to excessive runner-to-part weights. 
Software flow-analysis guides allow successful designs of 
runners to balance for pressure, temperature, rate of flow, 
and so on. See Reynolds number. 
design monocoque structure A construction in 
which the outer covering “skin” carries all or a niajor part 
of the stresses. The structure can integrate its body and 
chassis, such as in aircraft and automobiles. See aircraft; 
automobile, composite. 
design, motion-control, mechanical and electronic 
effects Control-system selection depends on whether 
you need (1) a new system or a retrofit, (2) one that is 
100‘%1 computer controlled or covers select functions, 
(3) one with leading-edge technologies or with just 
enough high technology to get you up and running, or (4) 
one that is designed in-house or by autoniation specialists. 
Different operating mechanical devices include actuators 
that convert the rotation of a motor into linear motion, 
linear guides, linear bearings, properly designed machine 
structure to ensure rigidity and proper mounting installa- 
tion, and mechanical dampers to isolate the motion system 
from its environment, ensure control of inertia when 
components move or cause friction, avoid resonance 
problems, and protect against dirt. These are a few of the 
mechanical factors that affect the electronic design of ino- 
tion control systems. The electronic engineer must under- 
stand the mechanics of motion to create a successful elec- 
tronic system. To  decide on electronic and software 
requirements, important factors such as product flow and 
throughput, operator requirements, and maintenance is- 
sues have to be considered. See computer-integrated 
manufacture; controlled motion; design energy and 
motion control; drive-system control; electric mo- 
tor; electric motor drive; extruder drive-energy 
consumption; injection-molding machine-drive 
system; maintenance; repeatability; robot. 
design, optimized With plastics to a greater extent 
than other materials, an opportunity exists to optimize 
product design by focusing on inaterial composition and 
orientation, as well as structural member geometry. There 
is also an important interrelationship among shape, mate- 
rial selection (including unreiriforced and reinforced, elas- 
tomers, foams, etc.), consolidation of parts, fabricating se- 
lection, and others that provide low cost to performance 

products. See aspect ratio; design, material optimiza- 
tion; moment of inertia; performance prediction; 
plastics advantages and disadvantages; plastic mate- 
rial and equipment variable; plastic material selec- 
tion; plastic material type; quality optimization 
goal. 
design packaging Creating packages that fulfill their 
requirements. Designers must (1) define and meet the en- 
vironment requirements, (2) design and fabricate the pro- 
totype package, (3) define product fragility, (4) choose the 
proper protective or barrier materials, (5) design and fabri- 
cate the product that was prototyped, and (6) test the pack- 
age. Recycling is also a goal. Packaging failures can be 
costly and incur legal problems. See barrier plastic; legal 
matter: plainti@ medical packaging; packaging; re- 
cycling; waste, source reduction of. 
design performance The effectiveness of a design. For 
example, a house needs to stand up to the forces of a cata- 
strophic hurricane, so low-pitched roofs are less vulnerable 
than steeper roofs because the same aerodynamic factors 
that make an airplane fly can lift the roof off the house. 
Also, the roof must be properly attached to the building 
structure. Other examples include the advantage of basic 
beam structures as well as hollow-channel, I-, and T- 
shapes designed to provide efficient strength-to-weight 
products. See performance prediction; plastic, long- 
life; test, short-time-behavior. 
design, pipe A major product made from plastics is 
pipes for use on the ground, underground, and in water. 
The largest use is in transporting water, gas, waste matter, 
and so on. Thermoplastic, such as polyvinyl chloride and 
polyethylene plastics, provides most of the world’s pipes. 
The other niajor product is reinforced plastic, principally 
using glass fiber with thermoset polyester plastic, that uses 
bag-molding and filament-winding fabricating techniques. 
ASTM standards use the term reinforced thermoset resin pipe 
(RTRP). Since at least 1944 pipe design equations have 
been used that specifically provide useful information to 
meet internal or external pressure loads. See directional 
property; extruder pipe and tubing die design; fil- 
ament winding; pipe; pipe, water deterioration; re- 
inforced plastic-bag molding; reinforced plastic 
pipe; sewer rehabilitation; underground pipe. 
design, plant layout via computer To speed up in- 
stallation and startup, a computer workshop program can 
generate models of plant primary and secondary equip- 
ment to be installed prior to the arrival of the equipment. 
An example of a specialist in this operation is the Up and 
Kunning Co. (New Haven, CT), which calls its program 
PKEVIEW. The program takes two-dimensional draw- 
ings and converts them into three-dimensional models. 
Services are installed such as electric power, air, water, and 
material handling lines. The program perinits personnel, 
such as plant managers, operators, and maintenance, to op- 
timize the layout since the program presents problems that 
can exist on preliminary layouts with solutions to optimize 
the equipment-to-equipment interplay and performances. 
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In addition to saving time normally associated with a plant 
layout, there are also savings in expenses. See auxiliary 
equipment; fabricating processing type; fabricating 
startup and shutdown; plant control. 
design, Poisson’s ratio in A required constant in engi- 
neering analysis for determining the stress and deflection 
properties of materials (plastics, metals, etc.). When a ma- 
terial is stretched, its cross-sectional area changes as well 
as its length. Poisson’s ratio (v) is the constant relating these 
changes in dimensions. It is defined as the ratio of the 
change in lateral width per unit width to change in axial 
length per unit length caused by the axial stretching or 
stressing of a material. It is also the ratio of transverse strain 
to the corresponding axial strain below the tensile propor- 
tional limits. It always falls within the range of 0 to 0.5. A 
zero value indicates that the specimen would suffer no re- 
duction in diameter or contraction laterally during the 
elongation but would undergo a reduction in density. A 
value of 0.5 would indicate that the specimen’s volume 
would remain constant during elongation or as the diani- 
eter decreases such as with elastomeric or rubbery material. 
Plastics range from about 0.3 to 0.4. See design technol- 
ogy; engineering approach versus practical approach; 
proportional limit; strain; stress; tensile strength. 
design, polymer See designing with plastic tailor- 
made models. 
design, process See designing processes, with 
models. 
design process simulator 
design product size Part size is limited by the available 
equipment that can handle the size, pressure, part thick- 
ness, specific shape, and other design details. Generally, 
the lower the process pressure, the larger the part that can 
be produced. With most labor-intensive fabricating meth- 
ods, such as RP hand lay-up with thermoset plastics, slow 
process reaction time can be used so that there is virtually 
no limit on size. A general guide to practical processing 
thickness limitations based on heat transfer capability 
through plastics is (in inches) injection molding 0.02 to 
0.5; extrusion 0.002 to 1.0; blow molding 0.003 to 0.2; 
thernioforniing 0.002 to 1 .O; compression molding 0.05 
to 4.0; and foam injection molding 0.1 to 5.0. However, 
with the proper process controls on materials and equip- 
ment, products are produced that range from below to 
above these figures. See heat profile; mathematical di- 
mension; melt flow; tolerance. 
design protection The five different methods of pro- 
tecting your design in the United States are (1) contract 
(in which the other party agrees not to make, use, etc. 
without the designer’s permission); (2) copyrights (under 
which protection exists on creation of a design); (3) trade 
dress (which offers protection when a design is either in- 
herently distinctive or has beconie distinctive); (4) utility 
patents (which protect the functional and structural fea- 
tures of a product); and (5) design patents (which protect 
the ornamental appearance of a product without regard to 
how it fuunctions). See computer graphic; legal matter: 

See process simulator. 

copyright; legal matter: product liability law; legal 
matter: trademark. 
design prototype See prototype, rapid. 
design, reinforced plastic See reinforced plastic. 
design, reinforcement Fiber behavior in reinforced 
plastics usually occurs at strains of only 1 to 3%. Designers 
who are accustomed to designing to yield with a built-in 
safety factor margin of at least 10‘% strain might hesitate 
to use these materials. However, designing with the lower 
strains is logical and has been used since the 1940s. Data 
have been developed and used that cover variability in 
properties, creep, fatigue, and static and dynamic sustained 
loading. Both short and long fibers are used. The conclu- 
sion that short stable fibers will not produce maxiniuni 
physical properties is not theoretically correct. Both exper- 
iment and theory have concluded that with proper adhe- 
sion or bond between fibers and resin matrix, maximum 
properties can basically be achieved by using relatively 
short stable fibers rather than continuous filament con- 
struction. T o  date, higher performance is overwhelmingly 
achieved with continuous fiberc. Also, the fibers used in 
reinforced plastics have the important potential of reaching 
values that are far superior. See designing with the 
pseudo-elastic method; directional property; rein- 
forced plastic; ISO-10993 certification. 
design, repair See pipe, water deterioration; sewer 
rehabilitation. 
design risk factor 
design safety factor (SF) A safety factor (SF) or factor 
of safety (FS) is used with plastics or other materials (met- 
als, aluminum, etc.) to provide for the uncertainties associ- 
ated with any design, particularly when a new product is 
involved with no direct historical performance record. No 
hard and fast rules are available to follow in setting an SF, 
but the most basic consideration is the consequences of 
failure. In addition to the basic uncertainties of graphic 
design, a designer may also have to consider additional 
conditions, such as (I)  variations in material property data 
(data in a table are the average and do not represent the 
minimum required in a design), (2) variation in material 
performance, (3) effect of size in stating material strength 
properties, (4) type of loading (static, dynamic, etc.), (5) 
effect of process (stress concentrations, residual stress, etc.), 
and (6) overall concern of human safety. Also called-factor 
o j  (qnovunce. See creep; design-failure theory; fatigue; 
experience and science; perfection; performance 
prediction; plastic product failure; production per- 
formance; risk, acceptable; safety; strength service 
factor. 
design, sandwich-construction A popular, high-per- 
formance, light-weight, method of increasing stiffness by 
fabricating special shapes that for certain products provides 
cost reductions. This design is similar to the I-beam shape, 
in which the facings (plastics unreinforced or reinforced) 
correspond to the flanges and the cores (plastic foams, 
honeycomb structure ofplastics, papers, etc.) represent the 
webs. The facings, also called skirts, resist axial loads and 

See risk, acceptable. 
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provide stiffness. The sandwich core stabilizes the facings 
against buckling or wrinkling under axial compression and 
provides resistance to shear in bending. See design, E1 
theory; coextrusion foam core; moment of inertia; 
plastic house; sandwich construction. 
design, screw See screw design. 
design, sealant joint-shape As a joint moves, stresses 
are imposed on the sealant that are more or less severe 
depending on the shape of the original joint. The deeper 
a sealant is in a given joint for a given width, the more 
neck-in and internal stress occurs in the sealant as the joint 
opens. There is a greater chance for cohesive failure (adhe- 
sive failure) with the deeper joint. A similar problem is 
involved when a sealant is used in a joint in which there 
is no breaker strip at the bottom or back of the joint, so 
that the sealant is in contact with only the face of the joint 
exposed. This design puts a greater strain on the cohesive 
strength of the sealant. One method for eliminating the 
problem is to employ a breaker strip or type of backing 
that will not restrict or restrain the sealant but will move 
with it as the joint moves. See caulking compound; 
cohesion; neck-in; strain; sealant; stress. 
design, shaftless See control drive, optimized; 
drive-system control. 
design shape One of plastics’ design advantages is to 
use both plastic materials and different mariufacturing pro- 
cesses to create almost any conceivable shape. Shape de- 
signed for a given weight of materials can provide a whole 
spectrum of strength properties, especially in the most de- 
sirable areas of stiffness and bending resistance. With shell 
structures, plastics can be either singly or doubly curved 
via the different processes. See die shape; fabricating 
process type; product shape; automobile, com- 
posite. 
design shrinkage If a plastic part is free to expand and 
contract with temperature change, then its thermal expan- 
sion property is usually of little significance. However, if 
it is attached to another niaterial having a lower thermal 
expansion, then niovenient of the part will be restricted. 
Temperature change will then result in the development 
of thermal stresses in the part. The magnitude of the 
stresses will depend on the temperature change, method 
of attachment, and relative expansion and modulus charac- 
teristics of the two materials at  the exposed heat. 

Expansion or contraction can be controlled in the plas- 
tic by orientation, cross-linking, and adding fillers or rein- 
forcements. Any cross-linking has a substantial effect on 
thermoplastics. With the amorphous type, expansion is re- 
duced. In a crystalline TP, however, the decreased expan- 
sion niay be partially offset by the loss of crystallinity. A 
compounded plastic can be made to match those of the 
attached material (plastic, steel, etc.). With certain addi- 
tives, such as graphite filler, the thermal change can be 
zero or near zero. In fact, during a temperature rise, the 
plastic can contract rather than expand. Shrinkage can be 
related to the coefficient of linear thermal expansion. See 
amorphous plastic; blow-molding shrinkage; coef- 

ficient of linear thermal expansion; crystalline plas- 
tic; design, melt-flow Cauchy-Riemann differential 
equation; melting temperature; molding shrinkage; 
shrinkage; shrinkage block jig; tolerance and 
shrinkage. 
design, snap-fit A method of mechanically fastening in 
which two parts are joined by a properly designed inter- 
locking configuration that is niolded directly into the 
parts. A protrusion molded on one part, such as a hook 
or bead, is briefly deflected during assembly and engages 
a depression or undercut molded into the other part. The 
joint should be stress-free after joining. Cantilever snap- 
fits are the most common; other types include annular and 
torsion. See automotive intake manifold; fastening, 
mechanical; fit, interference; joining; welding. 
design solution 
design source reduction Designing, manufacturing, 
purchasing, or using of materials or products to reduce 
their amount or their toxicity before they enter the mu- 
nicipal solid-waste stream. Because it is intended to reduce 
pollution and conserve resources, source reduction should 
not increase net amount or toxicity of waste generated 
throughout the life of the product. The EPA has estab- 
lished a hierarchy of guidelines for dealing with the solid- 
waste situation, including source reduction, recycling, 
waste-to-energy gains, incineration, and landfill. See en- 
ergy reclamation; incineration and energy; moment 
of inertia; recycling; waste, source reduction of. 
design specification Good product design includes 
good specifications. See specification; specification 
and standard limitations; standard; test data and 
uniform standards. 
design, spring Metal springs are limited to three 
shapes-the torsion bar, the helical coil, and the flat- 
shaped leaf spring. Thermoplastics and thermoset plastic? 
can be fabricated into a variety of shapes and used in differ- 
ent environments such as in blood, where spring action is 
required in a bag for pumping blood. Different plastics 
satisfy different pertfrmance requirements. For example, 
some provide an excellent damping and fatigue peifor- 
mance. A basically unidirectional, reinforced-plastic air- 
craft. automobile, or truck spring has variable widths and 
thicknesses along the length to provide high specific en- 
ergy-storage capability and weight saving. See damping; 
directional property; fatigue; reinforced plastic. 
design, standard A published and proven product de- 
sign. 
design, statistical analysis See statistical material 
selection, reliability of; statistical material selection, 
uncertainty in. 
design, structural Sce designing with the pseudo- 
elastic method. 
design success If plastics are to be used with iiiaxitiiuiii 
advantage and with niiiiimum risk of fiiilure, the designer 
must become familiar and keep up to date with plastic 
processes and materials and avoid slavishly copying the 
metal part that the plastic part is suppose to replace. See 

See problems and solutions. 
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computerized knowledge-based engineering; de- 
sign, innovative; performance prediction; produc- 
tivity. 
design technical cost modeling See technical cost 
modeling. 
design technology The prediction of performance in 
its broadest sense, including all the characteristics and 
properties of materials that are essential to the process of 
material selection. To the designer or product en,’ cmeer, 
an example of a strict definition of a design property is 
one that permits the calculating of part dimensions froin 
a stress analysis. However, as with metals, many stresses 
cannot be accurately analyzed, so designers are forced to 
rely on properties that correlate with performance. In plas- 
tics, these correlative properties, together with those that 
can be used in design equations, generally are called cy!& 
ricerirg p r o p t i e r .  Tliey encompass a variety of stress situa- 
tions over and above the basic static strength and rigidity, 
such as impact, fatigue, high and low temperature capabil- 
ity, flammability, chemical resistance, and arc resistance. 
See design analysis; design, innovative; design, 
Poisson’s ratio; empirical; computer-aided; defini- 
tion, art of; moment of inertia; people’s challenge; 
performance prediction; plastics and the future; 
risk, acceptable; statistical equivalent loading sys- 
tem; stress; technology; test; test data and uniform 
standards; test analysis, micromechanical; theory. 
design test information See test. 
design, texturizing See texturizing. 
design theory and strength of material No fine line 
separates the theory of elasticity fi-om the methods of 
strength of materials. The value of one approach over the 
other depends on the particular application. I n  most engi- 
neering problems, both methods assume homogeneous, 
isotropic solid, linearly elastic material. Both methods re- 
quire that equilibrium of forces be satisfied. These condi- 
tions being met to a reasonable degree, the elasticity solu- 
tion would be expected to be superior to the strength of 
materials. However, an assunied stress distribution niay ac- 
curately portray the system due to factors such as local 
yielding, and, in some cases, the strength of materials 
method niay be favorable. See empirical; moment of 
inertia; plastic material selection; plastic properties; 
strengthening plastic mechanism; Staudinger, Her- 
mann; strength of material; theory. 
design toughness See deformation and toughness. 
design verification (DV) The series of procedures 
used by tlie product development group to  ensure that a 
product design output meets its design input. It focuses 
primarily on the end of the product development cycle. 
It is routinely understood to mean a thorough testing of 
the final product to ensure that it is acceptable for ship- 
iiieiit to the customers. In the context of design control, 
however, DV starts when a product’s specification or stan- 
dard has been established and is an ongoing process. The 
net result of DV is that the final product meets perfor- 
mance requirenients with a high degree of accuracy and 

is safe and effective. According to standards established by 
ISO-9000, DV should include at least two of the follow- 
ing measures: (1) holding and recording design reviews, 
(2) undertaking qualification tests and demonstrations, 
(3) carrying out alternative calculations, and (4) coniparing 
a new design with a similar, proven design. See fabricat- 
ing, world-class; performance prediction. 
design vibration See design energy and motion 
control. 
design with plastics flowcharts See World of Plas- 
tics Reviews, Fundamentals of Designing with Plas- 
tics and Reinforced Plastics. 
design workplace See ergonomic. 
desizing See fabric desizing; fiber desizing; fiber 
finish. 
desktop publishing See printing, photoengraving. 
desorption The process in which an absorbed material 
is released from another material. Desorption is the reverse 
of absorption, adsorption, or both. See absorption; ad- 
sorption; moisture equilibrium. 
destaticization The treating of plastics to niininiize 
their accumulation of static electricity and the amount of 
dust picked up by the plastics because of such charges. See 
antistatic agent; electrostatic charge. 
destructive test A test performed on a part in an at- 
tempt to destroy it. It is often performed to determine 
how niuch abuse the part can tolerate without failing. See 
test; test, nondestructive. 
detergent A substance that reduces the surface tension 
of water (specifically surface-activated agents that concen- 
trate at the oil-water interfaces), exerts emuls i~ ing  action, 
and thus aids in removing soils. See alkylate sulfonate, 
linear; molecule, polar; surface tension; zeolite. 
deterioration A permanent change in the physical prop- 
erties ofa plastic such as evidenced by physical, mechanical, 
or chemical property losses. See mechanical property; 
physical property; test, chemical property. 
deterioration, envenomation The process by which 
the surface of a plastic clow to or in contact with another 
surhce is deteriorated. Softening, discoloration, mottling, 
crazing, or other effects may occur. 
detonation The extremely rapid-shock, self-propagat- 
ing decomposition of an explosive accompanied by a high 
pressure-teruperature wave that moves at  froni 1,000 to 
9,000 n i / s .  It may be initiated by mechanical impact, fric- 
tion, hydraulic explosion, or heat. 
detractor See design constraints. 
development See plastics and the future; research 
and development; revolutionary versus evolution- 
ary developments. 
deviation The variation from a specified dimension or 
design requirement, usually defining the upper and lower 
limits. The mean deviation (MD) is tlie average deviation 
of a series of numbers from their niem. In averaging the 
deviations, no account is taken of signs, and all deviations 
whether plus or minus, are treated as positive. Also called 
the imun uhsolutr deviution (MAL)) or average deviution (AD). 
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See accuracy; error, random; machine, coordinate 
measuring; mean; measurement; molded-material 
surface measurement. 
deviation accuracy See accuracy. 
deviation, average 
deviation, mean See mean absolute deviation; 
mean and standard deviation. 
deviation ratio, standard (SDR) The specific ratio of 
the average specified outside diameter to the minimum 
specified wall thickness for outside diameter controlled 
pipe. This value is derived by adding one to the pertinent 
number selected from the ANSI Preferred Number Series 
10 (Z17.1). As an example, with Series 10 of5.0, the SDR 
is 6.0; 10.0 is 11.0; etc. See pipe. 
deviation, root-mean-square (RMS) A measure of 
the average size of any measurable item (length of bar, film 
thickness, pipe thickness, coiled molecule, etc.) that relates 
to the degree of accuracy per standard deviation measure- 
ment. See deviation, standard. 
deviation, root-mean-square difference (RMSD) A 
measure of accuracy determined by an equation that iIi- 

cludes the number of observations for which the accuracy 
is determined and the difference between a measured value 
of a property and its accepted value. 
deviation, root-mean-square strain The square root 
of the mean value of the square of the stress, averaged over 
one cycle of deformation. For a symmetrical sinusoidal 
strain, the RMS strain equals the strain amplitude divided 
by the square root of 2. See strain; stress. 
deviation, root-mean-square stress The square root 
of the mean value of the square of the stress, averaged over 
one cycle of deformation. For a symmetrical sinusoidal 
stress, the RMS strain equals the stress amplitude divided 
by the square root of 2. See strain; stress. 
deviation, root-mean-square voltage Average volt- 
age. It is shown on an alternating, current test meter. 
deviation, standard A measure for the dispersion of a 
aeries of results around their mean, computed as the posi- 
tive square root of the variance. The standard deviation is 
the basis for most statements of precision and may be ob- 
tained from an analysis of variance of results of an inter- 
laboratory test program. See mean and standard de- 
viation; practice; statistical material selection, 
uncertainty in. 
deviation, standard, measurement (SDM) 1. A 
measure of data from the average; the root-mean-square 
(RMS) of the individual deviation from the average. 2. A 
degree of accuracy; the term two-standard-deviation 
(2 sigma) error can be used. This means that if many tests 
are performed, 95% of the results would have an error of 
less than ? 0.25%. Another standard commonly used in 
laboratory work is the root-mean-square (RMS) accu- 
racy, which is identical for all practical purposes to one- 
standard-deviation (1 sigma) on a normal distribution, or 
68% of the results. When examining the technical specifi- 
cations, it is important to know whether they are quoting 
one- or two-standard-deviation accuracies. See design 
accuracy; machine, coordinate measuring. 

See mean absolute deviation. 

deviation, standard of sample The sample standard 
deviation divided by the square root of the number of 
measurements used in the calculation of the mean. See 
mean; sample. 
deviation, variance See variance. 
device, medical See legal matter: biomaterial lia- 
bility bill; medical market; medical packaging. 
device, smart A device with a microcontroller embed- 
ded in it. See auxiliary equipment; intelligence; nano- 
technology; plastic, smart. 
devitrification Crystallization in a glass melt that occurs 
when the melt is too cold. The defects can appear as de- 
fects in glass fibers. See fiberglass. 
devolatilization (DV) The removal of contaminants 
(in most cases they are volatile relative to their plastic) from 
the condensed phase by evaporation into a contiguous gas 
phase. The plastic to be devolatilized may be in the form 
of a melt or particulate solid. Separation is effected by 
applying a vacuum or by using inert substances, such as 
purging with nitrogen gas or steam. See extruder vent- 
ing; injection-molding venting; purging; purifica- 
tion; screw decompression zone. 

Two types ofDV actions occur: (1) volatile components 
diffuse to the plastic-vapor interface (called diffusional 
mass transport), and (2) volatile components evaporate at 
the interface and are carried away (called convective rnuu 
t ~ a n s p ~ r t ) .  If (1) is less than (2), the process is diffusion- 
controlled. This condition represents most of the plastic 
devolatilization processes because plastics diffusion con- 
tents are usually low. 

The important relationship in diffusional mass is Fick’s 
law. It  states that in a one-dimensional diffusion, the posi- 
tive mass flux of component A is related to a negative con- 
centration of ingredients. This law is valid for constant 
densities and for relatively low concentrations of compo- 
nent A in component B. The term binary nzixture is used 
to describe a two-component mixture. A binary diffusivity 
constant of one component is a binary mixture. The diffk 
sional mass transport is driven by a concentration gradient, 
as described by Fick’s law, which is similar to Fourier’? 
law, which relates heat transport to a temperature gradient, 
and to Newton’s law, which relate? momentum transport 
to a velocity gradient. Because of the similarities among 
these three laws, many problems in diffusion are described 
with similar equations. Also several of the dimensionless 
numbers used in heat-transfer problems are also used in 
diffusion mass-transfer problenis. See diffusion; heat 
transfer; reactor technology; volatile content. 
devulcanization See vulcanization, de-. 
dew/frost-point hygrometer See hygrometer. 
dew point (DP) The temperature at which vapor be- 
gins to deposit as a liquid or condenses on a surface. It 
represents the temperature at which water vapor must be 
reduced to obtain saturation vapor pressure-that is, 100% 
relative humidity. It also applies to a gas that is saturated 
with respect to a condensable component; it is an accurate 
indication of the moisture content of a gas. As air is cooled, 
the amount of water vapor that it can hold decreases. If 
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air is cooled sufficiently, the actual water-vapor pressure 
becomes equal to the saturation water-vapor pressure, and 
any further cooling beyond this point will normally result 
in the condensation of moisture. See moisture content 
versus dew point; temperature. 
D-glass See fiberglass type. 
diagram See fishbone diagram; graphical data- 
base. 
diagram, molding See molding area diagram; 
molding volume diagram; processing window. 
diallyl compound See allyl plastic. 
diallyl phthalate plastic (DAP) A thermoset plastic 
that is widely used with alkyds in applications such as ther- 
moset polyester-glass fiber prepregs. It has excellent niois- 
tule resistance, high service temperature, good retention 
of electric properties under high temperatures and huniid- 
ity, product dimensional stability, chemical resistance (ex- 
cept for phenols and oxidizing acids), and good me- 
chanical strength. The nonvolatile stability of the DAP 
monomer confers good surface hardness. A common ex- 
ample of its use is the imitation-wood-grain, low-pressure 
laminates used for furniture and wall paneling. They con- 
tain 5 to 10wt% DAP. The DAP's major use is in electrical 
connectors used in communications, computers, aero- 
space, circuit boards, arc-track-resistant, switch-gear, and 
so on. Its high thermal resistance permits its use in vapor- 
phase soldering. See alkyd plastic; allyl diglycol car- 
bonate plastic; polyester plastic, thermoset. 
dialysis The process of using a semipermeable nieni- 
brane made of plastics such as nylon and fluoropolynier to 
stabilize the concentration gradient between a solution on 
one side and pure solvent on the other side. The kinetic 
movement of the solute molecules will tend to drive them 
through the membrane in the direction of lower concen- 
tration. However, as a result of osmosis (osmotic-pressure 
difference), the net movement of the solvent molecules 
will be in the opposite direction. See osmosis. 
diamagnetic susceptible See molecule, diamag- 
netic susceptible. 
diametrical clearance See screw and barrel clear- 
ance. 
diamond See carbon. 
diamond finish See surface finish. 
diaper See disposable products. 
diaphragm See reinforced plastic-bag molding. 
diaphragm gate 
diaphragmming See oil canning. 
diatomaceous earth A siliceous white powder (kiesel- 
guhr) that is used as a filler in plastics to increase their 
hardness, heat resistance, and dielectric strength. It  is an 
excellent filter and provides special filtration action with 
the brewing of beer. See filler. 
dibasic Pertaining to an acid that has two displaceable 
hydrogen atoms per molecule. See acid. 
dice cut Plastic cubes of about 2 to 3 mm in size. 
dicer A device that cuts (with chopper, notched-knife, 
ratchet-tooth, etc.) plastic strands or sheets for further pro- 
cessing. Materials such as film, profiles, and reinforced 

See mold gate, diaphragm. 

plastic thermoset prepreg materials are cut into different 
shapes, such as circular pellets, rectangular pellets, and 
cubes. After a plastic compound has been prepared, it can 
go through a slit flat die opening and extrude a narrow or 
wide flat strip or sheet. Roll mills are also used to produce 
the strip or sheet. Like the strand pelletizer, this strip or 
sheet is cooled, usually through a water trough. Flat niate- 
rial is pulled by rollers that directs it into the cutting or 
dicing chamber. As the plastic enters the cutting chamber, 
size reduction is achieved through the action between ro- 
tating knives on a rotor and a stationary bed knife. Design 
configuration of the knives, strip-fed rate, rotor speed, and 
the number of rotating knives determine size, configura- 
tion, and their output rate. After the strip is diced, they 
fall through a discharge chute onto a vibrating screen for 
separating stringers. See die-face pelletizer; drying; 
fine; granulator; material, cutting burr-free; fine; 
pellet; pelletizing; plastic material. 
dichloroethylene A colorless liquid with a pleasant 
odor. It is used as a solvent for organic compounds and 
organic synthesis and also in dye extraction, lacquer, and 
perfume. 
dicyandiamide A catalyst for epoxy plastics, a stabilizer 
in detergents, etc. See catalyst. 
die A device, usually of steel, having an orifice (opening) 
with a specific shape or design geometry that it imparts to 
a plastic melt extrudate puniped from an extruder. The 
function of the die is to control the shape of the extrudate 
by delivering melted plastic to the die in an ideal mix at 
a constant rate, temperature, and pressure. Measurement 
of these variables is desired and usually carefully per- 
formed. The terms die, tool, mold,  and cuttin2 die are virtu- 
ally synonymous in the sense that they have female or neg- 
ative cavities through which a molten plastic nioves usually 
under heat and pressure or they are used in other opera- 
tions such as cutting dies or staniping plastic sheet dies. 
Tool is the term that identifies all these devices, particularly 
dies and molds. See machining; tooling. 
die adapter The part of an extrusion die that holds the 
die block and can be used to reduce complex flow patterns 
of the melt by providing a streamlining shape. It moves 
the plastic melt from the plasticator (extruder) to the die. 
Also called @et adapter, die feedblock,  or crosshead adapter. 
die adapter, fish-tail The transition from a round 
opening block of melt as it exits from the extruder barrel 
and is then flattened and spread before entering the die. 
die adjustment The movement of the die relative to 
the die pin. 
die air vent The passage in a hollow pipe or profile die 
that permits the movement of air into the interior of the 
hollow extrudate. 
die and pin set A matching bushing and pin dimension 
that is used to form the extrudate. Also called die and  
shaping. 
die, autoflex A sheet die in which the lip opening is 
controlled by the expansion or contraction of thermal 
bolts, which, in turn, respond to sheet thickness sensors. 
die blade A deformable member that is attached to a 
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die body that detemiines the orifice slot opening and that 
is adjusted to produce uniform thickness across a film or 
sheet that is extruded. 
die block The part of an extrusion die that holds the 
forming bushing and die core. 
die, blow molding See blow molding extruder die; 
blow molding, extruder-mold. 
die, blown film Dies that are designed to produce cir- 
cular films that have layflat dimensions from inches (cni) 
to hundreds of feet (in). See extruder-blown film; ex- 
truder blown film die, coextruded. 
die body The main structure of the die head excluding 
the bushing and pin. 
die-bolt heater A device that expands die bolts usually 
in sheet extrusion dies to control transverse thickness. It  
provides an important process-control procedure. 
die bushing A tubing die section that forms the outside 
diameter of the tube. It  is usually an adjustable bushing, 
outside the ring forming wall, at the bottom of the die 
body, which deterniines the final orifice outer diameter 
or surface and shape. 
die bushing adjustment The process of moving the 
die bushing relative to the die pin. 
die cart A trolley that supports the die and holds it at 
the correct height for machine connection. 
die casting 1. The shaping ofnietal products by forcing 
a molten metal or alloy under high pressure into a female 
or negative cavity by means of a hydraulic rani. See plas- 
tic and die-cast metal. 2. The shaping of plastics that are 
not melt processable by the more conventional fabricating 
equipment. 
die casting alloy An alloy with melting points suffi- 
ciently low so that it can be cast into reusable dies. Com- 
monly used alloys are zinc based or aluminum based. See 
mold material. 
die-cast metal See plastic and die-cast metal. 
die cavity Prior to the melt entering the die orifice, 
melt flows through a cavity to provide laminar flow of the 
melt. Different shapes are used, with the streamline type 
preferred. 
die choker bar See die restrictor bar; extruder 
sheet choker bar. 
die cleaning See aerated sand cleaning, hot; clean- 
ing; mold cleaning. 
die, coathanger The popular coathanger die, used for 
extruded flat sheets and other products, illustrates an im- 
portant principle in die design. The melt at the edges of 
the sheet must travel farther through the die than the melt 
that goes through the center of the sheet. A diagonal melt 
channel with a triangular dam in the center is an approach 
to some degree ofrestricting the direct flow. The principle 
of built-in restrictions is used to adjust the melt flow in 
dies. With blow molding and profile dies, the openings 
require special attention to provide the proper product 
shape. 

The coathanger manifold design can be tuned for a pro- 
cessing window of different flow rate plastics. This man-  

fold is designed by establishing the same resistance to flow 
across the manifold and land, at  various points across the 
die. Its shape is typically a teardrop that reduces in size 
from the center to the ends of the die. This reduction in 
volume reduces residence time in the die and is of particu- 
lar iniportance when processing thermally degradable plas- 
tics. After the land, the rnelt flows into a secondary mani- 
fold, an area of the flow channel that allows the plastic to 
move laterally again if required. It also is used to control 
the total pressure drop of the die in conjunction with the 
final lip land. 

The back line of the coat-hanger manifold is further 
from the exit of the die at the center than it is on the ends. 
This could result in a die that will deflect its opening iiiore 
at the center, causing uneven melt distribution. See die, 
multiflow; die, T-slot. 
die coating Protecting materials of construction in 
metal dies against damage such as corrosion and abrasion 
by using special nietals and applying coatings to their sur- 
faces. See chrome plating; corrosion resistance; 
mold cavity coating; tooling coat. 2. Materials such 
as wood and nietal that act as substrates are extruder 
coated. The substrates can be in a continuous length or in 
sectional lengths fed continuously through the extruder 
die as is done with wire coating. 
die, coextruding Many techniques are available for 
coextrusion, some of them patented and available under 
license. There are basically the feed-block (single mani- 
fold) or the iiiultiinanifold dies with a third system that 
combines the two basic systems. This third system provides 
processing alternatives as the complexities of coextrusion 
increase. With the single manifold die the plastics meet 
(combine surface to surface) and spread to a given web 
width. In a niultinianifold die the plastics are spread to a 
given web width and then nieet slightly upstream from 
the die lip exit. Because the plastic layers are kept separate 
until they are fairly close to the die exit, interhce deforma- 
tion and interfacial instability are generally not a problem. 
This result is due to the fact that there is a liniited time 
the plastics are allowed to flow together so that any tem- 
perature differential has a short duration. With proper die 
designs, flow rate can be adjusted for each melt via the 
usual fixed or adjustable restrictor bars. 

Assuming both basic types have good manifold designs, 
the rnultimanifold can process a broader range of nielt- 
flow plastics. No matter which method is used, it is inipor- 
tant to maintain the melt heat of each layer above the 
“freezing” temperature of all layers. If teniperatures are 
not properly set, adhesion between the layers will be poor. 
The niultinianifold die is usually limited by the nuniber 
of layers. T o  date this restriction is due to the physical 
equipment size required. T o  compensate for this restric- 
tion, one or more feed-blocks are used, resulting in more 
layers of materials. Compatible plastics can flow through 
a single manifold, reducing any potential problem down- 
stream in the multimanifold. Combinations can be made 
to provide different laminated designs. However, the final 
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existing-layer thickness distributions can be affected by the 
amount of die body deflection if the die is not properly 
designed to take the required loads. Any deflection causes 
distortion influencing the melt flow channel(s). See coex- 
trusion; die diverter valve; die, multiflow; extruder- 
blown film die, coextruded; extruder-blown film 
die, coextruded-reflective die contractional obliga- 
tion; legal matter: mold contractional obligation. 
die control See process control. 
die convergent A die in which the internal channels 
leading to the orifice are converging; applicable to dies for 
hollow bodies. 
die core See core. 
die cooling 
die core 
die corrosion See chrome plating; corrosion; 
mold-cavity coating. 
die corrugated See extruder postforming. 
die, crosshead In extrusion, a device designed to ex- 
trude the plastic melt at angle, normally 90' to the longitu- 
dinal axis of the extruder screw. See extruder pipe and 
tubing die; extruder wire and cable die. 
die cutter See cutter, die. 
die deckle system A system that uses a deckle rod, 
plate, or dam that is attached to cover each end of a film 
or coating die orifice and that can be used to reduce the 
die slot width or to control the edge bead on the web. The 
plastic to be extruded and the extrusion process determine 
whether the die can be deckled. Degradable plastics are 
not used since deckles dam the melt flow, causing stag- 
nated areas where degradation will occur. The most coni- 
nionly used is an external type that can be bolted to a die 
half or permitted to slide. External deckles can be designed 
to adjust manually, driven by power screws or by rack 
and pinion gears. The disrupted melt flow from behind a 
conventional external deckle usually causes heavy edges; 
they prevent good roll contact over the center of the sheet 
by the polishing rolls and in turn can result in lower sheet 
gloss. T o  reduce this undesirable condition, edge beads or 
internal dcckles can be used. The edge bead rod is typically 
a shaped rod that is inserted into the die stream of the final 
land. By varying its depth of insertion, the heavy end melt 
flow can be controlled. See die face dam. 
die design 
die divergent A die for hollow products in which the 
internal channels leading to the die orifice are diverging. 
die diverter valve A valve that is used to divert melt 
from one extruder die passage to another. It is used in 
coextrusion, blow molding, and other dies. 
die draw-down ratio The ratio of the thickness of the 
die opening to the final thickness of the extruded product. 
See draw-down ratio; extruder wire and cable die 
draw-down ratio. 
die drip The carbonized plastic drool that fonns on the 
face of an extrusion die face during the production cycle. 
If the die face is not kept clean, die drip can solidify, break 
off, and contaminate the virgin plastic. See die grooving. 

See baffle; heat pipe. 
See blow-molding extruder core. 

See design, die; die efficiency. 

die, dry sleeve calibration A system that produces 
precision profile extrusions using a well designed stream- 
line die (with no dead spots or eddy melt-flow patterns 
occurring), a series of vacuum calipers (similar to a sizing 
sleeve in a cooling vacuum tank to supply specifically me- 
tered vacuum and cooling water to the calipers), air cool- 
ing and radiant heating stands to keep the profile straight, 
a puller meeting the required pulling force at  nn accurately 
controlled operating speed, and a reliable cutoff saw and 
stacking system. See extruder cooling and takeoff 
equipment. 
die efficiency The compatibility of the die with the ex- 
truded products. If a die is designed for sheet thicknesses 
of0.150 to 0.375 in. (3.8 to 9.5 mm), it is extremely diffi- 
cult for it to extrude 5 mil (0.005 in. or 0.001 mm) film. 
As there are no universal die designs, running a die beyond 
its capabilities results in poor gauge control and other 
problems. If the geometry of the flow channel is optimized 
for a plastic under a particular set of conditions (heat, flow 
rate, etc.), a simple change in flow rate or in heat can make 
the geometry very inefficient. Except for circular dies, it 
is essentially inipossible to obtain a channel geometry that 
can be used for a relatively wide range of plastics and a 
wide range of operating conditions. See design, die. 
die entrance angle The maximum angle at  which the 
melt enters the die land area measured from the center 
line of the mandrel. 
die entry angle The angle of convergence of melt en- 
tering the extrusion die lips. 
die, extruder See extruder; extruder barrel-die 
coupling; extruder pipe and tubing die; extruder 
wire and cable die. 
die-face dam The brass plates at  the end of the die that 
open to reduce or adjust the width of the extrudate exiting 
the orifice. See die deckle system. 
die-face pelletizer A device that uses high-speed 
knives to cut the extrudate on or near the die face. Several 
different designs are used: (1) An extruder pumps melt 
through a straining head into the die. It  passes through 
round holes in its die plate where a wet atmosphere exists. 
O n  exiting the plate, a spinning knife blade cuts the extru- 
date into pellets. The pellet and water slurry is pumped 
into a dryer, where the pellets separate from the water. 
Water is reclaimed for repeat use. (2) Very popular is the 
wet-cut underwater pelletizer. The die face is submerged 
in a water housing, and the pellets are water quenched 
followed with a drying cycle. Throughput rates are at  least 
up to 50,000 lb/h (22,700 kg/h). Smaller units are eco- 
nomical to operate as low as 300 lb/h (227 kg/h). (3) The 
water-spray pelletizer, with a rotating knife, uses a water- 
jet-spray cooling action as pellets are thrown into a water 
slurry. Throughput is about 100 to 1,300 lb/h (45 to 590 
kg/h). (4) The hot-cut pelletizer has melt go through a 
multihole die plate. A niultiblade cutter slices the plastic 
in a dry atmosphere and hurls the pellets away from the 
die at  a high speed. Usually the cutter is mounted above 
the die so that each blade passes separately across the die 



face and only one blade at  a time contacts the die. Pellets 
are then air or water quenched, followed by drying if wa- 
ter is involved. Throughput is up to at  least 15,000 lb/h 
(6,810 kg/h). (5) The water-ring unit has melt extruded 
through a die plate and cut into pellets by a concentric 
rotating knife assembly. Pellets are thrown into a rotating 
ring of water inside a large hood. After cooling in the wa- 
ter, they are spirally conveyed to be water-separated and 
then to a drying operation. (6) With the rotating-die unit, 
a rotating hollow die and stationary knife is used. The die, 
which looks like a hollow slice from a cylinder, has holes 
on its periphery. Melt is fed into the die under mininial 
pressure, and centrifugal force that is generated by the die 
rotation causes the melt to extrude through the holes. Pel- 
lets cut as each strand passes a stationary knife and are flung 
through a cooling water spray into a drying receiver. See 
dicer; pelletizing; plastic material. 
die fan tail 
die feedblock A device that directs melt from the ex- 
truder to its die. 
die, film and sheet thickness The following general 
classification can be helpful as a guide to film and sheet 
thickness selection for a die: (1) film dies are generally 
applicable for thickness of 0.010 in. (0.003 mni) or less; 
(2) thin gauge sheet dies are normally designed for thick- 
ness up to 0.060 in. (0.015 mm); (3) intermediate sheet 
dies may cover a thickness range of 0.040 to 0.250 in. 
(0.01 to 0.06 mm); and (4) heavy-gauge sheet dies extrude 
thickness of 0.080 to 0.500 in. (0.02 to 0.13 nun). Differ- 
ent groups within the industries may have their own thick- 
ness definitions. See extruder film; extruder sheet; op- 
tical property. 
die finish See die coating; polish; surface finish. 
die, fish tail 
die, flat A die with its straight slit opening used in an 
extrusion film or sheet line. Also called a slot die. 
die-flow instability See design, basics-of-flow die; 
melt-flow defect. 
die gap The distance between the metal faces forming 
the die opening or orifice. 
die grooving Long, narrow grooves or depressions in 
the cavity surface parallel to its length. It  usually is caused 
by die fouling or by a spot of plastic buildup on the die 
surface, which effectively changes the shape of its cross- 
section and extrudate. See die drip; extrudate. 
die hang-up A problem associated with irregular or un- 
even flow through a die. It can be caused by dirt, uneven 
temperature, or poor design of the die (for example, lack 
of streamlining). 
die head The entire structure that is used to manufac- 
ture the die. 
die head, adjustable A die head whose orifice opening 
is adjustable. 
die head mandrel The center section of the die head 
about which the melt flows. The mandrel supports the die 
pin. The sizing element either in a die or in a sizer controls 

An extrusion die of diverging form. 

See extruder barrel adapter. 

one dimension of the extrudate, usually the inside dianie- 
ter. Also called torpedo. See mandrel; spreader. 
die head mandrel cooling, internal The tube-sizing 
system that uses cross-head extrusion with cooled mandrel 
to size the inside diameter of the tubing. See extruder 
pipe and tubing die. 
die head mandrel diverter A die head in which the 
melt is fed into the side of the die head and diverted 
around the mandrel by flow guides. 
die-head mandrel movement A die head whose 
mandrel or pin can be moved so as to vary the orifice 
opening. A structure containing the flow passage that car- 
ries the melt to a multiple head. 
die head, programmed A die head with provisions for 
varying the orifice opening at specific points during melt 
extrusion such as to program the extrudate of a blow- 
molding parison. As the parison drops, its thickness will 
vary based on the program setting. See blow molding, 
extruder parison programmed control; control ac- 
tuator; microprocessor control; process control. 
die heater-adapter The part of the die around which 
a heating element is located. 
die heating See heat pipe. 
die laddering A defective surface finish that is caused 
by melt fracture in the die. See melt fracture. 
die land The parallel section of the pin and bushing just  
before the exit of the die head in the direction of the melt 
flow. It is vital to shaping the extrudate and providing 
thickness dimensional control. A very iniportant dimen- 
sion is the length of the relatively parallel die land. In gen- 
eral, it should be made as long as possible. However, the 
total resistance of the die should not be increased to the 
point where excessive power consumption and melt over- 
heating occur. The required land length depends not only 
on the type and temperature of the thermoplastic melt but 
also on the flow rate. The deformation of the melt in the 
entry section of the die invariably causes strains that only 
gradually decrease with time (relaxation). Usually the tar- 
get is to allow the melt to relax before leaving the die. 
Otherwise the product dimensions and the mechanical 
properties may vary, particularly with rapid cooling. 

There have been various basic rules for length of the 
die land. One states it must be sufficiently long for the 
residence time of the melt in the die at a mean velocity 
to be a t  least equal to the relaxation time. Another relates 
to long lands as a means to develop sufficient back pressure 
by using a minimum land of 10 times the die opening or 
(in the case of rod or tubular dies) one diameter of the die 
opening. A maximum approach angle for tapered sections 
is 30", and many designs incorporate multiple, decreasing- 
angle sections or radius sections to minimize drag and plas- 
tic hold-up time. Die-land length is usually expressed as 
the ratio between the length of the opening in the flow 
direction and the die opening, expressed, for exaiiiple, as 
10: 1. 
die leakage Leaking that can occur in the die seal, end- 
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plate, restrictor bar, and so on. Leakage, particularly in flat 
dies, can easily damage the product and requires proper 
design and maintenance to avoid. 
dielectric 1. A nonconductor of electricity that is an 
insulating material. 2. The ability of a material to resist the 
flow of an electric current. In radio-frequency preheating 
of molding compounds, dielectric may refer specifically to 
the material that is being heated. See electric; heating, 
dielectric. 
dielectric absorption An accumulation of electrical 
charges within the body of an imperfect dielectric material 
when it is placed in an electric field. 
dielectric analysis (DEA) The qualitative or quantita- 
tive measurement of a variety of changes in plastic proper- 
ties induced by exposure to a periodic electric field. These 
analyses can help determine flow, degree and rate of cure, 
molecular relaxation, thermal transition, and the dielectric 
properties of thermoplastic and thermoset plastics, elasto- 
mers, reinforced plastics, adhesives, and coatings in their 
various fonns such as solids, liquids, pastes, and films. See 
thermal analysis. 
dielectric constant The ratio of the capacitance of an 
assembly of two electrodes separated solely by a plastics 
insulating material to its capacitance when the electrodes 
are separated by air. See vapor detector, dielectric. 
dielectric constant, complex The pectoral sum of the 
dielectric constant and the loss factor. See modulus of 
elasticity, complex; shear modulus, complex. 
dielectric constant, relative The ratio of change in 
density arising from an electric field with and without the 
material present. 
dielectric curing See curing, dielectric; thermoset 
plastic curing, dielectric monitoring. 
dielectric dissipation factor The ratio of the capaci- 
tance of a p e n  configuration of electrodes with the mate- 
rial as the dielectric, to the capacitance of the same elec- 
trode configuration with air as a dielectric. Also called 
dielectric loss tangent or permitt ivity loss factor. 
dielectric film See parylene plastic. 
dielectric heating See heating, dielectric. 
dielectric loss A loss of energy evidenced by the rise 
in heat of a dielectric placed in an alternating electric field. 
It  is usually observed as a frequency-dependent conductor. 
See plastic, nonpolar. 
dielectric-loss angle The difference between 90" and 
the dielectric-phase angle. Also called the dielectric-phase 
difeeuence. See dielectric-phase angle; electrical loss 
angle. 
dielectric-loss factor The product of the dielectric 
constant and the tangent of the dielectric-loss angle for a 
material. Also called dielectric-loss index .  
dielectric-loss index The product of the dielectric 
constant and the dielectric dissipation factor. 
dielectric-loss tangent The difference betwee.1 90" 
and the dielectric-phase angle. Also called dielectric-phase 
d#erence. 

dielectric Maxwell-Wagner effect See test, dielec- 
tric. 
dielectric monitoring The monitoring of the cure of 
thermoset plastics by tracking the changes in their electri- 
cal properties during their fabricating processing. See di- 
electrometry; thermoset plastic curing, dielectric 
monitoring. 
dielectric permittivity See electrical permittivity. 
dielectric-phase angle The angular difference in phase 
between the sinusoidal alternating potential difference ap- 
plied to a dielectric material and the component of the 
resulting alternating current having the same period as the 
potential difference. Generally it refers to mechanical and 
dielectric processes. See dielectric-loss angle. 
dielectric piezoelectric See piezoelectric plastic. 
dielectric power factor The cosine of the dielectric- 
phase angle or sine of the dielectric-loss angle. 
dielectric property The tendency for polar groups in 
a plastic to orient in an electric field. If the plastic is very 
flexible, or at least if the polar groups are flexible as con- 
nected in a chain structure, they will orient easily and 
quickly. See orientation. 
dielectric relaxation See spectroscopy, dielectric 
relaxation. 
dielectric space charge Polarization from conductor 
particles in a dielectric. 
dielectric spectroscopy See dielectrometry. 
dielectric strength The property of an insulating mate- 
rial that enables it to withstand electric stress. It  is the elec- 
tric voltage gradient at which an insulating material failure 
occurs in volts per i i d  of thickness. See shell flour. 
dielectric test See test, dielectric; test, nondestruc- 
tive electrical. 
dielectrometry Using electrical techniques t o  nieasure 
the changes in loss factor (dissipation) and the capacitance 
during cure of a thermoset plastic in a reinforced plastic 
or laminate. Also called dielectric spectroscopy. See curing, 
dielectric; dielectric monitoring. 
die line A sharp line in the extruded part directly out 
or in-line of the die; machine direction. A die line can be 
caused by nicks in the die lips, restrictor bar, melt hang- 
up, melt build-up on die lips, and so on. See die parting 
line; die spider line; directional property, machine; 
directional property, transverse; weld line. 
die lip, flexible A secondary manifold, following the 
conventional larger manifold, to equalize pressure without 
a restrictor bar and with a wedge-shaped rigid front lip 
and a bolt adjustable flexible upper lip. 
die lip heater A heater embedded in the die lip used 
to control lip temperature and friction characteristics on 
sheet lines to aid in controlling transverse thickness. 
die maintenance Die disassembly should be done only 
when the die has had sufficient time to heat-soak or at 
the end of a run so that it is at operating temperature. A 
temperature of 450'F (232OC) is adequate for most nonde- 
gradable plastics. For degradables, cleanup begns immedi- 
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ately after shutdown to prevent corrosion action on the 
flow surfaces. While the heat is left on, all the bolts are 
loosened. The heat then is turned off, and all electrical 
and sensors are removed carefully. While still hot, it is 
disassembled and thoroughly cleaned with “soft” bras, 
copper, or aluminum tools. See maintenance; trouble- 
shooting. 
die mandrel See die-head mandrel. 
die manifold A nielt distributor. I n  a center-fed niani- 
fold, the melt flow is inline from the extruder and if a core 
exists in the die, melt distribution around the core is rather 
uniform. With the side-fed manifold, such as in blow 
molding, the melt flow is not as uniform, but proper de- 
sign and enough length to travel through the die allow a 
certain degree of uniformity to be achieved. The center- 
fed die with a core, for extruding products such as a pipe, 
generally has two types of core support. They are the per- 
forated or breaker plate type and the spider type using 
streamlined cross pin supports. Generally, the breaker plate 
type is preferred because it keeps the nielt flow more uni- 
form. With the side-fed die different designs are used, such 
as a groove in the core or a longer die land, to produce 
a more uniform extrudate. Flow or weld lines can develop 
especially when lower melt index plastics are used with poor 
die designs. See blow-molding extruder die; die line. 
die manufacture See electrical-discharge ma- 
chine; machining; prototype; tooling. 
die material Special die metals that are usually con- 
structed of medium-carbon alloy steels. The flow surfaces 
of the die usually have protective coatings such as chrome 
plating to provide corrosion resistance. With proper 
chronie plated surfaces, microcracks that may exist are 
usually covered. The exterior of the die is usually flash 
chrome plated to prevent rusting. Where chemical attack 
can be a severe problem (with PVC, etc.), various grades 
of stainless steels are used with special coatings. Coatings 
will eventually wear, so it is important that the die be 
properly recoated by a reliable plater, usually the original 
die manufacturer. The slightest scratches on the delicate 
mirror finish on the melt-flow channel orifice surfaces can 
produce flaws in the extruded products. Great care must 
be used during their installations, operations, removal, 
cleaning, and particularly storage. Design goals are to use 
as few parts as possible and for the parts to be easily lifted 
for installation, easily disassembled, easily cleaned, and eas- 
ily reassembled. See aluminum; automobile, compos- 
ite; brass; bronze; beryllium copper; corrosion re- 
sistance; electroforming; hardening case; iron; 
kirksite; mold-cavity coating; mold material; pho- 
toetching tool steel; tooling coat; zinc. 

Profile, pipe, blown-film, and wire-coating dies are ex- 
amples of dies generally constructed of hot-rolled steel for 
low-pressure melt applications. The high-pressure dies can 
be made of certain steels such as 4140 steel. Chrome plat- 
ing is generally applied to the flow surfaces, particularly 
when processing certain plastics such as EVA. Stainless 
steel is used for any die subject to corrosion. The steel 

used in the manufacture of a die varies, depending on the 
requirements of the plastic and application. The available 
modern tool steels offer properties in numerous conibina- 
tions. Fortunately, the needs of the vast majority of steel 
users can be satisfied with a relatively small number of 
these steels, the most widely used of which have been 
given the identifying nunibers of the American Iron and 
Steel Institute (AISI). The properties of the die material 
usually provide (1) wear resistance to provide a long life, 
(2) toughness to withstand processing and particularly fac- 
tory handling, (3) high niodulus of elasticity so that the 
die channels do not deform under melt operating pressure 
and the dies weight, (4) high uniform thennal conductiv- 
ity, and (5) machinability so that good surface finish can 
be applied particularly near the die exit. See chrome 
plating; iron. 
die melt cross-flow A flow at right angles to the pri- 
mary flow direction. It can be a source of distortion in the 
extrudate shape. With proper die design, distortion can at  
least be minimized. 
die melt flow 
die melt-flow orientation See orientation, acci- 
dental. 
die melt swell 
die melt tuning Various approaches that are used to 
adjust iiielt flow upstream. Different designs of restrictor 
bars can adjust the flow prior to reaching the die lip. 
die, multiflow Special dies with multiflow chambers. 
For example, Extrusion Dies, Inc. patented the Fast Gap 
System for automatic altering die-gap settings without the 
need to reset lip bolts or change the lip. Its Multiflow V 
Manifold Design prevent5 the usual nonuniformities and 
distortions encountered with traditional coathanger mani- 
folds when coextruding plastics with different viscosities. 
See die, coathanger; extruder, multiple die. 
die, multiple See extruder, multiple die. 
diene plastic A plastic that is based on unsaturated hy- 
drocarbons or diolefins having two double bonds. When 
the double bonds are separated by only a single bond, the 
diene is called a conjugated diene. In an urzconjngated diene, 
the double bonds are separated by at least two single bonds. 
die, netting See extruder netting; extruder post- 
forming; filament-winding netting analysis. 
die orifice The opening in the die that forms the extru- 
date. Other processing devices that have orifices include 
the fiber spinneret, which has many openings for melt 
flows through and drawn out into a plastic extruded shape. 
See fiber spinneret. 
die orifice bushing The outer part of the die in its 
head. 
die orifice modulation See blow molding, ex- 
truder parison programmed-control. 
die, oscillating See extruder blown film gauge dis- 
tortion. 
die parison 
die parison swell 
die-parting line 

See design, basics-of-flow die. 

See design, basics-of-flow die. 

See blow-molding extruder parison. 
See design, basics of flow die. 

The lengthwise depression or flash 
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that can occur on the surface of an extruded part. The line 
can occur where separate metal parts of the die join to- 
gether to form the die orifice. Also called spew line. See 
die line; mold-parting line. 
die pin The removable extension of the die mandrel 
forming the inside wall of the orifice. 
die pin and bushing blank The maximum pin size and 
riiinirnuni die bushing size supplied unfinished. 
die, pipe 
die platen 111 blow molding, the mold halves are 
attached to the platens. Also called plntes. See clamping 
platen. 
die plate-out See plate-out. 
die plating See chrome plating. 
die polishing See surface finish. 
die, preengineered A standardized die component that 
provides exceptional quality control on materials used, 
quick delivery, interchangeability, and low cost. See 
mold, preengineered. 
die pressure The pressure of the nielt measured in the 
die cavity. The pumping pressure required on the melts 
entering the different designed die heads differs according 
to melt-flow patterns within the die cavities. The pressure 
usually ranges as follows: (1) blown and lay-flat films at 
2,000 to 6,000 psi (13.8 to 1.3 MPa); (2) cast film, sheet, 
and pipe at 500 to 4,000 psi (3.5 to 27.6 MPa); (3) wire 
coating at 1,500 to 8,000 psi (10.3 to 55.1 MPa); and 
(4) nioriofilanient at 1,000 to 3,000 psi (6.9 to 20.7 MPa). 
See pressure. 
die, profile A die that produces complex cross-sections 
that tend to follow the contour ofits orifice. See extruder 
profile die. 
die, prototype See prototype. 
die, pultrusion See reinforced-plastic pultrusion 
die. 
die restrictor bar A device that controls melt pressure 
within the die so that melt exiting the die is rather uni- 
form. Also called choker bar. See extruder sheet choker 
bar. 
die ring The outside forming wall that determines the 
final orifice outside diameter and extrudate shape. 
die ring, static or dynamic To better control the ex- 
trudate wall thickness, particularly in blow molded par- 
isons to reduce product weight without loss of perfor- 
mance, different die rings can be used. A static ring is a thin 
wall die made from highly flexible steel and surrounded by 
adjusting bolts that are adjusted to provide the desired 
shape. Once it is adjusted, it remains in that position dur- 
ing processing unless further manual adjustments are made. 
A conventional die without a ring requiring a change in 
shape would generally require the die to be removed, ma- 
chined, and remounted. The dynamic flexible die ring is 
continuously adjusted based on its initial setting. Two op- 
positely located hydraulic cylinders, which can havt elec- 
tronically programmable controlled servo valves, flex the 
ring. The ring acts like a vertical panson prograninier ex- 
cept the wall thickness changes are circumferential rather 

See extruded pipe and tubing die. 

than internal. See blow molding, extruder parison 
programmed-control. 
die, rotary See extruder blown film gauge distor- 
tion. 
die shape Cavities within the dies. Where possible, all 
dies should be groomed to promote streamlined melt flow 
and avoid the obvious pitfalls associated with the areas that 
could cause stagnation. Design faults such as right-angle 
bends, sharp corners, and sections where flow velocities 
are diminished are not conducive to streamlined flow and 
should be avoided. Some complex shapes do not lend 
themselves to absolute streamlining, and the stability of 
their plastic melt must be watched niuch more closely than 
the melt with a clean flowing die. 

Approaches to developing the streamlined shapes range 
from totally trial-and-error to finite element analysis 
(FEA). The “trial” method usually involves gradually cut- 
ting or removing the die orifice metal. Between cuts an 
examination is made of the extrudate and the metal cavity 
surface to check for melt hang-ups, melt burning, streaks, 
and other stagnating problems. With FEA one can easily 
determine streamline flow patterns for some simple pro- 
files using appropriate rheological plastic data. FEA is 
costly but has its place and requires processing knowledge. 
Both the “trial” and the FEA approaches actually require 
experience. 

Streamlining can provide a variety ofadvantages: (1) dies 
can operate at higher outputs; (2) pressure drops are lower 
and more consistent over a range of melt temperatures 
and pressures; (3) generally the melt across the extru- 
date is more uniform, and shape control is enhanced; arid 
(4) production output rates increase where plastics have 
limited stability and cause hang-ups or degradation going 
through nonstreamlined dies. See finite element anal- 
ysis. 
die, slit See extruder coating and laminating pro- 
cess. 
die slot See die, flat; extruder, slot. 
die, special profile Mechanical niovement action in a 
die that is used to extrude different profiles such as tubing 
or strapping with varying wall thicknesses or perforated 
wall. It  is usually acconiplished by converting rotary mo- 
tion to a linear motion that is used to move or oscillate 
the mandrel. For certain profiles, such as the perforated 
tubing, the orifice exit would include a perforated section 
usually on the mandrel. 
die spider The coluiiiiis that support the mandrel, or 
torpedo, section in the melt stream that forms the interior 
of a hollow section. Melt flows over the mandrel. When 
the die is side fed, the niandrel is anchored into the rear 
of the die and does not require spider supports. See mold- 
gate spider. 
die spider line The support spider posts interfere with 
the laminar flow of the melt; melt is qeparated by the spi- 
ders. A longer die after the spider location reduces the 
problem. However, with increased length other problems 
will develop such as pressure interference. Using stream- 
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lined shaped spiders in line with the melt flow significantly 
reduces the problem. See die line. 
die, spinneret See fiber spinneret. 
die storage 
die surface See surface finish. 
die swell The enlargement of an extrudate over the di- 
mensions of the die orifice through which it is extruded. 
die swell ratio The ratio of the outer parison diameter 
to the outer diameter. 
die temperature Melt temperature and pressure in the 
head are measured by stock thermocouples arid pressure 
transducers. Plus or minus one degree F is typically used 
in today's control systems. If there is a cold area in the die, 
the melt flow in that area will be slow, and the result will 
be thin gauge. A hot area results in more flow and the 
potential to burn (degradation) the plastic. The die body 
is usually cored and heated with electric cartridge heaters. 
See controller, temperature. 

External heaters, liquids, and vapors are also used to heat 
the die body. The wattage used to heat a die is determined 
by the operating temperature and the mass of the die itself. 
Insulation of the die should be used whenever practical to 
protect against burns, to eliminate cold spots, and to con- 
serve energy. Die-body cooling, when required, can be 
done with air or liquid. Heat tubes are also used occasion- 
ally to equalize the temperature in the die. Heaters embed- 
ded in the die lip can be used to control lip temperature 
and friction characteristics on sheet lines to aid in control- 
ling transverse thickness. Mechanical control of the lip 
opening is often used to control thickness. 
die, T-slot A manifold design for dies that is used to 
improve and control the behavior of melts. For example, 
the basic manifold for a sheet die is a constant cross-section 
or T-slot design. In all cases, the internal geometry should 
be streamlined, and care should be taken to avoid dead 
spots that could lead to melt degradation. The T-slot nian- 
ifold relies on a large manifold area and a lip long enough 
to create a large enough pressure drop to force the melt 
to the ends of the die. This simple manifold design is used 
when processing low-viscosity plastics that are not ther- 
mally sensitive. See die, coathanger; die restrictor bar. 
die, tubing See die-head mandrel cooling, inter- 
nal; extruder pipe and tubing die. 
die, vacuum box Also called vacuum sizing-fixture. See 
vacuum sizing; extruder vacuum box. 
die, wire and cable See extruder wire and cable 
die. 
die, wire draw ratio See extruder wire and cable 
die draw down ratio. 
differential curve See thermal analysis; dilatom- 
eter. 
differential gravimetric analysis (DGA) A variation 
of differential thermal analysis in which additional infor- 
mation is obtained by determining the rate of change in 
weight during the heating process. See differential ther- 
mal analysis; thermal aging, relative thermal index. 
differential scanning calorimetry (DSC) A method 

See desiccator; mold storage. 

of measuring the energy absorbed or produced by moni- 
toring the difference in energy input (energy changes) into 
the material and a reference material as a function of tem- 
perature. Absorption of energy produces an endothermic 
reaction; production of energy results in an exothermic 
reaction. Its use includes studying processing behavior of 
the melting action, degree of crystallization, degree of 
cure, applied to processes involving a change in heat ca- 
pacity such as the glass transition, loss of solvents, and so 
on. See analytical instrument; calorimeter; cure de- 
gree; differential thermal analysis; melting tempera- 
ture; thermal analysis; x-ray spectroscopy. 
differential thermal analysis (DTA) An analysis 
technique in which the test specimen and the control 
specimen are heated simultaneously and the differences in 
their temperature are monitored. This difference provides 
information on relative heat capacities, the presence of sol- 
vents, and changes in structure such as melting of one 
component in a plastic, chemical reaction, and so on. I t  
is similar to using a differential scanning calorinieter except 
that it is capable of operating at higher temperatures labove 
730°C (1,346OF)l but with less accuracy. See differential 
scanning calorimetry; thermal analysis. 
differential thermocouple See thermocouple. 
diffraction 
fraction. 
diffraction pattern, Fresnel 
pattern. 
diffraction, x-ray See x-ray diffraction. 
diffusate See dialysis. 
diffusion The spontaneous material transport that is 
caused by thermodynamic forces. Particles such as a gas or 
liquid intermingle with a solid material. If the gas or liquid 
is absorbed on one side of the material and given off on 
the other side, this phenonienon is called permeability. Dif- 
fusion and permeability of a material are not due to holes 
or pores in the material but are caused and controlled by 
chemical mechanisms. See barrier plastic; bonding, 
diffusion; devolatilization, basics; migration; per- 
meability; sintering. 
diffusion couple An assembly of two materials in such 
intimate contact that each diffuses into the other. 
diffusion, Fick's law 
diffusion, molecular See molecular diffusion. 
diffusion, water vapor 
diffusivity, thermal See thermal diffusivity. 
difunctional Having two functions. 
digestion See decomposition, digestion. 
digit 
system. See decimal number system. 
digital Constituting a digit. 
digital imaging As digital technologies begin to 
emerge in radiography, a century of total dependence on 
x-ray film is drawing to a close. Digital x-ray detector de- 
vices produce x-rays without film. But unlike other digital 
imaging technologies, such as magnetic resonance i m a p g  
and computer-aided tomography, there is as yet no clearly 

See electron scattering; radiation, dif- 

See Fresnel diffraction 

See devolatilization, basics. 

See water-vapor diffusion. 

One of 10 numerals (0 to 9) in the decimal number 
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superior way to make digital radiographs. Engineers have 
available a bewildering array of solid-state x-ray sensors. 
Even those devices in the mainstream differ markedly. See 
computer-aided tomography; x-ray radiograph. 
digital servo drive 
digital versatile disc (DVD) An injection-molded 
disc of polycarbonate. DVDs have at least four times as 
many pits as a conipact disc; those pits are shorter and 
narrower and their tracks are closer together. Special met- 
allizing systems are used. Their molded-in data storage 
capacity with a 0.6 mm thick optical disc stores giga- 
bytes worth of data. See compact disc; phonographic 
record. 
digitized See computer digitized. 
digit, significant 
diisocyanate An organic compound containing two 
reactive isocyanate groups. See foamed polyurethane; 
isocyanate. 
dilantic Pertaining to a liquid that resists being moved 
but is quite fluid at rest; opposite of thixotropic. See 
thixotropic. 
dilatant A inaterial with the ability to increase the vol- 
ume when its shape is changed. This rheological flow 
characteristic is evidenced by an increase in viscosity with 
increasing rate of shear. The dilatant fluid, or inverted 
pseudoplastic, is one whose apparent viscosity increases si- 
multaneously with increasing rate of shear. For example, 
the act of stirring creates instantly an increase in resistance 
to stirring. See pseudoplastic; viscosity, apparent. 
dilatometer A pyncometer that is equipped with in- 
struments to study density as a function of temperature 
or time. It can measure the thermal expansion or contrac- 
tion of solids or liquids, polymerization reactions, and the 
contraction in volume of unsaturated compounds. It basi- 
cally is a technique in which a dimension of a material 
under negligible load is measured as a function of tempera- 
ture while it is subjected to a controlled temperature pro- 
gram. See temperature measurement; thermal anal- 
ysis. 
diluent 1. An additive that reduces the cost of plastics. 
2. An additive that reduces the concentration of an active 
material to achieve a desirable or beneficial effect, such 
as thinning and reducing viscosity. 3. An inert powdered 
substance added to an elastomer or plastic to increase its 
volume. Also called plasticizer or extender. See organosol 
diluent; viscosity, dilute-solution. 
diluent, reactive As used in epoxy formulations, a 
compound containing one or more epoxy groups that 
function mainly to reduce the viscosity of the mixture. 
See epoxy plastic. 
dilute solution See solution, dilute. 
dilute-solution viscosity See viscosity, dilute-solu- 
tion. 
Di Matteo flex test See test, crack-growth-resis- 
tance. 
dimension See mathematical dimension; design 
product size. 

See control drive, optimized. 

See computer digit, significant. 

dimensional change See tolerance. 
dimensional eccentricity See mathematical di- 
mensional eccentricity. 
dimensional property A factor that influences the fab- 
ricating of a part. These properties are the behavior of a 
material interrelated to the processing controls. Some ma- 
terials and processes provide very close tolerance to the 
point that they are almost perfect. See perfection; plastic 
material and equipment variable; tolerance. 
dimensional stability The ability of a plastic to retain 
the precise shape and size that it had when it was first 
produced. This is an important consideration that is usually 
based on the thermal property for the majority of plastics. 
It  is the temperature above which plastics lose their dinien- 
sional stability. For most plastics the main determinant of 
dimensional stability is their glass transition temperature 
(Tq). Only with highly crystalline plastics is Tt not a limita- 
tion. See glass transition temperature. 
dimensional tolerance See zinc. 
dimensioning and tolerancing, geometric (GD&T) 
A language system of symbols and internationally accepted 
notation that greatly increases the expressive power of the 
“drafting” language (ANSI 14.5 M). It includes defining 
factors such as the desired fonn for a plastic surface, flatness 
of a surface, surface profile of an irregular surface, round- 
ness of a surface, and controlling size and form with pro- 
file. See machine, coordinate-measuring; modeling; 
prototype. 
dimensioning limit A system where only the niaxi- 
mum and minimum dimensions are shown. Thus, the tol- 
erance is the difference between these two dimensions. 
dimensionless quantity A value that is expressed only 
in pure numbers. Examples include the light index of re- 
fraction, reflective index, and relative permeability. See 
light index of refraction. 
dimension, reference A dimension without a toler- 
ance that is used for information purposes. See tolerance. 
dimer See molecule, dimer. 
dimethyl ketone See acetone. 
dimethyl phthalate A nontoxic, colorless substance 
with a slightly sweet odor. It  has a rather high volatility 
and is used principally as a plasticizer. 
dimple See sink mark. 
dinnerware, decorative See coating, in-mold dec- 
orating, labeling. 
dioctyl phthalate (DOP) A pale, viscous liquid that 
boils at 384°C and is insoluble in water. It is used as a 
plasticizer for plastics that include acrylates, vinyls, and cel- 
lulosics. See plasticizer. 
dioctyl sebacate (DOS) A straw-colored liquid that is 
water-insoluble and boils at  24X°C. It is used as a plasti- 
cizer for plastics that include vinyls, cellulosics, and sty- 
renes. See plasticizer. 
dioxin A toxic substance that is produced as an emission 
generated by burning different types of trash. For example, 
polyvinyl chloride plastic produces dioxin, but according 
to EPA reports, during incineration the emission gener- 
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ated is h r  below the maximum requirement. The EPA 
estimates that less than 1% of 3,000 grams are emitted an- 
nually throughout the United States. The agency's most 
recent dioxin source inventory shows that the most dioxin 
comes from niunicipal waste incinerators, backyard trash 
burning, and landfill and forest fires. Independent interna- 
tional scientific experts review the test recults. All the di- 
oxins are a class of toxic organic compounds that may be 
found in gas released when carbon compounds, such as 
in waste refuse, are not burned completely. See hazard; 
incineration; polyvinyl chloride plastic; vinyl com- 
position tile; vinyl seagoing bag. 
dip blow molding See blow molding, dip and dis- 
placement; blow molding, stretched operation spe- 
cialty. 
dip casting See casting, dip. 
dip coating See coating, dip. 
dip forming See forming, dip. 
diphenyl oxide plastic A thermoset plastic that is based 
on phenyl oxide and that possesses excellent handling 
properties and heat resistance. 
dip molding See blow molding, dip and displace- 
ment; forming, dip. 
direct cost 
directional fabric See fabric, nonwoven; fabric, 
woven. 
directional property A product property that is de- 
pendent on the material of construction's direction or ori- 
entation. Included are materials such as oriented film, pres- 
sure pipe, support beams, fabrics, laminates, reinforced 
plastics, and so on. See World of Plastics Review, Ba- 
sics and Overviews of Fabricating Processes (fig. 34); 
birefringence; calendering grain; design, geodesic; 
directional property, unidirectional; filament wind- 
ing, circumferential; molding, isostatic; strain, axial. 
directional property, abscissas The horizontal direc- 
tion in a diagram or curve. See directional property, 
ordinate; stress-strain curve; x-axis; x-y recorder. 
directional property, anisotropic Exhibiting differ- 
ent properties when tested along axes in different direc- 
tions. See birefringence. 
directional property, balanced A material that has 
equal properties in the warp and filled directions. Also 
called the mnchirie (warp) and ti'nnsverse (filled) directions. 
directional property, biaxial A material that has two 
major axes (horizontal and vertical at 90" to each other) 
having the highest properties. They could be equal as in 
a balanced material. Also called bidiwtionnl propeuty. See 
orientation, biaxial. 
directional property, coordinated A reference coor- 
dinate system that is used to describe the properties in the 
direction of the principal axes (x and y). See x-axis; 
y-axis. 
directional property, crosswise 1. Being oriented at 
0" and 90" and providing equal highest strengths only in 
those directions; designated high-strength directional 
properties in the lengthwise direction and at right angle to 

See cost, direct and indirect. 

the lengthwise direction (transverse direction). Also called 
hidirrctiorinl or cross-plied lnniinntc. 2. The cross-the- 
niachine direction of a niaterial/product. 
directional property, isotropic Having uniform 
properties in all directions in the plane of the material 
(x-y directions). See x-axis; y-axis. 
directional property, isotropic, non- Having prop- 
erties that are different in the different directions along the 
flat plane. Anisotropic exhibits different properties in re- 
sponse to stresses applied along axes in different directions. 
directional property, isotropic transversely A spe- 
cial case of orthotropy in which the properties are identical 
in two orthotropic (or a single plane) dimensions but not 
the third; having identical properties in both transverse di- 
rections but not in the longitudinal direction. 
directional property, lead See lead. 
directional property, machine Product output in the 
machine direction; 90" to the transverse direction. Materi- 
als such as sheet being extruded or reinforced plastic being 
pultruded are exiting in the machine in-line direction 
where the direction fdlows the flow ofthc plastic from the 
die. At 90" to this direction is the transverse or crosswise 
direction. Also called lengthwise diwctiori. See directional 
property, transverse. 
directional property, molecular orientation See 
orientation, balance; orientation, biaxial; orienta- 
tion, uniaxial. 
directional property, nonaxisymmetric See blow 
molding, extruder three-dimensional. 
directional property, ordinate The vertical direction 
in a diagram. See directional property, abscissa. 
directional property, oriented A directional property 
that can exist in a material such as oriented film, reinforced 
plastic, or conipocite construction. See composite; ori- 
entation; reinforced plastic. 
directional property, orthotropic Having three mu- 
tually perpendicular x-y-z planes of elastic symmetry. See 
x-axis; y-axis; z-axis. 
directional property, parallel Having layers of niate- 
rials such as oriented film or fabric that are all aligned and 
stacked in the same position as they were on their respec- 
tive roll. See sheet, laminated; laminate; reinforced 
plastic. 
directional property, planar Lying essentially in a sin- 
gle plane. 
directional property, quadraxially A four-direc- 
tional layer. See automobile, composite. 
directional property, quasi-isotropic An approxi- 
mation of an isotropic construction by orientation of plies 
in several or more directions. 
directional property, rhombohedral Having three 
equal axes with the included angles equal to each other 
but not equal to 90". 
directional property, symmetrical A stacking se- 
quence of plies below its midplane and a mirror image of 
the stacking sequence above the midplane. 
directional property, tetragonal Having three niutu- 
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ally perpendicular axes, two equal in length and unequal 
to the third axis. 
directional property, transverse Refers to product 
output at 90" to the machine direction. Materials such as 
flat sheet, film, or pipe being extruded basically are exiting 
in the machine inline direction with the transverse at 90" 
to this direction. Also called crosswise direction. See direc- 
tional property, machine. 
directional property, uniaxial load A condition 
where a material is stressed in only one direction along 
the axis or centerline of a coniponent part. 
directional property, uniaxial state of stress A state 
of stress in which two of the principle stresses are zero. 
See x-axis. 
directional property, unidirectional A material 
where all the strengths are substantially all oriented in one 
direction. See bamboo. 
directional, unsymmetrical Having an arbitrary 
stacking sequence without midplane symmetry. See 
stress-strain curve; x-y recorder. 
directory See government contract directory; test 
laboratories, worldwide approval of. 
disadvantage of plastic See plastic advantages and 
disadvantages; plastic myth and fact. 
disassembly See assembly; design disassembly. 
disaster exercise See training crisis. 
disbond See adhesive, disbonded. 
disc, computer See compact disc. 
disc, fail-safe rupture 
disc. 
disc flow test See test, thermoset flow. 
discoloration A change from the original color, often 
caused by overheating, light exposure, irradiation, or 
chemical attack. See colorant. 
dished See failure, dished. 
disinfectant A substance used on inanimate (plastic, 
etc.) products that destroys harmful microorganisms or in- 
hibits their activity. 
disk, optical See compact disc. 
disk reinforcement See reinforcement, disk. 
disk safety See plasticator safety. 
dispersing agent A substance that promotes the separa- 
tion of fine particles in an emulsion or suspension. See 
suspension. 
dispersion 1. Finely divided liquids or particles (pow- 
ders) of a plastic held in suspension in another material. 
See aerosol; foam; emulsion; mixer, paddle-agita- 
tor; organosol; plastisol. 2. The difference in index of 
refraction. See light index of refraction. 3. The phe- 
nomenon of varying speed of transmission of electronic 
waves depending on their frequency. 
dispersion coating See coating, dispersion. 
dispersion, plastic See plastic dispersion. 
dispersion plug See injection-molding nozzle- 
plate dispersion plug. 
dispersion, vinyl See organosol; plastisol. 
dispersive mixer See mixing, dispersive. 

See barrel fail-safe rupture 

disposable products Products, such as food service 
utensils, medical devices, towels, and containers, that are 
intended to be used only once. Disposable plastic diapers 
account for 1 to 2 vel% of waste in the United States. 
dissipation factor See electrical dissipation factor; 
modulus, dissipation factor. 
dissociation 1. In leak testing, the breakdown of a sub- 
stance into two or more constituents. See container 
leakage. 2. As applied to heterogeneous equilibrium, the 
transfornution of one phase into two or more new phases, 
all of different composition. 
distillation A process of evaporation of a liquid to a va- 
por and the vapor then condensed to a liquid whereby the 
various fractions of liquids may be separated or purified. 
The liquid matter being vaporized is called the charge or 
dictillund; the distillute refers to the liquid that is condensed. 
See chemical distillation; rectification; strip. 
distillation, atmospheric A distillation operation that 
is conducted at atmospheric pressure, in contrast to vac- 
uum distillation or pressure distillation. 
distillation, batch A distillation where the entire batch 
of liquid feed is placed into a still at the beginning of the 
operation, in contrast to continuous distillation where liq- 
uid is fed continuously into the still. 
distillation, destructive The distillation of substances 
that is accompanied by their decomposition. For example, 
with coal, oil, and gas, raw iiiaterials are produced for the 
plastics industry. 
distillation fraction A part of a liquid mixture that 
boils within a given range of temperature and that is col- 
lected separately on condensation. For example, oil is di- 
vided into many fractions by distillation in the refinery. 
This process is based on the differing boiling points of the 
component liquids of the mixture. See oil. 
distillation, fractional A procedure for separating liq- 
uid components of a solution that is based on their differ- 
ent boiling points. 
distillation, molecular See molecular distillation. 
distillation unit See retort. 
distillation, vacuum Liquid distillation under reduced, 
less than atmospheric, pressure. It is used to lower boiling 
teniperatures and lessen the risk of thermal degradation 
during distillation. Also called nduccd-pressure distillatiori. 
distillation, vapor rate of The upward flow rate of 
vapor through a distillation column. 
distortion 1. In a reinforced plastic, the displacement 
of fibers, especially at the radii, relative to the idealized 
location due to fiber movement during lay-up or cure. 
2. In a fabric, the displacement of a fill fiber from the 90" 
angle, or at right angle, relative to the warp fiber. 3. The 
product of a different shape from that required. It is gener- 
ally apparent after processing. However, a warped situa- 
tion can occur after processing if internal stress relaxation 
occurs after a short or long period of time. Accelerating 
relaxation is a product of exposure to heat. See design 
shape; failure, domed; product shape. 4. Regarding 
optics, an aberration of lens systems where axial and mar- 
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ginal magnifications are unequal. It is any apparent alter- 
ation of the geometric pattern of an object when seen ei- 
ther through a plastic or as a reflection from a plastic 
surface. See optical distortion value. 
distortion temperature See annealing; deflection 
temperature under load versus crystallinity; test; 
test, heat distortion point. 
distributive mixer See mixing, distributive. 
doctor blade A straight (usually) steel blade that is used 
to spread thin films of plastics for use in hot melt adhesives, 
reinforced plastic prepregs, coatings to substrates, and so 
on. Also called a doctor bar, doctor knifi, or parte metering 
blade. See adhesive; coating; paste; reinforced-plastic 
prepreg. 
doctor roll 1. A roll that operates at a different speed 
or in an opposite direction as compared to the primary 
roll of a coating machine, thus regulating the uniformity 
and thickness of the material on the roll before it is ap- 
plied to the substrate. See extruded coating and lami- 
nation process. 2. A device for regulating the amount 
of plastic or liquid adhesive on the rollers of a spreader or 
impregnator. 3. See extruder roll, spreader/ex- 
pander. 
documentation online See computerized elec- 
tronic document and retrieval system. 
dodecene See propylene tetramer. 
doff See material doff. 
dog skin See orange peel. 
doily See filament winding doily. 
dolly A low platforni or structure mounted on wheels 
or casters that is designed primarily for moving bulky loads 
(materials, molds, dies, products, etc.) for short distances. 
dolomite See filler, dolomite. 
Dominick A 1962 project conducted by the U.S. De- 
partment of Defense and the Atomic Energy commission 
that involved a series of nuclear tests in the Pacific and 
evaluated materials (plastics, steel, aluminum, concrete, 
wood, ctc.). Also called Dornenic, Domenico, and Domi- 
nique. See definition. 
dopant 1. A material that is added to a plastic to change 
a physical property. See additive. 2. A chemical element 
that is incorporated in trace amounts in a semiconductor 
crystal to establish its conductivity and resistivity. See 
plastic, electrically conductive. 
dope 1. A solution that is used to strengthen, color, or 
tighten niaterials such as fabric. 2. A trace of impurity in- 
troduced into ultrapure crystals to obtain desired prop- 
erties, particularly electrical properties. 3. A combustible, 
such as sulfur, starch, or wood pulp, that is used in 
“straight” dynamite. 
doppler effect 
doser A device that meters or doses a measured amount 
of plastics or additives into a mixer, plasticator, and so on. 
Also called dosing. 
dosimeter See radiation dosimeter. 
dosing 
is added during any processing. 

See electronic doppler effect. 

A measured quantity of plastics or additives that 

double-daylight molding See injection molding, 
double-daylight. 
doubler 1. A localized area of extra plastic (ribs, etc.) 
that provides stiffness and strength for fastening or abrupt 
load transfer. 2. See filament-winding doubler. 
double-screw extruder See extruder, twin-screw. 
double-shot molding See molding, double-shot. 
double-wave mixing screw See screw mixing, 
double-wave. 
dough A heavy, doughlike compound such as a bulk 
molding conipound (BMC). BMC is fiber reinforced 
(usually glass fiber) with a B-stage thermoset polyester 
plastic. Also called dough molding compound (DMC). See A- 
B-C stages; blender, dough; mixer, paddle-agitator; 
polyester plastic, thermoset. 
dough molding compound See bulk molding 
compound; reinforced-plastic bulk molding com- 
pound. 
downstream equipment See auxiliary equipment. 
downstream line See processing in-line; pro- 
cessing line, downstream. 
downtime See processing-line downtime; pro- 
cessing-line uptime. 
downtime line See processing-line downtime. 
downstream The portion of a fabricating line that has 
exited the main processing equipment such as an extruder 
or an injection-molding machine. See auxiliary equip- 
ment; fabricating process; upstream. 
draft See mold-cavity draft. 
drape The ability of a plastic film, fabric, sheet molding 
compound, preprcg, and so on to conform to a contoured 
surface. 
drape forming See thermoforming, drape. 
draw 1. The act of gradually reducing the sheet, rod 
diameter, or other shape ofa inaterial by stretching or pull- 
ing it through perforations of diminishing size in a series 
of rollers or plates. They may be cold-drawn (without 
heat) or hot-drawn (heated to their softening point). Also 
called stretching or drawing. See orientation; forming. 
2. A measure of the depth of a molding, particularly a 
fomied part. See thermoforming. 
draw-down ratio The degree of stretching of a plastic 
melt during processing. Also called draw ratio. See blow 
molding, extruder parison draw-down; die draw- 
down ratio; extruder draw-down; extruder wire and 
cable die draw-down ratio; forming, stretch and 
draw ratios for pressure. 
drawing See forming, stretch. 
drawing centerline The axis around which character 
elements are located for letters, numerals, symbols, dia- 
grams, and so on. 
drawing cold See forming, cold-drawing. 
drawing, fiber See fiber drawing. 
draw resonance See resonance, draw. 
drive-motor control A hydraulic or electric (direct- 
current and alternating-current) motor drive is used to 
provide rotary or linear movement of equipment such 
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as extruders, injection-molding machines, calendering 
rolls, in-line pullers, turret wind-ups, and many more. 
For example, with a plasticator, the screw is turned at 
the required rotating speed resulting in the melt mov- 
ing forward at a prescribed rate of output. The drive 
also provides the required amount of torque to the 
shank of the screw. Various drive design systems are used 
to meet performance requirements at the lowest cost. The 
low to high force that is required to melt a plastic and 
meet output requirements dictates the torque needed in 
the machine. 

DC motor drives have always offered high torque at all 
speeds and exact control of motion speed. AC induction 
motors have reliably converted electricity into rotary 
power for many years, and recently adjustable-frequency 
controls add variable-speed capability. While AC motors 
were originally relegated to relatively simple tasks, such as 
varying the flow rates of fans or pumps, advances in both 
motor and control technologies have allowed their use in 
higher performance operations. They are reliable sources 
of fixed-speed and variable-speed rotating power. Electric 
drives with appropriate closed-loop control operate only 
when required. However, to avoid unsuccessful applica- 
tions, it is important to properly match the load, motor, 
and controller. 

With the exception of the drive for the plasticizing unit 
in injection-molding machines, movements are all linear. 
The variable AC servomotors or brushless drives can 
provide various methods for transforming rotational mo- 
tions into linear motions. They include a lead-screw, ball- 
screw, as well as rack and pinion. Force and speed drive 
systems are optimally matched to the requirements of 
each individual axis of motion. See computer analog- 
to-digital converter; control drive, optimized; 
electric motor; injection molding machine down- 
sizing; injection molding machine drive system; 
injection molding machine electrical operation; in- 
jection molding machine hydraulic operation; 
injection molding machine screw drive; motion- 
control system; repeatability; servo control; servo- 
control-drive reliability. 
drool 1. The melt that leaks from an injection-molding 
machine nozzle because it has been damaged, or not prop- 
erly aligned. 2. The creation of die drips on the face of 
an extruder die. See die drip. 
drop weight test See test, dart-drop impact. 
drug application The use by the pharmaceutical indus- 
try of different plastics in different drugs as carriers and to 
adjust concentrations or control release. It also refers to 
different types of containers for handling and shipping. See 
anilene; biodegradable waste; coating, microencap- 
sulation; design, medical-product; medical-device 
packaging clarity. 
drug biological activity 
drug, controlled-delivery The delivery system in the 
human body provides an effective release of pharmaceuti- 
cal drugs (also flavors, etc.). The drug can be imbedded 

See biological activity. 

or encased in a reservoir, from which it gradually is re- 
leased using a degradable plastic. See biological activity; 
coating, microencapsulation; medical chronothera- 
peutic; packaging, breathable-film. 
drug packaging 
drug tumbling See tumbling, drum. 
dry blasting See cleaning, abrasion. 
dry-blend See compound, dry-blend. 
dry-bulb temperature See temperature, dry-bulb. 
dry coating See powder coating. 
dry color See coloring, dry. 
dry cure See extruder wire and cable process, dry- 
cure. 
dryer A device that is used to dry plastics before pro- 
cessing. Several styles are used, such as ovens, microwaves, 
hot-air desiccant beds, and refrigeration types. 
dryer, ultraviolet A dryer that is used in certain pro- 
cesses (cure coatings, high speed printing presses, etc.) to 
solve air-emission problems to clean air in and around 
plants. 
dry ice See ice, dry. 
drying All plastics, to some degree, are influenced by 
the amount of moisture or water they contain before pro- 
cessing. With minimal amounts in many plastics, rnechani- 
cal, physical, electrical, aesthetic, and other properties may 
be affected or may be of no consequence. However, there 
are certain plastics that, when conipounded with certain 
additives such as color, could have devastating results. 
Day-to-night temperature changes are an example of how 
moisture contamination can be a source of problems if not 
adequately eliminated when plastic materials are exposed 
to the air, otherwise it has an accumulative effect. See 
drying operation, hygroscopic plastic; hydrolysis; 
plastic, hygroscopic; Raoult’s law; test specimen, 
moisture and drying; troubleshooting optical sheet; 
venting feeder; water. 
drying agent A substance that is used to accelerate the 
drying of plastic coating, paints, varnishes, printing inks, 
and so on by catalyzing the oxidation of the material. See 
aluminum stearate; desiccant; molecular sieve. 
drying, capillary ‘The outer surface of a porous solid 
has pore entrances of various sizes. As surface liquid is 
evaporated during constant-rate drying, a liquid meniscus 
fornis across each pore entrance. Interfacial tension be- 
tween the liquid and solid occurs. These forces draw liquid 
from the interior to the outer surface. See capillarity. 
drying, constant-rate Drying that proceeds by diffu- 
sion of vapor from a wet surface through a gas film into 
the environment. 
drying, critical moisture content The average niate- 
rial moisture content at the end of the constant-rate dry- 
ing period, which is a function of material properties, the 
constant-rate of drying, and particle size. 
drying desiccant See desiccant. 
drying diffusion See diffusion. 
drying, dry 
plication of heat and pressure. 

See medical seal and closure. 

Curing at air temperature without the ap- 



drying, equilibrium moisture content 
ture-content equilibrium. 
drying, hopper See hopper dryer. 
drying hygroscopic plastic 
hygroscopic plastic; plastic, hygroscopic. 
drying instrument, measuring See hygrometer. 
drying, mechanical Using inechanical heat-convec- 
tioii hot-air dryers. They can be adequate for some plastics 
but are not satisfactory for hygroscopic plastics. 
drying mechanism Although it is sometimes possible 
to select a suitable drying method simply by evaluating 
variables such as humidities and temperatures when re- 
moving unbound moisture, many plastic drying processes 
involve removal of bound moisture retained in capillaries 
among fine particles or moisture actually dissolved in the 
plastic. A knowledge of internal liquid and vapor mass- 
transfer mechanisms applies. Measuring drying-rate be- 
havior under controlled conditions best identifies these 
mechanisms. A change in material handling method or any 
operating variable, such as heating rate, may affect mass 
transfer. 
drying, nonhygroscopic plastic See drying opera- 
tion, nonhygroscopic plastic. 
drying monomer and polymer Volatile liquid is sep- 
arated from a solid or semisolid niaterial by vaporization. 
The drying of monomers involves the removal of moisture 
or other volatiles from fluids. When drying gases, con- 
densable vapors are separated from noncondensable gases 
by cooling below the dew points of the condensable frac- 
tions, vapor adsorption on solid desiccant liquids, or gas 
compression and cooling. Polymer dryings are employed 
to separate the saleable product from the reaction process. 
Drying is usually necessary following the three coninion 
polymerization processes of solution, suspension, and 
emulsion. 
drying operation During the drying process at ambient 
temperature and 50% relative humidity, the vapor pressure 
of water outside a plastic is greater than within. Moisture 
migrates into the plastic, increasing its moisture content 
until a state of equilibrium exists inside and outside the 
plastic. But conditions are very different inside a drying 
hopper with a controlled environment. At a temperature 
of350”F (170°C) and -40°F (-19.43”C) dew point, the 
vapor pressure of the water inside the plastic is much 
greater than the vapor pressure of the water in the sur- 
rounding area. The result is that moisture migrates out of 
the plastic and into the surrounding air stream, where it 
is carried away to the desiccant bed of the dryer. Before 
drying can begin, a wet material must be heated to such 
a temperature that the vapor pressure of the liquid content 
exceeds the partial pressure of the corresponding vapor in 
the surrounding atmosphere. Different devices such as a 
psychometric chart can conveniently study the effect of 
the atmospheric vapor content on the rate of the dryer as 
well as the effect ofthe material temperature. It plots mois- 
ture content of dry-bulb, wet-bulb, or saturation tempera- 
ture and enthalpy at saturation. 

See mois- 

See drying operation, 

First, the plastic’s moisture content limit is determined. 
Next, the procedure that will be uscd in determining wa- 
ter content, such as weighing, drying, and/or re- 
weighing, is determined. These procedures have definite 
limitations. Fast automatic analyzers, suitable for use with 
a wide variety of plastic systems, are available that provide 
quick and accurate data for obtaining the in-plant moisture 
control of plastics. 
drying operation, hygroscopic plastic Drying or 
keeping moisture content at  designated low levels is i n -  
portant, particularly for hygroscopic resin types where 
moisture is on the surface and particularly collected inter- 
nally. They have to be dry prior to processing. Usually the 
moisture content is >0.02wt%. In practice, a drying heat 
30°C below the softening heat has proved successful in 
preventing caking of the plastic in a dryer. Drying time 
varies in the range of 2 to 4 h, depending on moisture 
content. As a rule of thumb, the drying air should have a 
dew point of -30°F (-34°C) and the capability ofbeing 
heated up to 250°F (121°C). It takes about 1 ft’ inin-’ of 
plastic processed when using a desiccant dryer. The pres- 
sure drop through the bed should be less than 1 nim H,O 
per mm of bed height. Simple tray dryers or mechanical 
convection, hot-air dryers, while adequate for certain plas- 
tics, are incapable of removing enough water for the 
proper processing of hygroscopic plastics, particularly dur- 
ing periods of high humidity. 

Hygroscopic plastics are conmionly passed through de- 
humidifying hopper dryers before entering a screw plas- 
ticator. However, except where extremely expensive pro- 
tective measures are taken, the drying may be inadequate, 
or the moisture regained may be too rapid to avoid prod- 
uct defects unless barrel venting is provided. To  ensure 
proper drying for “delicate” parts such as lenses and com- 
pact disks, the combination of drying the plastics and using 
vented extruders provides a double check. However, just 
using vented extruders can be suitable. 

Plastic usage for a given process should be measured to 
determine how much plastic should be loaded into the 
hopper. Usually the hopper should hold enough dried 
plastic for ’/? to 1 hour’s production. This action is taken 
so as to prevent storage in the hopper for any length of 
time, eliminating potential moisture contamination from 
the surrounding atmospheric area. Care should be taken 
to ensure that hygroscopic plastics are in an unheated hop- 
per for no more than ’/? to 1 hr, or as specified by the 
material supplier (and/ or experience). See hydrolysis; 
injection-molding venting; moisture analyzer; plas- 
tic, hygroscopic; screw, venting; troubleshooting 
optical sheet; venting. 
drying operation, nonhygroscopic plastic Drying 
surface moisture can be accoiiiplished by simply passing 
warm air over the material. Moisture leaves the plastic in 
favor of the warm air resulting in dry plastic. The amount 
of water must be limited or processing can be destructive. 
drying, pre- The process of drying a plastic material to 
remove moisture prior to processing operations. 
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drying shrinkage The shrinkage related to drying is the 
contraction of a body during the drying process, expressed 
as a linear percent of the original length or volunie percent 
of the original volume. See shrinkage. 
dry layup 
dry operation See hydrolysis. 
dry spinning 
dry strength 
dry winding 
ductile erosion behavior 
havior. 
ductile fatigue See fatigue ductility. 
ductile fracture See fracture ductility. 
ductile-to-brittle transition temperature See mo- 
lecular weight, toughness, and temperature. 
ductility 1. The amount of strain that a material can 
withstand before fracture. See fracture; metal fracture. 
2. The extent to which a solid plastic can be drawn into 
a thinner cross-section without fracturing or breaking. See 
malleability. 3. See deformation, plastic; fatigue 
ductility; orientation; wire wrapping diameter. 
Dulmage mixing screw See screw mixing, Dul- 
mage. 
dumbbell specimen See specimen, dumbbell. 
dumping 1. The disposal ofwaste material. 2 .  The de- 
livery of material imports into a country at a low price to 
sell at a depressed price because of excess supply or new- 
market possibilities. 
durable goods Products with a relatively long useful 
life without significant deterioration, if any at  all. See 
nondurable goods. 
durometer See hardness, durometer. 
dust Particulates that are capable of temporary suspen- 
sion in air or other gases that can be collected by various 
methods. See calcium chloride; cleanroom. 
dust collection, bag-filter Lhst-collecting equipment 
(bag-house) composed of large cotton or nylon bags as- 
sembled in a heavy frame or housing. The bags may be as 
much as 10  ft (3.05 ni) high. The discharge hopper is lo- 
cated beneath the bag. A suction or blower system forces 
dust-laden air through an inlet port on one side of the 
frame. O n  entering the bags, dust is deposited on the bags. 
A motor-driven shaker mechanism agitates the bags peri- 
odically, dislodging the accuniulated layers of dust, which 
falls through the discharge hopper. See dust collection, 
cyclone. 
dust collection, bag-house A series of bag filters. 
Some installations can have over 300 bags. 
dust collection, cyclone A cylindrical chamber with 
the lower portion tapered to fit into a cone-shaped recep- 
tacle placed below it. Dust-laden air enters through a verti- 
cal slotlike section in the upper wall of the chamber at the 
rate of at least 100 f t / s  (31 i d s ) .  Since the particles enter 
at a tangent, they whirl in a circular or cyclone path within 
the chamber. The centrifugal force exerted on the particles 
is proportional to their weight and to the square of their 
velocity. The particles slide along the wall and gradually 

See reinforced plastic layup, dry. 

See fiber processing, spinning, dry. 
See adhesive dry strength. 
See filament winding, dry winding. 

See erosion, ductile be- 

circulate down into the conical receptor while clean air 
escapes through a central pipe at the bottom. The dust 
accumulates in the cone and is discharged at intervals or 
continuously. Particles as sinall as 10 microns can be re- 
moved. 
dusting agent A powdery solid that is used as an adher- 
ent or release agent. It is used to release molded parts, keep 
film from adhering, and so on. See additive, slip; anti- 
blocking agent; lubricant; zinc stearate. 
dust, industrial Finely divided solid particles may (1) 
damage personnel when they are inhaled or infect skin, 
(2) constitute a fire hazard, (3) damage the plastic products 
being Eabricated, and (4) damage the processing equip- 
ment. There are generally different classes of particle sus- 
pensions that are 10 microns or less in diameter, though 
sizes up to 50 microns can be present. Such dust in- 
cludes inetallic particles, additives and fillers (talc, wood, 
glass, etc.), arid organic matter (chemicals, coal, etc.). See 
safety. 
dust, marble See calcium carbonate. 
dwell 1. In filament winding, the tinie that the trans- 
verse mechanism is stationaiy while the niandrel continues 
to rotate to the appropriate point for the traverse to begin 
a new pass. 2 .  With autoclave curing, an interniediate step 
in which the thermoset plastic is held at a temperature be- 
low the cure temperature for a specified period of time to 
produce the desired degree of staging. See A-B-C stages. 
dwell pause See mold breathing. 
dye A synthetic or iiatural organic chemical that is solu- 
ble in most coninion solvents and goes through an applica- 
tion process that, at least temporarily, destroys any crystal 
structure of the colored substances. It is characterized by 
good transparency, high tinctorial strength, and low spe- 
cific gravity. See anilene; colorant; crocking; pig- 
ment; porosity. 
dye crocking See crocking. 
dye extraction See dichloroethylene. 
dyeing, Witt theory of A theory of the inechanisnis 
of dyeing that states that all colored organic compounds, 
called clrrorriogcns, contain certain unsaturated chromo- 
phoric groups that are responsible for the color, and if 
these conipounds also contain certain auxochromic 
groups, they possess dyeing properties. 
dye, solvent soluble A dye from a group of widely dif- 
ferent chemical compositions that often possess excellent 
heat stability, especially in the less cheinically reactive plas- 
tics such as polystyrene, and find wide applications in the 
production of transparent plastics. 
dye toner A dye that is used to develop a particular 
color characteristic (blueness, whiteness, etc.) to either 
clear or pigmented plastics. It is used in imaging inaterial 
and some off-press proofing printing systems aiid in inks 
and dyes used to tone printing inks, especially black. It is 
an organic pigment that does not contain inorganics. See 
pigment; printing. 
dye transfer, sublimable Dye transfer resembles hot 
stamping, but instead of a foil, a paper liner printed with 
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sublimable dyes is used. These dyes sublime on the appli- 
cation of heat and are transferred to the plastic. The pattern 
is not deposited on the plastic surface but diffuses into the 
plastic providing an abrasive resistant image. However, the 
diffusion dye can give a slightly blurred image. See decal; 
printing; sublimation. 
dye, transparent See colorant. 
dynamic A branch of mechanics that deals with forces 
and their relation primarily to motion and also to equilib- 
rium of bodies. Variation and contrast in force exist, in- 
cluding their density. See elastomer; kinetic; neoprene 
elastomer; resilience; solution, saturated. 
dynamic analysis The study of a design under chang- 
ing internal or external conditions. It can include static 
analysis, linear and nonlinear. See designing with the 
pseudo-elastic method; test data and uniform stan- 
dards. 
dynamic equilibrium See equilibrium. 
dynamic fatigue Fatigue that occurs under a load that 
is varying, usually periodically and often sinusoidal. The 
lower the loading stress, the more loading cycles that arc 
needed for failure, orfut@u l f e .  As the amplitude of the 
applied stress is lowered, a value is reached (the fitigue 
limit) below which the material does not fail even after 
a finite number of cycles. The most coninion mode of 
deformation is flexure. As the temperature increases, the 
time to failure decreases. Under the same conditions of 
temperature and frequency, when the plastic shows high 
loss of mechanical energy, temperature rise in the material 
can occur. See design-failure theory; fatigue. 
dynamic loading See design energy and motion 
control; load, dynamic; modulus, dissipation factor. 
dynamic mechanical analysis, alpha loss peak In 

dynamic mechanical analysis or dielectric analysis, the first 
peak (a) in the damping curve below the melt tenipera- 
ture, in order of decreasing temperature or increasing fre- 
quency. See damping. 
dynamic mechanical damping beta loss peak In 
dynamic or dielectric nieasurement of the p loss peak, the 
second peak in the damping curve below the melt in order 
of decreasing temperature or increasing frequency. 
dynamic mechanical measurement A technique in 
which either the modulus or the daniping of a material 
under oscillatory load or displacement is measured as a 
function of temperature, frequency, time, or other combi- 
nations. See damping index; hysteresis measure- 
ment; nonresonant forced and vibration technique; 
relaxation; resonant force vibration; rigidity, rela- 
tive; torsional pendulum. 
dynamic modulus See modulus, dynamic. 
dynamic order of system The order of linear differen- 
tial equation that describes the dynamic behavior of a 
system. 
dynamic stress A stress that comes from a shock at a 
rather high speed. 
dynamic viscosity See rheological mechanical spec- 
trometer; viscosity, absolute. 
dynamic vulcanization See vulcanization, dy- 
namic. 
dynamite See powder, black. 
dynamite molding See injection-molding non- 
plastic. 
dynamometer, micro- See test, microdynamom- 
eter. 
dyne A unit of force that will accelerate a particle having 
a mass of 1 g/cm/s. 
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eagle wing See rain erosion. 
earth, diatomaceous See diatomaceous earth. 
earth protection See geomembrane. 
earthquake See infrastructure. 
E-beam See sterilization, electron-beam. 
ebonite A hard moldable material made by sulfur vulca- 
nization of rubber. Its hardness is substantially obtained by 
the action of sulfur. See rubber processing; vulcaniza- 
tion. 
eccentricity See mathematical dimensional eccen- 
tricity. 
ecology The study of the interactions between plant 
and animal organisnis and their environment. The latter 
is conceived to include everything that is not an intrinsic 
part of the organism and thus includes both living and 
nonliving components. See waste. 
ecology and plastic See plastic and water conser- 
vation. 
economic See cost; design and cost, technical cost 
modeling; plastic consumption; plastic economy. 
economical control of equipment Because costs rise 
continuously, the main consideration in investing capital 
must be the ratio of earnings to cost. Production aids can 
make a considerable contribution toward reducing costs; 
they include all types ofauxiliary equipment as well as the 
major processing machines (extruder, injection-molding 
machine, etc.). New equipment can reduce cost of opera- 
tion. Evaluating how much energy equipment requires for 
operation can reduce costs. See cost reduction. 
economic and product quality A correlation exists 
between a company’s profit margin and the quality of the 
fabricated products it offers, based on the fulfillment of 
explicit customer requirements or implicit customer ex- 
pectations. The return on investnient as a yardstick for a 
company’s profit depends not only on market share but 
also above all on product quality. Thus, quality first pro- 
vides the logical consequence of profit. See quality. 
economic and recycling See recycling method, 
economic evaluation of. 
economic cost analysis See cost-minimization 
analysis. 
economic efficiency and profitability Investment 
decisions in private enterprise rest on the profitability of 
the planned actions, which is determined during the plan- 
ning stage of a capital investment. The concepts of eco- 
nomic efficiency and profitability are in essence synony- 
mous. In detailed profitability studies, attention should be 
paid to optimihtic and pessimistic quantity frameworks. 
With such risk analysis, sales-forecast probability can be 
better predicted. See business bookkeeping; capital 

equipment investment; cost; production capacity 
overhead rate; profitability study; profit plan; proj- 
ect checklist; risk, acceptable. 

Discounted cash flow is one of the best ways to perform 
economic evaluations because it expresses a project’s at- 
tractiveness as an equivalent interest rate and permits direct 
comparison to the cost of money. Discounted cash flow 
also recognizes the time value of money. See business. 

The mathematics of discounting is rigorous. Because all 
the cash flows in the analysis are projections, they therefore 
are uncertain. The plant might cost more, take longer to 
build, and cost more to opcrate than expected. Operating 
problenis or slower sales growth might delay reaching de- 
sign capacity. Selling price niight fall faster than expected. 
Recessions might cause less than expected capacity utiliza- 
tion during a number of years. Reliable economic evalua- 
tions require realistic projections of these cash flows. 
economic growth 
economic indicator A measure that expresses the di- 
rection of the business economy. 
economic order quantity (EOQ) The quantity that 
is to be produced or purchased with the lowest combined 
ordering and carrying cost. See manufactured cost. 
edge bead 
edge bowing See packaging, edge-bowing. 
edgewise load See loading edgewise. 
education See quality; training; website. 
education, cost-effective See cost-effective training. 
effectiveness, cost See cost effectiveness. 
efficiency See energy efficiency. 
efficient operation See productivity. 
effluent See waste, effluent. 
effusion See gas effusion. 
E-glass See fiberglass type. 
Egyptian development See casting, investment. 
eight-harness satin weave 
harness satin. 
E1 theory 
ejector See mold ejector. 
Ektar 
copolyester thermoplastic elastomer. 
elastic constant 
elastic deformation 
ergy, plastic work; rheology. 
elastic fracture See melt fracture. 
elastic hysteresis See hysteresis, elastic. 
elasticity A property that causes plastic to return to its 
original size and shape after renioval of a force causing 
deformation. See coefficient of elasticity; deforma- 
tion and toughness; extruder-web stretching and 

See gross domestic product. 

See extruded neck-in and beading. 

See fabric, woven eight- 

See design, E1 theory. 

Performance Plastic’s trade name for its family of 

See modulus of elasticity. 
See deformation, elastic; en- 



tearing; liquid, elastic; melt; processing fundamen- 
tal; strain and elasticity; thermoelastic effect; visco- 
elasticity. 
elasticity, an- T h e  dependence of elastic strain o n  both 
stress and time. This can result in a lag of strain behind 
stress. In materials subjected to cyclic stress, such as fatigue, 
the anelastic effect causes internal damping. See strain; 
stress. 
elasticity coefficient 
elasticity, high The property that a material presents 
when it (1) allows elastic elongatioii (conventionally at 
100% of initial length), (2) allows the repetition of these 
elongations, and (3) has a short relaxation time with a low 
hysteresis. See hysteresis; relaxation time. 
elasticity, melt See melt elasticity. 
elasticity, photo See photoelasticity. 
elasticity, theory of 
of material. 
elasticity, thermo- See thermoelasticity. 
elasticity, viscous A degree of elasticity in which the 
time necessary to recover initial dimensions is longer than 
a stated time. 
elastic limit See extruder-web stretching and tear- 
ing; stress, elastic limit. 
elastic liquid See liquid, elastic. 
elastic melt extruder 
elastic memory The  ability of a theriiioplastic to return 
to its original shape when exposed to heat beyond its heat 
distortion point. See plastic memory; orientation; 
test, heat distortion point; thermoforming. 
elastic modulus See modulus of elasticity. 
elasticoviscous See viscoelastic fluid. 
elastic-plastic transition T h e  changc from recover- 
able elastic behavior to  iioiirecoverable plastic strain that 
occurs on stressing a niaterial beyond its yield point. See 
yield point. 
elastic recovery T h e  fraction of a given deforiiiatiori 
that behaves elastically. Thus clastic recovery is elastic 
extensioii/total extension. A perfectly elastic material has 
an elastic recovery of one. A perfectly plastic material has 
an elastic recoveiy of zero. These diiiiensions are expressed 
as percent recovery fi,r a given percent elongatioii. See 
recovery. 
elastic reservoir molding See foamed reservoir 
molding. 
elastic response See rheological mechanical spec- 
trometer. 
elastic solid A iriatcrial that can exist in a unique equi- 
librium shape at zero stress and that iti which, when held 
in  any other shape by stressing, a lionisotropic equilibrium 
shape exists. If both these conditions are attained instanta- 
neously on changing the stress, then the material is perfect 
(or ideally) elastic. If either ofthese conditions takes a finite 
time to be attained, then the material is iioiiideally elastic 
or viscoelastic. I n  contrast, a liquid can have any equilih- 
rium shape. 

See coefficient of elasticity. 

See design theory and strength 

See extruder, elastic melt. 

elastic stability 
pressive load See test, compression-property. 
elastic strain See strain. 
elastic stress See stress. 
elastic stress analysis See test, nondestructive pho- 
toelastic stress-analysis. 
elastic-thermal behavior See thermoelastic effect. 
elastic turbulence See melt fracture. 
elastodynamic extruder See extruder, elastic melt. 
elastomer A rubbedike iiiateiial (natural o r  synthetic) 
that <it i oom teniperature stretches uiider low mess to at 
least twice its length and  maps back to approxiiiiately its  
original length on release of the stress (p~ill) within a speci- 
fied time period T h e  terni elattorner I S  often used inter- 
Lhaiigcably with the term r ~ b h c r  Although i ubber oiigi- 
iially meant a therniowt elastonieric iiiateridl obtained 
from a lubber tree, it identifies a theiiiiocet elastonier or 
thernioplcistic el<i$tonier mateiial They caii be differeriti- 
ated on the basis of how long a deformed material reyuiies 
to retuin to its approxiniately origiiial m e  after the de- 
forming foice IS  iernoved and by its extent of recovery 
Ilifferent pi operties also identify the elactoiiier5, wch as 
strength and stiffnesj, abra\ion remtance, solvent resis- 
tance, shock and vibration control, electrical and thermal 
insulation, naterproofing, teal resistance, and cost See 
design energy and motion control; factice; latex; 
packing; perfluoromethylvinyl ether elastomer; 
rubber, natural; shock pulse; thermoplastic elasto- 
mer; thermoplastic vulcanizate; vulcanizate; vul- 
canized elastomer. 
elastomer adhesive, non-tacky See fastener, non- 
mechanical. 
elastomer blank See blank. 
elastomer, chlorinated See alloprene plastic. 
elastomer, copolyester See copolyester elastomer. 
elastomer dynamic See damping; design energy 
and motion control. 
elastomer heat effect See heat, Gough-Joule effect; 
test, heat Wiegand pendulum. 
elastomeric alloy A iiiixturc that LIWS two oi more 
polyiners For example, a theriiioplastic v~ i l c~~n iza t e  IS a 
fine dispeision ofhighly vulcanized rubber in  a continuous 
p h a x  o f a  polyolcfin Its cro\3-liiikiiig give5 them high teii- 
sile strength, high elongation, resistance to comprewon 
arid tension set, oil resistance, resistance to flex fatigue, 
and ~iiasiiii~ini service tenipeiature of  135OC (275°F) See 
alloy/ blend; polypropylene, multiple monomer; 
thermoplastic elastomer; vulcanized elastomer. 
elastomeric mold A tooling cyctem that uses the ther- 
mal expansion arid p a i t i d a r l y  the flexibility of elastomers 
to form A mold Some inolds have A miiiplicated cavity 
that flexes to reiiiove a coiriplex part See mold, elas- 
tomeric; molding, thermal expansion; reinforced 
plastic mold, elastomeric. 
elastomeric mold system See molding; molding, 
thermal expansion. 

T h e  iioiibuckling of parts due to corii- 
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elastomeric shape factor For an elastomeric slab 
loaded in compression, the ratio of the loaded area to the 
force-free area. See design shape. 
elastomer latex See colloidal; latex. 
elastomer processing A fabricating process (such as 
extrusion, injection molding, blow molding, compression 
molding, casting, and encapsulation) that is used to process 
elastomers. 
elastomer proof resilience The tensile energy capac- 
ity of work that is required to stretch an elastomer from 
zero elongation to the breaking point. See resilience. 
elastomer reactive system See polymer, reactive 
elastomer. 
elastomer, roll milling 
elastomer softener Sce peptizer. 
elastomer softening See stress softening. 
elastomer solvent curing See adhesive contact ce- 
ment. 
elastomer stretched Sce heat effect, Gough-Joule. 
elastomer stretched adiabatically See heat effect, 
Gough-Joule. 
elastomer temperature effect See temperature 
flexibility, plastic. 
elastomer, vulcanized Sce factice; vulcanized elas- 
tomer. 
elastoplastic A substance that exhibits a greater or lesser 
degree of resiliency and returns to it5 original size and 
shape if deformed to some extent below its elastic limit. 
See resilience. 
electrical alternating current (AC) An electric cur- 
rent that reverses its direction :it regularly recurring inter- 
vals. Opposite of direct current (DC). 
electrical ampere The constant current that, if niaiii- 
tained in two straight parallel conductors of infinite length 
of negligible circular cross-section and placed one meter 
apart in a vacuum, would produce between these conduc- 
tor? a force equal to 2 X 10’ Newton per nieter of length. 
electrical and orientation property See orientation 
and electrical property. 
electrical anode The positive electrode of an electro- 
lytic cell to which negatively charged ions travel when an  
electric current is passed through the cell; the electrode 
that supplies electrons to an external circuit. 
electrical antistatic plastic See antistatic agent. 
electrical arc resistance The total time in seconds that 
an intermittent arc niay play across a plastic surface without 
rendering the surface conductive because of carbonization 
by the arc flame. 
electrical arc tracking A phenomenon that occurs on 
the surface of an insulator when an arc is set up near that 
surface, under a low voltage, such as 10 to 20 amperes. 
electrical breakdown voltage The voltage required, 
under specific conditions, to cause the failure of insulating 
material. 
electrical cable armor A solid or braided metal jacket 
for imparting maxirnuni abrasion resistance to the con-  

See mill, roll. 

plete cable. Braided armor is sonietirnes used in lieu of 
solid armor for improved flexibility. See extruder wire 
and cable. 
electrical cable “button” Coaxial electrical cables use 
different plastic-fabricating solid and foam techniques for 
insulation between the outer conductor and the central 
wire conductor. Polystyrene plastic insulation disks (but- 
tons) can be injection molded using a cold or hot runner 
system with accurate dimensions of the buttons and their 
spacing along the central wire. Multiple copper center 
wire conductors (10 or more) can be continually moving 
from their manufacturing process through the niold 
halves. Multiple cavities (10 or inore) are located inline 
with each wire. The injection molding machine (IMM) is 
located 0 1 1  a rectangular moving platforin to autoniatically 
close on the guided wirej. I t  nioves forward at the rate of 
the wire movement during which time the buttons form 
and solidify around the wires. The mold operis and nioves 
sideways away from the direction the injectioii-molding 
machine nioviiig platen moves (removing buttons froni 
the mold multiple cavities) and returns to its starting posi- 
tion to accurately locate and inject another series of but- 
tons. See injection molding; polystyrene plastic. 
electrical capacitance A system of conductors and di- 
electrics that permits the storage of electricity when poten- 
tial difference exists between the conductors. Its value is 
expressed as the ratio of a quantity of electricity to a poten- 
tial difference with its value always being positive. See 
dielectric; electrical cure monitoring; permittivity, 
relative. 
electrical charge See piezoelectric effect. 
electrical circuit See injection-molding circuit 
board; integrated circuit; printed circuit board. 
electrical coercive field Electric field required to re- 
inove residual polarization. 
electrical coil impregnation See impregnation, 
trickle. 
electrical conductance The siemens (S) is the electric 
conductance of a conductor in  which a current of one 
ampere is produced by an electrical potential difference of 
one volt (A/V). See electrical surface conductance. 
electrical conductivity A conductive thermoplastic 
niay inherently be electrically coriductive but usually has 
been modified with elcctrical conductive additives. The 
plastics used include principally ABS, HDPE, LCP, LDPE, 
PA, PBT, PC, PEEK, PEI, PES, PET, PI<, PMMA, 
POM, PP, PPA, PPO, PPS, PS, PSO, PUR, PVDF, SPS, 
TEO, TES, and TPE. Various additives are used, such as 
coatings, antistatic agents, metal powders or plates, carbon 
fibers, metal-coated glass fibers, and stainless steel fibers. 
In addition to these inore conventional additives, inore 
recently different nietal-coated substrate?, intrinsically 
condurtive polyniers (ICPs), and intrinsically dissipative 
polyniers (1Dl’s) provide a wide range of conductive plas- 
tics. Varying the percentage or type of conductivity addi- 
tive used in a compound permits controlling the degree 
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of electrical resistivity. Most of these conductive plastics 
can be made in a variety of colors. With a precolored con- 
ductive thermoplastic, the color is in the material rather 
than added as a secondary operation. See antistatic 
agent; carbon black, conductive; chrome plating; 
fiber, carbon; electromagnetic interference; insula- 
tion resistance; iron; packaging, electronic; plastic 
electrically conductive; test, conductivity. Appen- 
dix A, List of Abbreviations. 
electrical conductor A wire or combination of wires 
not insulated from each other, suitable for carrying elec- 
tricity. Some plastics are electrical transparent conductors. 
See carbon black; element, semiconductor; piezo- 
electric plastic. 
electrical connector A device to join two or inore 
electrical conductors. Connectors perform simple and vital 
roles. Their design is constantly changng as the techiiol- 
ogy around them change. In the beginning of the twenti- 
eth century, thermoset plastics were the dominant materi- 
als of construction. By the 1960s thermoplastic materials 
took over the connector market. Performance reyuire- 
inents include precision control of miniature multiple 
connectors with injection molding being the major pro- 
duction method used. See fastener; orientation and 
heat-shrinkability . 
electrical corona An electrical discharge effect that 
causes ionization of oxygen and the formation of ozone. 
It is particularly evident near high-tension wires and in 
spark-ignited automotive engines. The ozone formed can 
have a drastic oxidizing effect on certain plastic wire 
insulation, cable covers, and hose connections unless 
oxidation-resistance nylon, neoprene, and other plastics 
are used. See antioxidant agent; electrical erosion 
breakdown; ozone. 
electrical corona discharge treatment The flow of 
electrical energy from a conductor to the surrounding air 
or gas causes an electric discharge to ionize the sur- 
rounding gas, usually air. The treatment is a plastic surface 
preparation that is used in adhesive bonding and films. 
Treating inert plastics such as polyolefins increases its af- 
finity to inks, adhesives, and coatings. For example, appli- 
cation in a film line has the film passing over a grounded 
metal cylinder with a pointed high voltage electrode above 
it to produce a discharge. The phenomenon occurs when 
the voltage is high enough (5000 or more volts) to cause 
partial ionization of the surrounding gas. The discharge is 
characterized by a pale violet glow, a hissing noise, and 
the odor of ozone. This treated gas reacts with the plastic, 
roughening the surface to provide sites €or niechanically 
interlocking and introducing reactive sites on the surface. 
The treatment takes place only on the exposed surface to 
a depth of only 3 0 angstrom. Proper handling of the web 
is required to eliminate problems such as air entrapment 
and wrinkles on the backside. Also called corona tveatnzcnt. 
See decorating preparation problem; film decorat- 
ing; surface treatment; plasma treatment. 
electrical corona, prevent backside treatment Back- 

side treatment is an undesirable coiisequence of corona 
treating of plastic films. Corona equipment forms an electr- 
cal capacitor, consisting of a top plate where an electrode 
is connected to a high-voltage source and a bottom plate 
that is the core of the ground roll connected to the ground. 
The bottom plate is separated from the top plate by several 
dielectrics, an air gap, the film to be treated, and the roll 
covering (usually rubber, silicone, epoxy, glass, quartz, or 
ceramic). As the voltage increases on the top plate, the air 
in the gap ionizes, forming a purple glow called corona. As 
the corona nieets the surface of the filii1 being treated, it 
causes the surface to oxidize, forming oxygen radicals that 
attach to the film’s polymer chains. The oxygen radicals 
are receptor sites for the adhesion of coatings such as inks, 
adhesives, molten polymers, and liquid coatings. Corona 
treatment occurs only on the film’s surface. 

Undesirable backside treatment occurs if air becomes 
trapped between the film and rolls. Several conditions can 
lead to this air entrapment, including wrinkles in the film 
web as it passes over the treater roll, low web tension, and 
a web moving so fast that the film is lifted off the treater 
roll. Foreign materials on the roll, such as dirt, oxidation, 
resin dust, and slip buildup, can also result in trapped air. 
Backside treatment can cause problems in the rewind 
stage; the filrn can block, and the roll will be difficult or 
inipofsible to unwind. Correcting the problem depends 
on its cause. Sometimes all that is needed is cleaning, and 
a maintenance program should be instituted. If oxidation 
is the problem, it might be necessary to replace the treating 
roll with one having a higher resistance to oxidation. Rolls 
range from low-cost aluminum that is easily oxidized to 
more expensive titanium that is free of oxidation. 
electrical corona resistance The resistance to an ion- 
izing process. When an electric current passes through a 
conductor, it induces a surrounding electrostatic field. If 
voids exist in the insulation near the conductor, the high- 
voltage electrostatic field niay ionize and rapidly accelerate 
sonie of the air inolecules in the voids. These ions can then 
collide with the other molecules and ionize them, thereby 
developing a hole in the insulation. See ionization. 
electrical corona shield An electromagnetic iiiterfer- 
ence-type of plastic or nietal that is placed around exposed 
high-voltage components to prevent electrical discharge 
or transmission. See electromagnetic interference. 
electrical coulomb (C) The quantity of electricity 
transported in one second by a current of one ampere (A). 
electrical coulometer An electrolytic cell arranged to 
measure the quantity of electricity by the chemical reac- 
tion produced in accordance with Faraday’s law. 
electrical covering In wire coating, a coating whose 
primary purpose is to weatherproof, to prevent casual 
grounding (such as contact with a wet tree), or to other- 
wise protect a conductor. See extruder wire and cable. 
electrical creepage The electrical leakage on a solid di- 
electric surface. 
electrical cure monitoring The use of electrical tech- 
niques to detect changes in the electrical properties or 1110- 



Rosato,  Rosato,  and Rosato 225 

bility of the plastic molecules during cure. An example is 
measuring thermoset plastic cure. See cure; thermoset 
plastic curing, dielectric monitoring. 
electrical current See measurement. 
electrical current density 
rent density. 
electrical dielectric See dielectric. 
electrical, direct current (DC) An electrical current 
flowing in one direction only and substantially constant 
in value. When electrical voltage is applied to a material, 
current flows. Voltage is never absolutely steady and usu- 
ally varies in an alternating current (A<:) cyclic fashion. 
The DC resistance depends on the dimensions of the nia- 
terial and a number of factors such as ambient conditions, 
heat induced by the current flow, and thc characteristics 
of the material. 
electrical-discharge machine (EDM) A method of 
manufacturing tools (molds, dies, cutters, etc.) by using 
controlled sparking to erode or remove the nietal work 
pieces. 
electrical dissipation factor The ratio of the power 
loss in a dielectric material to the total power transmitted 
through it. It is equal to the tangent of the loss angle or 
to the ratio of the dielectric loss to the dielectric constant. 
See orientation and electrical property. 
electrical dry cell A primary battery that has a zinc 
anode, a carbon or graphite cathode surrounded by nian- 
ganese dioxide, and a paste containing ammonium chlo- 
ride as the electrolyte and that can be encased in plastic. 
electrical eddy current A current that is caused to flow 
in a conductor by the time or space variation, or both, of 
an applied magnetic field. 
electrical eddy current, standard depth of penetra- 
tion in the The depth at which the eddy-current den- 
sity is reduced to about 37% of the density at the surface. 
Eddy-current testing is most effective when the wall thick- 
ness does not exceed the standard depth of penetration 
(SDP) or in heavier tube walls when discontinuities of in- 
terest are within one SDP. See test, nondestructive 
electrical eddy-current. 
electrical eddy-current testing See test, nonde- 
structive electrical eddy-current. 
electrical-electronic market The fifth-largest market 
for plastics. Many new and important developments in the 
field of electricity and electronics would not have been 
possible without the many and continuing developments 
in the field of plastics. Their wide use is based primarily 
on their excellence as insulating materials with toughness. 
Although insulation requirements vary widely, one or 
more plastics will meet literally every requirement. See 
market. 
electrical energy See chemistry, electro-. 
electrical erosion breakdown In an electrical conduc- 
tor insulation, a breakdown that is caused by a chemical 
attack by corrosive chemicals, such as ozone and nitric 
acid, that are formed by corona discharge from a high- 
voltage cable. See electrical corona; erosion. 

See electroplating cur- 

electrical fire hazard See fire retardance; flam- 
mability. 
electrical galvanic cell A cell containing two dissimilar 
metals and an electrolyte. 
electrical hall effect When current is passed through 
a senliconductor bar situated within a magnetic field that 
is perpendicular to the direction of current and a voltage 
is developed across the bar. 
electrical inductance The henry (H) is the inductance 
of a closed circuit in which an electromotive force of one 
volt is produced when the electric current in the circuit 
varies uniformly at a rate of one ampere per second. 
electrical insulation, askarel A group of nonflaiii- 
inable chlorinated hydrocarbons that are used as electrical 
insulating media. Various composition types are used. Un- 
der arcing conditions the gases produced, while consisting 
predoniinantly of nonconibustible hydrogen chloride, can 
include varying amounts of combustible gases depending 
upon the askarel used. See hydrogen chloride. 
electrical insulation, rigid Those materials having a 
iiiininium flexural modulus of 10’ psi (7000 kgf/cm’) as 
determined by ASTM method D-790, Test for Flexural 
Properties of Plastics. 
electrical insulation fish paper See vulcanized fiber 
fish paper. 
electrical interference See electromagnetic inter- 
ference. 
electrical jacket A tough sheath that protects an insu- 
lated wire or cable or permanently groups two or more 
insulated wires or cables. 
electrical law, Faraday See electricity, Faraday’s 
law of. 
electrical-loss angle The antitangent of the electrical 
dissipation factor. See dielectric-loss angle. 
electrical-loss angle, tangent The dissipation factor of 
an electrical condenser of which the insulating material 
forms the dielectric when the electrodes of such a con- 
denser are subjected to an alternating emf (electromagnetic 
frequency). Also called dawipingfactor. See damping; di- 
electric-loss factor. 
electrical-loss factor The product of the power factor 
and the dielectric constant. 
electrically conductive plastic See plastic conduc- 
tivity; plastic, electrically conductive. 
electrical-mechanical motion See piezoelectric 
plastic. 
electrical moisture content test See moisture con- 
tent; test, reinforced-plastic moisture content. 
electrical motion control system See design, 
motion-control, mechanical and electronic effects; 
motion-control system; potentiometer. 
electrical operating injection-molding machine See 
injection-molding machine electrical operation. 
electrical orientation See orientation and electrical 
property. 
electrical ozone See antioxidant agent; electrical 
corona; ozone. 
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electrical peak voltage For AC meters, the voltage 
that will discharge across the air gap or across a defect. 
The peak voltage is the root mean square (KMS) voltage 
niuitiplied by 1.414. See electrical volt. 
electrical permeability, magnetic The ratio of in- 
duction to magnetic field. 
electrical permittivity A factor that gives the influence 
of an extensive, isotropic dielectric medium on the forces 
of attraction or repulsion between two electrified bodies. 
It  is the product of the relative permittivity and the per- 
mittivity of free space (vacuum). See permittivity, rela- 
tive. 
electrical piezoelectric effect See piezoelectric ef- 
fect. 
electrical power The watt (W) is the power that gives 
rise to the population of enerW at the rate of one joule 
per second (J / s ) .  See electrical watt. 
electrical power device See electronic standard, 
international. 
electrical power disturbance A power disturbance 
that is caused by electromagnetic interference, radio- 
frequency interference, and electrostatic discharge. These 
three interference situations can cause functional upsets 
and damage to electronic coniponents. In some cases, such 
as medical devices, life-threatening device malfunctions 
can occur. See safety. 
electrical power factor The ratio of total power loss 
(watts) to the product of voltage and current in an electri- 
cal condenser in ~vhich the insulating material forms the 
dielectric. It is the cosine of the angle between voltage 
applied and the resulting current. Measurenients are usu- 
ally made at niillioii-cycle fi-equency. 
electrical power loss The power, per unit volume, 
that is transformed into heat through hysteresis. It is the 
product of energy loss and frequency. 
electrical printed circuit board See printed circuit 
board. 
electrical property Many plastics are electrical insula- 
tors or dielectrics and exhibit high resistivity (low con- 
ductance). Electrical behavior of plastics is influenced by 
fxtors such as temperature, time in service, moisture 
and other contaminants, geometric relationships, me- 
chanical stresses, and frequency with niagnitude of the 
applied voltage. These factors interact in a complex fash- 
ion. See dope; mechanical property; orientation 
and electrical property; periodic table; physical 
property; test, chemical property; zirconium 
oxide. 
electrical quantity See electrical coulomb. 
electrical radiation Energy that is in the form of elec- 
tromagnetic waves; the emission of such energy. It often 
is found in connection with radio frequency (RF) pre- 
heating. See radio-frequency preheating. 
electrical resistance See electrical Wheatstone 
bridge; insulation resistance. 
electrical resistance strain gauge See strain gauge. 

electrical resistance temperature detector See tem- 
perature electrical resistance detector. 
electrical resistivity The ability of a material to resist 
passage of an electrical current either through its bulk or 
on its surface. 
electrical root-mean-square (RMS) voltage Root- 
mean-square voltage, or average voltage, that is shown on 
an alternating-current test meter. 
electrical schematic A diagram of a detailed arrange- 
nient of circuits and hardware using applicable electrical 
and engineering symbols. 
electrical SCR drive A silicon-controlled rectifier 
(SCR) motor drive systeni that controls the speed of a 
direct-current motor by the use of rectified pulses of elec- 
trical power. This means that an alternating-current supply 
is converted to appropriately sized DC pulses as indicated 
by a speed-measuring device. See electric motor. 
electrical semiconductor See semiconductor. 
electrical shielding See carbon black, conductive. 
electrical spark-over A disruptive discharge between 
electrodes of a measuring gap, such as a sphere or oil test- 
ing gap. 
electrical-spark test, coating See test, electrical- 
spark coating. 
electrical-spark tracking A phenomenon that occurs 
on the surface of an insulator when, between two metallic 
parts, the voltage rises to a value high enough to produce 
a spark. 
electrical static charge 
electrical-strain gauge See strain gauge. 
electrical strength See dielectric strength. 
electrical-surface conductance The direct current 
conductance between two electrodes in contact with a 
specimen of solid insulating material when the current is 
passing only through a thin film of nioisture on the surface 
of the specimen. See electrical conductance. 
electrical-surface leakage The passage of current over 
the boundary surfaces of an insulator as distinguished fi-om 
passage through its volunie. 
electrical-surface resistance The ratio of the direct 
voltage applied to the electrodes to that portion of the 
current between them that is in a thin layer of moisture 
or other semiconducting material that may be deposited 
on the surface. 
electrical-surface resistivity The ratio of the potential 
gradient parallel to the current along its surface to the cur- 
rent per unit width ofsurface. It is iiumerically equal to the 
surface resistance between two opposite sides of a square 
of any size when the current flow is uniform. See test, 
conductivity. 
electrical switch A switch that takes advantage of plas- 
tics properties and processing techniques. For example, a 
folded-membrane switch uses thin flexible film with asso- 
ciated electrical connections. 
electrical system, corrosive See phosphorous-base 
flame retardant. 

See electrostatic charge. 
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electrical testing See test, nondestructive electri- 
cal; test, nondestructive electrical eddy current. 
electrical tracking A phenonienon wherein a high- 
voltage source current creates a leakage or fault path across 
the surface of an insulating material by slowly but steadily 
forming a carbonized path. 
electrical track resistance See electrical-arc resis- 
tance. 
electrical transparent conductor A transparent con- 
ductive film for electronic components. Their uses include 
electroluminescent lamps, niembrane-touch panels, elec- 
tromagnetic interference and radio-frequency interference 
shielding, plastic liquid crystal displays, ground-planes, 
heating elements, solar control window films, laser print- 
ers, transparent packaging barrier coatings, photoreceptor 
ground-planes, and anticounterfeiting pigment for high- 
value currency and documents. 
electrical volt (V) The difference in electric potential 
between two points of a conductor carrying a constant 
current of one ampere (A) when the power dissipated be- 
tween these points is equal to one watt (W/A). See redox 
potential. 
electrical-voltage deviation, root-mean-square See 
deviation, root-mean-square voltage. 
electrical-volume resistivity The ratio of the electri- 
cal potential gradient to the current density when the gra- 
dient is parallel to the current in the material. Also called 
spec@ insirlation resisraizce. See test, conductivity. 
electrical watt A unit of active power. One watt is en- 
erW, work, or quantity of heat expended at a rate of one 
joule per second. See electrical power. 
electrical-watt density The watts per unit area emit- 
ted from radiant heaters. 
electrical Wheatstone bridge A divided electrical cir- 
cuit used for the iiieasurenietit of resistance. An example 
is a network of four resistors, an emf source, and a galva- 
nometer connected such that the galvanometer will show 
a 0 or null reading when the resistance is matched. See 
insulation resistance. 
electrical wire resistant strain gauge See strain 
gauge; stress-strain curve. 
electric charge See antiparticle. 
electric hygrometer See hygrometer. 
electricity The word clectricity, coined in the eighteenth 
century, was derived from the Greek word for amber 
(e lddron) .  
electricity, Faraday’s law of The quality of electricity 
that can deposit, or dissolve, one graiii-equivalent weight 
of a substance during electrolysis (about 96.500 coulombs). 
electricity, static See electrostatic charge. 
electric motor Practically all basic and auxiliary pro- 
cessing equipment uses electric-drive motors. The direct- 
current iiiotors are the most popular. They can be con- 
trolled through solid-state circuitry that rectifies the 
alternating-current supply. Apart from being one of the 
most efficient motors in tlie speed range of 20% to 100% 

of maximum, D C  motors give a wide range of controllable 
speeds of better than 30: 1. A major disadvantage is the 
tendency of the speed to drift as the motor warnis LIP, 

though this can be reduced by feedback speed controls. 
The variable-speed AGdrive motors are popular. Main- 
frequency supply is rectified to D C  and then converted to 
a variable-frequency wave front using mlid-state switching 
devices. Their nonsinusoidal waveform can cause power 
loss; using more silicon-controlled rectifiers (SCKs) can 
reduce it. However, this action increases the cost of the 
iiornially lower-cost motor when compared to the DC 
types. Two major advantages of tlie variable-frequency 
AC-drive motor are the better power factor and lower 
maintenance. See design, motion-control, mechani- 
cal and electronic effects; drive-system control; 
electric motor drive; electrical SCR drive; energy 
loss, machine; extruder drive-energy consumption; 
extruder specification drive; injection-molding 
machine-drive system; injection-molding machine 
electrical operation; motion-control system; thy- 
ristor. 
electric motor, adjustable-speed-drive (ASD) An 
ASL) (adjustable-speed-drive) can cut energy use, iiiiprove 
process efficiency, and minimize machine wear and tear. 
EnerSy saving., and efficiency stem from the ASD’s precise 
electronic control of motor speed. They provide “soft” 
starts extending the life of the coinponerits they drivc 
such as hydraulic punips, fans, and seals on rotating shafts. 
See accuracy; control drive, optimized; energy 
loss, machine; extruder drive-energy consumption; 
injection-molding machine, electrical operation; 
motion-control system; repeatability. 
electric-motor air-flow switch A switch fitted o n  the 
exit side of the cooling circuit of an electric motor that 
prevents inotor overheating if thc airflow fails. It  is partic- 
ularly usefiil in a inaterial powder environment. 
electric-motor drive A silicon-controlled rectifier is a 
motor-drive speed-control system that controls the speed 
of a direct current niotor by use of rectified pulses of 
power. See electric motor; repeatability; servo- 
control-drive reliability. 
electric-motor motion See motion-control system. 
electric-motor stalling/ slippage See extruder-web 
tension control, slipping and tearing. 
electric-panel heater See thermoforming heater, 
electric panel. 
electric-power motion See motion-control system. 
electric-system corrosiveness See phosphorus-base 
flame retardant. 
electrification time The time during which a steady 
direct potential is applied to electrical insulating materials 
before the current is measured. 
electrochemical cell A system consisting of a n  anode 
and a cathode in metallic contact and ininiersed in an clec- 
trolyte. 
electrochemical reaction Many cheniical reactions 
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can be classified as oxidation-reduction reactions, or redox 
reactions, and can be considered to be the result of two 
reactions with one oxidation and the other reduction. See 
redox plastic. 
electrochemistry See chemistry, electro-. 
electrocoating See electroplating. 
electrode 1. The energzed or grounded conductor por- 
tion of electrical test equipment, which is placed near or in 
contact with the material or equipment being tested. 2. A 
temiinal point in an electric circuit that is designed to pro- 
niote an electric field between one electrode and another. 
It is used in radio-frequency heating, surface treatment of 
polyethylene film, and so on. See corrosion, passivation. 
electrodeposition coating See coating, electrode- 
position. 
electro discharge machine (EDM) A machining pro- 
cess that uses a carbon electrode that is shaped to the same 
geometry as is required in the final molded part. The elec- 
trode is held in a close proximity to the material while in 
solution. An electrical current is passed through the elec- 
trode, locally eroding the base material away until the de- 
sired shape is achieved. See machining. 
electroerosive cutting and sinking Electrical arc and 
chemical techniques used in metal cutting. Processes for 
manufacturing plastic processing inold and die tools as well 
as cutting and stamping tools. See film perforating; ma- 
chining; mold-cavity hobbing. 
electroforming The production or reproduction of a 
product by electrodeposition on a mandrel or mold that is 
subsequently separated from the pattern. This mold cavity 
form can be supported or strengthened by using a back- 
up material such as reinforced plastic or foam compound 
or by spraying low-melt metal alloys. The pattern material 
can be wax or a flexible material. The molded part usually 
employs a low or moderate pressure. See mold material; 
thermoforming. 
electroless plating The deposition and formation of a 
continuous metallic film on a nonconductive plastic sur- 
face without the use of an electric current. Plating materi- 
als include copper, nickel, chromium, and silver. The pro- 
cess involves the controlled reduction of a solution of a 
metal ion by a dissolved reducing agent at a catalytic inter- 
face to give a coherent film. The plating depends on a 
precise series of cheniicals to clean, roughen, and catalyze 
the surface before plating. See plating; surface finish. 
electroluminescence Luminescence that results from 
electrical excitation. See luminance. 
electrolysis A method by which chemical reactions are 
carried out by an electric current that passes through a 
solution of an electrolyte or through a molten salt. See 
decomposition; chemical reaction, half-cell. 
electrolyte A substance that provides ionic conductiv- 
ity when dissolved in water or when in contact with it. 
Such compounds may be either solid or liquid types in- 
cluding acids, bases, and salts, or other media such as ion- 
ized gases. See electroplating; molecular conductiv- 
ity; nonelectrolyte. 

electrolytic, conductimetry See conductimetry. 
electromagnet A soft iron core that is surrounded by 
a coil of wire that temporarily becomes a magnet when 
electric current flows through the wire. See magnet. 
electromagnetic adhesive See adhesive, electro- 
magnetic. 
electromagnetic compatibility (EMC) Designing de- 
vices to minimize the risks that are associated with reason- 
ably foreseeable environmental conditions. They include 
magnetic fields, external electrical influences, electrostatic 
discharge, pressure, teniperature, or variations in pressure 
and acceleration, and reciprocal interference with other de- 
vices nomially used in investigations or treatment. 
electromagnetic curing See thermoset plastic cur- 
ing, electromagnetic. 
electromagnetic field (EMF) The magnetic force that 
is developed by the passage of an electric current through a 
conductor core usually wrapped around an iron or similar 
metal or alloy. See fiber optic; holography; infrared 
spectroscopy; neutron scattering. 
electromagnetic-induction welding See welding, 
electromagnetic-induction. 
electromagnetic interference (EMI) The interfer- 
ence related to accumulated electrostatic charge in a non- 
conductor. As electronic products become smaller and 
more powerful, there is a growing need for higher 
shielding levels to ensure their performance and guard 
against failure. In the past the 40 dB shielding was the 
norm, but the 60 dB is becoming the normal higher value. 
The plastic shielding material used may include the use 
of additives. Designs may include board-level shielding of 
circuit, bondable gaskets, and locating all electrical circuits 
in one location so only that section requires appropriate 
shielding. Designers of enclosures for electronic devices 
should be aware of changes in electromagnetic conipatibil- 
ity (EMC) that tend to continually develop worldwide. 
Conductive plastics provide electromagnetic interference 
and radio-frequency interference shielding by absorbing 
electroniagnetic energy and converting it into electrical or 
thermal energy. They also function by reflecting EME. 
This action ensures operational integrity and electromag- 
netic compliance with existing standards. Conductive 
plastics are generally designed to meet specific perfor- 
niance requirements (physical, mechanical, etc.) in addi- 
tion to EMI/RFI or static control. Often these plastics 
have to perform structural functions, meet flammability or 
temperature standards, provide wear or corrosive resistant 
surface, and so on. Also called radio-fequency inteference 
(RFI) and static ckacqe. See antistatic agent; electrical 
conductivity; electrical corona shield; electronic 
standard, international; heating, dielectric; light 
scattering; metal-to-plastic bond; molecule, polar; 
packaging, electronic; piezoelectric plastic; plastic 
conductivity; plastic dopant; plastic, electrically 
conductive; safety; semiconductor; static; test, con- 
ductivity; thermal conductivity. 
electromagnetic interference, shielding-effective- 
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ness (SE) of SE is the ratio of the incident field strength 
to the transmitted field strength. Frequency range is from 
30 MHz to 1.5 GHz (ASTM D 4935-89). See test, con- 
ductivity. 
electromagnetic phenomena See heating, dielec- 
tric. 
electromagnetic radiation See cross-linking, radi- 
ation; infrared spectroscopy. 
electromagnetic radiation quanta energy The 
smallest quantity of energy that can be emitted or absorbed 
in the form of electromagnetic radiation. See spectrum. 
electromagnetic spectrum The wavelength regions 
from to 10' m that go from x-ray, ultraviolet, visible 
near infrared, mid-IR, far IR, microwave, to radio. They 
are energy propagated by an electromagnetic field. See 
heating, microwave; light; light scattering; sensor, 
infrared. 
electromagnetic testing See test, nondestructive 
electromagnetic. 
electromagnetic welding See welding, electro- 
magnetic-induction. 
electromotive force (EMF) The maximum potential 
difference between two electrodes in a given cell. 
electron A fundamental particle of matter that can exist 
either as a constituent of an atom or in a free state. It has 
a negative charge. The number of electrons in an atom of 
any element is the same as the number of protons in the 
nucleus and the atomic number. Electrons can be removed 
from the atoms of metals and some other elements by 
means of heat, light, electric energy, and bombardment 
with high-energy particles, such as radiation and ioniza- 
tion. See electron, Lewis acid; periodic table; radio- 
active beta particle. 
electron acceptor See acceptor. 
electron affinity The energy that is released when an 
electron is added to an atom in the gaseous state. 
electron beam A stream of electrons in an electron op- 
tical system. See sterilization, electron-beam. 
electron-beam polymerization See polymeriza- 
tion, electron-beam. 
electron beam radiation The ionizing radiation that 
is propagated by electrons that move forward in a narrow 
stream with about equal velocity. See radiation. 
electron beam treatment (EB) A modification of 
large-volume thermoplastics and reinforced plastics. It has 
been used as an alternative to chemical treatment of plastics 
in or after processing and to control plastic rheology. Ex- 
amples include modifijing PP melt strength, flow behav- 
ior, and molecular structure in complex ways. PE melt 
indices are reduced. PVC impact strength is increased via 
EB cross-linking. EB accelerators generate a curtain of 
ionizing radiation. If dosed to excite the right electrons to 
the right degree, EB can precisely change part or all the 
plastic structures and eliminate thermal degradation and 
residues associated with chemical processes. See cross- 
linking; printing ink, radiation. 
electron-beam welding See welding, electron-beam. 

electron-bond order The difference between num- 
bers of electrons in bonding molecular orbitals and anti- 
bonding molecular orbitals, divided by two. 
electron bond, sigma The bond that is formed when 
two electrons are placed in a sigma-bonding molecular or- 
bital. 
electron configuration The distribution of the elec- 
trons in an atom among the atomic orbitals. 
electron-deficient compound A compound in which 
the number of valence electrons available around an atom, 
other than hydrogen, is fewer than eight. 
electron density The probability that an electron will 
be found at a particular region in an atomic orbital. 
electron diffraction The phenomenon or the tech- 
nique of producing diffraction patterns through the inci- 
dence of electrons on matter. 
electron diffraction band A maxiniuni broad intensity 
with sharp edges. 
electronegativity The ability of an atom to attract elec- 
trons toward itself in a molecule. 
electron gun A device for producing and accelerating 
a beam of electrons. 
electronic A branch of physics that deals with emission, 
behavior, and effects of electrons and with electronic de- 
vices. See mechatronic. 
electronic and mechanical effect, design motion 
control See design, motion-control, mechanical 
and electronic effects. 
electronic chip Traditional chips are encapsulated with 
a plastic that is almost always epoxy plastic. The glob-top 
inicroprocessing chips have only a single drop of epoxy 
applied to their tops. See business card, electronic; in- 
tegrated circuit, plastic. 
electronic control See control drive, optimized; 
integrated circuit; nanotechnology. 
electronic data interchange (EDI) A method that is 
used for ordering, shipment, receiving, billing, and pay- 
ment between customer and supplier. This type of ex- 
change of data is usually through a third neutral computer 
company that safeguards the inforniation. See engi- 
neered, re-; production data acquisition. 
electronic document and retrieval system See com- 
puter electronic document and retrieval system. 
electronic doppler effect A shift toward longer elec- 
tronic wave lengths for waves reaching an observer when 
the source of the waves is moving away froin the observer 
or instrument (radar device, etc.). The doppler effect is 
the apparent difference between the frequency at  which 
light waves or sounds leave a source and that at which 
they reach the observer. The effect is caused by the relative 
motion of the observer and the wave source. As you ap- 
proach a blowing horn, for example, the perceived pitch 
becomes higher until you reach the horn and then lower 
as you move away. See radome. 
electronic dot generation See printing, electronic 
dot generation. 
electronic heating See heating, dielectric. 



electronic image processing See printing, photo- 
engraving. 
electronic logic control See control, electronic 
logic. 
electronic microminiaturization The technique of 
packaging a microminiature part or asseiiibly composed 
of elenients radically different in shape and form factor. 
Electronic parts are replaced by active and passive elenients 
through the use of fabricating processes such as screening, 
vapor deposition, and diffusion. See casting; encap- 
sulation; nanotechnology; packaging, electronic; 
printed circuit board, surface-mounted technology. 
electronic module coating See parylene plastic. 
electronic packaging See packaging, electronic. 
electronic printing See printing electronically. 
electronic shielding See carbon black, conductive. 
electronic standard, international For most of the 
world’s important markets, the International Electrotecli- 
nical Commission (IEC) 601 series ofstandards for electro- 
medical and nonmedical equipment is important. It is esti- 
mated that over half of all types of the many medical 
devices are electrically powered. IEC refers to a series of 
already issued or envisioned technical standards for ensur- 
ing the electrical safety of devices. They include both elec- 
tromagnetic emissions and inimunity to such eniissions 
from other sources. Although compliance with these stan- 
dards is in theory voluntary, they are rapidly becoming 
de facto regulatory requirements throughout much of the 
world. This standard and Underwriters’ Laboratory 544 
standard are virtually identical except for sonie national 
deviations allowed by the IEC rules. See medical appli- 
cations; safety. 
electronic toys 
electronic treatment A method of oxidizing a poly- 
olefin part to render it printable by passing it between elec- 
trodes and subjecting it to a high-voltage corona discharge. 
It  also provides other advantages, such as pemmitting adhe- 
sive bonding. See electrical corona discharge treat- 
ment; plasma treatment; surface treatment. 
electron image A representation of an object formed 
by a beam of electrons focused by an electron optical 
systern. 
electron, Lewis acid A substance that can accept a pair 
of electrons. See resonance. 
electron, Lewis base A substance that can donate a pair 
of electrons. 
electron, Lewis structure A representation of covalent 
bonding using the Lewis synibols. 
electron, Lewis symbol The symbol of an element 
and one or niore dots representing the number of valence 
electrons in an atom of the element. See valence. 
electron microscopy See chemistry, analytical; 
molecular-level electron microscope; transmission 
electron microscope. 
electron scattering The scattering of electrons by any 
crystalline material through discrete angles. The angles de- 
pend only on the lattice spacing of the material and the 
velocity of the electrons. See radiation, diffraction. 

See plastics and electronic toys. 

electron spin resonance spectroscopy (ESR) A 
form of spectroscopy that is similar to nuclear magnetic 
resonance except that the specimen is as unpaired electron, 
not a magnetic nucleus. See spectroscopy; spectros- 
copy, nuclear magnetic resonance. 
electrophoresis The migration of suspended or colloi- 
dal particles in a liquid such as rubber latex due to the 
effect of potential differences across iiiiiiiersed electrodes. 
It is one of a group of phenomena referred to generally as 
elertuokitzetic- plwnomena, which include electroosmosis and 
streaniing potential as well as electrophoresis. The term 
ionciphouesis is sonietinies used fcx the migration of low- 
molecular-weight substances in an electric field, especially 
when the migration takes place in a stabilizing medium 
such as a gel. See latex, natural rubber; latex, rubber 
or plastic; molecular weight. 
electrophoretic deposition The process of depositing 
material on a work piece by ininiersing in a liquid suspen- 
sion of the coating plastic material. It is siniilar to elec- 
troplating in which the work piece fo rm one electrode 
of a pair iinniersed in the bath. On application of direct- 
current voltage to the electrodes, particles of the suspended 
niaterial migrate to the work piece due to the movement 
of particles under the influence of the impressed DC volt- 
age. Plastics used include PVC, PVDC, PE, and PTFE. 
See plating. 
electroplating The process of applying an adherent 
metallic coating, such as chromium, nickel, copper, and 
silver, on a plastic part by passing an electric current 
through an aqueous solution of a salt containing ions of 
the element being deposited. The niaterial being plated 
constitutes the cathode. Plastics are generally not conduc- 
tive, so they are made conductive by different methods 
such as pretreating with a base conductive coating or the 
plastic includes conductive filler. An understanding of this 
electro systeni and the fabricating process is required. 
Stresses in a molded part can have immediate or in service 
delamination of the coating due to stress relieving or relax- 
ation causing the plating to separate froin the plastic. See 
coating, sputtered; ionization; stress relaxation; 
metallizing plastic. 
electroplating current density The electric current 
per unit area or surface of the product being plated. It is 
expressed in aniperes per ciii’ or niore usually A/cm’. 
electrospray mass spectrometry (ESMS) A method 
of spraying a plastic solution through a fine jet to give a 
supersonic molecular beam. In this way i t  is possible to 
produce isolated and charged niolecules that will be ana- 
lyzed according to their niass. 
electrostatic The science of forces and tields of electric 
charges in a state of rest. 
electrostatic assist While electrostatic forces may cause 
the disintegration of a fluid stream, this method is not used 
alone. It is extremely useful as an assist with spray methods, 
especially with centrifugal spraying. An electrostatic force 
improves the disintegration of the electrically charged 
paint stream, but most important, it directs the charged 
paint particles to the oppositely charged target, usually at 
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ground potential. This increaser transfer efficiency. The 
plastic surfaces are made conductive by a light spray of 
conductive salt sufficient to maintain the required charge 
on the part to be painted. See spray, airless. 
electrostatic charge The electrical charge that is pro- 
duced by the relative motion of a nonconducting niaterial 
over a nonconducting plastic material. Charge separation 
is due to mechanical motion. The charge, often negative, 
is induced or transferred onto a surface. Static electrical 
charging by contact electrification (triboelectrification) is 
a property of interest in comniercial applications. A tribo- 
electric series may be established that roughly follows the 
dielectric constants of plastics. See antistatic agent; de- 
staticization; static charge. 
electrostatic-charged area development See print- 
ing, electrostatic-charged area development. 
electrostatic charge on film See film, electrostatic 
charge. 
electrostatic discharge detector (ESD) A detection 
device that provides visual identification that an ESD 
event has occurred on a printed circuit board or an elec- 
tronic subassenibly. The plastic enclosed unit is designed 
to be mounted to ESD-sensitive circuit boards and assein- 
blies during their manufacture. If the ESD detector detects 
damage during manufacture or in shipment, a display indi- 
cates this damage. 
electrostatic dissipative See electromagnetic inter- 
ference. 
electrostatic precipitator See pollution, air. 
electrostatic spray coating See coating, electro- 
static spray. 
electrovalent bond See atom electrovalent bonding. 
element A substance made up of atoms with the sanie 
atomic nuniber (periodic table). The element is a pure 
substance, such as hydrogen, gold, and iron, that cannot 
be broken down by chemical nieaiis to a simpler substance. 
Elements are listed in the periodic table. This table lists 
109 elements by atomic numbers. The element hydrogen 
was assigned an  atomic number of 1 ,  and all the others 
derived their atomic numbers from a comparison of the 
size of the atonir to the element hydrogen. The atomic 
nuniber is actually the number of protons in the nucleus 
of an atom. Atoms are far niore complicated, but present 
knowledge characterizes atonis as being composed of pro- 
tons (positively charged particles), neutrons (neutral parti- 
cles), and electrons, which orbit the nucleus (or core of 
an atom). Atoms are often characterized as a sun (nucleus) 
surrounded by orbiting planets (electrons). Electronc have 
mass, but their orbits are not well defined rings. Many 
intricacies are involved in analyzing the nuclear atom and 
in evaluating bonding tendencies between a t o m .  Also 
called chemical elmrnt.  See atom; carbon; compound, 
-ide; engineering material; periodic table; valence. 
element, definite proportion law The combination of 
elements in siniple ratios of 1 : 1, 2 : 1, 2 : 3, 3 : 4, and so on. 
element, molar mass See molar mass of an ele- 
ment. 
element, semiconductor An element that normally 

cannot conduct electrical current but can have their con- 
ductivity greatly enhanced either by raising the tenipera- 
ture or by adding certain impurities. It is a strongly nega- 
tive element. It is called nonmetallic and has a tendency 
to acquire electrons. See conductivity; semiconduc- 
tor. 
element, strongly positive A metallic element that has 
a tendency to give up electrons. 
element, transmutation The conversion of one ele- 
ment into another. 
element, transuranium Elements with atomic nun-  
bers greater than 92. 
Ellis model See viscosity, non-Newtonian flow El- 
lis model. 
Elmendorf tear test 
elongation The amount of increase in length resulting 
from, as an example, the tension load applied. It is usually 
expressed as a percentage of the original length. It is also 
identified as the strain or stretch of a material. Also called 
cxtcnsibility. See extensibility; deformation; fabric, 
elastic; strain; strain extensometer. 
elongation, creep See creep. 
elongation, elastic See elasticity, high. 
elongation, fatigue See fatigue. 
elongation, hot The elongation or extensibility of a 
heated thermoplastic sheet. This extensibility varies widely 
with the niaterial and is also greatly affected by sheet teni- 
perature, speed of stretching, and method of stretching (by 
differential air pressure or mechanical means). See orien- 
tation. 
elongation, maximum The elongation at the time of 
failure or rupture, including both elastic and plastic defor- 
mation of the test specimen. Also called rrlfirnate cloriptior?,  
e/onyation at y m y e ,  or brmk c/orzgutiorz. 
elongation, melt-flow See melt-flow elongation. 
elongation set at break The elongation niearured after 
rupture on a test specimen. See test set, immediate. 
elongation, uniform The elongation deterniiiied 
when the maximum load is reached. It applies to materials 
whose cross-section decreases uniforinly along the gauge 
length up to the maximum load. 
elongation unit 
elute To remove sorbed niaterials from a sorbent by 
means of oil. 
e-mail An electronic message that is sent between or 
among coniputers and is stored until read or deleted. 
embedding Complete encasenient in some uniform 
external shape. Most of the package consists of the plastic. 
It is a useful technique for protecting and decorating a 
device or assembly, such as enibedding electrical or elec- 
tronic devices. Protection can be froni oxygen, moisture, 
temperature, electrical flashover, current leakage, salt 
spray, radiation, solvents, chemicals, microorganisms, nie- 
chanical shock, vibration, and so on. Characteristics during 
enibedding that can influence part performance are the 
stresses that develop between the component and plastic 
during curing. Differentials between thermal expansion 
coefficients are a source of poor design and fabricating 

See test, tear-resistance. 

See tensile elongation unit. 
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problems. The design needs to use the appropriate plastic 
with its processing cycle. The embedment oflarge compo- 
nents has the risk of runaway exotherms if not properly 
handled. Also called casting, potting, injection molding, liquid 
molding, impregnation, and encapsulation. See air entrap- 
ment; casting; coating, microencapsulation; en- 
capsulation; ferroelectric; impregnation; injection 
molding, in-mold; injection molding, liquid; insert 
molding; mold pot; potting. 
embossing 1. A decorative imprint that is applied to 
plastics (one or all sides) using different fabricating pro- 
cesses such as extrusion, injection molding, castings, and 
so on. For example, depressions of a specific pattern on 
plastic surfaces such as extruded film or sheet are created 
by using the pattern on rollers with photoengraving. 
2. Providing an embossed surface on molded parts by 
applying to the mold cavity the desired pattern. See ex- 
truder-roll decorating; mold cavity; roll. 
embossing spanishing A method of depositing ink in 
the valleys of embossed plastics. Scrappers are used. See 
coating, knife; printing. 
embrittlement A condition of low ductility in mate- 
rials. With certain plastics, such as certain acrylonitrile- 
butadiene-styrene compounds, embrittlement is due to 
formation of a vitreous matrix as well as to environmental 
oxidation of the butadiene particles in the matrix. See 
brittleness; hydrogen embrittlement. 
emission See automotive interior, low-emission 
plastic; finishing system, reduced-solvent; plasti- 
cizer; solvent. 
emission spectroscopy The study of the composition 
of substances and identification of elements by observation 
of the wavelengths of radiation that they elnit as they re- 
turn to a normal state after excitation by a n  external e n e r g  
source. When atonis or molecules are excited by energy 
input from an arc or flame, they respond in a characteristic 
manner. Their identity and coniposition are signaled by 
the wavelengths of incident light they emit. 
emission spectrum A continuous line spectrum of ra- 
diation emitted by a substance. 
emission standard See finishing system, reduced 
solvent . 
emissivity The ratio of the total heat-radiating power 
of a surface to that of a black body of the same area and 
at the same temperature. 
emittance The ratio of the radiant flux emitted by a 
specinien to that emitted by a black body at the same tem- 
perature and under the same environment conditions. 
empirical Based on experience and observations rather 
than theory. See formula, empirical; theory. 
employee invention law See legal matter: 
employee/assignment invention. 
employment See fabricating employment; plastic 
consumption; productivity; technical writing; 
World of Plastics Reviews: Challenge 2000: Making 
Plastics a Preferred Material. 
emulsifying agent An emulsifier that modifies the sur- 

face tension of colloidal droplets, keeping them from coa- 
lescing and keeping them suspended. It imparts stability 
by lowering interfacial tension between immiscible liquids 
that make up an eniulsion (one dispersed in the other as 
droplets). They function as surface-active agents, or surfac- 
tants. Although used in small quantities, they can have a 
significant effect on the surface behavior of a system. 
Emuls i~ ing  materials contain molecules or ions with a hy- 
drophilic group at one end and a hydrophobic group at 
the other end. There are three basic types: anionic, cat- 
ionic, and nonionic. Choosing between the types depends 
on the system to be emulsified, the degree of stability re- 
quired, and end-use conditions. See additive; anti- 
fogging agent; hydrophilic surface; hydrophobic; 
latex. 
emulsifying agent, latex See latex emulsifying agent. 
emulsion A stable dispersion of one liquid in a second 
immiscible liquid. The stable dispersion generally uses an 
emulsifi.ing agent that has an affinity for both the continu- 
ous and discontinuous phases. Also called latex. See dis- 
persing agent; latex; mill, colloidal; molecule, polar; 
latex; paint emulsion. 
emulsion/demulsification The process of destroying 
or “breaking” an unwanted emulsion. 
emulsion, paint See paint emulsion. 
emulsion, photosensitive See printing, screen 
photoimage. 
emulsion polymerization See polymerization, 
emulsion. 
enamel A type of paint containing binders that form a 
film by oxidation or polymerization on exposure to air. 
See coating; paint; primer. 
enantiomer See molecule enantiomer. 
encapsulation The enclosing of a part in a closed enve- 
lope of plastic by immersing the part (electric, ornament, 
and other articles) in an unheated or heated casting plastic. 
Also called conformal coating. See casting; coating, dip; 
coating, microencapsulation; defoamer additive; 
electronic chip; exotherm; impregnation, trickle; 
injection-molding, liquid; medical antibody and an- 
tigen, plastic-encapsulated. 
endotherm A process or change that takes place with 
absorption of heat and requires high temperature for initia- 
tion and maintenance as with using heat to melt plastics 
and then reiiiove heat. Opposite of exotherm. See abla- 
tive plastic; exotherm. 
endothermic Pertaining to a reaction that absorbs heat. 
Also called rndoevgic. See ablative plastic. 
endothermic analysis See thermal analysis. 
endothermic process A process that absorbs heat from 
the surroundings. 
endothermic reaction A reaction that absorbs heat. 
Opposite of exothermic. In most plastic processes, heat is 
absorbed to melt plastic. See ablative plastic; differen- 
tial scanning calorimetry; pyrolysis. 
endurance Load-carrying ability versus some type of 
time or performance condition. See creep; fatigue en- 
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durance limit; plastic, long-life; test; thermal endur- 
ance. 
endurance, thermal See thermal endurance. 
energy The capacity for doing work or producing 
change. This term is both general and specific. Generally 
it refers to the e n e r g  absorbed by any material subjected 
to loading. Specifically it is a measure of toughness or 
inipact strength of a material-for example, the energy 
needed to fracture a specimen in an inipact test. It is the 
difference in kinetic energy of the striker before and after 
impact, expressed as total energy per inch of notch of the 
test specimen for plastic and electrical insulating material 
[in-lb (J/ni)]. Higher energy absorption indicates a greater 
toughness. For notched specimens, energy absorption is 
an indication of the effect of internal multiaxial stress dis- 
tribution on fracture behavior of the material. It is merely 
a qualitative index and cannot be used directly in design. 
See calorimeter; hysteresis heat build-up; joule; ra- 
diation; radiation, photon; test, impact. 
energy absorption Generally the energy absorbed by 
any material subjected to loading; specifically a measure 
of toughness or inipact strength of a niaterial on the energy 
needed to fracture a specimen in an impact test. See calo- 
rimeter; chemistry, thermo-; kinetic energy dissi- 
pated; test, impact. 
energy absorption, megarad One rad is equivalent to 
an energy absorption per unit mass of 0.01 joule per kilo- 
gram of irradiated material; one megarad is 1E + 06 rads. 
Also called Mrad. 
energy activation An excess energy that must be added 
to an atomic or niolecular system to allow a process, such 
as diffusion or chemical reaction, to proceed. 
energy and bottles An interesting historical (1 950s) 
exaniple is thc small injection blow-niolded whiskey bot- 
tles that were substituted for glass blown bottles in coni- 
inercial aircraft (and continue to be used). At that time, 
just in the United States, over 500 X 10” Btu-or the 
amount of energy equivalent to over 80 X 10‘’ barrels of 
oil-was reduced per year. See bottle. 
energy and heat transfer See thermodynamic 
property. 
energy and incineration See incineration and en- 
ergy * 
energy and plastic Numerous studies have shown 
(1) plastics consume less energy to fabricate products than 
other materials, with glass being the niajor consumer of 
energy; (2) their use as a product reduces energy con- 
sumption; and (3) niore energy can be produced when 
products arc incinerated. Without plastic insulation, ma- 
jor appliances such as refrigerators would use up to 30% 
more energy. Iniprovenients made in enerb? efficiency 
through the use of plastics in the last decade saved more 
than 53 billion kilowatt-hours of electricity annually in 
the United States. This saves consumers more than $4 bil- 
lion each year. See energy; energy and bottles; incin- 
eration and energy; petrochemicals; recycling, en- 
ergy saver. 

energy and recycling, chemical See recycling, 
chemical. 
energy, biodegradable See biodegradable waste. 
energy calorimeter See calorimeter. 
energy conservation Much less energy is used to pro- 
duce plastics than probably any other commercial material. 
Compared to polyethylene plastic, steel requires about 
three tinies as much energy, copper 18, and aluminum 
almost 3 0. When examining energy consumption or loss, 
the equipment used in the complete production line as 
well as the use of plastic products is involved; plastics re- 
quire less energy particularly when compared to glass. 
Plastics are major contributors to energy conservation in 
building insulation and reduced-weight automobiles, for 
example. O n  incineration, plastics provide much more en- 
ergy that can be put to work. See auxiliary equipment; 
conservation of matter, law of; energy loss, ma- 
chine; incineration and energy; mold-filling moni- 
toring; pipe, geothermal; recycling, chemical. 
energy consumption The plastics industry consumes 
about 3%) ofthe U.S. total annual oil and gas consumption, 
but this use is more than offset by the savings that plastic 
products create. Many different studies have substantiated 
this fact. Worldwide sonie areas have lower consumption, 
and others possibly reach up to 4%. See British thermal 
unit; calorie; economical control of equipment; ex- 
truder drive-energy consumption; heat; oil and gas; 
recycling energy consumption. I n  comparison with 
other materials, plastics have the lowest specific enerb? re- 
quirenients for their manufacture and the lowest recycling 
energy consumption. 
energy content For plastics, fossil fuels serve not only 
as sources of process energy but as feedstocks. The energy 
content of plastics is expressed as a percentage of cost- 
13.2%. This niakes it a more crucial cost factor for plastics 
than for paper (7.9%) or metal cans (7.3%). In tinies of 
rising energy costs, the competitiveness of plastics dimiii- 
ishes in domestic markets as well as global ones. 
energy conversion See antiparticle. 
energy cost See cost, energy. 
energy deformation The energy that is required to de- 
forni a material by a specified amount. It is the energy per 
unit volume that is lost in each deformation loading cycle. 
Energy loss is the hysteresis loop area, calculated with ref- 
erence to the coordinate scales. See hysteresis; stress- 
strain curve. 
energy demand See oil and gas. 
energy deposition See radiation dosimeter. 
energy dissipated See damping, mechanical. 
energy, electrical See chemistry, electro-. 
energy efficiency The use ofplastics leads to the saving 
of raw material and energy in several respects. A very large 
portion of plastics production is processed into long-lived 
industrial and consumer goods such as heat insulation, fur- 
niture, building products, and aircraft parts. Much of the 
consumer output, such as bottles, can be recycled. Plastic 
products that are discarded and incinerated as waste can 
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contribute a higher heat value than other materials and 
thus assist the improved production of electricity or the 
raising of steam in boilers. The approximate calorific value 
of various materials [kj/kg (Kcal/Kg)] follows: 46,000 
(1 1,000) polyethylene or polystyrene, 44,000 (10,500) 
heating oil, 38,000 (9,000) fats, 30,000 (7,000) wood, 
19,000 (4500) polyvinyl chloride or leather, 17,000 
(4,000) paper, and 16,000 (3,800) wood. See energy 
consumption; incineration; market; pipe, geother- 
mal; plastic material type; recycle. 
energy flow See thermodynamic property. 
energy, free Energy that is available to do useful work 
during processing. Free-energy change for a process that 
is carried out at a constant pressure and temperature is used 
to predict the spontaneity of the process. 
energy, heat See damping capacity; enthalpy; mo- 
lar heat of sublimation; molar heat of vaporization. 
energy input, machine The usual plasticator pro- 
cessing machine (extruder, injection molding, etc.) re- 
quires most of its energy to be applied to the plastic (pos- 
sibly 40 to 60%) with niotor drives at 10 to 20%. The 
remainder is in barrel heat and cooling, water circulation, 
instruments, and other rather minor sources. 
energy ionization The niiiiiniuni energy required to 
remove an electron from its ground state in  an atoni to 
infinity. See ionization. 
energy, kinetic ‘h mv’, where tn = niass in lb (kg) and 
u = velocity in ft/s (c ids) .  See energy, law of conser- 
vation of. 
energy lattice The energ-- required to separate con-  
pletely 1 mole of a solid ionic substance into gaseous ions. 
See ion. 
energy, law of conservation of The principle that e m  
ergy is neither created nor destroyed. Energy is simply 
transferred from one form to another. Potential energy is 
the possible m7ork that a mass can perform. It is further 
defined as a state where a substance has energy and needs a 
reactant to transfer that potential energv to kinetic energy, 
which is the actual work being performed by energy. In 
the case of burning a material, fire is the reactant. Kinetic 
energy in this case is heat. If this heat energy is captured, it 
can be used to heat other materials and convert the kinetic 
eneqg to pressure enerhy, which will actually perform a 
working function. For pneumatic conveying, kinetic en- 
ergy is defined as the energy retained by a mass due to its 
velocity. Pressure energy is the e n e r g  of a fluid that actu- 
ally perfornis a working function at a pressure above atino- 
spheric pressure. See chemistry, thermo-; energy, ki- 
netic; thermodynamic property. 
energy loss See energy deformation. 
energy loss, machine Every machine can be pictured 
thermodynamically as an open system with a coniplex 
working niediuni having interim phase transitions, partic- 
ularly the transition from the plastic solid to the melted 
or fluid condition. A continuing effort is under way by 
equipnient manufacturers to reduce e n e r g  coii~uniption 
as well as energy loss. I n  comparison with other materials, 
plastic5 have the lowest specific energy requirement for 

their manufacture and their fabrication products and the 
lowest recycling energy consuniption. E n e r g  conserva- 
tion can be considered from several viewpoints that range 
from producing plastic to processing to recycling products. 
In practically all evaluations, utilization of plastics saves or 
reduces energy requirements. In automobiles, aircraft, and 
other means of transportation the increasing use of plastics 
reduces weight and fuel consuniption (an old example is 
the replacement of the small glass whiskey bottles aboard 
aircraft with extruded blow-molded plastic bottles and the 
resulting fuel energy savings). Using plastics in construc- 
tion saves by insulation gains. Just shipping the lighter- 
weight plastic products saves energy. And the list con- 
tinues. See drive-system control; electric motor, 
adjustable-speed-drive; electric motor drive; energy 
input, machine; extruder drive-energy consump- 
tion; injection-molding machine electrical opera- 
tion. 
energy, mechanical See resilience, impact. 
energy melt heat transfer See thermodynamic 
property. 
energy moderator A substance that can reduce the ki- 
netic energy of neutrons. 
energy output See British thermal unit; energy 
reclamation. 
energy, plastic drying See drying. 
energy, plastic work It is the energy expended in per- 
forming plastic deformation. By an analysis ofplastic work, 
similar to that of therniodynaniic theory such as rubber 
elasticity, the stress-strain relationships for deformation 
may be derived taking into account the change in strains 
occurring. See deformation, elastic; stress-strain 
curve; thermodynamic property. 
energy, potential See energy, law of conservation 
of. 
energy, pressure See energy, law of conservation 
of. 
energy, quanta See electromagnetic radiation 
quanta energy. 
energy, radiant Energy transmitted as electronlagiietic 
waves. See absorption line; spectrum. 
energy reclamation Plastics are suitable for thermal 
energy reclamation or recycling because their energy con- 
tent or heat value is higher than materials such as coal. 
Often their heat value is in the order of heating oil. For 
these reasons it is rational and logical to reuse plastic wastes 
by energy reclamation that are not suitable for recycling, 
chemical thernial reclamation, and so on. In waste inciner- 
ation plants, energy is obtained in the form of coinniunity 
heat and electrical power. Practically all the plastics can be 
incinerated without problems and with a low (controllable 
and confining) emission of pollutants. For certain plastics 
such as halogenated I’VC, special availdble systems can be 
u ~ e d  to perniit incineration. See carbonaceous matter; 
design source reduction; incineration; landfill and 
degradation; recycling, chemical; waste. 
energy recovery, waste See energy reclamation; 
refuse-derived fuel. 
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energy, shear 
energy, solid waste 
energy spectrograph, x-ray fluorescence 
trograph, x-ray fluorescence. 
energy state, excited 
cited. 
energy, thermal See ablation. 
energy, thermal analysis 
thalpimetric. 
energy, thermal reclamation 
tion. 
energy transmission See thermal diffusivity. 
energy, unavailable See entropy. 
energy, van Hoff isotherm An equation for the 
change in free energy during a chemical reaction, the ten-  
perature, and the concentration and iiuniber of molecules 
in the reactants. See isotherm. 
Engel coating process See coating, Engel process. 
engine See automotive plastic engine. 
engineer A problem solver who is thrust into society’s 
challenges and called on to bridge theory-application- 
science-technology-practicalities and meet the world’s 
needs without despoiling the environment. See compu- 
terized knowledge-based engineering; risk assess- 
ment. 
engineered die See die, preengineered. 
engineered mold See mold, preengineered. 
engineered, re- A concentrated and targeted product 
that is in production or the final prototyping stage and 
can be produced at  a lower cost aiid still meet the same 
perfomiance requirements. Reengineering involves fac- 
tors such as designing, engineering, material and process 
evaluation, production procedure, and even cost and niar- 
keting stratehy. Whatever action is taken, the basic analysis 
takes into account all factors as they apply to value analysis 
and are sunimarized in the FALLO approach. See elec- 
tronic data interchange; FALLO approach; produc- 
tion data acquisition; quality cost overview; value 
analysis. 
engineering and processing See plastics and the fu- 
ture. 
engineering approach versus practical approach 
With the practical approach, most plastics are required to 
withstand only short-term static niechanical loads-that 
is, no dynamic loads. Thus, conventional short-term static 
tests generally suffice. The engineering approach recog- 
nizes that many plastic products have been used since their 
inception to take long-term dynamic or static loads. Thus, 
they consider fatigue, torsion, creep, and other data that 
include plastic’s viscoelastic properties. See kiss; plastic 
processing. 
engineering, chemical reaction See exotherm; re- 
actor technology. 
engineering design See design, engineering; de- 
sign, mechanics of; design, Poisson’s ratio in; risk, 
acceptable. 
engineering dimensional property See dimen- 
sional property. 

See screw shear rate. 
See British thermal unit. 

See spec- 

See atom energy state, ex- 

See thermal analysis, en- 

See energy reclama- 

engineering, genetic Genetically altering microbes to 
make them especially efficient in degrading specific types 
of contaminants in plastics. See biodegradable. 
engineering graphic See graphic character. 
engineering judgment See design analysis. 
engineering, macromolecular See designing with 
plastic tailor-made models. 
engineering material A material (such as plastics, niet- 
als, aluminum, glass, etc.) that is usually characterized by 
high strength and stiffness, diniensiorial stability, arid so 
on. Materials tend not to be coniniodity niaterials, even 
though some coinniodity materials (such as rocks, sand, 
aiid wood) involve being used as engineering materials. 
See commodity plastic; engineering plastic. Engi- 
neering materials are depicted as solids formed from vari- 
ous elements. A solid material can be a pure element such 
as gold, a conipound such as sand of silicon aiid oxygen 
(SO?), or a combination of molecules such as plastics. See 
element. 
engineering plastic A plastic that has higher perfbr- 
niance properties or has specialty characteristics when 
compared to coiiiiiiodity plastics. There is no absolute 
definition of an engineering plastic. When engineering 
plastics have increased production capacities, they become 
coiniiiodity plastics. Many plastics cross over into both cat- 
egories. An example goes back to 1868, when thernioplas- 
tic cellulose nitrate was developed. When used to make 
billiard balls, it was very much a i l  engineering plastic dis- 
playing high impact arid low deformation. When used as 
motion picture film (celluloid) or as an automobile wiIi- 
dow (later replaced by PVB), it became a conimodity plas- 
tic. See commodity plastic; designing with the 
pseudo-elastic method; metal, light; periodic table; 
plastic, advanced. 
engineering problem See problems and solutions; 
statistical data collection. 
engineering, reactor See reactor technology. 
engineering safety See safety, engineering. 
engineering stress See stress. 
engineering value analysis See value analysis. 
engineering writing See technical writing. 
engineering yield strength See stress, offset yield. 
engineer, plastic An engineer who is knowledgeable 
in plastics. See productivity. 
engraved roll coating See printing, gravure. 
engraving See printing, photoengraving. 
EnPlot software ASM’s analytical engineering graphics 
software that is used to transform raw data into nieaning- 
fill, presentation-ready plots and curves. It offers users a 
wide array of matheinatical functions that are used to fit 
data to known curves and includes quadratic Bezier spline, 
straight-line polynomial, Legendre polynoimial, rith order, 
and exponential splines. See computer software; math- 
ematics. 
enthalpy The quantity of heat that is equal to the sum 
of the internal energy of a systeni plus the product of the 
pressure-volume work performed on the systeni such as 
the action during heat processing of plastics. As a thernio- 
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dynamic function, it is defined by the equation H = U + 
PV, where H = enthalpy, U = internal energy, P = pres- 
sure, and I/ = volume of the system. See heat of activa- 
tion; thermal data; thermodynamic property. 
enthalpy, Hess's law The principle that is overall en- 
thalpy change in a reaction is equal to the sum of enthalpy 
changes for the individual steps. 
enthalpy of formation, standard The heat exchange 
that takes place when a pure substance is formed from its 
elements at 1 atm. 
enthalpy of reaction The heat change that accompa- 
nies a chemical reaction when it is run at  constant pressure. 
It is the difference between the enthalpies of the products 
and the enthalpies of the reactants. See chemical reac- 
tion. 
enthalpy of transition The change of enthalpy that ac- 
companies a phase transition. 
entrepreneur Entrepreneurs, or new business risk tak- 
ers, have brought the plastics industry to profitable ven- 
tures worldwide. See Japanese workmanships; plastic 
competition; productivity; risk, acceptable; World 
of Plastics Reviews: Thinking Like a Manager, and 
Managing for the Long Run. 
entropy A measure of the unavailable energy in a ther- 
modynamic system, cornmonly expressed in terms of its 
exchanges on an arbitrary scale with the entropy of water 
at 0°C (32°F) being zero. The increase in entropy of a 
body is equal to the amount of heat absorbed divided by 
the absolute temperature of the body. 
entropy of activation The difference in entropy be- 
tween the activated complex in a chemical reaction and 
the reactants. See thermodynamic property. 
entropy of mixing After mixing substances, the differ- 
ence between the entropy of the mixture and the suni of 
the entropies of the components of the mixture. 
entropy of transition The heat absorbed or liberated 
in a phase change divided by the absolute teniperature at  
which the change occurs. 
envelope See structural envelope. 
envenomation See deterioration, envenomation. 
environment All the different conditions that exter- 
nally exist around a product and influence the perfor- 
niance ofproducts. You name it, and that condition exists, 
such as temperature, humidity, water, ozone, oxygen, ni- 
trogen, atmospheric pressure, earthquake, tornado, radia- 
tion, magnetic and electric fields, impact, vibration, people 
(lipstick, perfume, soap, etc.), food, animal, salt and fresh 
water, war, and so on. See antimicrobial agent; antiox- 
idant agent; bacteria; biodegradable; biodegradable 
waste; colorant; deodorant additive; geomembrane; 
ISO-14000 certification; landfill and degradation; 
medical materials and the environment; pigment; 
plant environment; plastics cradle-to-grave; recy- 
cling and lifecycle analysis; transducer environ- 
ment; zirconium. 
environmental and economic sustainability, build- 
ing for See vinyl composition tile. 

environmental assessment A document usually pre- 
pared by a private consulting firm under the National En- 
vironmental Policy Act to determine whether an action 
in the plant would affect the environment and require a 
more detailed statement on the environmental impact. 
environmental condition See electromagnetic 
compatibility; reliability. 
environmental impact statement A document that 
describes the positive and negative effects of an action re- 
quired of federal agencies for projects or legislative propos- 
als that would affect the environment. 
environmental risk See polychlorofluorocarbon; 
risk, acceptable. 
environmentally acceptable coating, ink, adhesive 
reliability With increasingly stringent regulations gov- 
erning the emission of toxic pollutants, the technology and 
raw materials that are used in forniulations of environmen- 
tal coatings, inks, adhesives, fillers, and so on have been 
undergoing significant changes. Raw materials have be- 
come more specialized and sometimes more costly; new 
markets are developing. Latex forniulations account for 
the niajority of value and consumption in these materi- 
als--80wto/o and 66% cost. The remainder is principally 
polyurethanes, epoxies, polyesters, and acrylics. See ad- 
hesive; coating; ink; printing ink. 
environmentally friendly additive An additive that 
meets environmental requirements. Exaniples include col- 
orants and pigments (heavy metals are being phased-out), 
foaming agents (chlorofluorocarbon being eliminated), 
flame retardants (polybrominated diphenylether being re- 
duced, etc.), and others. See additive; foam and blow- 
ing agent. 
environmental quality standard See ISO-14000 
certification. 
environmental stress cracking (ESCR) Cracking or 
crazing that occurs in a thermoplastic subjected to stress 
or strain in the presence of certain weather conditions or 
cheniicals or as a result of aging. Also called solvenf cracking. 
See crack; orientation, accidental; stress crack; 
stress whitening. 
environment and color See colorant. 
environment and ocean Froni ships to submarines to 
mining at sea bottom, certain plastics can survive the sea 
environments, which are considered niore hostile than 
those on earth or in space. The U.S. Navy has conducted 
extensive tests on different materials, including plastics, 
arid people. See marine applications for plastics; wa- 
ter, desalinizing ocean. 
environment and public opinion Because the 
strength of public opinion is a strong weapon, sometimes 
it is easier to remove products from the market than to 
fight a court battle. For example, McDonald's decided in 
November 1990 to drop its polystyrene plastic foamed 
clamshell hot food container. Even though it had made a 
thorough and successful study and evaluation (recycla- 
bility, flammability, performance, safety, handling, etc.), 
grade school students (in California and Massachusetts), 
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encouraged by their teachers, succeeded in persuading 
McDonald’s to drop the clamshell (only in the United 
States) since it did not want to develop a public relations 
image problem. Worldwide, McDonald’s continued to 
use PS since it was more efficient in inany ways (cleanli- 
ness, safety, recyclable, etc.). See foam; plastic and pol- 
lution; plastic myth and fact; recycling; waste. 
environment, work See Preface: World of Plastics 
Reviews: Thinking Like a Manager 
enzyme catalyst See catalyst, enzyme; zymoplastic. 
epichlorohydrin rubber The basic epoxidizing plastic 
intermediate that is used in the production of epoxy plas- 
tics. 
epoxide plasticizer A group of plasticizers that is de- 
rived by the reaction of epoxide with hydrogen peroxide 
and natural vegetable oils or fatty acids. Heat and light 
stability are thcir most important characteristics. 
epoxide stabilizer A compound that is used as a stabi- 
lizer. 
epoxy plastic A thermoplastic or thermoset epoxy plas- 
tic that occurs in liquid or solid form and that can be pro- 
cessed with or without heat and pressure. With their ex- 
ceptional propcrties, they have diversified and useful 
applications. Examples in the thermoset plastics are the 
matrix high-performance reinforced plastics and adhesives. 
See adhesive, reactive-component; bisphenol-A; 
reinforced-plastic material. 
equation See designing with the pseudoelastic 
method; formula; ionic equation, net; mathemati- 
cal equation. 
equilibrium A static or dynamic state of balance bc- 
tween opposing forces or actions. 
equilibrium amplitude The maximum displacement 
of material or product as measured from its equilibrium 
position. 
equilibrium centrifugation In the science of resinog- 
raphy, a method for determining the distribution of mo- 
lecular weights by spinning a solution of the specinien at 
a speed such that the molecules of the specinien are not 
removed from the solvent but are held at a point where 
the centrifugal force tending to remove them is balanced 
by the disperse forces caused by the thermal agitation. See 
molecular weight distribution; molecular weight 
distribution resinography; resinography. 
equilibrium constant A number equal to the ratio of 
the equilibrium concentrations of products to the equilib- 
rium concentrations of reactants, each raised to the power 
of its stoichiometric coefficient. 
equilibrium diagram See alloy constitutional dia- 
gram. 
equilibrium, heterogeneous 1. A state of equilibrium 
between reactants and products that are in different phases. 
2. The point at which the vapor, liquid, and solid states 
of a substance are in equilibrium. See mixture, hetero- 
geneous; nucleation, heterogeneous; plastic mate- 
rial, heterogeneous. 
equilibrium vapor pressure The vapor pressure of a 

liquid when the rates of evaporation and condensation are 
equal. See Raoult’s law. 
equipment See auxiliary equipment; capital 
equipment investment; fabricating processing type; 
FALL0 approach; gross domestic product; opera- 
tion, manual; operation, semiautomatic; operation, 
automatic; plastic-industry machine sales; World of 
Plastics Reviews: The Plastics Industry; World of 
Plastics Reviews: Basics and Overviews of Fabricat- 
ing Processes. 
equipment consumption See plastic consumption. 
equipment customized Equipment that is designed 
and manufactured to meet certain specific requirements. 
equipment downstream See auxiliary equipment. 
equipment, control of See capital equipment in- 
vestment; economical control of equipment. 
equipment, interrelate See World of Plastics Re- 
views: The Plastics Industry. 
equipment lockout See safety, machine-lockout. 
equipment lubrication See lubricant. 
equipment operation See operation, automatic; 
operation, manual; operation, secondary; opera- 
tion, semiautomatic. 
equipment sales 
equipment startup and shutdown 
startup and shutdown. 
equipment upstream See auxiliary equipment. 
equipment variability See plastic material and 
equipment variable. 
equivalence point See chemical-reaction equiva- 
lence point. 
equivalent The amount of substance that gains or loses 
a substance such as one mole of electrons in a redox reac- 
tion. See redox plastic. 
equivalent mass The mass, in grams, of a substance that 
gains or loses one mole of electrons in a redox reaction. 
erosion See cavitation; corrosion resistance; po- 
rosity. 
eraser A device that renioves pencil or ink from paper. 
The potential of an eraser was first suggested in 1754 in 
the Proceedings of the French Academy. The first patent 
on a one-piece pencil and eraser was issued in the United 
States to J. Rechendorf of New York City on March 30, 
1758. See rubber, natural. 
ergonomics The science of work. It is the key to de- 
signing better workplaces-situations where tools, task, 
and user come together with a minirnuni of stress. 
erosion The removal of material due to sonie type of 
erosion by sand, water, chemicals, environinent, and so 
on. See ablation; abrasion; cavitation erosion; corro- 
sion; electrical erosion breakdown; electroerosive 
cutting and sinking; frettage; galling; geomem- 
brane; geotextile; rain erosion; rust; spalling. 
erosion behavior, brittle Erosion behavior that has 
characteristic properties that can be associated with brittle 
fracture of the exposed surface, particularly with metals. 
In solid impingement an easily observable aspect of erosion 

See plastic industry size. 
See fabricating 
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helps to distinguish brittle from ductile behavior. This is 
a manner in which volunie removal varies with the angle 
of attack. With brittle erosion the maximum volume re- 
moval occurs at an angle near 90” in contrast to about 25” 
for ductile erosion behavior. See brittle. 
erosion, cavitation See cavitation erosion. 
erosion, ductile behavior Erosion behavior that has 
the characteristics of metal properties and that can be asso- 
ciated with ductile failure of the exposed solid surface. 
Considerable “plastic” deformation precedes or acconipa- 
nies material loss froni the surface that occurs by gouging 
or tearing with eventual ernbrittlenient through work 
hardening that leads to crack formation. This type of ero- 
sion is sometimes associated with plastic materials. 
erosion-electrical breakdown See electrical ero- 
sion breakdown. 
erosion, rain See rain erosion. 
error 1. The substitution of one character for another. 
See mathematical closure error. 2. The departure be- 
tween the true and stated value of a process variable. A 
positive error denotes that the indication of the instrument 
is greater than the true value. 3. See mathematical clo- 
sure error; problems and solutions; statistical ran- 
domization; training and quality. 
error, bias A systematic error in contrast to a random 
error. 
error, noncumulative See repeatability. 
error of the first kind The rejection of a statistical hy- 
pothesis when it is true. 
error of the second kind The acceptance of a statistical 
hypothesis when it is false. 
error, percentage A range (100%) of the difference be- 
tween indicated value and true value; or maximum scale 
of an instrument. 
error, random The chance variation encountered in all 
experimental work despite the closest possible control of 
variables. I t  is characterized by the random occurrence of 
both positive and negative deviations from the mean value 
for the method, the algebraic average of which will ap- 
proach zero in a long series of measurements. See preci- 
sion. 
error randomization The procedure used to allot 
treatments of random to the experimental units to provide 
a higher degree of independence in the contributions of 
experiment error to estimates of treatment effects. 
error randomization statistically See statistical 
randomization. 
error, residual The difference between the observed 
result and the predicted value. 
error, standard A measure of the uncertainty of the 
average of a number of replicate measurements. See devi- 
ation, standard. 
ESCR See environmental stress cracking. 
ester 
ester gum plastic A plastic niade from rosin or rosin 
acids and a polyhydric alcohol, such as glycerin or penta- 
erythritol. 
estimating cost See cost estimating. 

The reaction product of an alcohol and an acid. 

etching A controlled preferential attack on a surface of 
a material. See chemical etching; chemical milling; 
photoetching tool steel; surface treatment. 
ether One of a class of organic compounds in which 
any two organic radicals are attached directly to a single 
oxygen atom; compounds with the R-0-R, where K is 
either an alkyd or an aryl group. 
ether-oxide plastic A common name for a number of 
industrially important plastics that specifically include the 
words eflzcv or oxidc, which reflects the presence of an ether 
or oxide linkage (-(I-) in the backbone of the repeat unit. 
Plastics include acetal and polyphenylene ether. See ace- 
tal plastic; organic; polyphenylene ether plastic. 
ethics Although there is no substitute for individual ac- 
tion based on a firm philosophical and ethical foundation, 
designers and processors have developed guidelines for 
professional conduct based on their experiences with trou- 
blesome situations. These guidelines are provided by vari- 
ous industry and technical societies. See Unwritten Laws 
of Engineering, The. 
ethnic plastic See plastic, ethnic. 
ethyl acetate A solvent for certain plastics such as coat- 
ings. 
ethyl alcohol A solvent for plastics and oils, cleaning 
compositions, antifreeze, automotive fuel additives, alco- 
holic beverages, arid so on. See alcohol, absolute. 
ethyl benzene A colorless liquid that boils at 136°C and 
is insoluble in water. It is used in organic synthesis, as a 
solvent, and in making styrene. 
ethyl cellulose plastic 
ethylene C2H, is a colorless, flairiinable gas obtained 
froni cracking petroleum or natural gas hydrocarbons. It 
is used as the monomer in polymer synthesis and anesthet- 
ics. Also called ethane or olcfiarit. 
ethylene-acrylate (copolymer) rubber (EAR) A 
family of elastomers that provide high resistance to ozone; 
better energy absorbers than butyl rubbers; toughness with 
flexibility; good temperature properties; resistance to dete- 
rioration due to heat, oil, and water; environmental stress- 
cracking resistance; and compatibility with inany different 
fillers and other plastics. Rubber copolymers of ethylene 
acrylates are identified as acrylic ethylene rubber, EAR, 
EA, and so on. See Wacker process. 
ethylene acrylic elastomer (EA) A moderately priced 
thermoplastic that is heat and fluid resistant but is surpassed 
by expensive types such as fluorocarbons and fluorosili- 
cones. A special feature of the EAs is their nearly constant 
damping characteristics over a broad range of tempera- 
tures, frequencies, and amplitudes. See damping. 
ethylene chlorotrifluoroethylene copolymer plas- 
tic A thermoplastic that has strength, creep resistance, 
and wear resistance significantly greater than those of other 
fluoroplastics. It also has good dielectric properties, has 
very high chemical resistance at  room and elevated tem- 
peratures, resists ignition and flame propagation, and has 
a service temperature from cryogenic to 170°C (338°F). 
ethylene dichloride (EDC) A substance that is pro- 
duced by either direct chlorination or oxychlorination of 

See cellulose ethyl plastic. 
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ethylene. Polyvinyl chloride via vinyl chloride monomer 
is the primary end use for EDC. 
ethylene-ethyl acrylate plastic (EEA) One of the co- 
polymers of LDPE such as ethylene-niethacrylatc and 
ethylene-vinyl acetate. EEA has high heat resistance, flex- 
resistance, and low temperature flexibility. It  is used in 
electrical cables. As a film, it is not as transparent as EVA. 
ethylene glycol (EG) A clear, colorless, syrupy liquid 
that is hygroscopic and soluble in water and alcohol. It  is 
used as a coolant, an antifreeze, and in polyester products 
(fibers, films, etc.). It  is used in mold cooling wheii the 
mold is operating just above and below 0OC (32OF) to pre- 
vent the freezing of the usual water coolant, which cannot 
operate at these low temperatures. See calcium chlo- 
ride; coolant; mold cooling; mold-cooling temper- 
ature; mold heating. 
ethylene methyl acrylate copolymer plastic A ther- 
moplastic that has good dielectric properties, toughness, 
thermal stability, and resistance to environmental stress 
cracking. 
ethylene n-butyl acrylate copolymer plastic (EnBA) 
A substance that is principally used as a heat-seal or tie- 
layer in coextruded films and coatings for food and indus- 
trial packaging. Also called etkylerie h t y l  acrylute (EBA). 
ethylene oxide (Et0 or EO) A highly reactive chexni- 
cal that is used in the manufacture of ethylene glycols, sur- 
face active agents, polyether polyols, and so on. See steril- 
ization, ethylene oxide. 
ethylene plastic A plastic that includes ethylene honio- 
polymers and copolymers with other unsaturated niono- 
niers. They are very important to olefins such as polyethyl- 
ene, polypropylene, and polar substances such as vinyl 
acetate. Their properties and uses depend on their niolecu- 
lar structure and weight. They produce many different and 
useful types of plastics to the industry. Usually called poly- 
ethylene plastic. See molecular structure; molecular 
weight; polyethylene plastic. 
ethylene-propylene copolymer plastic (P(E-P)) A 
plastic that can have a sniall proportion of PP-type repeat 
units that can be used to lower the crystallinity of linear 
polyethylene. When large amounts of comonomer are 
used, two commercially important copolymers result- 
namely, polyalloniers and EP rubber. 
ethylene propylene plastic A fully saturated chemi- 
cally inert copolymer. This thermoset plastic is cured with 
a peroxide catalyst. These elastoniers are somewhat similar 
to natural rubber. Also called ethylene propylene rubber 
(EPR). See benzoyl peroxide. 
ethylene propylene-diene monomer plastic (EPDM) 
A thermoset that is vulcanized using sulfur. It has excellent 
resistance to oxygen, ozone, light, high and low tempera- 
tures, acids, alkalies, and oils. It is used in other elastomers 
and plastics as an impact modifier and also to improve heat 
and ozone resistance. Also called EPDM rubber. 
ethylene-styrene interpolymer plastic (ESI) Dow’s 
ESI has unusual mar resistance and a “self-healing’’ ability 
that makes scratches disappear. Metallocene-catalyzed ESI 
can range from flexible to rigid, depending on monomer 

ratio, with little or no need for a plasticizer. An application 
targeted includes calendered flooring to replace flexible 
PVC and impact modifier for PS. See catalyst, metallo- 
cene. 
ethylene-tetrafluoroethylene plastic (ETFE) A 
tough translucent thermoplastic material with a high ini- 
pact resistance and useful mechanical properties from 
cryogenic temperatures to 180°C (356’F). It  provides a 
continuous service temperature from about 155’ to 
190OC. Its chemical resistance, electrical properties, and 
weather resistance are siinilar to those ofECTFE and ap- 
proach those of fully fluorinated plastics. ETFE melts and 
decomposes on exposure to flame. 
ethylene-vinyl acetate plastic (EVA) A copolymer 
that is similar to polyethylenes but has considerably more 
flexibility and softness. It is used alone, coextruded, or 
coinjected. EVA parts have good clarity and gloss, stress- 
crack resistance, barrier properties, low temperature 
toughness, adhesion capabilities, resistance to ultraviolet 
radiation, and little or no odor; they retain their flexibility 
at  low temperatures and are U.S. Food and Drug Adnlinis- 
tration approved. Their main limitation is their compara- 
tively low resistance to heat and solvents. However, alco- 
hols, glycols, and weak organic acids do no damage. 
ethylene vinyl alcohol plastic See polyethylene- 
vinyl alcohol plastic. 
Euler equation A special case of the general equation of 
motion. It applies to the flow systems in which the viscous 
effects are negligible. See flow; viscous. 
Euromap A trade association that represents the Euro- 
pean plastics and rubber machinery markets. See com- 
munication protocol; test, white-box and black- 
box. 
European article number (EAN) The international 
barcode for retail food packaging. See barcode. 
eutectic A mixture of two or more substances that so- 
lidifies as a whole when cooled from the liquid state, with- 
out changing composition. It is the composition within 
any system of two or inore crystalline phases that melts 
completely at the minimum temperature. See eutectic 
mixture. 
eutectic arrest In a cooling (or heating) curve, an ap- 
proximately exothermal segment that corresponds to the 
tinie interval during which the heat of transformation from 
the liquid phase of two or more conjugate solid phases is 
being evolved (or conversely). 
eutectic composition The state of having a minimum 
melting temperature when two or more liquid solubility 
curves interact. 
eutectic deformation The composition within a sys- 
tem of two or more coniponents, which on heating under 
specified conditions develops sufficient liquid to cause de- 
formation at the minimum temperature. 
eutectic divorced Having components of a eutectic 
mixture that appear to be entirely separate. 
eutectic mixture The coniposition within any system 
of two or more crystalline phases that melts completely at 
a relatively low temperature and can be repeatedly solid- 
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ified and melted. Two or more substances solidify (such 
as zinc-aluminum, tin, bismuth, etc.) as a whole when 
cooled from the liquid state without changing composi- 
tion. They have been used rather extensively since at  least 
the 1940s during certain plastic processing techniques such 
as injection molding, casting; reinforced plastic bag mold- 
ing, and compression molding. See soluble-core mold- 
ing; casting, investment; extruder liquid-curing- 
medium process; extruder wire and cable process; 
metal, white. 
eutectic temperature The melting temperature of an 
alloy with a eutectic mixture. It  is at  the interaction of 
two or more liquid solubility curves. 
evaluation, economic See economic evaluation. 
evaluation, mixing See mixing evaluation. 
evaporation The escape of molecules from the surface 
of a liquid. Also called vaporization. 
evidence, circumstantial See legal matter: circum- 
stantial evidence. 
evolutionary developments See revolutionary ver- 
sus evolutionary developments. 
evolutionary versus revolutionary technicalwise See 
microsphere; strip; volatile loss. 
Exact Exxon Chemical CO.'S trade name for its family 
of polyolefin branched linear copolymer. 
exfoliation See vermiculite. 
exhibitor shows 
exotherm The temperature versus time curve of a 
chemical reaction or a phase change giving off heat, partic- 
ularly the polymerization of thermoset plastics. Maximum 
temperature occurs at  peak exotherm. Some plastics such 
as room-temperature-curing thermoset polyesters and ep- 
oxies will exotherni severely with damaging results if pro- 
cessed incorrectly. As an example, if too much methyl 
ethyl ketone peroxide catalyst is added to polyester plastic 
that contains cobalt naphthenate (promoter), the mix can 
get hot enough to smoke and even catch fire. Thus, an 
exotherni can be a help or hindrance, depending on the 
application, such as during casting or potting. See casting 
heat, exothermic; heat; methyl ethyl ketone perox- 
ide; phase change; reaction injection molding; reac- 
tor technology; reinforced-plastic lay-up, wet. 
exotherm analysis See thermal analysis. 
exotherm curve Temperature versus time curves dur- 
ing a curing cycle. Peak exotherm is the point of highest 
temperature of a plastic during the cure. 
exotherm heat The heat that is given off during a poly- 
merization reaction by the chemical ingredients as they 
react and the plastic cures. 
exothermic reaction The temperature rise resulting 
from the liberation of heat by a chemical reaction. It is 
the opposite of endothermic reaction. See chemical re- 
action; combustion, autoignition point; differential 
scanning calorimetry. 
expandable honeycomb or foam core See core, 
honeycomb or foam. 
expandable mold core See mold, collapsible-core. 

See shows and conferences. 

expandable plastic Primarily, a one-part expanding 
plastic. Plastics that are used include polystyrene, polypro- 
pylene, and nylon. The most popular is polystyrene, where 
plastic beads (including their gas-blowing agent, pentane) 
are prepared more accurately sizewise and weightwise than 
the conventional raw material plastics that are used in most 
other processes. These beads can be made into cellular 
foams by thermal, chemical, or mechanical actions. 
Foamed plastics can be considered the major identification 
of all cellular plastics, which in turn have subdivisions that 
meet certain marketable products such as the expandable 
plastics, structural foams, and so on. See foam; foam and 
blowing agent. 
expandable plastic steam molding The process that 
is used to mold foamed parts from preexpanded beads 
(PS, PE, etc.) using steam as a source of heat to expand 
the blowing agent in the plastic. The steam usually is in 
direct contact with the beads. After preexpansion, the 
beads go into a closed inold cavity that has many holes 
(perforated) to provide the final heat expansion of the 
beads. 
expandable polystyrene (EPS) The molding of this 
material starts with polystyrene solid beads or spheres that 
contain blowing agents that usually contain the hydrocar- 
bon pentane liquid forming gas. The process starts by pre- 
expansion of the beads by heat (usually steam is the most 
economical, but others can be used, such as hot air, radiant 
heat, and hot water). Next, these beads are moved, usually 
by air, through a tube into an open mold cavity that ranges 
from simple to complex shapes. This stean-chest mold 
could vibrate to aid the beads in developing a desired 
alignment. O n  closing the mold and applying additional 
steam heat via perforations in the mold cavity, the final 
expansion occurs. Another technique has steam probes 
initially located in the cavity; after steam is applied, the 
probes are retracted as the beads expand. During expan- 
sion the beads melt together, adhering to each other and 
forming a relatively smooth skin. Pressures required are in 
the range of 50 psi (0.35 MPa) allowing the use of low- 
cost aluminum molds. After the heat cycle, the water flood 
cooling cycle starts. Because the EPS is an excellent insula- 
tor it takes a longer time to cool than a solid plastic part 
does. Cooling can be in the same steam chamber by direct- 
ing water sprays on the closed mold; spray is more effective 
than water flood cooling. See foam; mold cooling, 
flood; pentane gas. 
expandable polystyrene block molding Blocks, also 
called buns, of EPS density are normally 1 to 1'h lb/fi3 
(16 to 24 kg/m3)). Special machines are used to produce 
blocks that can be at  least 12 to 24 in. (30'h to 61 cm) 
thick, 4 ft (1.2 m) wide, and from 8 to 16 ft (2'h to 5 m) 
long. See foam. 
expandable polystyrene density An outstanding 
characteristic of EPS is its extremely low to high density 
range (at least 0.75 to 10 Ib/ft3 (12 to 160 kg/ni')) of 
products that can be molded to rather tight density toler- 
ance. 
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expandable sheet stock 
expander roll See extruder roll, spreader/ex- 
pander. 
expansion coefficient See coefficient of expansion; 
coefficient of linear thermal expansion. 
expansion, linear An increase of a given dimension 
that is nieasured by the expansion of a part or component 
subject to a controlled temperature gradient. See coeffi- 
cient of linear thermal expansion. 
expense See cost. 
experiment See design, experiment. 
expert witness See legal matter: expert witness. 
explosive limit The minimum or maximum concen- 
tration of a substance in air that will propagate an explo- 
sion. 
extended pigment See pigment, extended. 
extender A relatively inexpensive plastic, plasticizer, 
pigment, or filler (such as calcium carbonate and talc) that 
is used to reduce the amount of the primary plastics or 
improve processing of plastics, rubbers, and coatings, thus 
reducing cost of material without significant reduction in 
properties. Also called plasticizer, dilucnt, or-filler. See ad- 
ditive chain extender; coumarone-indene plastic; 
filler; pigment; pigment, extended; plasticizer; plas- 
ticizer extender. 
extender blender See plastisol blending extender 
plastic. 
extender plasticizer See plasticizer, secondary. 
extender, plastisol See plastisol blending extender 
plastic. 
extensibility The ability of a material to extend or 
elongate on application of sufficient force, expressed as a 
percent of the original length. See elongation. 
extensional-bending coupling See reinforced- 
plastic extensional-bending coupling. 
extensometer See strain extensometer. 
extractable See biocompatibility. 
extractor 1. A device for removing a molding from a 
mold. See mold ejector; part handling equipment; 
plasticizer exudation; exudation. 2. A container or 
machine such as a centrifuge for extracting ingredients 
from a mixture. 
extrudate The plastic hot melt as it emerges, discharges, 
or exits from the extruder die’s orifice into a desired prod- 
uct form, such as film, sheet, coating, or pipe. 
extrudate drool See die drip. 
extrude The material that exits the extruder die that 
forms products such as film, sheet, or pipe. See extruder. 
extruder A machine that feeds thermoplastic plastics 
(solid forms to liquids) through a plasticator (barrel and 
screw), melting the plastic and puniping it through a die’s 
orifice (opening). The extrusion processes offer the advan- 
tages of versatile plastic processing techniques that are un- 
surpassed in economic importance by any other piacess. 
Many different types have been designed for over a cen- 
tury to meet the variety of plastic products that are pro- 
duced. Practically all have a plasticator (screw/barrel) in 

See foamed sheet stock. the horizontal position. Extruders now consume about 
36wt%~ of all plastics processed and represent the consuinp- 
tion of niore plastics processed than any other. They in- 
clude principally controlled rotating single- and twin- 
screw designs. The action between the plasticator screws 
and barrels basically provides the shearing (heating) action 
of the plastic. Extruders can be classified as (1) continuous 
with single screws (single and multistage) or multiscrews 
(twin-screw, etc.); (2) continuous disk or drum, which 
uses viscous drag-nielt actions (disk pack, drum, etc.) or 
elastic-melt actions (screwless, etc.); and (3) discontinuous, 
which uses ram actions (very low-viscosity thermoplastics, 
thermoset plastics, and rubbers/ elastomers) and recipro- 
cating actions (injection molding, etc.). The extruders 
form a homogeneous plastic melt and force it through a 
die orifice that relates to the shape of the product’s cross- 
section. The formed TP melt (extrudate) is cooled as it is 
being drawn away from the die exit through downstream 
equipment. Products produced include films, sheets, pro- 
files, pipes, tubes, rods, wire and cable coverings, coatings, 
filaments, blown shapes, and others. See binder; clean- 
area fabricating; die pressure; extrusion. 
extruder adapter, in-line The die and extruder are on 
the same line, and the extrudate is centered on the extru- 
sion barrel. See adapter system. 
extruder, adiabatic A process or transformation in 
which no heat is added to or allowed to escape from the 
system under consideration. The term is used, somewhat 
incorrectly, to describe a mode of a process such as an 
extruder in which no external heat is added to the ex- 
truder. Heat niay be removed by cooling to keep the out- 
put temperature of the inelt passing through the extruder 
at a constant and control rate. The heat input in such a 
process is developed by the screw as its mechanical energy 
is converted to thermal energy. Also called autothermal. 
See adiabatic; extruder, autogenous. 
extruder air gap The distance from the die opening to 
the first downstream equipment such as nip rolls (pressure 
roll and the cooling roll). 
extruder angle-head adapter Jluring angle-head ex- 
trusion, the adapter swings the melt through a 45’ or 60’ 
bend. 
extruder artificial intelligence See intelligence, ar- 
tificial. 
extruder, autogenous An extruder that operates with- 
out forced cooling or heating. This is the autogenous extru- 
sion operation, which is not to be confused with an adiabatic 
extruder. In an autogenous process, the heat required is 
supplied entirely by the conversion of mechanical energy 
into thermal energy. However, heat losses can occur in 
an autogenous process. In an adiabatic process, there is 
absolutely no exchange of heat with the surroundings. An 
autogenous extrusion operation can never be truly adia- 
batic but only approximates it. In practice, autogenous ex- 
trusion does not occur often because it requires a delicate 
balance between plastic properties, machine design, and 
operating conditions. A change in any of these factors will 



generally cause a departure from autogenous conditions. 
The closer one operates to autogenous conditions, the 
more likely it is that cooling will be required. Given the 
large differences in thermal and rheological properties of 
plastics, it is difficult to design an extruder that can operate 
in an autogenous fashion with several different plastics. 
Therefore, most extruders are designed to have a reason- 
able amount of energy input from external barrel heaters. 
See extruder, adiabatic. 
extruder auxiliary equipment See auxiliary equip- 
ment. 
extruder back pressure 
extruder back pressure-relief port An opening in an 
extruder die that allows excess material to escape. 
extruder, Ballatini process A process by which non- 
wire extrusions may be continuously vulcanized by feed- 
ing the extrudate to a high-temperature fluidized bed of 
tiny glass beads. Heat transfer is better than that of hot- 
air ovens but not as efficient as the liquid-curing-medium 
(LCM) extruder. Like the LCM and air oven, the Ballatini 
method is a zero-pressure process in which the forces per 
unit area on the surface of the extrudate are mininial. The 
fluidized-bed method of vulcanization is also used for 
the nianufacture of hose. See extruder liquid-curing- 
medium process; extruder wire and cable; fluid-bed 
process; sintering; vulcanization. 
extruder barrel See barrel, extruder and injection- 
molding; coating, fluidized-bed. 
extruder barrel adapter If the exit opening of the ex- 
truder barrel does not match up with the entry opening 
of the die, an adapter is used between the barrel and die 
to provide a streandine melt flow. Usually it is placed in 
the horizontal position. Any adapter used can help reduce 
complex melt-flow patterns entering the die. Dies spe- 
cifically designed for a certain extruder will usually not 
require an adapter. A fish-tail die adapter describes the 
transition from a round block of melt as it exits from the 
barrel and is then flattened while being spread prior to 
entering the die. Also called offset adapter, cross-head adapter, 
or diefeed-block. See barrel flange, front. 
extruder barrel and feed unit See barrel and feed 
unit. 
extruder barrel borescoping See barrel bore- 
scoping. 
extruder barrel-die coupling The coupling between 
barrel and die. Various methods include (1) flange fitting 
with a clamp ring on the barrel and a fixed flange on the 
die; (2) flanges on the barrel and die with tapered links 
and two bolted half-clamps, or a ring clamp hinged at one 
side and bolted to the other side; and (3) swing-bolt flange 
connection between the barrel flange and a die flange. In 
most extruders, a breaker plate with screens is used be- 
tween the barrel and die assembly. See extruder screen 
pack. 
extruder barrel downsizing and upsizing See bar- 
rel downsizing and upsizing. 
extruder barrel heat 

See back pressure. 

See heater band. 

extruder-bead sealing See extruder welding. 
extruder, blow molding See extruder. 
extruder blown film In this process, the die is usually 
side fed from an extruder. The melt exiting from a circular 
or ring orifice is air inflated to the required diameter as it 
usually moves vertically. The inflated film is then usually 
cooled through air cooling, with size controlled by the die 
and cooling ring sizes, by internal air pressure, and by take- 
off speed. The blown film is usually moving vertically 
through several guide rolls to keep it aligned with the nia- 
chine. After a few yards (meters) of free suspension, it is 
flattened via some type of collapsing device that directs 
the flattened film through pressure-controlled pull nip 
rolls. The rotating speed of the nip rolls is a inajor source 
for controlling the rate at which the bubble is drawn. At 
the end of the line, winder technology allows the selection 
of surface winding, center winding, and a combination of 
surface and center winding to suit the film being run. Film 
may be wound directly as a lay flat tube, slit at both sides 
and wound into two flat reels, slit on one side (so that 
very wide film can be opened with a visible line due to 
the fold), and other constructions such as an in-line gro- 
cery bag line. Also called bubble process. See calender; die; 
extruder flat film; fiber fibrillation; film; film, cast; 
optical monitoring; packaging, food; paint. 
extruder blown film air entrapment Trapped air that 
forms the continuous tube is directed through a niandrel 
via the die. Once the bubble has been formed, the con- 
trolled air pressure required to keep the bubble stable is 
kept constant. Usual pressure is 40 ft”/niin ( 3  . I  ni3/min). 
As the hot tube or melt leaves the die, a cooling sys- 
tem is used that is targeted to uniforndy cool the melt. 
This cooling action has a inajor influence on the bubble 
thickness and uniformity. The usual dual- or three- 
chamber lip-cooling air ring, located outside the bubbles 
as it exits the die, has air streams gently cooling the bubble. 
To  speed up lines and improve output performances, in- 
ternal bubble cooling systenis are extensively used. They 
direct cool air at low velocity to enter and exit the inside 
of the bubble. 
extruder-blown film air ring See extruder-blown 
film air entrapment; venturi. 
extruder-blown film bag manufacturing As the flat 
tube passes over a forming mandrel or former, heat sealing 
or an appropriate adhesive is applied to the edge of the 
web. The seam is completed by pressure when the joint 
passes between a set of rollers. As the web continues gus- 
sets, with or without zippers, can be added in the tucking- 
former section. A cut-off converts the web into bags. Bot- 
tom heat sealing or adhesive is automatically applied to 
the trailing edges. Bottom folds and seains are made com- 
pleting the in-line operation. The most common bags are 
self-opening styles. See bag gusset; landfill and degra- 
dation; packaging, grocery bag; thermoforming, 
form, fill, and seal. 
extruder-blown film blocking See antiblocking 
agent; blockage. 



Rosato, Rosato,  and  Rosato 243 

extruder blown film blow-up ratio (BUR) A bubble 
diameter that is normally always much greater than the die 
diameter. This bubble diameter divided by the die orifice 
diameter is called the hlow-up Yutio. The BUR is usually 
1.5 to 4.0, depending on the plastic being processed and 
the thickness required. The bubble diameter niust not be 
confused with the width of the flattened double layer of 
film between the nip rolls. The width of this double layer 
is 1.57 times the bubble diameter and called the blowwfilvlz 
width. The BUK can be determined by taking 0.637 times 
the lay-flat width divided by the die diameter. Extrusion 
direction can be horizontal (rarely used). The usual is ver- 
tical upward or downward. Choice of direction usually 
depends on the type plastic or melt behavior of plastic and 
the desired lay-flat width. Thermoplastics with low melt 
viscosity are usually blown vertically upward. As a possible 
guide (since plastic melt-strength performance dictates di- 
rection) tube diameters up to about 40 in (100 cin) go 
downward; tubes greater go upward. See blow-up ratio; 
sensor, infrared. 
extruder blown film bubble See extruder-blown 
film. 
extruder blown film die 
extruder blown film die, coextruded These dies can 
produce at least two to seven layers. They are based on 
the concept of a die within a die-that is, individual dis- 
tributing manifolds are used for each layer. Individual plas- 
tic melts from their respective extruders are pumped 
through a feedport system into a die in alternating layers 
extending radially across the annular orifice opening. Si- 
multaneous motion of the die nienibers, using different 
niotion patterns, includes the inner mandrel rotating and 
outer ring stationary, the reverse motion, both rotating 
at the same speed, both counterrotating, rocking motion, 
oscillating motion, and so on. The deforming action re- 
sults in long thin spiral layers around the annulus. The 
total layer thickness is determined by factors such as type 
plastics, extrusion rate, and the rotational speed of the die 
mandrel and ring relative to the feedports. Although the 
layers teiid not to be concentric, the difference is indistiii- 
pishable when examining the extrudate in cross-section. 
See coextrusion; die. 
extruder blown film die, coextruded-reflective 
Dow Chemical's patent makes multilayer blown filni with 
two different alternating plastics, such as polyethylene and 
polypropylene-at least 115 layers with a total thickness 
of 0.5 mil (0.013 nim) thick. Each individual layer's thick- 
ness is less than a wavelength of light. The film contains 
no metal yet offers reflective properties that can mimic 
chrome plating, aluminurn vacuum metallizing, platinum, 
copper, or others. Depending on construction and degree 
of differences in their index of refraction, different optical 
effects are produced. The die is based on the principle of 
generating a large number of layers by rotation of amular 
die boundaries. This principle is related to some earlier 
Dow Chemical work on color mixing of polystyrene. 
They are also made in flat dies. A tubing die with a rotating 

See die. 

type core generates a large number of layers. Two plastics 
are pumped through a feed-port system extending into a 
radial pattern across an annular gap. Siniultaneous rotation 
of the die member deforms the two initial layers into long 
thin spirals around an annulus. Although the layers are 
concentric, the deformation is usually so large that the spi- 
ral characteristic is indistinguishable when examining the 
extrudate in the cross-section. 
extruder blown-film frost line The line at  which 
crystalline melt leaves the die (and moves to a ring-shaped 
zone where the film approaches its diameter) and changes 
from a hazy to a transparent (amorphous) condition. This 
zone is characterized by a frosty appearance to the film 
caused when the film temperature falls below the softening 
range of the plastic. The frost line's visual appearance can 
be a straight or level line or can show a varying line and 
height that can be related to the processing conditions. 
Depending on the plastic, unevenness may be acceptable 
within certain h i t s .  See packaging, food. 
extruder blown-film gauge distortion Gauge thick- 
ness can be extremely nonuniform due to melt behavior 
on exiting the die or distortions of the collapsing frame. 
T o  provide uniformity controlling the melt is required, 
and different techniques are used to handle the film, such 
as rotating dies or oscillating film haul-offs. Different sys- 
tems are available to meet different requirements, such 
as web width, cooling system effect, degree of tack or 
film stiffness, line speed, or gauge thickness. See thick- 
ness gauge. 
extruder blown film gauge randomization One so- 
lution to the randomization problem is the rotating or os- 
cillating die system, which is rather low cost and mechan- 
cally simple. In most cases, the air ring is mounted on the 
die so that the inner part of the ring rotates with the die. 
Meanwhile, the inlet chamber remains stationary. In the 
past, the majority of the dies had a full 360" rotation. Most 
of these type systenis now have dies oscillating. Unfortu- 
nately, these systems only randomize the mechanical and 
melt variables caused from the die to the air ring. They 
do not address the gauge bands caused by external effects 
such as air-ring irregularities (lip irregularities, variable air 
flow and temperature, etc.), ambient drafts, bubble align- 
ment forces (cages, guides, collapsing frame, etc.), tower, 
drafts, melt channeling, or other 'tictors above the air ring. 
extruder blown film gauge randomization, oscillat- 
ing A modifications of the basic randomization system. 
For example, an extruder and die can be mounted on a 
platform, which oscillates in a complete circle. The oscil- 
lating haul-off systems provide the best way to randoniize 
film-gauge variation for many applications. Imperfections 
in circular dies and air rings with process variables cause 
variations to develop. There are basically two types, and 
in turn each has many variations. One has horizontal 
mounted turning bars that use less head room but have a 
more complex threading operation. The other type is the 
vertically mounted turning bars that are simple to thread 
and easy to maintain alignment. 



244 Concise Encyclopedia of Plastics 

extruder blown film gusset A tuck that is taken on 
each side of a blown tubing as it is produced to form a 
convenient square or rectangular package, similar to the 
familiar brown paper bag. 
extruder blown film internal bubble cooler (IBC) 
A device that provides additional cooling advantages for 
the filin traveling from the die to the nip rolls, further 
improving total cooling with the air ring. See nitrogen 
gas and liquid. 
extruder-blown film lay-flat Film produced at the 
end of an extruded blown film tube line where it is laying 
flat around the wind-up roll. 
extruder-blown film nip roll See extruder-blown 
film; extruder roll. 
extruder-blown film or flat film See extruder flat 
or blown film. 
extruder blown film orientation The blown tubular 
film process, by its nature, gives orientation to the plastic. 
Systems have been designed to increase the degree of ori- 
entation to obtain films of improved clarity, strength, heat 
resistance, and so on. Except for special applications, 
where greater strength in one direction may be needed, 
films are normally made with balanced properties. During 
processing the blow-up ratio determines the degree of cir- 
cumferential orientation, and the pull rate of the bubble 
by the nip rolls determines longitudinal orientation. As an 
example, the optimuni stretching for amorphous plastics 
(PVC, etc.) is just above the glass transition temperature; 
for crystalline plastics (PE, PET, etc.) it is just below the 
melting point. 

During the stretching process, the structure changes be- 
cause of crystallization, usually necessitating an increase 
in heat if further deformation is planned. Afterward, 
the orientation is “frozen in” by lowering the heat or, 
with crystalline types, set by increasing the crystalline por- 
tion. With orientation, the thickness is reduced, and the 
surface area enlarged. If film is only longitudinally 
stretched in the elastic state, the thickness and the width 
are reduced in the same ratio. If lateral contraction is pre- 
vented, stretching reduces the thickness only. See orien- 
tation. 
extruder blown film plastic Plastic materials can ac- 
count for 70 to 90%) of film production cost. Reducing 
excess plastic and producing quality products have always 
been the goal of processors. This goal can be obtained by 
meeting minimum tolerances, operating the extruder most 
efficiently, and using new technology that reduces scrap 
such as during start-up and shut-down. For example, a 
manually operated modern film line can produce a film 
with a high degree of homogeneity and finish. The thick- 
ness, however, might fluctuate up to 5% due to changes in 
material bulk density. With on-line weight-measurement 
systems that continuously measure material consumption 
through the hopper to the plasticator, thickness changes 
can be significantly reduced. Gravimetric measurement 
systems are available that can provide measurement accu- 
racy to 20.25%. 

extruder blown film scrap In the extrusion process 
the major sources of scrap are (1) edge trim, which is usu- 
ally granulated and recycled with virgin plastic at the ma- 
chine; (2) thickness variation not meeting the tolerance 
requirements that is usually a minimum; and (3) produc- 
tion start-ups, shut-downs, and changeovers. If a converter 
has to use gauge-variation materials, the customer usually 
has a major inefficiency. If it can be used so that the con- 
verter can meet delivery schedules, during the conversion 
the film has to run much slower in the presses, laminators, 
bag machines, and so on. With changeovers, film-extru- 
sion lines can produce scrap at  the rate of up to 500 to 
1000 lb/h (227 to 454 kg/h). By the time operators set 
up proper controls for the production line, which could 
take up to two hours, scrap is accumulating. Costs go up 
for the recycling action, and the line has to be carefully 
controlled if more than the usual amount of scrap is 
blended with virgin plastics. See recycling. 
extruder blown film tension control See extruder- 
web tension control, slipping and tearing; extruder- 
web stretching and tearing. 
extruder blown film tower 
extruder blown film wavering See resonance, 
draw. 
extruder borescoping See barrel borescoping. 
extruder breaker plate 
extruder bridging 
extruder capping See coextrusion capping. 
extruder capstan 
stan. 
extruder cast film 
extruder choke plate A single-hole unit that is used 
between the end of an extruder barrel and the die holder 
to produce a controlled pressure drop in the plastic melt 
flowing through the die. 
extruder cleaning See cleaning. 
extruder, co- See coextrusion; coextrusion foam 
core. 
extruder coating and lamination The basic units of 
an extrusion coating line consist of the unwind station, 
extruder, coating or laminating unit, and windup unit. 
When coating, a plastic material is applied to the surface of 
a substrate. Laminating combines two or more substrates 
together by bonding them with a material such as plastic. 
The basic common principle involved in coating and lami- 
nating is that a very hot plastic melt is used. The main 
purpose for either technique is to combine the best prop- 
erties of the plastics and substrates. Over 100 different pro- 
cesses are used just to coat materials, but very popular for 
long runs is the extruder. These dedicated fast lines are 
used since they provide quality-controlled products and 
are very cost efficient. The process itself tends to be con-  
plex since it contains many controllable variables, where 
each variable as well as its interrelation with others affects 
the quality of the coated or laminated product. In general, 
the processing temperature used in extrusion coating is 
higher than that used in the other extrusion processes. 

See tower. 

See extruder screen pack. 
See screw and barrel bridging. 

See extruder wire and cable cap- 

See extruder flat film. 
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Melt temperatures for the conventional plastics are nor- 
mally 550’ to 575°F (288’ to 300’C). The higher temper- 
atures are required to affect adhesion to the substrate. This 
higher temperature puts the plastics closer to being de- 
graded. See coextrusion; extruder neck-in and bead- 
ing; extruder profile coated; fabricating process; 
laminate; resonance, draw; roll. 
extruder coating and lamination air gap The verti- 
cal distance from the opening of the die to the nip formed 
by the pressure roll and chill roll. 
extruder coating and lamination curtain The cur- 
tain identifies the hot melt leaving the die orifice. 
extruder coating and lamination process The ex- 
truder is located on some type of guide rails or rolls so that 
it can be retracted from over the coating or laminating 
line. On start up the extruder is operated to develop the 
ideal melt. Once the melt is acceptable, the extruder is 
moved forward on the rails and over the line to start 
applying melt to the substrate. When the line is to be shut 
down, the extruder is retracted and also shut down. The 
melt from the extruder forces melted thermoplastic mate- 
rial through a horizontal slit die onto a moving web or 
substrate. The rate of application is controlled by the 
aniount of extrudate leaving the die and the pull rate that 
occurs as soon as the melt is pinched by a set of rolls. The 
melt stream could be a coextruded layer. As the melt leaves 
the die lips, the thin melt film is pulled down into the 
nip between two rolls located directly below the die. The 
substrate, which is traveling at  a speed faster than the ex- 
truded film, draws the hot film. The combination of these 
two different speeds, with the pressure applied between 
the two rolls, relates to the required thickness to be applied 
to the substrate. The two rolls are the chill roll and the 
pressure roll that forces the film onto the substrate. See 
coating; doctor roll; roll. 
extruder coating, curtain See coating, curtain. 
extruder coating roll See extruder roll coating, 
kiss. 
extruder, coextrusion See extruder-blown film 
die, coextruded; coextrusion. 
extruder cold shot Starting up an extruder requires 
that temperature equilibrium be achieved sufficient to 
melt the plastic at a rapid enough rate to form an appro- 
priate extrudate. Before this is achieved during start-up, 
several incomplete extrudates (cold shots) will be formed 
while cycling the machine. See molding cold slug. 
extruder color changeover As a guide with or with- 
out gear pumps, when changmg plastics or colors, first 
bring the melt temperature up 50°F above normal pro- 
cessing levels. Introduce a clear PE or PP plastic of 1 .O to 
2.0 MI, and purge for a few minutes. Then add a few 
pounds of commercially available chemical purging agent. 
Finally, introduce a few minutes more of the clear plastic, 
and follow with the new plastic, adjusting the melt teni- 
perature to the appropriate levels. See colorant. 
extruder communication protocol See communi- 
cation protocol. 

extruder compacting The compacting of a plastic and 
the forcing of it through an orifice in more or less continu- 
ous fashion. See compacting. 
extruder compound mixing Large-scale conipound- 
ing that is done on either single- or niultiscrew extruders. 
Single screws are used for basic operations where little 
variation in material forniulation and viscosity is expected. 
Most compounding is done in multiscrew (twin-screw, 
etc.) compounders since they offer better conveyance 
characteristics and production rates. See compounding; 
extruder, twin-screw; mixer; plastic material. 
extruder, computer-integrated See computer- 
integrated manufacturing. 
extruder, concentric-screw mixer A variation of the 
single-screw compounding extruder design. An example 
is a screw or rotor that has changing diameters over its 
entire length and rotates inside a series of concentric stator 
rings fixed to the barrel. Stator and rotor grooves are 
opposite-handed, and they alternatively increase and de- 
crease in depth. See mixer; screw. 
extruder, continuous-molding See blow molding, 
extruder (continuous); injection molding, continu- 
ous; Velcro strip. 
extruder controller See control actuator; die head, 
programmed; microprocessor control; process con- 
trol. 
extruder cooling and takeoff equipment As the 
“fluid” plastic melt leaves the die, it usually has to be sup- 
ported by a shaping fixture or sizing fixture. It  retains a 
desired shape through the period when the plastic cools. 
For rod and tubing, a metal cooling device (steel or brass 
sleeves, flat sizing plates, etc.) can be used. Cooling is pro- 
vided by a water trough or tank or a water cascade, except 
for those rigid plastics that can be cooled in air. With cer- 
tain plastics, water cooling sets up internal stresses and 
gives a poor surface appearance. Other techniques are used 
to speed up the line, such as cryogenic or nitrogen liquid 
cooling. It  is common practice to pipe the extruder’s water 
supply for the plasticator feed section and gear box in par- 
allel with numerous other devices like cooling rolls or 
even other extruders. If one of the flow paths has a low 
resistance to water flow, most of the cooling water will 
take that path and unbalanced cooling operation will exist. 
In these cases, it is necessary to add a booster pump in the 
supply line to the extruder. See coolant; die, dry-sleeve 
calibration. 
extruder die 
extruder die pressure 
extruder dispersion aid See extruder screen pack. 
extruder doser See doser. 
extruder downtime See processing line, down- 
time; processing line, uptime. 
extruder draw-down The process of pulling the ex- 
trudate away from the die at a linear speed higher than 
that at which the melt exits the die, thus reducing the 
cross-section dimensions of the extrudate. See die draw- 
down ratio; extruder wire and cable die draw-down. 

See die; extruder, multiple-die. 
See die pressure. 
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extruder drive The entire electrical and mechanical 
system that is used to supply mechanical energy to the in- 
put shaft of the gear reducer. This includes electric or me- 
chanical motor, constant or infinitely variable speed system 
and flexible coupling. See design, motion-control, 
mechanical and electronic effects; drive motor con- 
trol; electric motor. 
extruder drive backlash The working difference or 
clearance between tooth space and tooth width as niea- 
sured on the pitch circle. This allows the gears to mesh 
without jamming. See backlash. 
extruder drive-energy consumption Like the output 
capacity, the energy efficiency of an extruder is dependent 
on the torque available on the screw, screw rpm, heat coii- 
trol, and material being processed. Note that a high torque 
extruder would result in very inefficient processing (cost) 
when only a low torque extruder is required. See drive- 
system control; electric motor; electric motor, 
adjustable-speed-drive; electric motor drive; energy 
input, machine; energy loss, machine. 
extruder drive maintenance An example of mainte- 
nance involves possibly twice a shift checking ampere, 
voltmeter, and screw rpin instruments. A sudden increase 
or decrease in motor load means trouble, with screw tein- 
perature being a prime suspect. Rpin gauge fluctuation, 
however slight, justifies a call to a drive-service person if 
the cause is not immediately found. 
extruder, dual-plastic Extruding a shape with two 
plastics simultaneously. A transparent strip can be extruded 
along with the rest of a nontransparent material, a profile 
with a soft and hard material, and other combinations. See 
maintenance. 
extruder drool See die drip. 
extruder, elastic melt One extruder has twin rotating 
discs that use plastic melt elasticity in effect to convey the 
melt. Another has material fed into a fixed gap between 
a stationary and a rotating plate. Frictional heat develops 
the melt condition that is discharged through a die. Only 
plastics with certain elastic properties are suitable for this 
process. Also called elmtodynavnic extruder. 
extruder energy saver See electric motor, adjust- 
able-speed-drive; energy loss, machine. 
extruder extrudate See extrudate. 
extruder feedback-control system A method of con- 
trolling extruder output by adjustment of speed or back 
pressure to maintain a constant output rate. 
extruder, fiber See fiber processing. 
extruder, fiber solid state See fiber processing, 
solid-state extrusion. 
extruder filament 
extruder film See calender; cast; extruder-blown 
film; extruder flat film. 
extruder-film arrowhead The shape formed when 
lines meet at a rounded angle. They point in the direction 
of extrusion. 
extruder-film blocking See film blocking. 
extruder-film brittleness 

See fiber processing; filament. 

The tendency, such a5 with 

bags, to split along a fold, crease, or gusset as well as across 
a film when rapidly stressed. This characteristic depends 
mainly on plastic density and molecular properties such as 
orientation, MI, MWD, and so on. Lower density is less 
brittle. See brittleness; molecular weight distribu- 
tion; orientation. 
extruder-film capping See coextrusion capping. 
extruder-film cast See film, cast. 
extruder-film control See extruder-web stretching 
and tearing. 
extruder-film cooling, roll versus quench-tank In 
chill-roll or cast-film extrusion, the melt extruded through 
a die slot is cooled by the surface of two or more water- 
cooled chill or casting rolls. This offers substantial im- 
provements in optical properties, transparency with free- 
dom from haze and gloss, potential increase in output, and 
production of stiffer films. A major problem that could 
be encountered in cast film is puckering. They are film 
nonuniformities that usually develop on the first chill roll. 
They look like small pockets or bags. 
extruder film, reflective See extruder-blown film 
die, coextruded-reflective. 
extruder-film static charge See film, electrostatic 
charge. 
extruder-film thickness See die, film and sheet 
thickness for a; optical monitoring. 
extruder flat film A process that is similar to flat film 
processing and the casting processes to produce film (and 
sheet) from highly fluid solutions. The most popular pro- 
cess used to produce the flat film is with chill rolls. The 
process that uses a water-chill tank or quench film is also 
popular. See film, cast. 

The flat-film chill-roll process usually has low melt vis- 
cosity plastic extruded through a coat hanger or T-shape 
slot die that may be at least 10 ft (3  ni) wide. The extrudate 
is chilled below the melt temperature (T,,,) or glass transi- 
tion temperature ( Tv) by passing it principally over two or 
more chrome-plated chill rollers (that have been cored for 
water cooling), or a water-bath system may be used. The 
extrudate web from the die is made dimensionally stable 
by contacting several chill rolls prior to being pulled by 
the nip or pull rolls and wrapped around the wind-up roll. 
See extruder roll cooling; glass transition tempera- 
ture; melt temperature; packaging, food. 

The rapid-water-quenching system produces good op- 
tical properties, has low equipment cost, but can be diffi- 
cult to use to get precise control over the water tempera- 
ture. Vibrations and currents can cause little marks on the 
film. A critical point is the necessity for maintaining a 
smooth surface in the water quench tank where the melt 
first enters. Different devices are used to control the flow 
ofwater such as baffles with openings. It  has serious limita- 
tions when high production speeds are attempted; the wa- 
ter must be kept from carrying over into any on-line pre- 
treatment and the finished roll. However, these problenis 
can be controlled. This liquid bath system has been used 
for blown tubular film inside the blown filni to improve 
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cooling characteristics. Also called rlzill rollfilm, roll cast-film, 
cas t f i lm ,  slot cas t j i lm ,  and water-chi l l f i lm.  
extruder flat-film antiblocking See antiblocking 
agent; sheet blocking. 
extruder flat-film chill roll See extruder roll 
cooling. 
extruder flat-film draw-ratio (DR) Film around a 
chill roll or water bath a t  continuously increasing rates of 
output can begin to pulsate rhyniically at a critical draw 
ratio. DK is the melt’s final velocity to its velocity in the 
die. As the D R  increases, the pulsation’s become more 
pronounced. This phenomenon is known as the draw reso- 
izance. It can occur in any nielt-drawing process such as 
coating, spinning, and melt embossing as long as the extru- 
date passes through the two fixed points of a die and a 
fixed velocity take-off point. For certain plastics the draw 
resonance (DR) occurs under a D K  of 20 for film. In coat- 
ings and embossing the ratio is about 30. The method used 
to eliminate draw resonance is a draw resomnce eliminator 
(DRE). It  directs a fluid niediuni (air knife) against the 
melt between the die and chill roll. See extruder sheet 
air knife; fiber processing; resonance, draw. 
extruder flat-film neck-in See extruder neck-in 
and beading. 
extruder flat-film orientation In flat-film extrusion, 
particularly at  high takeoff rates, there is a relatively high 
orientation of the film in the machine direction (MD) of 
the extrudate flow and a very low orientation in the trans- 
verse direction (TD). However, the film can be niade to 
be bidirectional (BD). The effects of biaxial orientation 
are important in film manufacture such as PP, PE, PET, 
and PVDC. Stronger films of high clarity result. The ori- 
entation-induced ciystallization of the plastics produces 
niolecular structures that do not interfere with light waves. 
For example, when biaxially stretching PS using a 4: 1 ratio 
in both directions, the higher tensile strength of 10 to 12 
ksi (70 to 80 MPa) is achieved conipared to 6 to 8 ksi 
(40 to 55 MPa) for unstretched PS film. See orientation, 
tenter frame and roll. 
extruder flat-film tape Tape (narrow film) for sound 
and video recording, packaging strapping, and so on is 
usually made from PP or PETP plastics, which are highly 
oriented in the machine direction. The initial tape, which 
may be up to 1’/2 by 0.06 in. (40 by 1.5 nini), is usually 
made by vertical extrusion into a water bath with a limited 
draw-down. Water temperature is kept low, and the dis- 
tance of the surface from the die is as small as 0.2 in. (5 
mm) to give rapid cooling and low crystallinity. The tape 
is then reheated to a temperature well below the crystalline 
melting point and drawn lengthwise by 10: 1 or greater, 
producing a high degree of uniaxial orientation. It is then 
heat set by heating to a somewhat higher temperature 
while held under tension to crystallize in the oriented state 
and then cooled. The low initial crystallinity provides high 
elongation to break. See extruder-web tension con- 
trol. 
extruder flat-film tension control See extruder- 

web tension control, slipping and tearing; extruder- 
web stretching and tearing. 
extruder flat-film thickness See optical moni- 
toring. 
extruder flat-film wavering See resonance, draw. 
extruder flat or blown film In certain respects chill- 
roll flat-film production is siniilar to that of blown film, 
though thickness variations due to mechanical distortion 
ofthe die assume greater importance. A die deflection rep- 
resents a greater percentage on a thinner film, and the 
increased die resistance leads to higher nielt pressures. 
Higher velocities are also required to give similar outputs. 
This problem is usually resolved by using high draw-down 
ratios of 10: 1 or more on thickness using wider die gaps 
ofabout 0.02 in. (0.5 mni). The result is lower die velocity 
and pressure and improved percentage of thickness toler- 
ance. The thinner filiiis are also more flexible, so the UII- 

supported gap between die lips and haul-off or cooling 
roll must also be reduced. 

Whether one uses flat or blown filni depends on the 
applications, performance requirements (transparency, 
etc.), length of production run, and cost. The main advan- 
tage of flat film is the intensive cooling acconiplished by 
means of chill rolls or water. There are few difficulties in 
the melt, and blocking rarely occurs. Another advantage 
is that there is no flattening operation; the problem of 
maintaining a constant bubble volume does not exist. 
Control of thickness across the width of the film is simpler. 
The winding and printing of the flat film are usually sim- 
pler. It provides better gauge uniformity, better embossing 
quality, higher rates of production per total web width, 
lower density, and softer film. See extruder cooling and 
takeoff equipment. 
extruder flat- or blown-film capability The blown- 
film capabilities of equipment and materials can cause 
niany of the flat-film advantages to be less significant. 
Blown film can process those plastics that go through flat- 
film lines and in addition those plastics with other melt 
characteristics. The blown film does not require edge 
trimming or requires less regrind, has better balance of me- 
chanical properties, denser film, stiffer, and iinproved bar- 
rier properties. 

An advantage of blown-film extrusion over flat film is 
the ability to produce filni with a more uniforiii strength in 
both the machine direction (MD) and transverse direction 
(TD). In flat-film extrusion, particularly at high take-off 
rates and not using tenter orientation equipnient, there is 
a relatively high orientation of the film in the MD and a 
very low orientation in the TD. In blown film, by balanc- 
ing blow-up ratios against take-off rate, it is possible to 
achieve physical and other properties that are very nearly 
equal in both directions, such as giving a film niaxiniuiri 
toughness. 

Another advantage of blown film (with a tight tolerance 
on thickness) can be in bag production. It  requires, with 
the proper-size blown tube, one seal across the bottom of 
the bag, whereas with flat film either one or two longitudi- 
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nal seals are necessary. Blown diameter can be produced, 
giving flat film widths that are much wider than anything 
produced by flat slot-die extrusion. In addition to pack- 
aging, large-width PE film have been used extensively in 
other markets, such as the building, agriculture, and horti- 
culture industries. In certain secondary operations a tight 
thickness tolerance is desired to ensure proper perfor- 
mance, minimize the amount of plastic consumed, and re- 
duce cost. 
extruder, foam There are the tandem foam extrusion 
line (which is predominantly used) and the single extru- 
sion line. The tandem uses two single-screw extruders. 
The startup or the primary extruder melts the plastic, 
mixes in the blowing agent (usually nitrogen at about 
1,000 psi (7 MPa)) with additives, and feeds the extrudate 
to the second extruder under pressure. This second phase 
cools the extrudate to the proper uniform melt tempera- 
ture, thus providing a better stable melt into an annular 
die, where it expands into the foam sheet. A check valve 
can be used to control back flow of the blowing agent. A 
foamed-tube die opening delivers the expanded controlled 
thickness foam over a dome-shaped cooling and shaping 
form. This tube can be slit into two halves. The result is 
that two flat, foamed sheets go downstream to windup 
rolls. See foam. 
extruder forming See extruder postforming; post- 
forming. 
extruder, free An extrusion line that takes the extru- 
date and uses no special downstream equipment. It  cools 
the extrudate using air, water, or a combination of both. 
No special forming device, controlling fixture, sizing de- 
vice, and so on is used. 
extruder freeze line See extruder-blown film frost 
line. 
extruder freeze-off See freeze-off. 
extruder gear box Because extruder motors deliver 
approximately constant torque over their speed range, the 
power available increases linearly with speed. For maxi- 
muni power, therefore, the motor should be run near its 
top speed. To match optimum motor speed with maxi- 
niuni screw speed, a gear box with a reduction ratio be- 
tween 10 : l and 20 : l is usually used. The power-transniis- 
sion capability of the gear box is matched to the maximum 
motor power. A belt drive with some speed reduction can 
also be incorporated into the drive transmission. This pro- 
vides some safety against sudden overloads where power 
losses can be as high as 10%. With proper maintenance, 
gearboxes should last at least 20 years. Also called gear m e .  
See backlash; fabricating output. 
extruder gear pump 
extruder gel If the extruder die is producing gels due 
to plastic degradation or die lip buildup, using 200 to 600 
ppm of fluoropolynier processing aid in combination with 
antioxidant additives can reduce these type of problems. 
See gel. 
extruder, glass-fiber See fiberglass production. 
extruder godet unit 

See gear pump. 

A multiple roll drive that is usu- 

ally used on monofilaments and strips where the extrudate 
is driven by the friction between the extrudate and the 
rolls. It  is used to orient monofilament. See filament, 
mono-. 
extruder gravimetric feeding and blending See 
feeder, gravity. 
extruder grooved feed 
extruder haul-off A system that pulls the extrudate 
away from the die; usually a series of rolls or caterpillar 
equipment. 
extruder head angle An extruder head, such as in wire 
coating, that is positioned at an angle (4S0, 90°, etc.) with 
the axis of the screw and does not have the head in the 
usual position of being in line with the screw. 
extruder heat-transfer mechanism See heat-trans- 
fer mechanism. 
extruder, house wall 
extruder improvements Although the single-screw 
extruder is one of the oldest types of machinery for plastics 
processing, it has not yet reached the end of its develop- 
ment because of changes in plastic materials, processing 
requirenients, machine operation, and market require- 
ments. Rheological data that are based on plastic perfor- 
mances during processing have helped advance the art of 
extruding plastics. See market. 
extruder-injection molding process See Velcro 
strip. 
extruder inspection See screw inspection. 
extruder instability or variability In extrusion, as 
well as other processes, extensive theoretical analysis are 
applied to facilitate understanding and maximizing the 
manufacturing operation. However, the “real world” 
must be understood and appreciated as well. The opera- 
tion has to work within many limitations of the plastics, 
additives, and primary and secondary equipment. The in- 
terplay of process controls can help eliminate or decrease 
variations. Most instabilities are caused by improper 
screw design or wrong screws. Proper instrumentation 
settings, particularly barrel heat, are important to diagno- 
sis. For uniform or stable extrusion, it is important to 
check the drive system, the take-up device, and other 
equipment periodically, and compare the readings to 
their original settings. An elaborate process-control sys- 
tem can help, but it is best to improve stability in all fac- 
ets of the extrusion line. Examples of instabilities and 
problem areas are (1) nonuniform plastics that flow into 
the hopper, (2) troublesome bridging that varies or stops 
plastic flow due to excessive barrel heat that melts and so- 
lidifies plastic in the hopper and the feed section of the 
screw, (3) variations in barrel heat, screw heat, screw 
speed, screw power drive, die heat, die-head presrure, 
and take-up devices, (4) insufficient melting or mixing 
capacity, (5) insufficient pressure-generating capacity, (6) 
wear or damage of the screw or barrel, and (7) melt frac- 
ture or sharkskin. The extruder and the downstream 
equipment must be properly aligned. Proper alignment 
and isolation of the vibrators is a must for high-quality, 

See barrel grooved feed. 

See plastic house. 
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high-speed output. To support the alignment, proper in- 
strumentation is vitally important for quick and accurate 
diagnosis. A prerequisite for stable extrusion is a good ex- 
truder drive, a good temperature-control system, an ac- 
curately controlled take-up device, and-most impor- 
tant-a good screw design. The extruder should be 
equipped with some type of proportioning temperature 
control. See process control. 
extruder, intermittent molding See blow mold- 
ing, extruder (intermittent); extruder; injection 
molding. 
extruder IR temperature controller See injection- 
molding infrared temperature controller; spectros- 
copy, Fourier’s transfer infrared. 
extruder, isothermal A process where the melt stock 
remains at constant temperature for a good portion of time 
in the plasticator. This type of operation is most coninion 
in small-diameter screw extruders. See isothermal. 
extruder kneader/mixer See mixer, kneader ex- 
truder. 
extruder lamination See extruder coating and 
lamination. 
extruder length-to-diameter See screw length-to- 
diameter ratio. 
extruder line The extruder and its components (gear 
pump, die, etc.) are costly. However, the other equipment 
in the line (train) is usually more expensive. Major costs 
may be incurred at  the end of the extrusion line, such as 
in finishing, trimming, postforming, and the windup or 
stacking equipment. For example, up to one-third of 
the capital-equipment cost in a film line can be for the 
winder. Sophisticated materials-handling equipment be- 
conies costly. 
extruder liquid-curing-medium (LCM) process A 
continuous curing method that is well suited for extruded 
elastomeric goods, such as neoprene (solid or sponge). Un- 
cured stock passes directly from the extruder into a liquid 
heat-transfer medium niaintained at  a temperature of 
about 200 to 250°C (392 to 482°F). Molten metals (such 
as an eutectic mixture of 58wt% bismuth and 42% tin), 
heat-stable organic liquid (such as polyalkyline glycol), and 
molten salt (eutectic mixture) are used to provide rapid 
heat transfer. Curing times of 90 s or less are possible with 
cross-sections up to 9.5 nnn (0.4 in.) thick. Vulcanizates 
of neoprene cured at these extremely high temperatures 
have properties fully equivalent to vulcanizates cured for 
longer times at lower temperatures. See eutectic mix- 
ture; fluid-bed process. 
extruder lockout See safety, machine-lockout. 
extruder log See reinforced-plastic bulk-molding 
compound. 
extruder machine alignment See machine align- 
ment. 
extruder machine control See controlled motion; 
drive-system control; process control; repeatability; 
servo-control-drive reliability. 
extruder machine energy See electric motor, 

adjustable-speed-drive; energy input, machine; en- 
ergy loss, machine. 
extruder machine fabricator process simulator See 
process simulator. 
extruder machine L / D  ratio See screw length-to- 
diameter ratio. 
extruder machine maintenance See maintenance. 
extruder machine safety See safety. 
extruder maintenance Maintenance and preventive 
maintenance procedures decrease or eliminate downtime 
and optimize performance. The machine operator or the 
maintenance personnel can follow the guides from ex- 
truder manufacturers that explain maintenance proce- 
dures. A firm schedule for maintenance should be estab- 
lished. As a safety practice, the extruder must be properly 
shut down when any maintenance (or inspection) is per- 
formed that can cause injury. See maintenance, preven- 
tive; inspection; processing-line downtime. 
extruder marbleizing See screw marbleizing. 
extruder market See market; plastic consumption. 
extruder material consumption See plastic con- 
sumption. 
extruder material handling See material handling. 
extruder-melt bambooing A manifestation of melt 
fracture in which the extrudate consists of smooth sections 
interrupted by a periodic distortion on the surface that has 
the appearance of bamboo. See melt fracture. 
extruder melt blockage An interruption of melt flow 
that occurs with rapid drop in output and motor amps. It 
may have various causes: (1) a screw may stick in the barrel 
when the line is stopped with the screw full of plastic so 
that oxygen can therefore be kept from getting down to 
the hot breaker plate, promoting degradation and contani- 
ination (the remedy includes having the screw rotate at a 
very slow speed, using an internal cooled screw for certain 
plastics such as plasticized PVC, or emptying the screw); 
(2) an obstruction or melt may stick in the feed passage 
(the remedy includes reducing heat build-up); and (3) the 
screw compression zone may surge due to insufficient soft 
melt to be properly compressed (remedy includes raising 
the rear barrel temperature). See blockage; screw. 
extruder melt flow See melt flow; melt-flow de- 
fect; test, melt-index. 
extruder melt-flow instability 
extruder melt-flow orientation See extruder- 
blown film orientation; orientation, accidental. 
extruder melt-flow oscillation The extruder or melt 
gear pump can have some flow oscillation so that the 
amount that reaches the product is less than the amount 
that leaves the die. The amount of dampening of the oscil- 
lations will depend on the delivery-system characteristics, 
such as the geometry and condition of the gear pump. 
Pumps with few large teeth have a greater amplitude than 
do similar pumps with more smaller teeth for the same 
flow rate. The frequency is typically a function of extruder 
or pump speed. Therefore, a higher-speed machine will 
have a greater dampening of its flow oscillations than will 

See melt fracture. 
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a slower machine. The compressibility of the plastic is nor- 
mally fixed, but the elasticity of the delivery system can 
be increased to alleviate flow surging. Factors such as 
greater die pressure and the presence of pressure drops 
(such as a filter) lower the surges. See injection-molding 
melt-flow oscillation; melt-flow oscillation; weld 
line. 
extruder melt-pressure transducer See transducer, 
pressure. 
extruder melt-temperature effectiveness See melt- 
temperature effectiveness. 
extruder melt-temperature sensitivity See tem- 
perature sensitivity. 
extruder melt tracer See tracer. 
extruder melt vibration 
extruder mixer See mixer, extruder. 
extruder motor and gear reducer See extruder 
drive. 
extruder, multiple-die Using two or more dies at the 
end of an extruder may not be desirable but has certain 
benefits. It may be more economical to use one extruder 
to deliver to two dies than have a separate extruder for 
each die. Normally, setting up one extruder with the usual 
one die can cause problems if it does not operate at niaxi- 
muni efficiency. However, delivery schedules may require 
the use of two or more dies. 
extruder, multiple-screw The main characteristics of 
these mixing machines include (1) their high conveying 
capacity at  low speed, (2) a positive and controlled punip- 
ing rate over a wide range of temperatures and coeffi- 
cients of friction, (3) low frictional (if any) heat genera- 
tion, which permits low heat operation, (4) low contact 
time in the extruder, (5) relatively low motor-power re- 
quirements and self-cleaning action with a high degree of 
mixing, and (6) positive pumping ability that is indepen- 
dent of the friction of the plastic against the screw and 
barrel and that is not reduced by back flow. Similar to the 
single-screw extruder, the multiscrew, including the 
more popularly used twin-screw extruder has advantages 
and disadvantages. There are corotating and counterrotat- 
ing screw systems. The cylindrical screws (parallel twiii- 
screws) dominate the market for counterrotating twin- 
screws, and the extruder fitted with conical screws. The 
type of design to be used will depend on perforniance re- 
quirements for a specific material to produce a specific 
product. See barrel length-to-diameter ratio; com- 
pounding; extruder reactive versatility; extruder, 
single-screw; screw. 
extruder, multiple-screw operation With the mul- 
tiscrews, very exact metered feeding is necessary for cer- 
tain materials, otherwise output perforniance will vary. 
With overfeeding there is a possibility of overloading the 
drive or bearings of the machine, particularly with coun- 
terrotating screw designs. The intensive mixing action of 
multiscrew extruders is highlighted by the fact that adja- 
cent layers of plastic have different speeds-namely, ve- 
locity gradients or shear rates. In addition to the actual 

See melt vibration. 

mixing effect, due to displacement of layers with respect 
to each other, pigment particles or ungelled particles of 
the plastic (fish eyes) are broken down by its limited fric- 
tion action, especially in highly viscour plastics. See ex- 
truder, multiple-screw; extruder, twin-screw. 
extruder, multiscrew See extruder, multiple- 
screw. 
extruder neck-in and beading With coating as well 
as other flat-film and sheet processes, on exiting the die 
the hot film will shrink across the width. The relatively 
high degree of draw-down over a short distance requires 
high elongation with generally high melt temperatures. As 
many films are manufactured from crystalline (semicrystal- 
line) plastics, the rapid cooling tends to suppress crystalliza- 
tion. This molecular action is beneficial in providing high 
elongation of the cooled film for subsequent drawing or 
orientation processes. This shrinkage or neck-in is the 
aniount of shrinkage from the die face to the downstream 
width. With neck-in there is also beading, which is the 
thickening at both edges of the film. The neck-in and 
beading influence the perforniance of the coating as well as 
the film or sheet, such as wrinkling, sagging, and induced 
unwanted stressec. Material capability and particularly pro- 
cessing conditions influence these undesirable effects. 
Later in the line, these beads are trinimed. Certain die de- 
signs practically eliminate edge bead. 
extruder netting Extrusion dies can be designed to 
produce different flow patterns, such as tubular to flat net- 
ting types. For a circular output, a counterrotating mandrel 
and orifice can have semicircular shaped slits through 
which the melt flow emerges. The slits can be of any 
shape. If one part of the die is held stationary, then a rhoni- 
boid or elongated pattern is formed. If both parts of the 
die rotate, then a true rlionibic mesh is formed. During 
the time when the melt extrudes through the orifice and 
the slits overlap, a crossing point is formed where the 
emerging threads appear to be welded but are merely a 
uniform melt flow through the matching or aligned slits. 
For flat netting, the slide is in opposite directions. See ex- 
truder postforming. 
extruder operation optimization See injection 
molding operation optimization. 
extruder operation shutdown The extruder is con-  
nionly run to an empty condition when it is being shut 
down. This action ensures that there is no starting up with 
cold plastic, a condition that could overload the extruder if 
improper start up occurred. Sonie extruders, such as those 
processing polyethylene film, are shut down with the 
screw full of plastic. This prevents air from entering and 
oxidizing the plastic. Because polyvinyl chloride decon- 
poses with heat, to ensure that this material is completely 
removed at shut down, purging material such as low-melt 
PE that can remain in the barrel is used. On start up, it is 
preferable to raise the barrel heat slightly above its normal 
operating temperatures so that the higher temperature will 
ensure that unnielted plastic will not produce excessive 
torque in the screw. With the downstream equipment, 
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such as with film or sheet lines, some threading should be 
left for an easy startup as reviewed in startup. See ex- 
truder operation startup; fabricating startup and 
shutdown; plastic processing. 
extruder operation startup When starting up a new 
extrusion setup, start the screw rotation a t  about 5 rpni. 
Gradually look into the air gap between the feed throat 
and throat housing, and make sure the screw is turning. 
Screws niay have been installed without having their key 
in place, or the key niay have fallen out during installation. 
Antiseize material must be applied to the drive hub to help 
installation and removal. If the key is left out, the drive 
quill is turning, and the screw is not, the screw will not 
gall to the drive quill. The procedures of starting a pro- 
cessing line through the downstreani equipment, such as 
sheet or film, can be by “threading” (with a thread, rope, 
tape, or other material form) a material as it goes through 
the various downstreani units. As in an extruder line, the 
extrudate is attached to the thread-up end, and in turn the 
thread-up is pulled through the line carefully and safely. 
See extruder operation shutdown; fabricating 
startup and shutdown; plastic processing. 
extruder operator’s sequence See operation, au- 
tomatic; operation, manual; operation, semiauto- 
matic. 
extruder, optical fiber See fiber optic; extruder 
wire coating, optical-fiber. 
extruder output rate A rate that is usually expressed 
in lb/h or kg/h. 
extruder output recovery rate The volume of nielt 
that is discharged from the screw per unit time in in..3/s 
(cni’/s) when the screw runs on an on-off cycle. 
extruder output variation The variation of melt flow 
that can be estimated by measuring the pressure variations. 
extruder particleboard See particleboard. 
extruder part shrinkage See blow molding shrink- 
age; design shrinkage; molding shrinkage; shrink- 
age; tolerance and shrinkage. 
extruder part shrink fixture See shrinkage block 
jig. 
extruder paste The “paste extrusion” process is unique 
to certain plastics such as PTFE plastics. The plastic is 
blended with 15 to 20wt% of a lubricant that may be any 
one of many organic liquids, such as naphtha, odorless ker- 
osene, or white oil. It is readily compressed and extruded 
to forni thin insulation on wire, thin-walled tubing, rib- 
bon, and other shapes. These operations are usually carried 
out at  temperatures between room temperature and 
100OC (212°F). The procedures are discontinuous, with 
the extrudate going from the extruder through a drying 
operation for removal of the lubricant and then through 
a sintering operation. Interruption occurs when a new 
charge of lubricated powder that is usually preformed en- 
ters into the plasticator. See paste; mixer, double-arm. 
extruder pipe and tubing Plastic pipes and tubings 
have different definitions that are usually associated with 
different industries (plumbing, gas transmission lines, bev- 

erages, medical, mining, and so on). A popular definition 
for pipes is that they are rigid, hollow, long, and larger in 
diameter than tubes. Tubings are basically the same except 
flexible and smaller in diameter such as up to 0.5 in. (0.13 
inm) or with thin walls up to 6 in. (15 cni). Practically all 
pipe is extruded using thermoplastics. Single-screw ex- 
truders are usually used, but with PVC, twin-screw ex- 
truders are also used. Dies in some of the lines iise the 
same basic dies and plastic nielt temperature ranges that 
are used in wire coating. 

The basic in-line process (or train) for the production 
of pipe starts with material handling upstream from the 
extruder. The extruder and die as well as devices for the 
outside and inside calibration of the pipes cross-sectional 
area, if required, use air or nitrogen pressure or vacuum to 
contain the pipe shape. Wall thickness measuring device, 
cooling tank, and automatic cutting with pallet equipment 
for rigid pipe or windup unit for flexible pipe are down- 
stream. The line could include a marking device, testing 
device, and so on. An important requirement is to cool 
the extrudate rather fast near the die while keeping control 
of dimensions and properties. See coolant; design, cor- 
rugated; extruded wire and cable die; orientation 
and heat-shrinkability; pipe, geothermal; pipe mar- 
ket; pipe, water deterioration of; tubing; tubing, 
microbore. 
extruder pipe and tubing approach Various tech- 
niques control the dimensions and sizes, and these are 
either free-drawn melts (usually for the small-diameter 
tubes) or sizing fixtures. Because producing the pipe in- 
cludes a material cost of up to 80‘%, the goal is always 
tighter tolerance control to reduce material consumption. 
Dimensional or thickness-calibrating disks of different de- 
signs are used. Small-diameter tube lines use draw-down 
control (free-extrusion) sizing technology where the ex- 
truded tubular melt has 110 calibrating device after leaving 
the die. Internal air pressure prevents the tube from col- 
lapsing on leaving the die. Some devices also have different 
calibrating and sizing plates or tubes, with or without pres- 
sure, and with vacuuni assist in or outside the tube. 

Sizing during cooling is almost universally controlled 
either on the outside dianieter (OD) or inside diameter 
(ID). This approach uses the minimum amount of plastic. 
The dimensions of the die and the relation between its 
output and haul-off rate deterniine the final wall thickness 
and consequently the OD and ID. In some applications 
the ID has to be precise, such as in producing disposable 
hypodermics and beer pumps. Precision OD is required 
for applications such as the pipe fit into a pressure tank. 
See cut, fly. 
extruder pipe and tubing die Most of the pipes and 
tubes are processed with in-line straight-through extruder 
dies. Crosshead extrusion dies include those without spi- 
ders that split the melt on the opposite side of the extruder. 
A crosshead die is used when the processor also extrudes 
wire coatings and when spiders in a die must be elinii- 
nated. See die. 
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The die system has the following important features: 
(1) the extruder adapter and die are designed to target for 
a smooth streamline melt flow; (2) the mandrel’s support- 
ing spiders or webs should have a smooth symmetrical 
(airfoiUstreamline shape) profile beginning and ending 
with near knife edges; (3) the holdup area of the spiders 
should be minimized; (4) the cross-sectional area between 
the supporting spiders of the mandrel should be at least 
three times greater than the cross-sectional area of the 
annulus or ring; (5) the approach channel to the final (rela- 
tively) parallel lands should taper gradually to maintain 
melt compression and assist in welding together the melt 
streams after passing the mandrel spiders; (6) the die lands 
must be long enough to exert back pressure on the melt 
and to help eliminate weld lines; (7) the mandrel tip and 
the plane of the die face must be in-line; if the mandrel 
is projecting or recessed, drag marks may be apparent in 
the bore of the extruded tube; drag marks should be 
avoided since many plastics are highly notch sensitive; 
(8) there must be provisions for applying air through the 
mandrel or alternatively a vacuum chamber for use with 
sizing devices; an easy accessible hole of about 0.25 in. 
(6.4 nim) in diameter is usually sufficient; during pro- 
cessing this hole must not be partially or completely 
plugged; and (9) die should be snug enough to prevent 
leaking and yet free enough to be moved for adjustments. 
See die-head mandrel cooling, internal. 
extruder pipe and tubing die design The crosshead 
die does not include spider supports to the mandrel. A 
mandrel is used to control the inside diameter (ID) of the 
pipe. The potential weld lines caused by the spiders in the 
in-line die are eliminated; but it has a weld line. After 
the melt splits going around the mandrel, the split makes 
contact to form the weld line. With both types of dies, 
the design of dies and careful processing procedure can 
practically eliminate the problem of the weld line. The 
weld lines can cause reduction in strength properties. The 
die cores or mandrels forming the inside shape of an in- 
line are supported on some type of spider, which divides 
the flow at the rear of a crosshead (also called side-entry) 
die. There is a thrust due to the drag of the melt on the 
core that has to be considered in the structural integrity 
of the die. Fortunately with these circular dies, draw down 
does not distort the extrudate but evenly reduces the pipe’s 
OD, ID, and thickness. The dimensions of the die and the 
relation between output and haul-off rate then determine 
the final dimensions. See extruder wire and cable die. 
extruder pipe and tubing die mandrel See design 
pipe; mandrel. 
extruder pipe, cooling-tank weir An aperture on the 
end of a water cooling tank that is used to control the 
water overflow into the drain. Weirs are usually shaped 
to the extrudate shape. 
extruder, planetary screw 
extruder plasticator 
to-diameter ratio. 

See screw, planetary. 
See plasticator; screw length- 

extruder plastomer Instrument used to determine 
melt flow index (MFI). See rheometer, capillary on- 
line; test, melt flow. 
extruder plucking Extrudate that looks like a long 
needle has been stitched on it. 
extruder postforming The special processing that may 
be done to the extrudate, usually just after it emerges from 
the die but before the plastic has a chance to cool. It pro- 
vides performance and cost advantages, principally for long 
production runs or special orders. The technique is used 
with products such as tubes, profiles, sheet, and film. O n  
leaving the extruder’s die and while it is retaining its heat, 
the plastic is continually postformed producing products 
such as small or large (up to at  least 4 ft (1.2 in)) corrugated 
tubing or piping. Moving split molds operating like a cat- 
erpillar have the moving corrugated inold cavities closed 
while the tube or pipe passes with each mold half, provid- 
ing vacuum pressure and required water cooling internal 
tubing. Near the end of the line, the mold pocitions start 
separating to start releasing the corrugated product and 
gradually open the two-part molds. With these types of 
in-lines, the hot plastic is cooled only to the desired heat 
of forming. All it may require is a fixed distance from the 
die opening. Cooling can be accelerated with blown air, 
a water spray, a water trough, or their combinations. This 
equipment requires precision tooling with perfect registra- 
tion. See forming; postforming; thermoforming. 
extruder preheating See heating, pre-. 
extruder pressure-head safety A working head-pres- 
sure indicator provide5 useful information to the extruder 
operator. Head pressure is the pulse of the extruder, so 
any surging shows up as a pressure fluctuation on the high 
stroke. See extruder melt-flow oscillation; extruder 
surging; transducer, pressure. 
extruder process control Controls that account for all 
the action, starting with material handling and delivery to 
the extruder to the end of the line (train). Control pro- 
grammers and data acquisition systems are continually 
being developed. See control actuator; control drive, 
optimized; microprocessor control; process control; 
rheometer, capillary online. 
extruder process control safety See programmable- 
cootroller safety. 
extruder processing See FALL0 approach. 
extruder processing window See processing 
window. 
extruder profile The outline of a shape that is ex- 
truded. Pipes and tubes are classified as a separate category 
because they represent a specific major market. Profiles 
normally identify shapes that are noncircular or syninietri- 
cal. However, extruded products, such as capillary tubing, 
also are usually called a profile. They can be solid, hollow, 
or a conibination of solid and hollow. Popular shapes in- 
clude many hollow sections, such as window-frame pro- 
files, tapes, edgings, gaskets, rods with different cross-sec- 
tions, and structural shapes in the form of Ts, Us, Is, Hs, 
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and squares. The product shapes and sizes are as limitless 
as the number of applications. Also called shaped extrusions. 
See rod stock. 
extruder profile, coated An important profile product 
line is the coating of different profile-shaped materials. 
These substrate materials include wood, aluminum, steel, 
and other plastics. These profiles can also be called coated 
products. Extruders also can feed reinforced plastic (RP) 
pultrusion (profile) dies. R P  pultrusion, in contrast to ex- 
truding profiles, is a process by which a combination of 
liquid plastic and reinforcement (continuous fibers, ropes, 
tapes, etc.) is pulled continuously through a heated cross- 
head die having a specific structural shape (Ts, Us, Is, Hs, 
squares, etc.). The fabricating process for the very big mar- 
kets, where only plastic profiles are produced, is a takeoff 
of the method used in processing pipes and tubes. Most 
profiles are extruded horizontally through dies similar to 
the parts cross-sections. The extrudates are cooled and 
sized with air jets, water troughs, cooling sleeves, mechan- 
ical aids, specially designed frames, dimensional measuring 
devices, or their combinations. Flexible to rigid shapes are 
produced that at the end of the line are coiled or cut to 
required lengths. See impregnation; extruder coating 
and lamination; extruder wire and cable. 
extruder profile, die An extruder die is usually mas- 
sive, with an orifice that is oversized to the shape and size 
of the required contour. The final shape develops down- 
stream from the die as the plastic expands, warps, or 
shrinks. The best designs are based on past experience with 
a particular profile shape. See design die; die. 
extruder profile, free For simple shapes such as solid 
and V profiles with no close tolerance requirements, a free 
extrusion techniquc can be used. The plastics processed 
are those with high viscosity and softer grades, particularly 
when extruding at the lowest possible melt temperature. 
They can be used for short runs and prototyping with in- 
expensive dies that can, in many cases, be made from flat 
plate dies. For long runs these plate dies have the disadvan- 
tage of encouraging a buildup of stagnant plastic on the 
rear of the plate and eventually degrade the plastic produc- 
ing unacceptable profiles. Usually no melt degrading prob- 
lem develops before the short run is completed. If the 
problem starts developing or the run is completed, the die 
is disniantled and cleaned. 
extruder profile plant Much profile manufacturing 
takes place in small, specialized plants. An important and 
rather large market exists in the short runs. The profiles 
may be small and require only sinall extruders. These 
plants usually design their dies and have their own machine 
shop make the dies. They may also do their own plastic 
compounding since many runs are limited but exchanges 
in profile shapes may be extensive. Setting up these lines 
for the small operations generally requires personnel with 
experience and skill. 
extruder programmable controller safety See pro- 
grammable-controller safety. 

extruder purging See purging. 
extruder, ram A rani extruder moves the plastic 
through a barrel and die by means of a rani (also called 
plunger) rather than the usual screw. It is used when a melt 
cannot be processed through a screw extruder. Ram ex- 
trusion, also yarn injection molding, dates back to at least 
1872, when cellulose acetate first was processed. The 
screw method ofplasticizing took over early in the twenti- 
eth century since it provided a better method of melting 
and processing for practically all plastics. However, the 
ram method is still used for plastic melts that are not melt- 
able in a screw such as PFTE and certain very heat- 
sensitive plastics. See injection-molding machine, 
ram; injection-molding ultrahigh molecular weight 
polyethylene; polyethylene plastic, ultrahigh molec- 
ular weight. 
extruder ram, reciprocating A process that uses two 
ram extruders to produce a continuous extrudate through 
a die that is fed from both ranis alternately. 
extruder, reactive-processing The performance of 
chemical reactions during plastic processing. The most 
common reactants are plastic or preplastic melts and gas- 
eous, liquid, or molten low-molecular-weight com- 
pounds. A particular advantage of the extruder as a chemi- 
cal reactor is the absence of solvent as the reaction 
medium. No solvent-stripping or recovery process is re- 
quired, and product contamination by solvent or solvent 
impurities is avoided. The chemical reaction nuy  take 
place in the melt phase or, less commonly, in the liquid 
phase, as when bulk polymerization of monomers is per- 
formed in an extruder, or in the solid phase, when the 
plastic is conveyed through the extruder in a solvent slurry. 
The types of reactions developed include bulk polymeriza- 
tion, graft reaction, interchain copolymer formation, cou- 
pling or branching reaction, controlled-molecular-weight 
degradation, and functionalization or functional-group 
modification. Also called reactive compoundin'q, reactive extru- 
sion, or reactive extrusion (REX). See chemical reaction. 
extruder, reactive versatility The extrusion device as 
a reactor combines several cheniical process opcrations 
into a single piece of equipment with accompanying high 
yields of product. An extruder reactor is ideally suited for 
continuous production of plastics after equilibrium is es- 
tablished in the extruder barrel for the desired chemical 
processes. Because of their versatility, most extruder reac- 
tors are twin-screw extruders that possess a segmented bar- 
rel, each segment of which can be individually cooled or 
heated externally. In addition to external heating, a molten 
plastic may be shear heated by the resistance of viscous 
plastic to the conveying motion of the screw; these pro- 
cesses provide energy for chemical reaction. Extruder 
screws often have specialized sections or configurations, 
such as high shearing sections. Twin-screw extruder 
screws may be equipped with interchangeable screw ele- 
ments that provide different degrees of mixing and surface- 
area exposure by varying the depth between screw flights, 
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the individual flight thickness, and direction and degree 
of flight pitch. 
extruder reduction gear A gear device (gear reducer) 
that is used to reduce speed between the drive motor aiid 
screw. Suppleiiientary speed reduction means may also be 
used, such as belts aiid sheaves. 
extruder rheometer See rheometer. 
extruder roll A roll that is used on lines for filrns, 
sheets, coating, and so on. They include winders, dancer 
rolls, lip rolls, spreader rolls, textured rolls, engraved rolls, 
and cooling rolls. All have the conmion feature that they 
are required to be extremely precise in all their mea- 
surements, surface conditions that include commercial- 
grade mirror finishes, center line with tolerance opera- 
tions, bearings and all ancillary mounted on journals, and 
rotating speed. They can be low in weight to at least 
15,000 lb (7 ton) with diameters at least up to 60 in. (150 
cm) aiid widths at least up to 30 ft (100 in).  Some rolls 
require roundness and surface finishes to be within 
0.00005 in. (0.00127 mm). Many winders offer sophisti- 
cated features and are highly automated, but some are 
designed to answer the need for siniplicity, versatility, 
and economy. Surface winders have a gap-winding abil- 
ity for processing tacky filnis such as EVAs arid the niet- 
allocene plastics. The controls and uniformity of speed in 
many operations are critical. See tolerance, full-indi- 
cator-movement. 

The winders roll a continuous film or sheet into certain 
weight (lb or kg/ton) or diameters on spools or rccls. Ma- 
terial speeds are up to at least 2,200 ft/min (670 m/min) 
in cast-fihn lines and at least 1,000 ft/niin (330 m) in 
blown-film lines. Blown-film lines may want to  use re- 
verse winding systems to allow coextruded films to be 
wound with a particular material as the inside or outside 
layer. Throughputs are over 2,200 lb/h (1,000 kg/h). 
Transfers from one roll to another can take less than a 
second. See calendering, controlled nip pressure in; 
extruder godet unit; roll. 
extruder roll, adjustable Manual-adjustment systems 
include the dancer roll, canvas drag brake, various pony 
brakes, arid pneumatically operated brakes. The most ex- 
pensive is the regenerative-drive system with transducer 
rolls and dancer rolls a close second. These systems are 
usually required in high-web-speed applications where ac- 
curate tension control of expensive or sensitive material is 
paramount. With roll-windup systems, different roll or 
reel-change systems are used to keep the lines running at  
their constant high speeds. 
extruder roll coating, kiss A roll arrangement carries 
a metered film of very thin plastic coating to the web. At 
the line of web contact, the film is split, with part of the 
coating remaining on the roll and the remaining adhering 
to the web. See extruder coating and lamination. 
extruder roll, compounding See compounding, 
shear-roll; mixer. 
extruder roll cooling Roll- or drum-cooling systems 
range from an inexpensive, rather poor, nonuniform sur- 

face temperature control to rolls suitably cored to permit 
controlled circulation of cool water, expensive, and very 
uniform surface temperature control. When sizing chillers, 
the heat generated by the pumps needs to be accounted 
for. For example, a 20 hp water pump can require up to 
4 tons of additional chilling capacity to remove the heat 
generated by the pump. See chill; coolant; extruder 
film-cooling roll versus quench-tank; roll. 
extruder roll, dancer The dancer rolls can be used as 
a tension-sensing device in fillii, sheet, and coating (wire, 
film, etc.) lines. They provide controlled rate of material 
movement. The type ofroll can influence the roll’s perfor- 
mance. As an example, chrome-plated steel-casting drums 
would seen1 to be very durable dancers, and ifused in the 
absence of a nip roll, they seem as though they should last 
many years. However, these rolls are in fact very soft due 
to the annealing that good rolls receive for stress relieving 
the steel. A situation can occur where a casting drum has 
been coupled with a steel chill roll to nip polish a cast- 
film web. The casting drum was imprinted by hard plastic 
edges or die drips. This action occurs because the coni- 
pressive stresses in a solid plastic that is passing through the 
nip roll will exceed the yield strength of the relatively soft 
steel-drum surface. Higher line speeds make the probleni 
worse. T o  prevent this damage, the roll must be hardened. 
extruder-roll decorating When the melt leaves the 
die and enters roll nips, it is soft enough to take the finish 
of the rolls it contacts. Th~is,  in addition to smooth and 
highly glossy finishes, textured or grain rolls can be used. 
They can impart a mirror image. They can give both fiinc- 
tional and aesthetic qualities to the film or sheet. Grain 
design is limited only by the imagination. See decorat- 
ing; embossing. 
extruder roll, embossed See embossing; extruder 
roll decorating. 
extruder roll nip See calendering, controlled nip 
pressure in. 
extruder roll nip safety See nip. 
extruder roll plating 
extruder roll preheater A heated roll installed (for ex- 
ample, in a coating line) between a pressure roll and un- 
wind roll whose function is to heat the substrate prior to 
being coated. See heating, pre-. 
extruder roll printing 
extruder roll spreader or expander Types of film 
spreaders or stretching rollers include grooved metal idler 
rollers, expander rollers, and spreader rollers. The grooved 
roller has opposing, etched spiral grooves that start at the 
roll’s center and spiral toward the ends. As the roll turns, 
air flows and follows the direction of the grooves along 
the metal surface. Because of the grooves, flow is gener- 
ated and moves from the center of the roll outward. This 
action forces any web wrinkles out toward the ends of the 
roll. The major advantage of these rolls is that they are free 
turning and that existing idler rolls can be easily modified. 
However, as the web’s processing speeds increase, these 
rollers gradually lose their effectiveness. Because the roll 

See chrome plating. 

See printing, gravure. 
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has a smooth surface, it has a low coefficient of friction. 
Subsequently, as the line speeds increase, so does the air 
flow, causing the web to slide over without making coni- 
plete contact with the roller. If the roller does not make 
contact with the web, it does not rotate. So its ability to 
remove wrinkles is affected. The surface of this type of 
roller also has other limitations for certain applications. For 
film metallized or printed and coated webs, the roller’s 
hard surface can produce undesirable inarks on the sub- 
strate as it passes the grooves. 

The expander film-spreader roller consists of a flexible 
center shaft, a series of bearings placed along the shaft, a 
flexible metal inner covering, and a smooth-surfaced, one- 
piece elastomer outer covering. This bowed roller re- 
moves wrinkles by creating an ever-increasing skew or 
angle on the roller’s rotation, which provides a shift in 
web direction from the roll’s center outward toward the 
ends. Its major benefit is that the roller crown or skew can 
be adjusted while the line is running to shift the orienta- 
tion of the web as it passes over the roller. However, the 
bowed roller design can alter the natural flow of the web, 
creating uneven tension across the face of the roller, re- 
sulting in possible drag in the processing line. This action 
can cause the web to stretch and distort, especially with 
thin films. Rollers require a specific aniouiit of space to 
provide optimum performance. 

The expander roller (or spreader roller) originally con- 
sisted of metal or wooden slats with internal elastic bands 
connected to angled end plates. ’The connection of the 
bands to the pitched end plates caused the bands to expand 
in the center section as the roller rotated. There wa, a 
pulling apart of the slats to provide a spreading action. 
Among several variations are some with internal mecha- 
nisms. The next generation eliminated the metal and 
wood slats and replaced them with niore submntial elastic 
cords. However, they are still attached to the pitched end 
plates. With these expander rollers, the substrate enters at 
a point where the cords are relaxed and then exits at the 
point of maximum cord expansion to achieve web spread- 
ing. The amount of spreading action can be adjusted by 
changing the angle of the roller’s end plates. The direct 
elastic cord arid substrate contact provide better coefficient 
of friction and are less abrasive than the metal or wooden 
slats. 

However, while these rollers offcr adjustable spreading 
action, they eventually lose their effectiveness because the 
rubber cords do not fully recover to their original state 
after continuous stretching. Another liniitatioii is that at 
high film speed, air enters between the elastic bands and 
is trapped under the web. This will cause the web to float 
over the roller surface, negating its function. There can 
also be web markings. One of the latest generation oper- 
ates on the same principle but features a stretchable one- 
piece rubber sleeve supported by a series of brushes. As 
the roll rotates, the entire roller sleeve, as opposed to indi- 
vidual cords, expands and contracts to provide spreading 
action. The two factors of the wrap or angle at which the 

web enters onto the roller, and the angular displacement 
of the end caps control the amount of spreading. Notable 
advancements in this expandable sleeve roller include a 
smooth, continuous surface that does not produce niark- 
ings or allow air to enter under the web. However, the 
stretching of the rubber still causes the roller to eventually 
wear over time. 
extruder roll tension control A potential major trou- 
ble spot is material tension control. There is a proportional 
relationship between winding tension and lay-on-roll 
forces. For example, wrinkles may be the result of an align- 
ineiit problem. Winding shafts are potential problem areas 
where bumps and valleys develop. Various tension-control 
techniques are available. The proper selection irivolves de- 
cisions on how to produce the tension, how to sense the 
tension, and how to control the tension. The tension-sys- 
tein selection process depends primarily on the data sensi- 
tive to the application. For instance, if the material has a 
very low tension requirenient and if exact control is re- 
quired, then perhaps using a magnetic particle brake with 
an electrical transducer roll with appropriate electronic 
control is best. However, if the material is on large-diaiiie- 
ter rolls and nioves at slow speed, then a roll follower sys- 
tem can be used effectively. See extruder-web tension 
control; extruder-web tension control, slipping and 
tearing; extruder-web stretching and tearing; tensile 
strength. 
extruder-roll torsional wind-up See torsional 
wind-up. 
extruder roll winding chuck A device that supports 
an arbor, mandrel, or cure for rotation to wind film and 
sheets. Chucks are generally used in pairs, with one sup- 
porting and driving and the other supporting and idling. 
extruder roll winding strain Winding strain that can 
occur at the end of the line and that turns a wound roll 
offiliii into corrugated hard rock in a few days. This action 
is caused by several factors: (1) Trapped air as the roll is 
being wound makes a roll feel soft. Static charge? help trap 
air. Lay-on rolls help to squeeze air out but can also create 
other problems. The rapid escape ofair can produce tele- 
scoping. (2) Tension creates a compression load, which 
squeezes out the very thin film of air, crush underlayers, 
and crush cores. Tension also tends to even out some of 
the wrinkles and irregularities. (3) Room-teniperature- 
recoverable strains are residual processing strains that re- 
lease theniselves at  room temperature to produce stress or 
shrinkage. Techniques are available for predicting the level 
of room-temperature-recoverable strains. (4) Ciystalliza- 
tion of crystalline plastics also produces shrinkage of a mag- 
nitude of generally ’/? to 2%. Crystals take less space, and 
thus, as the crystal structure goes to completion, shrinkage 
occurs. Crystalline plastic rolls are permitted to shrink for 
about one to two days and then are slit and rewound. See 
strain; tensile strength. 
extruder safety See barrel-venting safety; safety 
and machines; safety interlock; safety, machine- 
lockout. 
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extruder salt bath 
extruder scrap 
extruder screen pack Melt from the screw is usually 
forced through a breaker plate with a screen pack. Extra 
heat develops when melt goes through the screens, so 
some heat-sensitive plastics cannot use a screen pack. The 
function of a screen pack is to reduce the rotary motion 
of the melt, remove large unnielted particles, and reniove 
other contaminants. This situation can be related to ini- 
proper screw design, contanlinated feedstock, poor con- 
trol of regrind, overheating melt, and so on. Sometimes 
screen packs are used to control the operating pressure of 
extruders. However, processing with matched and con- 
trolled back pressure and operating within the required 
melt pressure and temperature can facilitate mixing, effec- 
tively balancing out melt-heat problems. In operation, the 
screen pack is backed up by a breaker plate that has a nuni- 
ber of passages, usually many round holes ranging from 'Ix 
to V i 6  in. (3.2 to 4.8 mm) in diameter. One side of the 
plate is recessed to accommodate round disks of the usual 
wire cloth, which make up the screen pack. When using 
fine screens in a pack, use a coarser screen as the first 
upstream screen to catch large dirt particles and to also 
support the following finer screens. See injection- 
molding screen pack; screen pack. 
extruder screen-pack operation T o  help prevent 
screen blowout, back-up fine screens and use progressively 
coarser ones downstream. Pressure controls should be used 
on both sides of the breaker plate to ensure that the pres- 
sure on the melt remains within the required limits. The 
number of screen openings per linear inch (or 2.54 cm) 
determines the mesh number. Therefore, particle size in- 
creases with decreasing niesh size. Based on the processing 
requirements, the screen changers may be manual to 
highly sophisticated autoiiiatic continuously moving de- 
vices. See screen-pack breaker plate. 
extruder screen-pack operation, automatic When 
adding an automatic screen changer to a new or existing 
extruder, the screw needs to extend into the screen- 
changer body. This extension is needed to eliniinate the 
existence of additional plastic inventory, which would re- 
quire additional soak time during startups. The screw 
should be extended to within '/-r to % in. (6 to 9.5 m i )  
of the breaker plate. It should be either nonflighted or, 
preferably, flighted with the extended portion of flights 
undersized from the main flight diameter by 0.015 to 
0.020 in. (0.4 to 0.5 nini) per side. The reason for the 
nonflighted or undersizing of the flights in the extended 
area is that the entrance bore of the screen changer is not 
hardened like the barrel liner. Otherwise, the flights will 
gall in the bore of the screen changer. 
extruder screw See screw. 
extruder, screwless A device that is used principally for 
R&D and is of various designs, such as rotating drums, slit 
or stepped plates and disks, or conical rotors with eccentric 
barrels. A screwless extruder can have varying gradual 
clearance between barrel and rotor or plates to plasticize 

See salt bath. 
See cut, kerf, and registration. 

(melt) the thermoplastic by frictional heat. Designs to in- 
crease their output include using a screw extended from 
the center of the rotor or a doctor blade transferring melt 
through a slit-die opening. Different designs of this iso- 
thermal system are targeted to reduce processing energy 
consumption, reduce and provide more uniform shear to 
improve properties, reduce residence time, and so on. 
extruder screw pulling A step in the cleaning process. 
Even though it is called pulling the screw, removal starts 
by using a screw pusher. It is inserted through the hollow 
drive shaft at  the rear to push on the shank of the screw 
after the die, breaker plate, and so on are removed from 
the front end. More often, the pusher is a threaded shafi 
that is attached to the rear of the extruder. The screw is 
jacked out of the barrel using the screw drive for power. 
The screw is conveniently cleaned while it sticks out of 
the barrel. See cleaning; injection-molding screw 
pulling; screw removal; stripping fork. 
extruder-screw reverse flight See screw reverse 
flight. 
extruder-screw speed The usual rotation is at 25 to 
600 rpiii and starve-fed. Speed depends on screw diameter 
and also particularly on melt characteristics. See injection 
molding screw rotation speed; screw rotation speed. 
extruder sequential molding See blow molding, 
extruder-sequential. 
extruder shark-skin surface A surface irregularity in 
the form of finely spaced sharp ridges that is caused by the 
relaxation effect of the melt, particularly during extrusion. 
During melt flow through a die, the melt next to the die 
surface tends not to move, whereas that in the center flows 
rapidly. On leaving the die, its flow profile is abruptly 
changed to a uniform velocity. This change requires a 
rapid acceleration of the surface layer, resulting in high 
local stress. If this stress exceeds some critical value, the 
surface breaks, resulting in a rough appearance called shark- 
skin. With the rapid acceleration, the deforniation is pri- 
marily elastic. Thus, the highest surface stress and worst 
sharkskin occurs with a high modulus and high viscosity 
melt or in high molecular weight of narrow MWD at  low 
temperatures and high extrusion rates. The addition of 
proper die-lip heating to reduce viscosity is an exaniple of 
how to reduce the defect. See molecular-weight distri- 
bution; shark-skin surface. 
extruder sheet Sheet extrusion transforms thernioplas- 
tic materials into roll or sheet stock through a combination 
of heat and pressure. The extruder plasticizes the plastic, 
punips it through a die, and continues downstream in the 
sheet line. The term shect or shecting normally describes a 
flat plastic product that is 0.010 in. (0.25 nim) or greater 
in thickness. Soiiie industries use 0.004 in. (0.10 nini) as 
the dividing line between filni and sheet. Widths can be 
up to at least 10 ft (3 111). Sheet-extrusion technology pro- 
duces single- (mono-) layer products to the niore complex 
coextruded or multilayer engineered products. Three pri- 
niary techniques are used to manufacture plastic sheets: (1) 
in by far the most popular, plastic is extruded through a 
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flat die onto polished rolls that could include the use of an 
air knife; (2) when extrusion is through an annular pipelike 
cross-section die onto a sizing mandrel, the extrudate is 
slit in one or more places and then flattened via rolls into 
a sheet [very popular in foam sheet production]; and (3) 
calenders are used. 

A typical extrusion sheet line (train) consists of a prop- 
erly controlled extruder, sheet die, temperature-controlled 
(individually heated or cooled) polishing three-roll stack 
(stand), take-away equipment (such as gauge monitors and 
controls, edge trimmers, antistatic devices, air coolers, 
cooling tunnels, conveyors, slitters, pull or nip rolls, ten- 
sion rolls, or cross-cutting devices), and either (turret) 
wind-up or stacking equipment. Throughput capacities 
for these lines can be up to at  least 900 to 2,500 lb/h (400 
to 1,100 kg/h). Winders can run up to at least 250 ft/min 
(7Sni/inin). Stack rolls are usually of double-shell design, 
giving internal high-velocity liquid circulation at a con- 
trolled temperature. Each roll is equipped with its own 
individual teniperature control system, which is built into 
the take-off unit. The sheet gradually cools as it travels 
around the rolls becoming sufficiently solidified so that it 
can continue down the line. After leaving the usual three- 
roll stack, the sheet cools further as it travels down the 
line being pulled by pull rolls located downstream. This 
approach permits very fast and efficient temperature-con- 
trol response. See calender; roll stand; sheet; trouble- 
shooting optical sheet. 
extruder-sheet air knife A device that provides a 
means to produce plastics such as PP sheet on a conven- 
tional three-roll sheet line. Air knives are also used in other 
extrusion lines, including cast film, coating, and lamina- 
tion. The air knife ensures positive and firm positioning 
of the sheet against the roll. Automatic die-lip adjustment 
is used. High-efficiency internal design provides precise 
pressure uniformity and optimum air impingement. Some 
designs quickly position into and retract out of the open 
upper roll gap of the downstack three-roll take-off. Mi- 
crometer-type adjustnients permit optimization of the air 
position and inipingenient angle, niaking the sheet con- 
form to the middle roll for uniform cooling. 
extruder-sheet antistatic bath A bath that is used 
when the surface application of a slip agent is required to 
aid sheet-product denesting or to protect against static dust 
pick-up. These baths need to be easily and quickly in- 
stalled and removed. 
extruder-sheet blocking See sheet blocking. 
extruder-sheet choker bar An extension into the flow 
channel within a die to produce a balanced melt flow and 
equalize melt pressure across the die resulting in improved 
thickness control across the sheet. Also called vestvictor bar. 
See die restrictor bar. 
extruder sheet, coextruded See coextrusion. 
extruder-sheet line component Different and inipor- 
tant components of the sheet extrusion lines follow the dies 
and must be properly aligned and interfaced with each other. 
Equipment should be properly matched, easily maintained, 

have rigid-frame construction, have roll-bearing assen- 
bled units with the capability to minimize play and deflec- 
tion, use self-lubrication, and so forth. See roll stand. 
extruder-sheet neck-in See extruder neck-in and 
beading. 
extruder sheet, optical See troubleshooting optical 
sheet. 
extruder-sheet orientation See orientation, tenter 
frame and roll. 
extruder-sheet tension control See extruder-web 
stretching and tearing; extruder-web tension con- 
trol, slipping, and tearing. 
extruder-sheet thickness See die, film and sheet 
thickness for a; optical monitoring. 
extruder-sheet three-roll stack See extruder sheet. 
extruder, single-screw Popular single-screw types 
that use conventional designs with uniform diameters of 
the screw and barrel, have decreasing screw-channel vol- 
ume, continuous variable speed, pressure control, and a 
venting (devolatilization) system. Special designs use coni- 
cal or parabolic screws for special niixing and kneading 
effects and include eccentric cores, variable-pitch superin- 
posed flights of different pitch, kneading rotors, fitted-core 
rings, periodic axial movement, and so on. Barrels may 
have internal threads, telescopic screw shapes, feeding de- 
vices, and so on. See barrel length-to-diameter ratio; 
compounding; extruder, multiple-screw; extruder 
reactive versatility; extruder, twin-screw; screw. 
extruder, slot A method of extruding filni or sheet in 
which molten plastic is forced through a straight slot onto 
a conveyor belt. 
extruder, solid-state (SSE) A method of deforming 
and evaluating uniaxial molecular-chain orientation and 
extension for a wide range of crystalline and amorphous 
plastics. For example, via SSE investigation, HDPE can be 
drawn into fibers having very high specific tensile moduli 
and strength. A highly oriented extrudate can be obtained 
by extruding through a capillary rheometer with a conical 
die at temperatures close to the melting point. Initial work 
led to the development of transparent and fibrous linear 
extrudates in melt heated and cooled states. See fiber pro- 
cessing, solid-state extrusion. 
extruder specification A requirement that includes 
factors such as screw design, type of controls, drive power, 
and output rate relative to operating cost. Cost includes 
the usual machine, electric power, labor, plant overhead, 
maintenance, downtime, and so on. Note that the greater 
output capacity of a specific and more expensive machine 
that nieets performance requirements justifies its purchas- 
ing cost because it produces more profit. Greater capacity 
is obtained without additional labor costs, production 
costs, and so on, provided the machine is properly op- 
erating. See electric motor; specification. 
extruder specification drive In choosing the size of 
an extruder and its driving mechanism, considerations to 
be evaluated include (1) the range of speed that the screw 
will operate at, (2) the variation speed levels or ranges, 
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(3) the maximum power that is required from the drive 
based on the plastic to be processed, (4) the relationship 
required between the screw speed and the torque on the 
screw shaft, arid (5) whether the machine is to be used for 
single or multiple products. The drives consist of motor 
or belt drives, which are linked to the screws through sys- 
tems such as double-reduction gearboxes. Belt drives are 
used for the smaller machines. The drive simplifies the 
transformation of high motor speeds into lower speeds and 
high torque required to operate and control the screws. 
See electric motor. 
extruder specification feed system The transiriission 
of torque to the screw shaft and the axial thrust bearing. 
Torque can be transferred from the gearbox shaft by means 
of a key or slot. Usually the better method is via a coupling 
sleeve with longitudinal splines, which require a push-fit 
onto the screw shaft. The different arrangements between 
gearboxes and screw shafts have their advantages and dis- 
advantages. The feed box and barrel of the extruder form 
the casing for the screw. The screw must fit closely into 
the inner wall of its barrel so that the material feeding, 
pumping, and plastifying actions are accomplished effi- 
ciently. The clearance between screw and barrel varies de- 
pending on the plastic to be processed and the capability 
of the extruder. The essential factor in the pumping action 
during the extrusion process is the interaction between the 
rotating flights of the screw and the stationary barrel wall. 
If the plastic is to be conveyed at all, its frictional buildup 
m ~ s t  be low at the screw surface but high at  the barrel 
wall. If this action does not occur, the plastic may rotate 
with the screw and not move in the axial direction to exit 
the die. It is usually an advantage to have automatic feed- 
ing with controlled fill levels weightwise. With this action, 
relatively siiiall hopper capacities are sufficient. See 
screw; screw torque. 
extruder startup 
extruder, starve-feeding See material starve feed- 
ing; venting feeder. 
extruder static mixer Most extrusion operations in- 
volve either the processing of regrinds with virgm plastics 
and the addition of color. Uniform mixing of the feed niix 
is necessary to achieve acceptable product properties, but 
as output rates increase, uniform mixing becomes more 
difficult. Head pressure and stock teniperature must be 
held constant to maintain extrudate control. More ex- 
truders are being equipped with a static mixer to overcome 
some of these probleins. These mixers are located at the 
end of the screw before the screen changer or die. If a 
gear pump is used, the static mixer is located between the 
screw and gear pump. Static mixers contain a series of pas- 
sive elements that have been placed in a flow channel. 
These elements cause the plastic compound to subdivide 
and reconibirie to increase the homogeneity of the melt. 
There are no moving parts, and only a small increase in 
the screw energy is needed to overcome the resistance of 
the mechanical baftles. The installation of a static mixer 
increases the effective length to diameter ratio of the ex- 

See extruder operation startup. 

truder and usually results in some increase of the melt teni- 
perature and head pressure. The overall result is a more 
homogeneous melt and a more stable extrusion process 
with less output surge. Sufficient heat-up time should be 
provided with startups of the extruders when using static 
mixers. T o  prevent excessive pressure and damage to the 
extruder during startups, the screw’s rpm should be kept 
low until plastic flows uniforndy from the die. See static 
mixer. 
extruder statistical assessment See statistical as- 
sessment. 
extruder surging Unstable pressure build-up in an ex- 
truder that leads to variable throughput and waviness in 
the output product’s appearance. 
extruder swell 
extruder take-off winder Downstreani of the die dif- 
ferent types of auxiliary equipnient are used to meet differ- 
ent requirements. They include extrudate pull devices 
(pinch rolls, caterpillar/pair of diagonally moving belts, 
sizing fixtures, cooling tanks, coiling devices, line-speed 
controls (niechanical or sonic), tension controls (capstan, 
etc.), and inline cutters. 
extruder take-off winder emergency stop An erner- 
geiicy stop device for a winder prevents inadvertent in- 
dexing while the operator is working between rolls. This 
device should be located in reach of the operator, who 
may be under a single turret or between dual turrets. 
extruder, tandem Two extruders work together to 
provide special processing techniques to produce products 
such as extruded foamed plastic. 
extruder temperature See melt-temperature effec- 
tiveness. 
extruder thermoforming line A continuous op- 
erating line that is used where sheet or film extruded is 
in-line with downstream therinoformiiig equipment. See 
thermoforming. 
extruder thread-up See extruder operation startup. 
extruder tube, blown A blown thin-film tubing that 
is produced by extruding a tube, applying a slight internal 
pressure to expand it while still molten, and then subse- 
quently cooling it to set. Different shapes can be formed, 
such as circular or longitudinal corrugations. If desired, it 
can be flattened, prior to setting, through guides and 
wound up flat. See extruder-blown film; post- 
forming. 
extruder tubing See extruded pipe and tubing; 
tubing, microbore. 
extruder, twin-screw (TS) Although there are fewer 
twin-screw extruders than single-screw extruders, they are 
widely eniployed for difficult compounding applications, 
devolatilization, and other special operations. The popular 
common twin-screw extruders (in the family of 
inultiscrew extruders) include tapered screws with at least 
one feed port through a hopper, a discharge port to which 
a die is attached, and process controls such as tempera- 
ture, pressure, screw rotation (rprn), melt output rate, and 
so on. Twin-screws with intermeshing counterrotating 

See design, basics-of-flow die. 
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screws are principally used for compounding, The three 
that are available coinmercially include corotating and 
counterrotating intermeshing twin screws and nonin- 
ternieshing twin screw-s with counterrotation. There are 
fully intenneshing and partially intermeshing systems and 
open- and closed-chamber types. In the past major differ- 
ences existed between corotating or counterrotating; to- 
day they work equally well in about 70% of compounding 
applications, leaving about 30% where one machine may 
perform dramatically better than the other. See com- 
pounding; extruder, multiple-screw; extruder, re- 
active versatility; extruder, single-screw; screw. 
extruder, twin-screw, conical or parallel The niar- 
ket for counterrotating twin-screw (TS) extruders is doiiii- 
nated by two designs. One has cylindrical screws, and the 
other is fitted with conical screws. The superiority of the 
conical principle to parallel appears in the theoretical con-  
parison and in practice. The flexibility of conical screws 
turns out an extrudate that is of consistent quality at both 
low and high output rates and that is not  sensitive to raw- 
material fluctuations. It appears that the parallel screws 
have reached their efficiency limit unless a means of drasti- 
cally increasing the screw torsional strength is developed. 
Conical design still offers more benefits through further 
developnien t. 
extruder, two-stage See mixer, extruder; screw, 
venting. 
extruder vacuum box For certain lines, such as film, 
sheet, and coatings, a dual-chamber vacuum box is located 
just downstream of the die lips. It ensures that the exiting 
extrudate hot web from the die to its next position, such 
as a roll, is stable. With proper stability, the final product 
has quality control at this point in the line. The vacuuni 
box is an evacuated chainber so that it will remove any 
air carried by the cooling roll and any airborne contanii- 
nants that may be near the roll surface. The second chain- 
ber controls the vacuum immediately adjacent to the nielt 
curtain; by adjusting this vacuum, the angle of the melt 
curtain can be independently controlled. With this action, 
the melt is not dragged over the upper die lip, eliminating 
the potential die lines caused by the die lip. See vacuum 
sizing. 
extruder valve An adjustable restriction to melt flow 
that is used to control back pressure in an extruder. 
extruder variability See extruder instability or 
variability. 
extruder venting During extrusion, as in other pro- 
cesses such as injection inolding, melts must be freed of 
gaseous components (monomer, by-product gases, niois- 
ture, plasticizer, additive, air, etc.), so a vented screw or 
barrel can be used with or without prior drying of the 
plastics. See injection-molding venting; screw pump 
ratio; screw, venting; venting. 
extruder, vertical An extruder that is arranged so that 
the barrel is in the vertical position rather than the usual 
horizontal position. I t  is used i n  certain wire-coating oper- 
ations. 

extruder web See web. 
extruder-web stretching and tearing All plastics 
have some aniouiit of elasticity associated with them. As 
long as the plastic stretches within its elastic limit, it will 
eventually return to its natural shape. If the plastic is over- 
stressed, it reaches what is known as plastic dCformation, 
meaning that the plastic will not return to its original 
shape. It is important to keep the drag force from feed- 
mechanism friction as low as possible and to keep accelera- 
tion of the feed material low enough so the product does 
not permanently deform or tear. Sinusoidal-acceleratiorl 
profiles reduce the load on the plastic by providing gentle 
forces near zero speed and top speed while making up for 
lost ground in the middle with the result of diminishing 
stretching. Stretching also contributes to reduced accu- 
racy. This situation can be overcome by either conipensat- 
ing for the stretch in the controller when the amount of 
stretch is predictable or by installing a position verification 
device between the feed mechanism and the postfeed pro- 
cess. See deformation, plastic; elasticity; stress, elas- 
tic-limit. 
extruder web tension control Various tension-con- 
trol techniques are available. The proper selection involves 
decisions on type ofproduct, how to produce the tension, 
how to sense the tension, degree of tension required, how 
adjustments are to he made, how much tolerance control 
is to be correlated in the line (degree of sophistication re- 
quired), type of sensors to be used, and how to control 
the tension. See extruder flat-film tape; extruder roll, 
tension-control. 
extruder web tension control, slipping, and stalling 
Tension must be controlled at the web in a cut-to-length 
application. The basic three contributors to inaccuracies 
in cut length are material slippage, mechanical coupling 
slippage in the feed mechanism, and feed-motor stalling. 
All these problems can be detected with a position feed- 
back device. A motion controller can monitor this infor- 
mation, correct for errors, or detect problems. Using posi- 
tion information, statistics can be generated to monitor 
quality of the finished product length. See tensile 
strength. 
extruder web-thickness measurement See sensor, 
film and sheet. 
extruder welding A joining process in which melted 
thermoplastic is extruded into a groove in a usually pre- 
heated seam. The melt fills the groove and cools, welding 
the parts together. See welding. 
extruder weld line 
extruder wire and cable Wire and cable covering or 
coating in continuous lengths with plastics is an important 
application for extrusion. Large quantities of plastics have 
covered billions of niiles of these products. This coating 
process produces many different types and sizes of prod- 
ucts. The following three types are examples of coverings: 
(1) electrical insulation for copper wire, fiber optics, and so 
on (in conjunction with semiconductive inner and outer 
layers), (2) internal coverings and fillers (lapped or ex- 

See weld line. 
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truded), and (3) sheaths and external protective coverings. 
See extruder wire coating, optical-fiber. 

The line is usually made up of an unwinding roll for 
the wire or cable followed by a tension-controlled input 
capstan, possibly a wire straightener, and wire preheater 
to travel through an extruder's 90" crosshead die where 
the plastic coating is applied. It  continues through water 
or an air-cooling system for thermoplastics or a heating 
system for thermosets, testers, gauge controllers, tension 
output capstan, tension controller, and the windup roll. 
Different curing systems are used when TS material are 
being processed. They include hot-gas systems, vulcaniza- 
tion cures (TS cross-linking action for natural or synthetic 
elastoniers), and others. There is also special equipment 
for certain plastics, such as nylon to maximize performance 
(toughness, stress relaxation, etc.) by using in-line anneal- 
ing and moisture-conditioning equipment. The high and 
constant output rates of extruders with engineered up- 
stream and downstream equipment make possible produc- 
tion of linear speeds at very high rates. The line's output 
rates can be at least 4,000 ft/min (1,300 m/min) for cer- 
tain products. Thin wires, as reviewed, may be coated at  
up to 6,500 ft/min (2,000 d m i n ) .  See electrical cable 
armor; fluid-bed process. 
extruder wire and cable capstan A large drum device 
that pulls extrudates by wrapping melt around the drum 
to provide sufficient friction to get a nonslip drive. 
extruder wire and cable cross-linking polyethylene 
with peroxide Various systems are used to cure XLPE 
compounds, including steam, nitrogen gas, and pressurized 
liquid continuous vulcanization systems. The systems in- 
volve heat to cause the peroxide to decompose into a reac- 
tive radical and initiate the cure cycle forming a thermoset 
polyethylene plastic. See catalyst, benzoyl peroxide; 
cross-linked polyethylene plastic. 
extruder wire and cable cross-linking radiation with- 
out peroxide Usually the coated wire does not receive 
the full dosage on the first pass through electron radiation 
because of the rapid temperature increase. It  is festooned 
on a series of pulleys and passed through the beam several 
times until the desired dosage is reached. The usual perox- 
ide curing agent is not needed, since radiation provides 
the same effect, but sometimes a cross-linked accelerator is 
added. This process is commonly used for appliance wire, 
control cables, and so on. See cross-linking, radiation. 
extruder wire and cable die The usual die used is a 
cross-head with a 90' angle between the wire line and the 
extruder body axis. With this setup, the entire length of 
the extruder projects sideways from the coating lines. To 
help melt flow froin developing dead spots in the melt 
channels, 30" or 45" cross-heads can be used. They pro- 
vide a more streanilined interior, and the extruder location 
is better adapted to some plant layouts. They are some- 
times preferred when processing PVC because of the 
streamlining and better control of the melts heat profile. 
Most dies are subjected to very high internal pressures 

since a coating pressure of over 5,000 psi (35 MPa) is re- 
quired. See die. 
extruder wire and cable die draw-down ratio 
(DDR) The ratio of the cross-sectional area of the die 
orifice or opening to the final extruded shape. To  deter- 
niine the D D R  use the following equation: DDR = (DL12 
- DT2)/(d,? -dsu,?); where DT = diameter of guider tip, 
D ,  = diameter of die opening, d,,,,, = diameter of bare 
wire, and d,,,, = diameter of coated wire. If the DDR is 
too high, a rough surface or internal stresses in the coating 
will exist. As an example, a typical D D R  value for LDPE 
is 1.5, HDPE is 1.2, PVC is 1.5, and nylon is 4.0. See 
draw-down ratio. 
extruder wire and cable die draw-ratio balance 
(DRB) A guide in determining the niininium and max- 
imum ratio values that can be used for different plastics. 
To  determine the DRB, use the following equation: DRB 
= (DD/df lv )  divided by (DT/dau,). The value of the DRB 
ranges around one ? (close to) one. Outside the set range 
limits can cause at least out of round and melt degradation. 
Plastics have different DRBs and DDRs, which can be 
used as guides to processability and to help establish their 
various melt characteristics. 
extruder wire and cable process Different methods 
are used to process different plastics to meet different prop- 
erty requirements. Vulcanization is used to cure thernioset 
elastoniers and rubbers such as SBR, IK, and C R  (neo- 
prene). Methods of vulcanization or curing include steam, 
liquid (eutectic mixtures), microwave, and hot air. Systems 
that are used to cure peroxide-based cross-linkable poly- 
ethylene (XLPE) compounds include steam cure, nitrogen 
cure, and pressurized liquid continuous vulcanization. All 
these methods involve higher heat than the melt heat to 
cause the peroxide in the plastic to decompose into a reac- 
tive radical and initiate the curing cycle. See eutectic 
mixture; fluid-bed process; salt bath. 
extruder wire and cable process, continuous vulca- 
nization (CV) A comnion method of curing. With this 
method, high-pressure steani contacts the wire and cable 
as it moves through the CV tube. Catenary CV lines are 
used in the manufacturer of large cables, such as 600 volt 
building wire or 15 KV power cable. The lines curve 
downward from a raised extruder horizontal platform and 
follow a bowed shape rather than a straight line. For the 
thickest insulated cables, a vertical CV systeni is used and 
will have a number of extruders supplying the appropriate 
melts for the overlapping layers. They are on a raised plat- 
form directly above the CV tube. The melt is extruded 
onto the conductor straight down to maintain concentric- 
ity. Because the cable is vertical, the cable never touches 
the sides of the tube. 
extruder wire and cable process, dry cure The first 
nitrogen lines (NJ became operational in the mid-1970s. 
Dry curing utilizes N2 as the heating niedium instead of 
pressurized steam. By using Nz, the processor avoids satu- 
rating the cable insulation with water. It also reduces the 
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size and number of voids in the cable insulation. Some 
lines are capable of using either steam or N2 as the curing 
mediuni. Other types of dry-cure systems have been de- 
veloped, such as the high-velocity gas cure and radiation 
cure. The high-velocity gas cure is similar to the steam- 
cure system. Passing the wire or cable through a beam of 
electron radiation performs radiation cross-linking. Radia- 
tion curing is commonly used in the production of appli- 
ance wires and control cables. These applications, compet- 
ing with other systems, are most suitable because of their 
relatively thin insulating layers. The materials used for this 
procedure are similar to those used in peroxide curing, 
except that the peroxide has been eliminated. In some 
cases, a cross-linked accelerator is added. The quality and 
physical properties of radiation cross-linked materials are 
virtually identical to those produced by peroxide curing. 
See extruder back pressure relief port; extruder liq- 
uid-curing-medium; reinforced-plastic pultrusion. 
extruder wire and cable, ram An exception to the 
use of a screw-operating extruder occurs when a very low- 
melt plastic such as PTFE (polytetrafluoroethylene) is to 
be used where its specialty properties are needed. (Ram 
extrusion was first patented in 1872.) The PTFE do not 
easily melt, particularly in the production of heavy-wall 
PTFE wire coatings, so ram extrusion is used. Ram extru- 
sion is used for these wire and cable jobs and also for pro- 
ducing rods, tubes, and large round solid “cakes” that are 
later skived to make PTFE film. With developments in 
equipment and the fluoropolymers that have high-melt 
viscosities, the maximum extrusion rate using screws is 
usually limited by melt fracture, particularly with the FEPs. 

However, these plastics have exceptional melt strength. 
This characteristic makes possible ram extruding using a 
die with a large opening and applying a draw down of the 
extrudate to the desired insulation thickness. See film, 
skived. 
extruder wire and cable train The entire extruder 
line assembly that is utilized to produce plastic coated wire 
products (also other products). 
extruder wire coating, optical-fiber Lines can usu- 
ally operate at  100 to 200 m/min; with faster lines up to 
at least 400 rn/min using high-speed payoff fiber accumu- 
lators that accommodate changing reels on the fly. Lines 
include 1.5 in., 24 L/D extruder, gravimetric feeder, 
fixed-center crosshead die, hot- and cold-water troughs, 
x-y diameter gauge and lump detector, and a Windows- 
based computer control with SET and historical trending. 
See fiber optic. 
extruder wood-plastic See wood-plastic profile. 
extruder zero defect 
extrusion In this book, the term extruder is used to iden- 
 ti^ the information pertaining to the process of extrusion. 
See extruder. 
extrusion plastomer See test, melt-index. 
exudation Migration of constituents (additives, sol- 
vents, plasticizers, etc.) from the interior of a fabricated 
product to its exterior surface. Also called bleed out or 
sweating. 
Exxpol Exxon Chemical’s trade name for its metallo- 
cene catalyst polymerization gas-phase processing system. 
eyebolt See mold eyebolt and hole. 
eye magnification See macroscopy. 

See zero defect. 
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fabric Any woven, knitted, felted, bonded, or knotted 
textile material. There are woven and nonwoven fabrics. 
See fabric, nonwoven; fabric, woven; fiber pro- 
cessing. 
fabricating In this book, machine, manu~actuving,fabricat- 
i q  equ@nzent, and process relate to each other and are used 
interchangeably, as they are throughout the world of plas- 
tics. See automation; clean-area fabricating; com- 
munication protocol; ergonomic; computer batch 
processing; computer monitoring information; 
control drive, optimized; controller; control-sys- 
tem reliability; DART software; designing processes 
with models; design, medical-device; design, plant 
layout via computer; device, smart; directional 
property; fabricating outsourcing; fabricating pro- 
cess type; fiber processing; machining processing; 
manufactured cost; manufacturing execution sys- 
tem; motion-control system; noise; operation, au- 
tomatic; operation, manual; operation, secondary; 
operation, semiautomatic; optical comparator; ori- 
entation; pilot plant; plant; plant environment; 
plant operation; plastic consumption; plastic pro- 
cessing; plastics and the future; polymer, reactive; 
processability and molecular weight; process 
control; processing, art of; processing in-line; 
processing, intelligent; processing, intelligent 
communication; processing, intelligent systematic; 
processing rule; processor; production; production- 
control system; production data acquisition; pro- 
duction performance; production prioritizing; pro- 
ductivity; profit plan; project checklist; quality; 
quality system regulation; reinforced-plastic pro- 
cess; reliability; residence time; rheometer; safety; 
sampling plan; scale-up; statistical probability, six- 
sigma; statistical benefit; supply chain; technology 
assessment; test and classification; test specimen, 
processing; thermal diffusivity; tolerance molding; 
troubleshooting by remote control; Figure 3, Prod- 
uct Design Diagram Incorporating Process Selec- 
tion; World of Plastics Reviews: Basics and Over- 
views of Fabricating Processes; World of Plastics 
Reviews; Making Marketing Work; World of Plas- 
tics Reviews: The Plastics Industry. 
fabricating and motion-control system (MCS) De- 
mands on productivity call for more efficient and faster 
processes. In  many cases, processes are becoming so fast 
that the asynchronous communication between traditional 
processor and motion-control system can become a prob- 
lem. Deadlines for inipleinenting MCSs are accelerated, 
and the system must be cost-effective and easy to integrate 
and maintain. See motion-control system. 

fabricating, asynchronous A conimercial method 
where data are sent when ready rather than being refer- 
enced to a timing clock or waiting until the receiver signals 
that it is ready to receive. See warehousing. 
fabricating employment In the United States, annual 
workhours spent producing plastic products is estimated 
at 650 million, second to motor vehicles at 845 million. 
Following plastic products (in millions of hours) are air- 
craft at 570, commercial printing at 560, newspapers at  
475, meat at 460, metal structural products at 350, and 
computers at 325. See business; plastic industry; pro- 
ductivity; World of Plastics Reviews: Thinking Like 
a Manager and Managing for the Long Run; World 
of Plastics Reviews: Challenge 2000-Making Plas- 
tics a Preferred Material. 
fabricating, Finagle’s law of The principle that once 
a job is fouled up ,  something done to iniprovc it makes 
it worse. See design features that influence perfor- 
mance. 
fabricating, integral Combining different parts of a 
product so that literally only one fabricated product is 
manufactured. Both the materials and the processes have 
to be understood simultaneously. Various devices and 
knowledge are available to help meet this task. See 
FALL0 approach; plastic processing. 
fabricating output The number of parts or length of 
a product that can be produced in a given time. System 
acceleration and top speed deterniine the output. If nioves 
are short, acceleration will be the doniinating factor. Short 
moves are defined as nioves where acceleration and decel- 
eration times are longer than the constant-velocity of the 
move. If a move is long, compared to acceleration time, 
top speed will have the stronger influence. Increasing 
speed means a faster motor or higher gear ratio; increasing 
acceleration requires more torque or lower gear ratios. For 
a given motor drive system driving the feed mechanism, 
the higher the system inertia, the lower the output. Also 
called output, throughput, or Jou/  rate. See extruder gear 
box; feeder; inertia; material feeding and blending; 
servo control. 
fabricating outsourcing Originally, buying rather 
than making parts. Now it encompasses thc broader con- 
cept of using outside organizations to replace people, in- 
cluding entire departments and processes, such as data pro- 
cessing, telemarketing, and customer services. Also called 
contract mani$actacturing or prqfissional services. See business. 
fabricating process Many different processes are used 
to fabricate or manufacture plastic products. Choosing the 
optiniuin process encompasses a broad spectrum of possi- 
bilities. Sometimes only one process can be used, but gem 
erally options include reactive processing. Influencing the 
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selection are quantity, size, thickness, tolerances, type of 
plastics, performance requirements, cost limitations, and 
so on. For example, plastics with fillers or reinforcements 
are generally far more stable in meeting tight tolerances. 
Processing may involve equipment that is simple to op- 
erate, or it may require extensive specialized equipment 
along with all types of auxiliary equipment. See com- 
puter-integrated manufacturing; computers and 
statistics; DART software; FALL0 approach; just- 
in-time; material handling; melt elasticity; melting 
temperature; mold cooling rate; molecular micro- 
structure; morphology and mechanical property; 
plant control; plastic processing; polymer, reactive; 
processing window; production; production- 
control system; production data acquisition; pro- 
duction performance; reinforced-plastic process; 
rubber processing; standard industrial classification; 
ultrasonic fabrication. 
fabricating processing See plastic processing; pro- 
duction. 
fabricating processing repeatability The ability of a 
system to bring the processing parameters to a desired posi- 
tion repeatedly. Because any system (equipment, materials, 
and controls in the plastics and other industries) will 
have inaccuracies or variabilities, repeatability is generally 
thought of as a range of ideal positions for a series ofidenti- 
cal positioning command inputs. See accuracy; repeat- 
ability. 
fabricating processing type Most fabricating lines in- 
corporate both continuous and manual processes. Con- 
tinuous processes include blow molding, calendering, 
compression molding, extrusion, injection molding, lami- 
nating, rotational molding, and thernioforming. Manual 
processes include casting, foam pouring, reinforced plastic 
processing, and welding. Fabricating lines include primary 
and secondary equipment. Primary equipment is required 
to produce the product. Secondary equipment is support 
auxiliary equipment used upstream and downstreani of the 
primary equipment. See auxiliary equipment; design- 
ing plant layout via computer; downstream; fabri- 
cating process type; train; upstream. 
fabricating process set point A predetermined pro- 
cess variable magnitude that the process controller targets 
or attempts to maintain. See controller. 
fabricating process setting The preparation of a ma- 
chine ready for processing. It involves the complete opera- 
tion of setting machines in-line with other equipment (if 
applicable) to setting and adjusting all controls. Detailed 
instruction computer software or manuals should be avail- 
able to provide instructions. 
fabricating process type Many process names overlap 
since different segments of the plastics and other industries 
use them. There is also overlapping of terms such as molds, 
dies, tools, molding, ernbedding, curtiug, potting, and so on. 
Extrusion involves the use of both continuous and non- 
continuous processing methods. Continuous extrusion 
processes include blown film, flat film or sheet, wire coat- 

ing, continuous injection molding, and so on. Noncontin- 
uous extrusion processes include injection molding, injec- 
tion blow molding, injection compression molding, and 
so on. 

Plastics fabricating process names include the following: 
adiabatic extrusion, adiabatic injection molding, adiabatic 
processing, advanced coniposite molding, air floatation, 
airmold gas-assist injection molding, autoclave adhesive 
bonding, autoclave molding, autogeneous extrusion, au- 
tomatic extrusion, automatic molding, automatic pro- 
cessing, auxiliary equipment, backmolding (Hintersprit- 
zen), bag molding, biaxially oriented extrusion, biaxially 
oriented molding, bladder molding, blister process, blow 
molding (different types), blown film, bridge reinforced 
plastic, bulk-molding compound, bulk-molding con- 
pound injection molding, cable extrusion, calendering 
(different types), carded package, carousel molding, casting 
(different types), C-clamp injection molding, cellular plas- 
tic molding, cellular chemical blow molding, centrifu- 
gal casting, centrifugal molding, ceramic-plastic molding, 
chemical vapor deposition, cladding, closed molding, 
coating (different types), coextruded foanied blow mold- 
ing, coextrusion, coextrusion capping, coining, coinjec- 
tion foam molding, coinjection molding, cold-flow mold- 
ing, cold fornling, cold heading, cold molding, cold-press 
molding, cold stamping, cold working, combiforni, com- 
ofornllng cold molding, compounding, compound mold- 
ing, composite molding, coiripreg molding, compression- 
injection molding, compression molding (different 
types), computer-aided extrusion, computer-aided mold- 
ing, computer-aided processing, contact molding, contact- 
pressure molding, continuous coating, continuous fiber 
spinning, continuous injection molding, continuous lani- 
nating, continuous molding, continuous strip molding, 
controlled-density molding, copolymer molding, corru- 
gated pipe extrusion, corrugated multilayer pipe extru- 
sion, counterpressure intrusion, counterpressure molding, 
cross-flow molding, cross-laminating, decompression 
molding, devolatilizing extrusion, devolatilizing molding, 
die casting, die-slide molding, dip casting, dip forming, 
dip blow molding, dip molding, dip coating, doctor blade 
coating, dose molding, dosing extrusion, dosing rnold- 
ing, double-daylight molding, double-shot molding, draw 
working, dry-blend molding, elastomer molding, electric 
operating injection molding, electroforming, electron- 
beam polymerization, electroplating, electrostatic spray, 
embedding, embossing, encapsulation, expandable poly- 
styrene (and other plastics), extruder (different types), ex- 
trusion blow molding, extrusion compounding, extrusion 
molding; female forming, fiber forming, fiber-placement 
molding, fiber reinforced molding, fiber spinning (wet, 
dry, jet, etc.), fibrillation, first in, first out injection 
molding, filament placement, filament winding (different 
types), film casting, film extrusion, flanie spraying, flat 
film, flexible plunger molding, flocculation, flocking or 
floc spraying, flow molding, fluidized bed, foamed casting 
(different types), foanied extrusion, foamed-in-place, 
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foamed-in-place gasketing, foamed molding (many differ- 
ent types such as injection, extrusion, calendering, casting, 
blow molding, etc.), foamed reservoir molding, forging, 
forming (different types), forming plastic-metal, forming 
scrapless, forming solid-phase pressure, foundry molding, 
fourdrinier, four-station molding, free extrusion, free 
molding, fusible-core molding, gas-assist molding, gas- 
assist molding without gas channels, gas blow molding, gas 
counterpressure injection molding, gas counterpressure 
molding, gas injection foam molding, gas injection mold- 
ing, gear-pump extrusion, gear-pump injection molding, 
geometric forming, geometric molding, glass-fiber spin- 
ning, glass-mat reinforced molding, granular paint in- 
jection, graphitized fiber spinning, grease-free injection 
molding, group transfer polymerization, grow molding, 
hand layup molding, heat-cured rubber molding, heat 
sealing, high-density molding, high-frequency molding, 
high-pressure foam molding, high-pressure injection 
molding, high-pressure molding, horizontal extrusion, 
horizontal injection molding, horizontal wheel blow 
molding, horizontal wheel extrusion, horizontal wheel 
forming, horizontal wheel molding, hot melt molding, hot 
stamping, hot working, hybrid-electric operating injection 
molding, hydroclave molding, hydromechanical clamp in- 
jection molding, impregnation molding, inipulse sealing, 
infusion molding, injection blow molding, injection con-  
pounding, injection-compression molding, injection-die 
pultrusion, injection molding (different types), injection 
molding-prepressurized cavity, injection-molding stanip- 
ing, injection transfer molding, in-line slot extrusion / 
thermoforniing, in-mold coat molding, in-mold decorat- 
ing, intermediate pressure molding, interpenetrating blend 
molding, intrinsic molding, inplace molding, insert injec- 
tion molding, insert molding, intrusioii-flow molding, iii- 
verse lamination, investment casting, isotactic molding/ 
pressure, jct molding, jct spinning, lagging molding, lami- 
nated molding, layup molding, leatherlike molding, lego 
molding, last in, last out injection molding, liquid crystal 
extrusion, liquid crystal molding, liquid curing extrusion, 
liquid injection molding, liquid silicone rubber injection 
molding, liquid transfer molding, lost-wax molding, low- 
pressure foam molding, low-pressure injection molding, 
low-pressure inverted-force injection molding, low- 
pressure molding, low-profile resin molding, machining, 
male forming, manifold molding, manual extrusion, nian- 
ual molding, manual processing, marbleize molding, 
Marco pressure molding, Marco vacuum molding, Marco 
vacuum-pressure molding, matched-die molding, niechani- 
cal clamping injection molding, melt lamination, melt roll, 
metal injection molding, metallizing, metal powder injec- 
tion molding, metal powder molding, metal spraying, m -  
croencapsulation, molding with rotation, nielt processable 
rubber process, melt-processable wood process, metal- 
plastic molding, molding (compression, injection, bag, and 
so on molding), molecular density molding, niulticolor 
injection molding, multicomponent injection mold- 
ing, niulticompound molding, niultiinjection molding, 

multilayer blow molding, multilayer foam extrusion, 
multilayer foam-injection molding, multilayer solid-foam 
extrusion, multilayer solid-foam molding, multilayer solid 
extrusion, multilayer solid molding, multilive feed niold- 
ing, multiniaterial molding, iiiultistation forming, niul- 
tistation molding, niultiwall molding, netting, netting 
extrusion, nonporous metal-plastic molding, notched 
die molding, off-center injection molding, oEfset extru- 
sion, offset molding, one-shot molding, open molding, 
orientation process (different types), oriented extrusion, 
open-franic forming, oriented molding, oscillating die ex- 
trusion, ovcrcoat extrusion, overcoat lamination, overcoat 
molding, packaging (different types), parallel laniinating, 
pelletizing extrusion, perforating, photopolymerization, 
physical blow molding, pinhole-free coating, pipe blow 
molding, pipe extrusion, plastic-concrete process, plastic- 
metal molding, plunger molding, polyurethane foam 
molding, poromeric molding, postconsumer extrusion, 
postconsunier molding, postforming, powder molding, 
potting, powder injection molding, preform molding, 
premolding, prepolynier molding, prepreg molding (dif- 
ferent types), press lamination, pressure bag molding, pres- 
sure fabrication, pressure forming, pressure lanination, 
processing-artistic, processing-basics, profile extrusion, 
pulforniing, pulp molding, pulse molding, pultrusion 
molding, pyrolysis carbon fiber spinning, ram extrusion, 
ram injection molding, ram molding, rapid prototype 
molding, radio-frequency molding, reaction injection 
molding, reactive polymer processing, recycled con-  
pound molding, reinforced foam molding, reinforced plas- 
tics (different types), reinforced reaction injection mold- 
ing, reinforced reaction molding, reinforced rotational 
molding, resin transfer molding, rock-and-roll molding, 
roll covering, rolling, roll milling, room-temperature 
molding, rotary-core molding, rotary molding, rotary- 
table molding, rotating die extrusion, rotating niold-turret 
injection molding, rotational casting, rotational molding, 
rotomold, rotomold ovenless, rotovinyl sheet, rubber 
insert molding, salt-bath process (different types), sand- 
wich molding, scrapless forming, scrapeless molding, 
screw molding, screw plunger transfer molding, Scorini 
molding, scrimp, semiautomatic extrusion, semiautomatic 
molding, semiautomatic processing, sheet extrusion, 
sheet-molding compound, sheet-molding compounding 
continuous fiber molding, sheet-molding compound di- 
rectionally oriented molding, sheet-molding compound 
randomly oriented molding, shell molding, shrink wrap, 
shrink wrap bag processing, shuttle forming, shuttle mold- 
ing, sintering, skin molding, skiving, sliding insert mold- 
ing, slip forming, slot extrusion, slush molding, sniart- 
card/cloced-loop controlled injection molding, soluble- 
core injection molding, soluble-core molding, solution 
casting, solvent bonding, solvent casting, solvent molding, 
spin casting, spinneret fiber forming, spinning, spline pro- 
cess, spraying (different types), spray-up molding, spread 
coating, spreader molding, squeeze molding, stack blow 
molding, stack injection molding, stamping, staple-fiber 
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spinning, steam chamber-filament spinning, stretch blow 
molding, strip molding, structural casting, structural foam 
molding, structural-reaction injection molding, stuffer in- 
jection molding, supperplastic forming, syntactic foaming, 
tape placement wrapped molding, tenter frame form- 
ing, thermal expansion molding, thermoforming (differ- 
ent types), thermoplastic extrusion, thermoplastic injection 
molding, thennoplastic molding, thermoplastic structural 
foam molding, thermoset extrusion, thermoset injection 
molding, thermoset molding, thermoset structural foam 
molding, thick compound molding, thin-wall injection 
molding, thixomolding, three-platen injection molding, 
three-station molding, toggle clamp injection molding, 
tooling torpedo molding, transfer molding, trickle im- 
pregnation, tube extrusion, tubing-heat shrinkable, 
turnkey injection molding, twin-sheet forming, twin- 
sheet thermoforming (different types), two-color injection 
molding, two-color molding, two-platen clamp inject- 
ion molding, two-stage injection molding, two-station 
molding, ultrasonic fabrication, ultrasonic vacuum bag 
molding, ultraviolet molding, vacuum bag molding, vac- 
uum casting, vacuum coating, vacuum forming, vacuum 
hot forming, vacuum press molding, vacuum-pressure 
bag molding, variable-pressure foaming, vented extrusion, 
vented injection molding, vertical extrusion, vertical in- 
jection molding, vertical-wheel extrusion, vertical-wheel 
forming, vertical-wheel injection molding, vibration gas 
injection molding, vibration molding, vinyl dispersion, vi- 
nyl plastisol forming, viscous molding, void-plastic im- 
pregnation, vulcanization, waste molding, welding, wet 
layup molding, wire coating, wire-coating extrusion, 
wheel blow molding, wood-plastic impregnation mold- 
ing, wood-plastic vacuum impregnation casting, wood 
pulp-plastic injection molding and others. Also called pri- 
mary equipment. See plastic; plastic material type. 
fabricating startup and shutdown Primary and sec- 
ondary (auxiliary) equipment manufacturers have startup 
and shutdown procedures that provide an initial guide. 
Procedures depend on variables that include type of plastic 
being processed and available controls. Machine operation 
takes place in three stages: (1) running a machine and its 
peripheral equipment; (2) setting processing conditions to 
a prescribed number of parameters for a specific plastic, 
with a specific tool (die, mold, etc.), in a specific pro- 
cessing line, to meet product performance requirements; 
and (3) problem solving and fine tuning the complete line, 
which leads to meeting performance requirements at the 
lowest cost. A successful operation requires close attention 
to many details, such as quality feed materials, flow, and 
a heat profile adequate to melt but not degrade the plastic. 
Processors must also become familiar with troubleshooting 
guides that are available from equipment manufacturers. 
See design, plant layout via computer; extruder op- 
eration shutdown; extruder operation startup; plas- 
tic processing. 
fabricating time Reducing fabricating time reduces 
cost when the process controls for the equipment and ma- 

terial being used are properly set up. See FALL0 ap- 
proach; molding area diagram; molding volume di- 
agram; process control. 
fabricating turnkey operation A complete fabrica- 
tion line or system, such as an extruder line with upstream 
and downstreani equipment. Controls interface all the 
equipment in-line from material delivery to the end of the 
line handling the product for in-plant storage or shipment 
out of the plant. See auxiliary equipment; fabricating 
process type. 
fabricating variable Equipment and material variables 
that are controllable. See design and tolerance analysis. 
fabricating, world-class Competitiveness built around 
customer needs should be the primary focus of a distribu- 
tion or manufacturing strategy. The best approach identi- 
fies opportunities to improve effectiveness and reduce the 
costs of the manufacturing and distribution systems, both 
of which will benefit the customer and, thus, the manufac- 
turer. One opportunity is to consolidate distribution 
centers worldwide. Another opportunity is to adopt a 
world-class manufacturing approach to fabricating pro- 
cesses. New philosophies and methodologies such as 
just-in-time fabricating to total quality management can 
be applied to cut operating costs and improve quality lev- 
els, customer service, and return on manageable assets. See 
American Standards for Testing Materials; entre- 
preneur; quality level, acceptable; ISO-9000 certi- 
fication; legal matter: agreement not to compete; 
plastic competition; SI; specification and standard 
limitations. 
fabricator certification See processor certification. 
fabricator training See quality; training. 
fabricator training via computer See process sim- 
ulator. 
fabric, balanced 
fabric, basket-woven Two or more warp fibers that 
go over and under two or more filing fibers in a repeat 
pattern. This weave is less stable than the plain weave but 
produces a flatter and stronger fabric. It  is also a more pli- 
able fabric and will conform more readily to simple con- 
tours. It maintains a certain degree of porosity without 
losing too much firmness but is less firm than the plain 
weave. 
fabric, bias-woven Warp and fill fibers that are at  an 
angle to the length of the fabric. 
fabric batt See felt. 
fabric bias Fabric consisting of warp and fill fibers at an 
angle to the length of the fabric. 
fabric, bias cut Cutting material at 45" from the weave 
pattern. 
fabric bonded A web of fibers held together by an ad- 
hesive medium, which does not form a continuous film. 
See fabric, nonwoven. 
fabric, broadgood Fiber woven usually 50 in. (1.27 
nun) wide. It  may or may not be impregnated with plastic 
and is usually furnished in rolls of 50 to 300 lb (25 to 140 
kg). See impregnation. 

See directional property, balanced. 
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fabric, burlap A coarse, loose woven fabric made from 
jute or similar fiber. Used in low-cost, low-performance 
laminated or reinforced plastics. See fiber, jute; lami- 
nate; reinforced plastic. 
fabric, canvas A closely woven cloth of flax, hemp, or 
cotton that is sometimes used in industrial laminated plas- 
tics. It  usually represents fabric weighing more than 4 oz/ 
yd' (0.14 kg/ni2). See fiber, flax. 
fabric coating See coating, fabric. 
fabric count In fabric, it is the number (count units) of 
warp fibers (ends) and filling fibers (picks) per unit of 
length (cm or in). See fiber denier; tex; yarn count. 
fabric, cowoven A fabric woven with two different 
types of fibers in individual yarns. For example, thernio- 
plastic fibers woven side by side with glass fibers. 
fabric crimp Cloth woven with about equal corruga- 
tions in both the warp and fill. See crimp. 
fabric, crowfoot A three-by-one weave-that is, a filling 
thread floats over three warp threads and then under one. 
One side of this fabric looks different than the other. Fabrics 
with this weave are popular since they are more pliable than 
either the plain or basket weave. They are easier to fonn 
around curves and provide three-dimensional forming. 
fabric desizing The process of eliminating sizing, 
which is generally starch, from gray goods prior to ap- 
plying special finishes or bleaches for fibers such as glass or 
cotton. See fiberglass binder/sizing coupling agent. 
fabric distortion See distortion. 
fabric drape The ability of a fabric weave to conform 
to a contoured surface. 
fabric, eight-harness satin A seven-by-one weave in 
which a filling thread floats over seven warp threads and 
then under one. Like a crowfoot weave, one side looks 
different than the other side. This weave is more pliable 
than others and is especially adaptable to forming around 
the more complex shapes. 
fabric, elastic A fabric that is niade from an elastomer 
either alone or in conibination with other textile materials. 
At room temperature it will stretch under tension and will 
return quickly to its original dimensions and shape when 
tension is removed. See elastomer; elongation. 
fabric fill See yarn fill. 
fabric filler Pieces of chopped cloth or other fabric to 
improve properties or reduce cost. See filler. 
fabric fill face The side of a woven fabric on which the 
greatest number of yarns are perpendicular to the selvage. 
fabric finish See finish. 
fabric, flash-spun See fabric, nonwoven flash-spun. 
fabric fluted core See core, fluted. 
fabric, four-harness satin A three-by-one weave. The 
filling thread floats over three warp threads and then under 
one thread. The two sides of this fabric have different ap- 
pearances. As with other satin weaves, it provides some 
flexibility to form around shapes. Also called crowfoot satin 
because the weaving pattern resembles the imprint of a 
crow's foot. 
fabric, geotextile See geotextile. 

fabric gigg A machine that raises a nap on fabrics. See 
fabric nap. 
fabric gout Foreign matter, usually lint or waste fibers, 
that is woven into a fabric by accident. See contamina- 
tion. 
fabric, gray It is any fabric, yarn, or fiber before finish- 
ing, sizing, dyeing, and so on. Also called <qre<qe pods .  See 
fiber finish; fiberglass binder/sizing coupling agent; 
goods. 
fabric hand The softness of fabric as deterniined by 
touch and subject to personal judgment. 
fabric, impregnated A fabric in which the interstices 
between yarns are completely filled with the impregnating 
compound throughout the thickness of the fabric, as dis- 
tinguished from sized or coated fabrics where these inter- 
stices are not completely filled. See impregnation. 
fabric, knitted A woven fabric that has an interlacing 
(interloping) yarn or thread in a series of connecting loops 
with needles. This is a rather compact woven construction 
used with plastic to produce decorative film or sheets, re- 
inforced plastics, and so on. See decorating; fabric, wo- 
ven; reinforced plastic. 
fabric, laminated See laminate. 
fabric, leno A locking-type weave in which two or 
more warp threads cross over each other and interlace with 
one or more filling threads. It  is used primarily to prevent 
the shifting of fibers in open-weave fabrics. 
fabric, mock leno An open weave that resembles a 
leno. It uses a system of interlacing that draws a group of 
threads together and leaves a space between one group 
and the next group. The warp threads do not actually cross 
each other as in a real leno, and therefore no special attach- 
ments are required for the loom. I t  is used when a high 
strength is required and the fabric is to remain porous. 
fabric, mechanical See fabric, nonwoven. 
fabric, melt-blown 
fabric nap 
ened places found in fabric or yarn. See fabric gigg. 
fabric nesting See reinforced-plastic nesting. 
fabric, nonwoven The textile and paper industries are 
based on wet and dry processes. Manufacturers of nonwo- 
vens for plastics also draw on both. With the wet there are 
basically two types-namely, the Fourdrinier and cylinder 
machine types that have been modified. Also two basic 
types exist for the process-formation of the web and ap- 
plication of the bonding agent or system where mechanical 
carding of fibers is used. The particular equipment and 
method of operation to be used, with their many niodifi- 
cations, are influenced by requirements such as mechanical 
properties, softness, surface condition, and tenacity. Cer- 
tain types of nonwoven fabric are directly formed from 
short or chopped fiber as well as continuous filaments. 
They are produced by loosely compressing together fibers, 
yarns, rovings, and so on with or without a scrim cloth 
carrier, assembled by mechanical, chemical, thermal, or 
solvent methods. Products of this type include melted and 
spun-bonded fabrics. See fabric, woven; fiber carding. 

See fabric, nonwoven melt-blown. 
Little lumps of tangled fibers or small thick- 
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fabric, nonwoven flash-spun Flash-spinning is a radi- 
cal departure from the conventional melt-spinning iiieth- 
ods to produce nonwoven fabrics. In flash-spinning a 10 
to 15 wt% solution of, for example, HDPE in trichlo- 
rofluoroniethane or methylene chloride is heated to 
200OC (392°F) and pressurized to at least 4,500 kPa (650 
psi). This pressurized vessel is connected to a spinneret 
containing a single hole. When the pressurized solution is 
permitted to expand rapidly through the single hole, the 
low-boiling solvent is instantaneously flashed off, leaving 
a three-dimensional film-fibril nonwoven network re- 
ferred to as a plex$lament. This process with precise condi- 
tioning can result in a film thickness of 4 pm. 
fabric, nonwoven mechanical The general paper 
product processed through fourdrinier cylinder wet ma- 
chines is very dense, so the saturation with plastics is very 
difficult. Saturability is improved by reducing paper thick- 
ness, including plastics in the pulp mix, using foaming or 
dispensing agents in the pulp, air-blowing paper during 
drying, or increasing hole diameters or porosity in wire 
screen or felt carriers used in the processing. In the dry 
process, sheets are formed by mechanical carding of fi- 
bers, air-laying system, or air-flotation system. The tech- 
niques provide latitude in orientation of fibers, including 
continuous-swirl fiber patterns, fibers roughly parallel in 
the machine direction, or other patterns such as ortho- 
tropic and isotropic lay-ups. See fiber carding; fourdri- 
nier; paper; yarn, carded. 
fabric, nonwoven melt-blown A fabric that is com- 
posed of discontinuous filaments and is smaller than those 
of spun-bonded fabrics. Fibers are very fine with a typical 
diameter of 3 pin. Most commercial products are made of 
polyester or high melt-flow polypropylene plastic. 
fabric, nonwoven spun A fabric that includes spun- 
bonded, flash-spun, melt-blown, or mechanical nonwo- 
ven swirl. They are used in durable and disposable prod- 
ucts that include interlining-interfacing (apparel), carpet 
backing, geotextile, roofing, industrial filtration media, 
surgical apparel, medical dressing, and diaper. 
fabric, nonwoven spun-bonded A fabric that is dis- 
tinguished from other nonwoven fabrics by a one-step op- 
eration that provides a complete chemical to fiabric route. 
The process integrates the spinning, lay-down, consolida- 
tion, and bonding of continuous filaments to form fabrics. 
Its largest growth area is disposable diaper-cover stock. See 
plastic paper; Tyvek. 
fabric pattern See fabric, woven. 
fabric, pick count for An individual filling yarn run- 
ning the width of a woven fabric at right angles to the 
warp. The call out is the number of filling yarns per inch 
(cm) of woven fabric. Also called woqfor weft count. 
fabric, plain A one-by-one weave where one filling 
thread floats over one warp thread, providing bidirectional 
strength properties. 
fabric ply See blanket. 
fabric prepreg See reinforced-plastic prepreg. 
fabric roll See roll. 

fabric, satin A fabric woven to appear smooth and 
glossy on the face and dull on the back. Various satin pat- 
terns are used. See fabric, woven eight-harness satin; 
fabric woven, four-harness satin. 
fabric scrim 1. A low-cost reinforcing nonwoven fab- 
ric made from continuous filament yarn in an open-mesh 
construction. Its uses include surfacing reinforced plastics 
to produce a smooth surface. See reinforced plastic. 
2. A scrini that is used as a carrier of adhesives for use in 
secondary bonding. See adhesive. 
fabric selvage The edge of a woven fabric that runs 
parallel to the direction of the warp threads. 
fabric, sheer A fabric that is transparently thin or diaph- 
anous. Its uses include serving as an overlayer for plastic 
protection or providing decorative effects. 
fabric, shuttle-mark A fine filling line caused by dam- 
age to a group of warp yarns by weaving shuttle abrasion. 
fabric surface waviness See plastic, low-profile. 
fabric, tire-cord See weftless. 
fabric, twill A basic weave characterized by a diagonal 
rib or twill line. Each end floats over at least two consecu- 
tive picks, allowing a greater number ofyarns per unit area 
than in a plain weave, while not losing a great deal of fab- 
ric stability. This pattern has better drapability than either 
plain or basket weaves. 
fabric, vinyl-coated 
fabric warp See yarn warp. 
fabric warp face 
number of yarns that are parallel to the selvage. 
fabric weave 
is formed by interlacing yarns. 
fabric weft See weft. 
fabric, woven A niaterial that is constructed by inter- 
lacing fibers, yarns, or filaments to form such fabric pat- 
terns as basket, plain, harness, satin, leno weaves, and scrim. 
These different weaving patterns are used to provide dif- 
ferent processing and directional properties. Their filling 
threads represent threads in the so-called machine direction; 
warp threads represent those in the transverse direction or 
at 90" to the filling thread. See fabric, nonwoven. 
factice A vulcanizable natural elastomer that is derived 
from unsaturated vegetable or fish oils and is used in the 
compounding of other elastomers. See elastomer; soft- 
ener; vulcanization. 
factor of ignorance A term that is sometimes used in- 
stead of sufity-factor. See design safety factor. 
fadeometer See color fadeometer. 
fading resistance See light resistance. 
Fahrenheit (F) A temperature scale that is related to the 
Centigrade (C) scale as follows: F = %C + 32 or C = 
VY (F - 32). The temperature of boiling water at sea level 
or 760 nim H, is 212°F (100°C). Freezing point ofwater 
is 32'F (0OC). See temperature. 
failure See adhesive cohesive failure; brittle fail- 
ure; DART software; ductility; design-failure the- 
ory; design-failure theory, Griffith; design safety 
factor; failure, fault-tree analysis of; fractures; medi- 

See vinyl seagoing bag. 

The fabric side that has the greatest 

The particular manner in which a fabric 



Rosato, Rosato, and Rosato 269 

cal connectors, female luer failure in; Mohr enve- 
lope; plastic advantages and disadvantages; plastic 
failure or success; plastic product failure; problems 
and solutions, quality system regulation; tear fail- 
ure; thermal aging, relative zero defect; thermal 
index. 
failure, catastrophic Failure of an unpredictable na- 
ture. 
failure, cohesive A rupture occurring entirely within 
any single uniform layer of an assembly. 
failure, dished A symmetrical distortion of a flat or 
curved section so that, as normally viewed, it appears con- 
cave or more concave than desired. 
failure, domed A symmetrical distortion of a flat or 
curved section of a plastic part so that, as normally viewed, 
it appears convex or more convex than intended. See dis- 
tortion. 
failure, fault-tree analysis of (FTA) The procedure 
that analyzes the individual components of a product and 
shows how failures could affect its function. See prob- 
lems and solutions; zero defect. 
failure time The time that a test specimen fails during 
a test or that a product in service fails. This time period 
should be compared to what was expected. 
FALL0 approach Follow ALL Opportunities. The 
FALL0 approach coordinates the many steps that are in- 
volved in processing. Basically the FALL0 approach dia- 
gram consists of (1) designing a product to meet perfor- 
mance and manufacturing requirements at the lowest cost; 
(2) specifying the proper plastic materials that meet prod- 
uct performance requirements after being processed; (3) 
specifying the complete equipment line by (a) designing 
the tool (mold, die) around the product, (b) putting the 
properly performing fabricating process around the tool, 
(c) setting up auxiliary equipment (upstream to down- 
stream) to match the operation of the complete line, and 
(d) setting up the required complete controls (such as test- 
ing, quality control, troubleshooting, maintenance, data 
recording, etc.) to produce zero defects; and (4) purchas- 
ing and properly warehousing plastic materials. Using this 
type of approach maximizes a product’s profitability. See 
injection-molding operation optimization; manu- 
facturing execution system; plastic consumption; 
plastic industry size; processing; productivity; profit 
and technology; testing and quality control; trou- 
bleshooting; World of Plastics Reviews: The Plastics 
Industry; World of Plastics Reviews: Basics and 
Overviews of Fabricating processes. 
fallout See radiation. 
false-body See viscosity, apparent. 
Farad See electrical capacitance. 
Faraday’s law 
farmer and waste See waste. 
fascia See automobile bumper fascia. 
fastener A device that joins. Plastic fasteners must meet 
various performance requirements, such as coefficient of 
thermal expansion and sustained loads. See adhesive; 

See electricity, Faraday’s law of. 

automobile, composite; design disassembly; insert; 
joining; Velcro strip; welding. 
fastener, mechanical A device that joins materials. 
Mechanical fasteners include machine screws, self-tapping 
screws, inserts, molded-in threads, rivets, press or interfer- 
ence fits, staking, and nuts and bolts. Fasteners also can be 
molded in plastic interlocking configurations, such as in 
snap-fits. A popular method is the insert that is internally 
threaded to accept a machine screw; knurls and grooves 
on the outer surface of the insert provide pull-out and 
rotation resistance. A molded insert should have just suf- 
ficient stress around the plastics to avoid the overstress- 
ing that can cause self-destruction. See automobile, 
composite; insert molding; joining; test, bearing- 
strength; Velcro strip; welding. 
fastener, nonmechanical A traditional hook-and- 
loop fastener. It offers strength and reclosability but can 
also generate particles. Certain plastics, such as urethane 
acrylate, exhibit a molecular attraction to themselves. This 
3M-type nonmeclianical fastener provides a user friendly 
and powerful bonding action. It can reopen and reclose at 
least 50 times. See adhesive, mechanical; automobile, 
composite; molecular arrangement structure; po- 
larity. 
fastener, wet-installation See joining, wet-installa- 
tion. 
fatigue The action that causes a failure or deterioration 
in mechanical properties after repeated, cyclic applications 
of stress. Test data provide information on the ability of a 
material to resist the developments of cracks, which even- 
tually bring about failure as a result oflong periods of cyclic 
loading. See design spring. 
fatigue, constant-amplitude loading A loading in 
which all the peak loads are equal and all the valley loads 
are equal. 
fatigue, corrosion The synergistic effect of fatigue and 
aggressive environment acting simultaneously, which leads 
to a degradation in fatigue behavior. 
fatigue crack A crack that develops and extends (prop- 
agates) during the cycling and that eventually causes failure 
of the part. See test, crack-growth-resistance. 
fatigue cyclic load The number of cycles endured un- 
der a load. 
fatigue ductility The ability of a material to deform in 
a ductile manner (elastic behavior) prior to failure or frac- 
ture that is determined from a constant-strain amplitude, 
low-cycle fatigue test. It  usually is expressed in direct anal- 
ogy with elongation and reduction of area ductility mea- 
sures. See ductility. 
fatigue ductility exponent The slope of a log-log plot 
of the strain range and the fatigue life. Data can provide 
information extending from one to at least 100 years. 
fatigue, dynamic The deterioration of a material by 
repeated deformation. See dynamic fatigue. 
fatigue endurance limit A measure of load-carrying 
ability of a material subjected to infinitely repeated fatigue 
loading or cycling. It is the maximum alternating stress 
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amplitude that can be sustained by a material subjected to 
a specified mean stress for an infinite number of cycles 
without failure. It is obtained from the fatigue S-N dia- 
gram. 
fatigue hysteretic heating Since plastics are viscoelas- 
tic, a large amount of internal friction (temperature in- 
crease) can be generated within the plastics during me- 
chanical deformation, as in fatigue. This action involves 
the accumulation of hysteresis energy that is generated 
during each loading cycle. See hysteresis heat build-up. 
fatigue life The nurnber of cycles of deforniation that 
cause failure of a test specinien under a gven  set of oscillat- 
ing stress or strain conditions. The type of failure provides 
useful technical information. 
fatigue limit The stress level below which a material 
can be stressed cyclically for an infinite number of times 
without failure. 
fatigue loading, zero crossing See mean crossing. 
fatigue notch factor The ratio of the fatigue strength 
with no stress concentrator to the fatigue strength of a sini- 
ilar specinien with a stress concentrator. 
fatigue ratio The ratio of fatigue strength to tensile 
strength when the mean stress and alternating stress are 
specified. 
fatigue S-N diagram A plot of stress (S) against the 
number of cycles (N) to failure in fatigue testing. Also 
calledfatigue stress-number u jcy r le  diagvum UY CUYVC. See hys- 
teresis diagram; stress-strain curve. 
fatigue, static The failure of a part under continued 
static load. It is analogous to creep rupture failure but often 
is the result of aging accelerated by stress. 
fatigue strength The maximum, completely reversed 
stress under which a material will fail after it has experi- 
enced the stress for a specific number of cycles. I t  is ob- 
tained from the fatigue S-N diagram. Also called endurance 
strergth or -fat@e stress. See spalling. 
fatigue strength versus tensile strength The fatigue 
strength of most thermoplastics is about 20 to 30% of their 
ultimate tensile strength as determined in the short-term 
test; it is much higher for thermoset reinforced plastics. 
fatigue stress, mean A dynamic fatigue parameter that 
is the algebraic niean of the maximum and minimum stress 
in one cycle (pounds per square inch or mega = PaFcal). 
See mean; spalling. 
fatigue tension See tension fatigue. 
fatty acid A straight chain or aliphatic monobasic acid 
that is either saturated or unsaturated and is widely used 
in compounding. 
Fawcett and Gibson 
feather edge See fin. 
feature 
rib, thread, hole, or taper. 
feature defect, zero 
part, such as thread, hole, or taper. See zero defect. 
feed 
barrel; blender; material feeding and blending. 

See polymerization history. 

An individual characteristic of a part, such as a 

An individual characteristic of a 

To move material into processing equipment. See 

feedback See control, feedback; motion-control 
system. 
feedblock See coextrusion. 
feeder 1. Auxiliary equipment that provides a con- 
trolled flow of materials (powders, pellets, etc.) to or from 
a processing operation. See auxiliary equipment; bar- 
rel feed housing; material handling. 2. An electrical 
transmission line that carries e n e r g  to equipment. 
feeder accuracy and repeatability See repeat- 
ability. 
feeder/blender See compacting; material feeding 
and blending; mill; mixer. 
feeder, crammer A hopper unit that forces plastics into 
the feed throat of the plasticator. 
feeder, gravity A gravimetric feeder or blender has the 
ability to pinpoint material accuracy despite variations in 
bulk density. It  basically consists of the feeder (including 
discharge device), scale, and control unit. A separate feeder 
system is used for blending. Both batch- and continuous- 
type units are used. See material feeding and blending 
gravimetric. 
feeder, vibratory A device that conveys dry materials 
froni storage hoppers to processing equipment by using a 
tray vibrated by mechanical or electrical pulses. The fre- 
quency and amplitude of the vibrations control the rate 
of material flow. 
feeder, volumetric An enclosed chamber that meters 
a specific volume of materials. Bulk density, particle size, 
and particle moisture content usually influence the unifor- 
mity of the metering capacity. See material feeding and 
blending volumetric. 
feed forward control 
feed hopper A funnel mounted directly on equipment 
such as a plasticator barrel over the screw feed section to 
hold a reserve of material. See hopper feeder. 
feed orifice See orifice. 
feed output See fabricating output. 
feed, starve See material starve feeding; venting 
feeder. 
feedstock The materials that are generally derived from 
crude oil or natural gas through a series of chemical pro- 
cesses with only 2 to 3wt% and that are used to produce 
plastics. Starting materials can also include other materials, 
such as coal and other ores, wood, furs, cotton, air, and 
water. See oil and gas; oil, cracking; ore; petrochem- 
icals; plastic; plastic and feedstock; plastic products, 
raw material to; polymerization. 
feedstock, limited See steel resources, limited; oil 
resources, limited; plastic myth and fact. 
feldspar See china clay. 
felt A nonwoven compressed fabric, mat, or bat that is 
prepared from staple fibers without spinning, weaving, or 
knitting and that is made up of fibers that interlock me- 
chanically. See fiber mat. 
female cavity 
fermentation See decomposition; zymurgy. 

See control, feed-forward. 

See mold cavity, female. 
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ferris wheel clamp 
ferris wheel mold 
ferrite A multiple compound of ferric oxide with an- 
other oxide such as sodium ferrite. Those with trivalent 
iron are usually magnetic. They are used during the pro- 
cessing of plastics; the oxides are used as plastic fillers. See 
filler; magnet. 
ferroelectric A crystalline material such as barium ti- 
tanate or potassium-sodium tartrate (rochelle salts) that 
over certain limited temperatures has a natural and inher- 
ent deformation (polarization) of electrical fields or elec- 
trons associated with atoms and groups in the crystal lat- 
tice. It is used in plastic embedded capacitors, transducers, 
etc. See embedding; polarity. 
ferromagnetic material A material, such as stainless 
steel and iron, in which the magnetic moments or dipoles 
of atonis exhibit a high degree of alignment parallel to each 
other in the presence of a magnetic field. This alignment 
is in opposition to the usual tendency of atoms to orient 
in random directions due to thermal motion. It is used in 
induction welding. See iron; welding. 
ferrous, metal See metal, ferrous. 
festoon A device for the temporary accumulation or 
storage of material (film, wire, tape, etc.) in different fabri- 
cating processes (extrusion, calender, etc.). For example, 
a catenary device can be downstream o f a  film calender 
line where the film is looped between two or more sets 
of rolls to accumulate an inventory to facilitate the chang- 
ing of wound rolls of film. During normal running, the 
roll sets are close together so that the film goes straight 
through to the winder. See accumulator. 
festooning oven An oven used to dry, cure, or fuse 
plastic-coated fabrics with uniform heating. 
fiber A filamentary structure of very small cross-sections 
typically 0.10 to 0.13 mm (0.004 to 0.005 in.) made from 
various materials that are at least 100 times their diameter. 
Fibers can be continuous or made up of short or staple 
fiber lengths. Also calledfilameutt. See acrylonitrile; ash 
content; birefringence; bristle; capillarity; cellulose 
fiberboard; directional property; fiberglass binder/ 
sizing coupling agent; fiber, nylon; fiber processing; 
fiber processing, dry-spinning; fiber-processing fil- 
tration; flock; ignition loss; plastics, theoretical ver- 
sus actual values of; reinforced-plastic dry fiber; 
reinforced-plastic ignition loss; reinforced-plastic 
pultrusion fiber bridging; reinforced-plastic weight, 
areal; test, nondestructive ultrasonic; twist, direc- 
tion of yarn; vulcanized fiber fish paper. 
fiber, abaca The 6 to 12 ft (1.8 to 3.6 m) long fiber 
bundles that are produced from the abaca tree and are used 
in the manufacture of ropes, cables, and reinforced plastics. 
See reinforced plastic. 
fiber, acrylic A filament that is made from any long- 
chain synthetic plastic containing 85wt% or more acrylo- 
nitrile. See acrylic plastic. 
fiber, alumina-silica An amorphous structure with ex- 

See clamping platen, rotary. 
See mold, ferris wheel. 

cellent resistance to all chemicals except hydrochloric acid, 
phosphoric acid, and concentrated alkalies. Its tensile 
strength is 400,000 psi (2000 MPa), modulus of elasticity 
is 16 million psi (110 GPa), and upper temperature limit 
in oxidizing atmosphere is 1470°F (800°C); it is noncom- 
bustible, has low heat conductivity, and has thermal shock 
resistance. 
fiber attenuation The process for making thin or slen- 
der fibers. It applies to the formation of fiber from molten 
glass. See fiberglass. 
fiber biconstituent 1. A hybrid or composite fiber 
comprising a dispersion of fibrils of one synthetic plastic 
within and parallel to the longitudinal axis of another. 2. 
A construction of plastic and metal or alloy filaments. 
fiber bobbin The smallest production unit of yarn or 
roving, including its appropriate (usually cardboard or 
plastic tube) support. Also called package. 
fiber, boron A fiber that is produced by chemical va- 
por deposition from a gaseous mixture of hydrogen (H2) 
and boron trichloride (BC13) on primarily an electrically 
heated tungsten substrate of 0.5 mil (12.5 pm) diameter. 
The final filament diameter is 4 mil (100 pi), 5.6 mil 
(140 pm), or 8 mil (200 pm) in descending order of pro- 
duction quantities; however, both sinal1 and large dianie- 
ters have been produced in experimental quantities. It has 
exceptionally high tensile strength and modulus of elastic- 
ity with a relatively low density. Its upper teniperature 
limit in an oxidizing atmosphere is 250°C (480'F). This 
high-cost material usually has a matrix of expensive high- 
performance epoxy plastic. This was the first of the high- 
strength, high-modulus fibers to be produced. The U.S. 
Air Force Materials Laboratory, Dayton, OH, was influ- 
ential in its development in the early 1950s. Its use in- 
cludes aerospace structural parts, tennis rackets, fishing 
rods, and golf clubs. See boron; chemical vapor depo- 
sition; fiber, silicon carbide; reinforcement. 
fiber, braided A fiber that has been woven into a tubu- 
lar shape. See reinforced-plastic pultrusion braiding. 
fiber breakout A fiber separation or break on surface 
plies at  drilled or machine edges. 
fiber bundle A collection of essentially parallel fibers or 
filaments. 
fiber, buttress A type of thread used for transmitting 
power in only one direction. It has the efficiency of the 
square thread and the strength of the V-thread. 
fiber, carbon (CF) The predominant high-strength, 
high-modulus fiber that is used in the manufacture of ad- 
vanced reinforced-plastic composite products. It can be 
made by the pyrolytic degradation of a fibrous organic pre- 
cursor. Most CFs are obtained by the pyrolysis of poly- 
acrylonitrile (PAN); this old technology subjects the PAN 
to temperatures up to 1080°F (2000°C). Other methods 
include pyrolysis of cellulose (rayon) and acrylic fibers, 
burning-off binder from the pitch precursor, and growing 
single crystals (whiskers) via thermal cracking of hydrocar- 
bon gas. CFs are essentially crystalline carbon (graphite) 
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having high mechanical and physical performances in rein- 
forcements. Their benefits also extend to high thermal sta- 
bility, electrical conductivity, chemical resistance wear re- 
sistance, and relatively low weight. See chemical vapor 
deposition; fiber, graphite and carbon characteris- 
tic; pitch; test, nondestructive carbon fiber rein- 
forced plastic x-ray scanning. 
fiber, carbon stabilization During forming, the pro- 
cess that is used to render the carbon fiber precursor infus- 
ible prior to carbonization. 
fiber carding A process of untangling and partially 
straightening fibers, such as asbestos, by passing them be- 
tween two closely spaced surfaces that are moving at dif- 
ferent speeds, at  least one of which is covered with sharp 
points. The machine converts a tangled mass of fibers to 
a filmy web. Its use includes reinforcements in reinforcing 
plastics. See asbestos; fabric, nonwoven; fabric, non- 
woven mechanical; fourdrinier; paper; reinforce- 
ment; yarn, carded; yarn, combed. 
fiber, cellulose acetate See cellulose acetate fiber; 
cellulose acetate plastic acetate process. 
fiber, ceramic A fiber that consists of approximately 
50wt% alumina and 50wt% silica with traces of other inor- 
ganic materials. It  possesses unique wear and corrosion re- 
sistance and high temperature stability. The fibers are 
made by atomizing a molten ceramic stream using high- 
pressure air or spinning wheels, chemical vapor deposi- 
tion, melt drawing, or special extrusion processes. Al- 
though glass fibers are also ceraniic material, they are not 
generally categorized as ceraniic fiber but are called glass 
fibers. See fiberglass. 
fiber combing 
fiber count The number of warp fiber or yarn (ends) 
and filling fiber or yarn (picks) per inch. The cross-section 
or thickness of fiber, yarn, or roving is expressed as denier 
or decitex. See yarn construction number. 
fiber creel A spool, along with its supporting structure, 
that holds the required number of fibers or roving balls 
for supply packages in a desired position for unwinding 
into the next processing step such as weaving, braiding, 
filament winding, and so on. 
fiber crimp The waviness of a fiber or fabric that is re- 
sponsible for void formations. Crimp determines the ca- 
pacity of fibers to cohere under light pressure. I t  is niea- 
sured either by the number of crimps, waves per unit 
length, or the percent increase in extent of the fiber on 
removal of the crinip. 
fiber cutting or crushing See filament-winding 
loop-strength tenacity. 
fiber decitex The fineness (and conversely the cross- 
sectional area) of a filament, yarn, or rope. It  is defined as 
the weight in g of 10,000 ni of the material. One deci- 
tex = 0.9 denier. Also called dtex or (d~ci)tex. See fiber 
denier. 
fiber, definition of Fiber refers to filamentary materials 
and often is used synonymously with -filament, rnonofila- 
ment, whisker, and yarn. It  is any material in a form such that 

Lining up fibers. See fiber carding. 

it has a minimum length of at least 100 times its diameter. 
Diameters are usually 0.004 to 0.005 in. (0.10 to 0.13 
mni). Fibers can be continuous or reduced to short lengths 
(discontinuous) where the industry lists less than a specific 
length, such as 0.125 in. (3.2 nim). A filament is the small- 
est unit of a fibrous material and usually not used alone. 
It  is the basic unit that is formed during manufacture and 
gathered into strands of fiber. Their diameters are less than 
0.001 in. (0.025 mm). The fineness of a fiber is also identi- 
fied by its denier. 
fiber denier A unit of weight that expresses the size or 
coarseness but particularly the fineness of a continuous fi- 
ber or yarn. The weight in grams of 9000 ni (30,000 Et) 
is one denier. The lower the denier, the finer the fiber or 
yarn. One denier equals about 40 micron. Sheer women’s 
hosiery usually runs 10 to 15 denier. Conimercial work 12 
to 15 denier fiber is generated. See fiber decitex; fiber 
definition; fiber spinneret; tex. 
fiber desizing 1. The process of eliminating sizing from 
gray or greige goods before applying special finishes or 
bleaches. 2. The process of removing lubricant size fol- 
lowing the weaving of a cloth. See fiberglass binder/ 
sizing coupling agent. 
fiber drawing A fiber that has a certain amount of ori- 
entation imparted by the drawing process when the fibers 
are formed. It  results in a significant increase in strength 
and other properties. See fiber processing; orientation. 
fiber end 1. An individual fiber, thread, roving, yarn, 
or cord. 2 .  In fabric, a warp yarn that runs the length of 
the fabric. 3. A strand of roving that consists of a given 
number of filaments gathered together. The group of fil- 
aments is considered an end or strand prior to twisting. 4. 
The review on a strand roving (No. 3.) becomes a yarn 
after twist has been applied. 
fiber fabrication See fiber processing. 
fiber, felt A fibrous material that is made up of inter- 
locking fibers by mechanical or chemical action, moisture, 
or heat. Felt can be made of many different fibers, includ- 
ing asbestos, cotton, glass, and nylon. See felt. 
fiber fibrillation The production of fiber from film. 
See fiber processing, spinning. 
fiber finish The surface treatment that is applied to 
processed fibers, particularly glass fibers. See fiberglass 
binder/sizing coupling agent. 
fiber finish, satin A type of finish that has a satin or 
velvety appearance that is midway glossy (or bright) and 
mat. It behaves as a diffuse reflector that is lustrous but not 
mirrorlike. 
fiber, flax A natural fiber that is obtained from the inner 
bark of the flax plant. Its uses include as filler and in pro- 
ducing high-strength reinforced or laniinated plastics. See 
fabric, canvas; linseed oil. 
fiber float A warp or filling fiber that lies on top of the 
opposite series of yarn for a distance of several fibers. 
fiber fuzz An accumulation of short, broken filaments 
after strands, yarns, or rovings are passed over a contact 
point. 
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fiberglass Glass fibers represent the major material used 
in reinforced plastics. They are a family of short (staple, 
chopped, milled) or continuous fiber reinforcement, used 
widely with both thermosets and thermoplastics for in- 
creased strength, dimensional stability, thermal stability, 
corrosion resistance, dielectric properties, and so on. They 
arc available in different forms, such as mat, fabric, and 
roving. The fibers are made by the melt drawing of various 
grades (electrical, chemical, high tensile strength, etc.) of 
glass and are comprised of strands of filaments (roving) 
that can be further processed by size reduction, twisting, 
or weaving into fabrics or mats. They are often surface 
modified with coupling agents to improve bonding with 
plastic matrix or fabric scrim; fabric, woven; fiber fuzz; 
fiber mat; fiber optic; or to impart special properties, such 
as electrical conductivity (by coating with nickel). See 
glass; interphase; reinforced plastic; reinforced- 
plastic fiber content; reinforcement; roving; screw- 
wear. 
fiberglass, bare Glass fiber froni which the sizing or 
finish has been removed. It is also the glass fibers prior 
to the application of sizing or finishing. See fiberglass 
binder/sizing coupling agent. 
fiberglass, bilobe The fiber of nonround cross-section 
that are prepared by different methods in various geonie- 
tries. The shapes provides a different fiber packing. 
fiberglass binder/sizing coupling agent A substance 
that is used on different types of fibers to meet their spe- 
cific rcquirements, such as bonding capabilities and pro- 
tection of fibers. A major requirement for these agents in- 
volves treating glass fibers. Continuous glass fiber (as well 
as other fiber) strands that are intended for weaving are 
treated at their forming bushing during their manufacture 
with starch-oil binders. These binders protect the fibers 
from damage by lubrication during their formation and 
such subsequent textile operations as twisting, plying, 
and weaving. Usually they are satisfactory when used with 
thermoplastics but are not compatible with thernioset plas- 
tics. The hydrophilic character of the binders allows mois- 
ture to penetrate the glass-plastic interface, which leads to 
degradation of TS-KPs in wet and humid environments. 
Binder is removed via heat treatment before being used 
with these plastics. This is accomplished by exposing 
the reinforcing material (fabric, etc.) to carefully con- 
trolled time-temperature cycles. To protect the weak 
heat-cleaned fibers, chemical sizing coupling agents are 
used, such as methacrylic chromic chloride complex, and or- 
ganosilanes. See additive, liquid; ash content; binder; 
fabric desizing; fiber desizing; fiber processing; 
hydrophilic surface; ignition loss; reinforced-plastic 
ignition loss; silane coupling agent; titanate cou- 
pling agent. 
fiberglass bushing The spinneret platinum unit 
through which molten glass is drawn in making g l x  fil- 
ament. See fiber spinneret. 
fiberglass, cheese A supply of glass fiber wound into a 
cylindrical inass. 

fiberglass, chopped Fiberglass is cut from lengths of 
fibers or produced into short fibers. Their length can range 
from milled to any short length with the usual about '/4 

in. as well as up to 2 in. 
fiberglass chopper A device-such as a chopper gun, 
long cutter, or roving cutter-that cuts glass fibers into 
strands and shorter fibers to be used as reinforcements in 
preforms and spray. See cutter. 
fiberglass, continuous A strand of filaments (roving) 
that can be twisted and used alone or in many different 
configurations to reinforce plastics and elastomers. Also 
called long glass-fiber, continuous-strand roving, continuous rov- 
ing, or continuous glass roving. 
fiberglass devitrification The formation of crystals 
(seeds) in a glass melt, usually occurring when the melt is 
too cold. These crystals can appear as defects in glass fibers. 
fiberglass diameter The standard in the reinforced- 
plastics industry uses letter designations that range from 
about 1.5 to 5.1 X lo-' in. (3.8 to 13 pm). 
fiberglass forming package A single glass strand that 
is gathered on a thin-wall paper or plastic tube to be used 
in manufacture. 
fiberglass marble A small sphere of glass that is used 
for melting and subsequently drawing into glass fibers. 
fiberglass, milled A fiber that is made by hammer mill- 
ing continuous glass ends into very short fibers such as 
'/64 to '/4 in. (0.40 to 6.35 mm). It is used as anticrazing 
reinforcing fillers for plastics and adhesives. Also called 
milled glass .filler. See hammer; mill. 
fiberglass production Both continuous and staple fi- 
bers are manufactured by the same basic process up until 
fiber drawing. The temperature of glass melt and actual 
production method vary depending on glass composi- 
tion. Generally, about 1,260OC (2,300'F) is used with 
melts extruding through platinum multiopening bushings 
(spinnerets). Two principal manufacturing processes are 
used-the glass-marble (batch) method or the direct- 
melt method. See attenuation; fiber processing. 
fiberglass slug A glass-fiber imperfection that is a parti- 
cle of glass that sometimes takes the form of a glass bead. 
fiberglass texturizing For special applications, fibers 
are subjected to a jet of air impinging on their surfaces, 
which causes random controlled breakage or fluffing of 
their surfaces. Although niechanical damage occurs that 
weakens the fibers, its bulkiness allows greater plastic ab- 
sorption. See texturizing. 
fiberglass type Several types are used: E-type is most 
frequently used (in at least HOwt'%, of all the glass fiber used 
in reinforced plastics) and is suitable for electrical grades 
(borosilicate type); it is also called electric. gluss. C-type is 
used for chemical stability. D-type is used for precise con- 
trolled dielectric constant (high boron content). M-type 
is used for high modulus of elasticity (high berlia content). 
R-type is a cross between E- and S-types with limited 
production. S-type is used for high tensile strength 
(magnesia-alumina-silicate content). See fiber, ceramic; 
glass composition; yarn designation. 
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fiber, graphite A fiber that is made from a pitch or 
polyacrylonitrile (PAN) precursor by an oxidation carbon- 
ization and graphitization process that provides a graphitic 
(crystalline form of carbon) structure. See fiber, carbon; 
graphitization; pitch; stabilization. 
fiber, graphite and carbon characteristic The terms 
are often used interchangeably, though they differ. The 
basic differences lie in the temperature at which the fibers 
are made and heat treated, in the amount of elemental 
carbon produced, and mechanical properties. Graphite 
fibers are graphitized at 1,900 to 2,480"C (3,450 to 
4,500"F) and assay at more than 99% elemental carbon. 
The carbon fibers typically are carbonized in the region 
of 1,315OC (2,400"F) and assay at 93 to 95% carbons. See 
reinforcement. 
fiber, heat-cleaned See fiberglass binder/sizing 
coupling agent. 
fiber, hollow A plastic fiber that can produce high- 
bulk, low-density fabrics. Other fiber configurations 
can be produced, such as trilobal cross-section. Annular 
dies are used to produce the desired hollow cross-section 
shape. Fiber spinning methods used are (1) wet from a 
plastic solution into a liquid coagulant, (2) dry from a plas- 
tic solution in a volatile solvent with an evaporative col- 
umn, and (3) conventional melt systems. 
fiber, inorganic A fiber that includes glass (different 
types), aluminum silicate, beryllium glass, carbon, ceramic, 
graphite, and quartz (fused silica). See fiberglass type. 
fiber, jute A bast fiber obtained from the stenis of sev- 
eral species of the plant corchorus found mainly in India 
and Pakistan. Used as a filler for plastic compounds and 
for over a half century as a reinforcement with thermoset 
plastics for the fabrication of reinforced plastics. See fab- 
ric, burlap. 
fiber, Kevlar See fiber, nylon. 
fiber kink See kink. 
fiber lay See filament lay. 
fiber length, critical The minimum fiber length re- 
quired for shear loading to its ultimate strength by the nia- 
trix. 
fiber linter A short, fuzzy fiber that adheres to the cot- 
ton seed after gmning. It is used in rayon manufacture, as 
fillers for plastics, and as a base for the manufacture of cel- 
lulosic plastics. See cellulose; lint. 
fiber mat A fibrous material that is used in reinforced 
plastics and consists of randomly and uniformly oriented 
(1) chopped fibers with or without carrier fibers or binder 
plastics, (2) short fibers with or without a carrier fabric, 
(3) swirled filaments loosely held together with a plastic 
binder, (4) chopped or short fiber with long fibers in- 
cluded in any desired pattern to provide additional me- 
chanical properties in specific directions, and so on. Fiber 
mat is produced in flat and curved blanket sheets and tape 
fo rm for use in the different reinforced-plastic processes. 
See felt; veil. 
fiber mat, needled A mat that is felted together in a 
needle loom with or without a carrier. 

fiber mat veil An ultrathin mat similar to a surface mat 
that is often composed of organic fibers as well as glass 
fibers. 
fiber material, plastic To produce fibers, the most im- 
portant materials are polypropylene, nylon 66, polyester, 
and PETP; other plastics are also used. Each plastic family 
has different grades to provide different properties during 
and after being processed. Their plastic fiber structures 
have different levels of molecular organizations, with each 
relating to certain aspects of fiber behaviors and properties. 
As an example, their organochemical structure defines 
the chemical composition and molecular structure. This 
molecular structure is directly related to the fibers chemi- 
cal properties, dye ability, moisture sorption, and swelling 
characteristics and indirectly related to all physical proper- 
ties. The physical properties of fibers are influenced by the 
processing techniques, which are affected by factors from 
melt conditions to windup speed. However, they are 
strongly influenced by the plastic morphology. All plastic 
fibers that are useful in textile applications are usually senii- 
crystalline and in an irreversible oriented pattern. See fi- 
ber processing; molecular structure. 
fiber, metallic A manufactured fiber that is used in re- 
inforced plastics and is composed of metal, plastic-coated 
metal, metal-coated plastic, or a core completely covered 
by metal. Examples include steel, aluminum, magnesium, 
and tungsten. See reinforcement, whisker; whisker, 
metallic. 
fiber, micro- A fiber whose individual filaments are less 
than 2.0 denier or 1.0 tex. It  is four times finer than the 
average human hair; at least three times finer than cotton 
fiber; and finer than natural silk. Microfibers are thernio- 
plastic polyester plastic spun and oriented for lightweight 
durability, and water resistant materials. See fiber denier; 
tex. 
fiber, milled See fiberglass, milled. 
fiber, nylon The generic name for the organic aromatic 
polyamide fibers. It  has a long chain of synthetic polyam- 
ides (nylon) in which over 85wt'X) of the amide linkages 
are attached directly to two aromatic rings. DuPont's trade 
name for it is Kevlar. It has excellent properties such as 
high strength, modulus of elasticity, lightweight, impact 
resistance, creep-rupture characteristics, and chemical and 
mechanical stability over a wide temperature range. It is 
used in reinforced plastics, high-performance fabrics (boat 
sails, bulletproof vests, etc.), and medical devices. Also 
called aramid j b c r .  See fiber processing, gel-spinning; 
Kevlar; safety, police-officer; polymerization initia- 
tor; reinforced plastic. 
fiber, one-ended A fiber so short in length that it ap- 
pears to have only one end. Examples include very short- 
length milled glass fibers and asbestos fibers. 
fiber optic The guidance of electromagnetic radia- 
tion along transparent dielectric hair-thin glass fibers. The 
guidance usually involves a mechanism known as total in- 
ternal reflection. If the fibers are of dimensions comparable 
to the wavelength of light, the fiber will act as a wave 
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guide to conduct the radiation in discrete modes. Glass 
fibers with extruded plastic coating, usually PE, are used. 
A fine-drawn silica (glass) fiber or filament of exceptional 
purity and specific optical properties (refractive index) is 
used to transmit laser light impulses almost instantaneously 
and with high fidelity. See extruder wire coating, opti- 
cal-fiber; light index of refraction; thermoset plastic 
curing, fiber-optic sensor. 
fiber orientation The alignment of fiber reinforcement 
within the part that affects mechanical properties. The 
properties usually increase in the direction of alignment 
but are reduced perpendicular to alignment. See direc- 
tional property. 
fiber pattern The pattern formed by the fibrous strands. 
See fabric, woven. 
fiber pencil A rodlike assemblage of fibers that is in 
close packed parallel orientation of generally uniform di- 
ameter and that can be fiberized readily. 
fiber pick An individual filling yarn that runs the width 
of a woven fabric at  right angles to the warp. Also called 

.fill, WOOJ or w$t. 

fiber, polybenzimidazole See polybenzimidazole 
plastic. 
fiber, polyethylene See fiber processing, solution- 
spinning; Spectra. 
fiber, polyethylene terephthalate See reinforced 
plastic, XTC. 
fiber processing Thermoplastic fibers or filaments are 
produced by screw extruders that use the three common 
methods of melt spinning, dry spinning, and wet spinning. 
There are many variations and combinations of these basic 
processes. Other types of fiber-forming processes include 
(1) reaction spinning, (2) dispersion, eniulsion, and sus- 
pension spinning, (3) fusion-melt spinning, (4) phase- 
separation spinning, and (5) gel spinning. The processes 
basically force molten plastic by an extruder or gear pump 
through fine holes in a spinneret or spinnaret (die). In turn, 
it is immediately stretched or drawn (oriented), cooled, 
and collected at  the end of the line. During this process 
it inay be subjected to other operations, such as (1) thermal 
setting and thermal relaxation processes to provide dinien- 
sional stability, (2) twisting and interlacing to provide co- 
hesion of the filaments with or without sizings, (3) tex- 
turing, and (4) crimping and cutting to provide staple 
products. The speeds of certain lines using the melt and 
dry spinning processes can go from 6,600 to 13,000 ft/min 
(2,000 to 4,000 m/min). See cupric oxide; extrude; 
fiber; fiber spinneret; filament; gear pump; roving; 
yarn. 

Numerous techniques for producing fibers without us- 
ing the spinneret have been used. They include centrifugal 
spinning, electrostatic spinning, tack spinning, and solid- 
state extrusion. The SSE process extrudes through a capil- 
lary rheometer with a conical die; the processing tenipera- 
ture is close to the melting point of the plastic. See fiber 
processing, solid-state extrusion. 

In the manufacture of fibers, a relatively isotropic plastic 

with properties similar in all directions converts into an 
orthotropic plastic where most of the plastics strength is 
in the direction of the fiber axis. This desirable effect pro- 
vides a certain degree of fiber strength in the longtudinal 
direction but usually not enough. So the fibers are made 
stronger by stretch-orientation during or after processing. 
These spinning lines can include a variety of operations 
that are useful for the fibers’ different applications. A finish 
can be applied after cooling in-line. Rather than keeping 
them straight, texturing techniques are used. Texturing in- 
troduces crimp, whereby the straight filaments are gven 
a twisted, coiled, or raridondy kinked structure. A yarn 
that is made up of these filaments is softer and more open 
in structure; it is more pleasing to the touch. Finishes are 
used to improve the processing and handling offibers. The 
finishing mix can include a lubricant. See fabric, non- 
woven; fabric, woven; fiberglass binder/ sizing cou- 
pling agent; directional property; kink. 
fiber-processing development Unusual plastic fibers 
such as polyolefin fibers are produced by a spurted or 
melt-blown spinning technique. A variety of directly 
formed nonwovens with excellent filtration characteristics 
are produced. The original development was by Exxon 
Corp., which produced very fine, submicrometer fila- 
ments. Pulplike olefin fibers are produced by a high-pres- 
sure spurting process that was developed by Hercules, Inc. 
and Solvay, Inc. A high-modulus commercial polyethyl- 
ene fiber with properties approaching those of aramid and 
graphite fibers is prepared by gel spinning. Higher tensile 
strengths are also available from gel spinning or fibrillar 
crystal growth. See plastics, theoretical versus actual 
values of. 
fiber processing, dry-spinning In dry spinning a plas- 
tic solution is extruded (metering pumped) through a spin- 
neret. The filaments exit the spinneret through a gas- 
heated cabinet where the solvent is rapidly removed from 
the plastic filaments. The suitable solvent is filtered and 
recovered for further use in-line. Filaments end up at the 
driven haul-off roll. 
fiber-processing filtration Many processes require a 
plastic melt that is free of contaminates larger than a spe- 
cific size. The fiber processors usually filter down to .5 nii- 
cron particle size to protect the melt-spinning machines 
from filaiiient breaks. The fiber process typically operates 
at very high speeds. A filament break at this speed is costly 
to both the product quality and the process efficiency. The 
media used for filtration has included sand packs, wire 
screens, sintered metal-powder sheets, and sintered nietal- 
fiber sheets. There are also different sandwich conibina- 
tions, such as wire screens and sintered metal-fiber sheets, 
that in theory provide the best properties of each coiiipo- 
nent. With a gear punip, running clearance can be as low 
as 0.00025 in. (0.006 nim) about its peripheiy and on ei- 
ther side of the metering gear. Any slight burr, nick, or 
particle of any “foreign” matter will cause scoring and pos- 
sible seizure of the pump. Recognize that 0.001 in. (0.025 
nim) equals 25 microns, so filtration down to just the 
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pump has to be down to 6 microns or less. See  contami- 
nation; filtration, ultra-; gear pump. 
fiber processing, gel-spinning A method of produc- 
ing the world’s strongest commercial fiber by increasing 
the polyethylene fiber strength by 30% via gel spinning. 
The product is 15 times stronger than steel and twice as 
strong as aramid fiber. It uses ultrahigh-molecular-weight 
polyethylene (patented by DSM High Performance Fibers, 
Heerlen, Netherlands). In this process, UHMWPE mole- 
cules are dissolved in a volatile solvent. By cooling and 
solvent removal, a gellike fiber is spun from this solution. 
It  is then subjected to a drawing-orienting operation. In 
the gellike fiber, the molecules lie folded in crystals that 
are at right angles to the fiber length. In the drawing 
process, these molecules are tipped over so they unfold 
in longitudinal direction, which is what gyves the fiber 
its high strength. See fiber processing, solution- 
spinning; modulus of elasticity; molecular struc- 
ture; molecular weight; orientation; plastics, theo- 
retical versus actual values of; polyethylene plastic, 
ultrahigh molecular weight; reinforcement; Spec- 
tra; tensile strength. 
fiber processing, jet-spinning For most purposes this 
process is similar to fiber spinning. Hot-gas jet spinning 
uses a directed blast or jet of hot gas to pull molten plastic 
from a die lip and extend it into fine fibers. 
fiber processing, solid-state extrusion (SSE) A 
means for the deformation and evaluation of uniaxial mo- 
lecular chain orientation and product extension for a wide 
range of plastics. Developments produced HDPE drawn 
into fibers with some of highest specific tensile moduli 
and strengths. A two-step drawing process is used for the 
preparation of polyoxyethylene, polypropylene, and poly- 
ethylene fibers. The plastic is first drawn to a natural draw 
ratio at  a fast rate and subsequently slowly superdrawn at 
a temperature that depends on the crystalline dispersion 
temperature. A highly oriented extrudate can be obtained 
by extruding through a capillary rheometer with a conical 
die at temperatures close to the melting point. Initial work 
led to the development of transparent and fibrous linear 
PE extrudates. These were obtained by extruding HDPE 
from the molten state (270 to 277°F (132 to 136°C)) above 
a critical shear rate in a capillary rheometer and through 
a conical die. This procedure was subsequently modified 
by processing HDPE exclusively in the solid state where 
the plastic is semicrystalline before extruding through the 
die. This modification produced continuous transparent 
fibers with moduli in the range of 4,400 to 10,200 psi (30 
to 70 MPa). See  extruder, solid-state. 
fiber processing, spinning The processes principally 
used are wet spinning, dry spinning, and melt spinning. 
The plastic and ingredients (such as primarily stabilizers, 
pigments, and rheological modifiers) are fed into a screw 
extruder. The gear pump accurately meters melt through 
a filter pack of graded sand or porous metal and a spin- 
neret. The niultihole spinneret represents the die. On 
leaving the spinneret, the molten filaments pass at  very 

high speed usually vertically downward into water or a 
countercurrent of air where they are cooled and solidified. 
At the same time, after leaving the spinneret, they are 
stretched to the desired diameter. Finish can be applied 
prior to the fiber reaching the end of the line, where it 
is wound on bobbins or other windup rolls. To  obtain 
the required high-performance properties, reheating and 
drawing orient the fibers. This is usually a separate opera- 
tion since it requires much higher linear speeds than melt 
spinning. 

The slit-film or film-to-fiber technology produces a 
substantial volume of polypropylene fibers. Cutting or slit- 
ting the film produces fibers. Stretching before or after the 
cutting process orients the fiber. Also used is mechanical 
or cheniomechanical fibrillation. In this procedure film is 
created to be anisotropic by stretching before fibrillation. 
This is the phenomenon wherein filament or fiber shows 
evidence of basic fibrous structure or fibrillar crystalline 
nature. It occurs by a longitudinal opening up of the fila- 
ment under rapid load with excessive tensile or shearing 
stresses. Separate fibrils can then often be seen in the main 
filament trunk. The whitening of the plastic when unduly 
strained at room temperature is a manifestation of fibrilla- 
tion. Applications for this product are primarily for carpet 
backing, rope, and cordage. See  fiber processing, jet- 
spinning; orientation; plastics, theoretical versus ac- 
tual values of. 
fiber processing, solution-spinning A process that is 
used to produce high-niodulus polyethylene fibers. Fibers 
are called extended-chain polyethylene (ECPE). Fibers have 
tensile strengths of 3.75 to 5.60 X l o 5  psi (2,890 to 3,860 
MI’a) and moduli of 15 to 30 X 10‘ psi (103 to 207 MPa). 
In this process a high-molecular-weight PE is used. The 
process begins with the dissolution in a suitable solvent of 
a polymer of about 1 to 5 million molecular weight. The 
solution disentangles the polymer chains, a key step in 
achieving an extended-chain-polymer structure. The so- 
lution must be fairly dilute but viscous enough to be spun 
using conventional spinning equipment. The cooling of 
the extrudate leads to the formation of a fiber that can 
be continuously dried to remove the solvent or later ex- 
tracted by an appropriate solvent. The fibers are generally 
postdrawn or stretch oriented. See  fiber processing, 
gel-spinning; modulus of elasticity; molecular 
structure; molecular weight; orientation; plastics, 
theoretical versus actual values of; polyethylene 
plastic; reinforcement; Spectra; tensile strength. 
fiber processing, spinning, pulsation See extruder 
flat-film draw-ratio. 
fiber processing, spinning, reaction A liquid poly- 
mer is extruded through a spinneret plate and encounters 
a chain extending cross-linking component, producing a 
filament. See  fiber spinneret. 
fiber processing, spinning, row nucleation The 
mechanism by which stress-induced crystallization is initi- 
ated usually during fiber spinning or hot drawing. 
fiber processing, wet-spinning A process in which a 
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plastic solution is extruded from a spinneret and immersed 
into a spin-bath tank containing a circulating nonsolvent 
solution that coagulates (precipitates) the plastic filaments. 
Both the solution and the precipitation stages involve 
cheniical reactions. After passing through the spin-bath 
tank, they are washed prior to the windup. Conventional 
wet spinning has the slowest line speed compared to the 
other lines. However, since it permits very short distances 
between the holes in the spinneret face, a single spinneret 
may carry a very large number of holes. With this single 
spinneret, high production rates can still be achieved. Also 
called reaction spinning. 
fiber production See fiber processing. 
fiber property Properties change according to different 
grades of each fiber. Typical values in 1 b / h 3  (g/cm') are: 
aramid 90.4 (2.55) and E-glass 159.0 (2.55). Their modu- 
lus of elasticity in lo6  psi ( lo4 MPa) arc: aramid 27 (18.6), 
E-glass 10 (6.9), and S-glass 12 (8.6). 
fiber, quartz Any high-purity glass but usually a flexi- 
ble fiber that is produced from high-purity (99.95wt% 
SiOJ natural quartz crystals. It  is formed from rods having 
one-fifth the diameter of human hair. Extremely high 
temperatures are required for liquefaction and drawing. 
See fiber, silica. 
fiber, ramie A strong natural fiber of vegetable origin 
that sometimes is used as a filler or reinforcing material 
providing high shock resistance and strength. 
fiber, rayon A generic term that is used for fibers, sta- 
ples, and continuous filament yarns coniposed of regen- 
erated cellulose but also frequently used to describe fi- 
bers obtained from cellulose acetate or cellulose triacetate. 
Rayon fibers are similar in chemical structure to natural 
cellulose fibers (cotton) except that the synthetic fiber 
contains short plastic units. Most rayon is made using the 
viscose process. See carbon disulphide; cellophane; 
fiber linter; viscous process. 
fiber, rayon viscose A regenerated cellulosic fiber that 
is made by treating wood pulp with caustic soda and with 
carbon disulfide to form cellulose xanthate, which is then 
dissolved in a weak caustic solution. It  is from the latter 
that extrusion and coagulation forms the fiber. See car- 
bon disulphide; coagulation; fiber processing. 
fiber reinforced plastic (FRP) A generic term for all 
fiber reinforced plastics, regardless of process and type of 
fiber. See composite; reinforced plastic. 
fiber roving See roving. 
fiber, shrinkage, molding See reinforced-plastic 
molding fiber shrinkage. 
fiber, silica The term high silica is used to describe any 
high-purity glass. For use in reinforced plastics, it is at  least 
95% pure SiO? produced by a leaching process; glass fiber, 
with a silica content of 65%, is subjected to a hot-acid 
treatment that removes virtually all the impurities while 
leaving the silica intact. High-silica fibers and fabrics are 
flexible materials that are similar in appearance to couven- 
tional E-glass fibers. Quartz, somewhat similar to glass and 
high silica, has 99.95% SiO,. High silica and quartz are 

both used in a wide variety of siniilar products. The selec- 
tion ofwhat type to use is generally dictated by a combina- 
tion of perforniance requirements, manufacturing needs, 
and cost. Quartz has about five times the tensile strength 
of high silica, and both have similar thermal characteristics. 
The major difference is the higher melt viscosity of quartz 
as a result of its higher silica content. Both do not melt or 
vaporize until a temperature exceeds 3,000"F (1,649"C). 
At continuous temperatures in excess of 1,800"F (982"C), 
both forms begin to denitrify into a crystallized form 
known as cristo6alitr. This conversion tends to stiffen the 
materials but causes no change in their physical form. 
Their products can be heated to 2,00OoF (1,093OC) and 
rapidly quenched in water without any apparent change. 
See fiber, quartz; fiberglass; silica. 
fiber, silicon-carbide A reinforcing fiber with high 
strength and modulus with 2.7 density. The primary pur- 
pose for this developnient was for the reinforcement of 
metal matrix and ceramic matrix composite structures used 
in advanced aerospace applications by the military. SIC 
fibers were developed to replace boron fibers in these 
composites because boron had drawbacks, principally deg- 
radation of niechanical properties at temperatures greater 
than 540OC (1,000OF) and very high cost. See chemical 
vapor deposition; fiber, boron; vapor-liquid-solid 
process. 
fiber, silk A natural fiber secreted as a continuous fila- 
ment by the silkworni. See fiber, spider-silk. 
fiber, sisal A white fiber produced from the leaves of 
the agave plant found in Central America, the West Indies, 
and Africa. It is used primarily as cordage, binder twine, 
reinforced plastics, and so on. When chopped, it is used 
as a low-cost filler. 
fiber sizing See fiberglass binder/ sizing coupling 
agent. 
fiber skein A continuous fiber, filament, strand, yarn, 
or roving that is wound up to some measurable length and 
usually used to measure various mechanical and physical 
properties. 
fiber sliver A staple or continuous-filament fiber that is 
aligned in a continuous strand without a twist. 
fiber, spandex An elastomeric fiber that is principally 
made from segmented polyurethanes (spandex) and poly- 
isoprene (natural rubber). The elastomeric fibers consist of 
plastics with a main glass transition temperature (T,) well 
below room temperature. This criterion excludes some 
fibers with elastic properties. The fibers are produced pri- 
marily using dry spinning and wet spinning with a few 
producers using melt spinning. For the natural rubber, a 
latex mixture is continuously forced through a capillary 
tube into an acid bath, where it is coagulated; the thread- 
like coagulum is pulled from the bath followed simulta- 
neously with washing, drying, and curing. See fiber pro- 
cessing, spinning; glass transition temperature. 
fiber, spider-silk A DuPont fiber that, on an equal 
weight basis, is stronger than steel, very elastic, and very 
tough. The combination of strength and stretch makes the 
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energy-to-break very high. This biosynthetic plastic pro- 
vides a broad range of mechanical properties. See plas- 
tics, theoretical versus actual values of. 
fiber spinning process See fiber processing, spin- 
ning. 
fiber spinneret A type of die that is principally used in 
fiber manufacture. It is usually a metal plate with many 
small holes (or oval, etc.) through which a melt is pulled 
or forced. The holes enable extrusion of filaments of one 
denier or less. Conventional spinneret orifices are circular 
and produce a fiber that is round in cross-section. They 
can contain from about 50 to 110 very small holes. A spe- 
cial characteristic of their design is that the melt in a dis- 
charge section of a relatively small area is distributed to a 
large circle of spinnerets. Because of the smaller distance 
in the entry region of the distributor, dead spaces are 
avoided, and the greater distance between the exit orifices 
makes for easier threading. Precision machining of the ori- 
fices is required to avoid differences in thickness between 
the filaments being pulled. Note that the volumetric dis- 
charge from a cylindrical die increases with the fourth 
power of the diameter. An error of 10% in diameter will 
cause a 47% error in output. Because these differences in 
spinneret heads cannot be balanced out by adjusting the 
individual filament haul-off speeds, the diameter of the 
monofilament is altered by 22%. Also called spinnaret. See 
die orifice; fiber denier; fiber processing. 
fiber spool 
fiber, staple A fiber that is niade up of a large number 
of discontinuous, randomly oriented, individual fibers 
normally shipped in a box or bale. The fibers can be ob- 
tained by cutting continuous filament into ‘/z to 2 in. (12.7 
to 50 nim) lengths and 1 to 5 denier or manufactured di- 
rectly into desired lengths. They are usually subjected to 
a series ofprocesses, culminating in textile spinning to yarn 
and are processed like natural fibers, such as wool and cot- 
ton, with which they can be blended. See fiber tow. 
fiber strain gauge 
fiber strand See filament strand. 
fiber, straw A fibrous, cellulosic coniponent of certain 
plants (wheat, rice, etc.). Its fibers are 1 to 1.5 mni long, 
similar to those of hardwoods. Straw can be used as filler 
in plastics. Its main use is preparing a pulp by the alkaline 
process to yield specialty papers of high quality. The use of 
straw for conventional papermaking in the United States is 
of limited importance due to the abundance of pulpwood. 
fiber stress, mass Force per unit mass per unit length 
in grams per linear denier. It  is used the same way as force 
per unit area. See fiber denier; tensile strength. 
fiber stretch, cold A pulling operation with little or no 
heat on fibers to increase tensile strength. See orienta- 
tion. 
fiber tenacity See yarn tenacity. 
fiber tex See tex. 
fiber tow 1. The precursor of staple fibers is tow, which 
consists of large numbers of roughly parallel, continuous 
filaments. They are converted by cutting or breaking into 
staple fibers or directly into slivers, which are intemiediate 

A holder for fibers. See roving ball. 

See strain gauge. 

stages between staple fibers and yarns. In the latter case 
the filaments remain parallel. See fiber, staple. 2. An un- 
twisted bundle of continuous filaments, usually man-made 
fibers. For example, a tow designated as 140 K has 140,000 
filaments. See filament strand. 
fiber, textile A fiber or filament that can be processed 
into yarn or niade into a fabric by interlacing in a variety 
of methods, including weaving, knitting, and braiding. 
These forms of textile are used with plastics to fabricate 
parts such as high-strength tubes or pipes, electrical and 
medical devices, and so on. See fabric, woven; fiber; 
filament; reinforced plastic; roving, textile; textile; 
yarn. 
fiber tracer See reinforced plastic prepreg tracer. 
fiber turn per inch (tpi) 1. A measure of the amount 
of twist produced in a fiber, yarn, roving, and so on during 
its processing. See twist, direction of yarn. 2. The lead 
rate of a hoop layer at  a specified band width. 
fiber twist 
fiber, V A fiber whose leading flank intersects with the 
flowing flank of adjacent fiber at the fiber root. 
fiber, vegetable Vegetable fibers that are used in plas- 
tics include (1) seed-hair-cotton, kapok, milkweed floss; 
(2) bast-flax, hemp, jute, ramie; and (3) leaf-abaca, sisal. 
fiber, vulcanized See vulcanized fiber. 
fiber wadding 
or lap form. See filament winding lap; joining, lap. 
fiber warp See yarn warp. 
fiber, wet spinning See fiber processing, wet- 
spinning. 
fiber, whisker See reinforcement, whisker. 
fibril See stress whitening. 
fibrillation See fiber fibrillation; fiber processing. 
Fick’s law See devolatilization. 
filament 1. A single, threadlike fiber or a number of 
these fibers put together. 2. A variety offiber characterized 
by extreme length, which permits their use in yarn with 
little or no twist and usually without the spinning opera- 
tion required for fibers. See fiber processing. 
filament, glass A form of glass that has been drawn to 
a small diameter and extreme length. Most filaments are 
less than 0.005 in. (0.013 cni) in diameter. 
filament greige A silk or synthetic-filament term for 
gray fiber. 
filament lay 1. A length of twist that is produced by 
stranding filaments, such as fibers, wires, or rovings. 2. 
The angle that such filaments make with the axes of the 
strand during a stranding operation. The length of twist 
of a filament is usually measured as the distance parallel to 
the axis of the strand between successive turns of filaments. 
See yarn twist, balanced. 
filament, mono- A monofilament is a single filament 
of relatively indefinite length. They are generally pro- 
duced by extrusion. Also called monofill. See extruder 
godet unit. 
filament, multi- A continuous thread that is comprised 
of several individual monofilanients. 
filament roving See roving. 

See twist, direction of yarn. 

A loose cohering mass of fibers in sheet 
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filament shoe A device that gathers the numerous fil- 
aments into a strand in glass-fiber forming. 
filament silver A number of staple or continuous fila- 
ment fibers that are aligned in a continuous strand without 
a twist. 
filament strand A primary bundle of continuous fila- 
ments combined in a single compact unit without a twist. 
These filaments, usually 51, 102, or 204, are gathered to- 
gether in their forming operation. See fiber processing; 
fiber tow; roving. 
filament-strand end A group of filaments. See yarn 
end. 
filament-strand integrity The degree to which the in- 
dividual filaments making a strand or end are held together 
by the applied sizing. 
filament, stretched See forming, cold-drawing; 
orientation. 
filament tenacity See yarn tenacity. 
filament tex See tex. 
filament twist 
filament, virgin An individual filament that has not 
been in contact with any other fiber or any other hard 
material. 
filament winding (FW) A process that produces high- 
strength and lightweight products that consist basically 
of two reinforced-plastic ingredients-the reinforcement 
and a plastic matrix. The process uses a continuous rein- 
forcement (glass, carbon, graphite, PP, wire, and other 
materials in filament, yarn, and tape form) either previ- 
ously impregnated (prepreg) or impregnated at the ma- 
chine with a plastic matrix that is placed on a revolving 
(removable) mandrel followed by curing. Reinforcements 
have set pattern lay-ups to meet perforniance require- 
ments; the target is to have them uniformly stressed. See 
reinforced plastic. 
filament winding, ABL bottle 
filament-winding angle The angle measured in 
degrees between the direction parallel to the filaments 
and an established reference. It  is usually the centerline 
through the polar bosses-that is, the axis of rotation. 
filament winding, axial A filament that is parallel or 
at  a small angle to the rotational axis (0 helix angle). 
filament winding, balanced A winding pattern in 
which the stresses in all fibers or filaments are equal. 
filament winding, biaxial Winding in which the heli- 
cal band is laid in sequence, side by side, with crossover 
of the fibers eliminated. 
filament winding bladder /liner An elastonieric (bar- 
rier) lining that contains hydroproof and hydroburst pres- 
surization medium during curing. When a protective 
inside liner is required, the properly bonded bladder re- 
mains in the filament-winding structure. See barrier 
plastic. 
filament winding bleedout The excess liquid plastic 
that migrates to the surface of a winding. See bleed. 
filament winding butt wrap Tape wrapped around 
the mandrel in an edge-to-edge condition. 
filament winding cake forming The collection (pack- 

See twist, direction of yarn. 

See ABL bottle. 

age) of glass fiber strands on a mandrel during the forming 
or winding operation. 
filament winding circuit One complete traverse of 
the fiber feed mechanism of a filament-winding machine. 
filament winding, circumferential Filaments are es- 
sentially perpendicular to the axis of rotation. 
filament winding closure See closure. 
filament winding directional property See direc- 
tional property. 
filament winding displacement angle The advance- 
ment distance of the winding reinforcement on the equa- 
tor after one complete circuit. 
filament winding doff The act of removing a full 
package such as a roving ball from a winding machine. 
filament winding doily Planar reinforced plastic ap- 
plied to a local area between windings to provide extra 
strength where a cutout such as a port opening is in- 
cluded. 
filament winding dome The spherical or elliptical 
shell ends of a filament-winding container. 
filament winding doubler A local area with extra re- 
inforcement, wound generally with the part or wound 
separately and fastened to the part. 
filament winding, dry-winding Filament winding 
that uses impregnated roving as differentiated from wet 
winding. See reinforced-plastic wet winding. 
filament winding dwell See dwell. 
filament winding equator junction The line in a 
tank that describes the junction of the cylindrical portion 
with the end of the dome. Also called the turzgent line or 
point. 
filament winding gap 1. The space between succes- 
sive windings in which they are usually intended to lay 
flat next to each other. 2. The separation between fibers 
within a filament winding band. 3. The distance be- 
tween adjacent plies in the lay-up of unidirectional tape 
materials. 
filament winding geodesic-isotensoid contour The 
dome contour on a pressure vessel in which the fila- 
ments are placed on geodesic paths so that they exhibit 
uniform tensions throughout their lengths under pressure 
loading. This design produces a pressure container with 
the combination of providing the highest-pressure loading 
for the lightest weight. See design, geodesic isoten- 
soid. 
filament winding geodesic-ovaloid 1. The contour 
for end domes where the fibers form a geodesic line. 2. 
The shortest distance between two points on a surface of 
revolution. The forces exerted by the filaments are pro- 
portional to meet hoop and mechanical stresses at  any 
point. 
filament winding helical path The filament band ad- 
vances along a helical path but not necessarily at a constant 
angle except when winding a cylinder. 
filament winding knuckle area The area of transition 
between sections of different geometry such as where the 
skirt joins the cylinder of a pressure vessel. Also called Y- 
joint .  
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filament winding lap Thc amount of overlap between 
successive windings that is usually intended to minimize 
gapping. See joining, lap. 
filament winding lattice pattern A pattern with a 
fixed arrangement of open voids. 
filament winding longs Low-angle or longitudinal 
windings. 
filament winding loop-strength tenacity The tenac- 
ity or loop strength value obtained by pulling two loops 
against each other that can cause the fibrous (particularly 
glass) material to be cut or crushed. 
filament winding mandrel See bend, radius of; 
mandrel. 
filament winding, multicircuit Winding that re- 
quires more than one wrapping circuit before the band 
repeats by laying adjacent to the first band. 
filament winding netting analysis The analysis as- 
sumes that all stresses induced in the reinforced-plastic 
structure are carried entirely by the filaments and ignores 
the strength ofthe plastic. It  also assumes that the filaments 
possess 110 bending or shearing stiffness and carry only the 
axial tensile loads. 
filament winding pattern T o  meet different perfor- 
mance requirements, various patterns are used, including 
hoop or circumferential, helix narrow or wide ribbon, he- 
lix low angle, zero or longitudinal, polar wrap, simple or 
true spherical, and ovaloid. 
filament winding planar The winding path lies on a 
plane that intersects the winding surface. 
filament winding planar helix A dome in which the 
filament path lies on a plane that intersects the dome while 
a helical path over the cylindrical section is connected to 
the dome paths. 
filament winding, polar Winding in which the fila- 
ment path passes tangent to the polar opening at one end 
of the chamber and tangent to the opposite side of the 
polar opening at the other end. It is a one-circuit pattern 
that is inherent in thc system. 
filament winding pole piece A winding in which the 
filaments do not lie in an even pattern. The supporting 
part of the mandrel is usually on one side of the axes of 
rotation. 
filament winding prepreg and bag molding A de- 
vice that is used to obtain special high-performance 
reinforced-plastic products that require special fiber pat- 
terns or high fiber volume content such as 65%. These pre- 
pregs can be cut to the required shape and fitted in a mold. 
See reinforced plastic bag molding; reinforced-plas- 
tic prepreg. 
filament winding radius 
filament winding rail car See rail car, Glass- 
hopper. 
filament winding random pattern Winding that has 
no fixed pattern. If a large number of circuits are required 
for the pattern to repeat, a random pattern approach can 
be used. 
filament winding reverse helical pattern As the fi- 

See bending, radius of. 

ber delivery arm traverses one circuit, a continuous helix 
is laid down, reversing direction at the polar ends, in con- 
trast to biaxial, compact, or sequential winding. The fibers 
cross each other at  definite equators, the number de- 
pending on the helix angle. The minimum region of cross- 
over is three. 
filament winding roving See roving. 
filament winding, single-circuit-pattern A pattern 
in which the filament path makes a coniplete traverse of 
the chamber or mandrel, after which the following tra- 
verse lies immediately adjacent to the previous one. 
filament winding, slip-angle-pattern An angle at 
which a tensioned fiber will slide off the filament wound 
domc. If the difference between the wind angle and the 
geodesic angle is less than the slip angle, thc fiber will not 
slide off the dome. Slip angles for different fiber-plastic 
systems vary and must be determined experimentally. 
filament winding strength See ABL bottle; strength. 
filament winding tape 
filament winding tape laying A process in which tape 
is laid side by side or overlapped to form a structure. 
filament winding tension The amount of tension on 
the reinforcement as it niakes contact with the mandrel, 
The target is to have the required tension uniformly ap- 
plied to all reinforcements. See tensile strength. 
filament winding test 
filament winding, wet-winding The process of 
winding unimpregnated roving directed toward a mandrel 
where the reinforcements are impregnated with plastic just 
prior to contacting the mandrel. See filament winding, 
dry-winding. 
filament winding, winding-pattern The total num- 
ber of individual circuits that are required for a winding 
path to begin repeating by laying down immediately adja- 
cent to the initial circuit. 
fill and wipe 
filler An inert substance (organic arid inorganic with 
low to high weights) that is added to plastics to reduce 
costs. A filler is usually low in cost and may also improve 
processing and physical and mechanical properties, par- 
ticularly hardness, thermal insulation, stiffness, and im- 
pact strength. The particles are usually small, in contrast 
to those of reinforcements. Also called extenders. See 
additive; ash; binder; calcium carbide; calcium 
carbonate; carbon filler; carborundum; cellulose, 
alpha; channel black; coke dust; coral; diato- 
maceous earth; extender; ferrite; fiberglass, milled; 
flint; flock; fuller’s earth; glass filler; glass sphere, 
solid; hemp; keratin; lamp black; leather-dust; mac- 
erate filler; magnesium carbonate; mica; micro- 
sphere; particulate filler; plastic grout; pumice; 
quartz; reinforcement; sawdust; talc; vermiculite; 
wood flour. 
filler and property 
filler, dolomite 
nesia filler having the foriiiula (CaC03)(MgC03).  
filler, high-loading 

See prepreg tape. 

See test, NOL ring. 

See decorating, fill-and-wipe. 

See testing and classification. 
A double carbonate of lime and mag- 

See titanate coupling agent. 
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filler, inert A filler that is added to plastics to alter the 
properties of a product through physical rather than cheni- 
ical means. 
filler, mineral A large subclass of inorganic fillers that 
are comprised of ground rocks as well as natural or refined 
minerals. Commodity minerals are relatively inexpensive 
and are used mostly as additive extenders. Other fillers, so- 
called specialty minerals, are usually the reinforcing types. 
There are also inherently small-particle-size fillers such as 
talc and surface chemically modified fillers. See aggre- 
gate; china clay; oil; volcano. 
filler softening See stress softening. 
filler versus unfilled compound Fillers are used to re- 
duce the cost of material, and simply adding filler to a 
plastic does not automatically ensure savings. The density 
and cost of both the filler and plastic play an important 
role in determining the savings compared to unfilled. As 
an exaniple, by adding 30wt94 of mineral filler like talc to 
medium-impact polystyrene (sg. 2.5 to 3.1) reduces the 
amount of plastic by only 15%. But if a low-density filler 
like wood flour (s.g. 0.5; other types range froni 0.2 to 
1.5) is used in the same weight percentage, the specific 
gravity (s.g.) of a part is reduced to 0.79. Plastic content 
saving of 47wt% occurs compared to unfilled material. See 
blending; compounding. 
fillet A rounded filling of the internal angle between 
two surfaces of a part. See joining, fillet. 
filling gap 
film A plastic material that has a nominal thickness not 
greater than 0.010 in. (0.025 cm). Primarily extruders and 
calenders form thernioplastic films. Other processes in- 
clude solvent casting, chemical conversion, and skiving 
froni solid rolls. See calender; extruder-blown film; 
extruder flat film. 
film and sheet thickness See die, film and sheet 
thickness for a. 
film bactericide See bactericide. 
film, barrier A barrier structure for flexible packaging 
films. See barrier plastic. 
film blocking The cohesion between touching layers 
of plastic filnis or sheets, such as the one that niay develop 
under just slight pressure loading during storage or use. 
The extent of blocking depends on temperature, pressure, 
humidity, physical properties of the plastics, additives sur- 
facing the film, or processing conditions. If the plastic has 
a low softening point or if it picks up moisture readily, it 
will have a greater tendency to block than a plastic that 
has a high softening point and does not pick up moisture. 
The physical properties of the plastics on which blocking 
depends include the following: (1) smooth surfaces adhere 
more readily than rough surfaces; (2) adhesion will depend 
on the amorphous or crystalline character of the plastic 
with amorphous having a greater tendency to block; (3) 
if one surface is readily wet by the other, the tendency to 
block is increased; (4) if the melting point is low, there 
will be an increased tendency to block; (5) if the surface 
shows flow under pressure, the tendency to block niay be 

See adhesive gap filling. 

severe; (6) blocking is promoted by the tendency of the 
film to pick up water vapor; and (7) filnis and sheets that 
develop static electricity readily adhere to each other. 

Surface blocking is more of a probleni with blown-film 
than with flat-film extrusion. The inflatable bubble travels 
at higher speed and, cooled only with air, is squeezed to- 
gether and wound for only a few seconds after leaving the 
hot die lands. Blocking inay occur on the inside or outside 
of the tube, or in extreme cases, both inside and outside. 
Thicker films are easier to separate than thinner ones be- 
cause of better transniission of shear forces applied (for ex- 
ample, during bag opening). An excess of film surface 
treatment, which is used for good printing ink adhesion, 
frequently causes blocking. The treatment drives off addi- 
tives (slip additives, antiblocking agents, etc.) and enhances 
blocking. See additive, slip; antiblocking agent; 
antistatic agent; dusting agent; lubricant; sheet 
blocking. 
film, blown See extruded-blown film. 
film, breathable See packaging, breathable-film. 
film capping See coextrusion capping. 
film, cast 1. Filii1 (or sheet) that is produced by pouring 
or spreading plastic solution or melt over a suitable tempo- 
rary substrate, followed by curing via solvent evaporation 
or melt cooling and removing the cured or solidified film 
from the substrate. See casting, solvent. 2. Cast filins 
are extruded film that are cooled usually by having the 
filni pass through a water tank or under blown air using 
guide features. See casting; extruder flat film. 
film, clinging Film that either clings or sticks to itself 
or to other materials. It  is widely used in packaging. See 
packaging; thermoforming. 
film coating See coating. 
film decorating Improving the surface of fabricated 
parts using decorative film includes all measures that are 
carried out during or after fabrication. The result is protec- 
tion (hardening, barrier properties, etc.), technical effects 
(metallic characteristics, nonslip, etc.), individual optical 
effects (replaceable interior or exterior auto parts), infor- 
mation (operating instructions, etc.), publicity (printed 
images, logos, etc.), part defects (covering flow or weld 
lines, etc.), or decoration (color, gloss, matting, etc.). In 
many cases the surface is subsequently colored or provided 
with other effects that, for economical or technical rea- 
sons, can be applied only incompletely, if at all, during 
fabrication. Reasons for this action include insufficient 
smooth surface due to processing, plastic material with an 
undesirable color, only certain areas of a inolded part are 
to be decorated, or plastic surface is required to be harder. 
See decorating; electrical corona discharge treat- 
ment; foil decorating; in-mold decorating; surface 
treatment; texturizing. 
film, electrostatic charge Electrostatic charges on 
films and other plastics attract dust and other foreign ma- 
terials that ruin product appearance, produce tearing or 
jamming of online operations, or subject people to a sud- 
den (zapping) static discharge. Static eliminators or ionizing 
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bars are used to eliminate these charges. See electrostatic 
charge. 
film, flat 
film formation Virtually all thermoplastics can be used 
to produce film. Most films are produced using extruders 
(flat film and blown film), calenders, and solvent castings. 
See polymerization, electron-beam. 
film insert molding See molding, film-insert. 
film, laminated Thermoplastic film that has been larni- 
nated to substrates such as plastic film or sheet, paper, alu- 
minum foil, and so on. See inlay or overlay; laminate. 
film light transmission See light densimeter; light 
transmission. 
film, liquid oxygen compatibility See polyarylene 
ether phosphine oxide plastic. 
film market Total sales of film in the United States are 
at least $22 billion (6.4 inillion tons). About 72,000 people 
are employed in the industry. Film represents the largest 
single product produced from plastics, with its major mar- 
ket being in the packaging market. See agriculture mar- 
ket; market. 
film, parting See reinforced plastic bag-molding 
parting film. 
film perforating The process by which plastic film or 
sheeting is provided with various-size holes, from rather 
large holes for decorative effects (by means of punching 
or clicking) to very small, even invisible sizes. The latter 
are attained by spark erosion or by passing the inaterial 
between rollers or plates, one of which is equipped with 
closely spaced fine needles. See electroerosive cutting 
and sinking. 
film, pressure-detecting See pressure-detecting 
film. 
film, reflective See extruder-blown film die, coex- 
truded-reflective. 
film scrap See densifier. 
film, skived A film that is produced by shaving off a 
thin film or sheet layer from a large block of solid plastic, 
usually a round billet. Continuous filni is obtained by skiv- 
ing in a lathe-type cutting operation, similar to producing 
plywood that is cut from a tree trunk log. This process is 
particularly useful with plastics that cannot be processed 
by the usual plastic film processes such as extrusion, calen- 
dering, or casting. For example, PTFE is a plastic that is 
not basically granulated and processable using conven- 
tional fabricating methods. See extruder wire and ca- 
ble, ram; ingot; material, billet. 

PTFE powder is put into a mold to make billets. Pow- 
der is compressed uniformly (carefully) at pressures of 
2,000 to 5,000 psi (14 to 34 MPa). This preform is re- 
moved from the mold and sintered by heating unconfined 
in an oven at temperatures 680 to 715'F (360 to 380OC) 
for times rangmg from a few hours to several days de- 
pending on the size and shape of the billet. Billet sizes 
go from 2 to 1,600 lb (1 to 726 kg), among the largest 
thermoplastic moldings made of any plastics. Time with 
temperature variation during cure is closely controlled. 

See extruder flat film. 

The target is a final cure without voids and other defects 
that periodically occurs usually internally. Defective billets 
are not conducive to good filni skiving and are not recy- 
clable. 
film slippage and tearing See extruder-web ten- 
sion control, slipping and tearing. 
film spreader See doctor blade; extruder roll, 
spreader/expander. 
film, surface-treating See electrical corona dis- 
charge treatment; surface treatment. 
film thickness See radioisotope; sensor. 
film thickness is 4 pm See fabric, nonwoven flash- 
spun. 
film, thin See parylene plastic; spectroscopy posi- 
tion-annihilation. 
film toughness test See test, ball-burst film impact. 
film, transparent conductive See electrical trans- 
parent conductor. 
filter A device that is used to separate material particles 
from melts, fluids, or air. Filters can be porous, fibrous, or 
granular. See colloidal ultrafiltration; diatomaceous 
earth; dust collection, bag-filter; sensor, inductive 
and capacitive proximity. 
filtration, fiber See fiber-processing filtration. 
filtration, ultra- The separation of colloidal or very 
fine solid materials by filtration through microporous or 
semipermeable mediums. See diatomaceous earth. 
fin An edge that protrudes from the surface or excess 
material that is left on a fabricated part such as those places 
where a mold or die has mating surfaces. Fin also can exist 
in holes or the openings of a part. Different treatments are 
used to remove the fins if the process cannot correct the 
problem. See die; mold; surface finish. 
Finagle's law 
fine A very small particle, usually under 200 mesh, that 
accompanies larger fornis of molding powders that are de- 
veloped when granulating plastics. When plastics are ex- 
truded and pelletized, varying amounts of oversized pellets 
and strands are produced, along with fines. When the 
plastics are dewatered, dried, or pneuniatically conveyed, 
more fines, fluff, and streamers may be generated. Usually 
they are detrimental during processing so they are re- 
moved or action is taken to eliminate the problem during 
grinding zcrap, etc. See dicer; pelletizing. 
finish 1. To complete the secondary finishing work on 
certain parts after they are fabricated, such as with deflash- 
ing, buffing, tapping, degating, and machining. See bur- 
nish; polish; surface finish; surface treatment; tum- 
bling. 2. The surface treatment of parts based on molds, 
dies, and other tools are available from industry. See 
mold-cavity surface; surface finish. 3. See decorat- 
ing; fiber finish; wax. 
finish, baking A coating, paint, or varnish that requires 
a baking temperature greater than 66OC (150OF) for the 
development of desired properties. Such finishes are based 
on epoxy oil-modified alkyd, melamine, and so on. Bak- 
ing, usually by infrared, produces high-molecular-weight 

See fabricating, Finagle's law of. 
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finishes that are dense and tough. See coating; infrared; 
molecular weight; paint; varnish. 
finish, barrel burnishing The snioothing of surfaces 
by means of tumbling, such as a ball mill. 
finish, blast The process of removing flash from (usu- 
ally) thernioset molded plastics or dulling surfaces of ther- 
moplastic or thermoset plastics. An impinging medium, 
such as steel balls, crushed apricot pits, walnut shells, or 
plastic pellets, is used with sufficient force. When the plas- 
tic is not sufficiently brittle, it can be chilled. The majority 
of machines are batch types comprised of wheels rotating 
at  high speeds, fed at their centers with the media, which 
is thrown out at  high velocity against the parts. Some con- 
tinuous machines allow a speed-controlled, open wire- 
screen conveyor belt to be used. See deflashing; flash; 
polish; surface finish. 
finish, bright A laminated plastic decoration that indi- 
cates a glossy surface finish. 
finishing, ashing and lapping A plastic part is seldom 
ashed or lapped. It  is necessary only to use abrading tech- 
niques when models are machined from plastic blocks. 
Ashing produces a satinlike surface, but subsequent pol- 
ishing is required to secure a lustrous finish. The process 
is done on a wheel that is usually built up of muslin disks, 
preferably not sewed together. Wet pumice is applied be- 
tween the work and the ashing wheel. The pumice is wet 
to accelerate the cutting and also retard excessive dusting. 
The part should be washed as soon as it is ashed and 
promptly dried. Lapping is an operation similar to ashing 
except that the work is done on the side of the wheel 
instead of the periphery. A lapping wheel consist5 of a flat, 
metal disk on the end of an arbor or shaft. To  the surface 
is cemented heavy felt, and in turn wet pumice is applied. 
The part is pressed against this surface. See ashing; bees- 
wax; buffing; polish; sanding; surface finish; wax; 
wet ashing. 
finishing, barrel The cleaning, smoothing, and pol- 
ishing of plastic and metal parts by mechanical friction, 
which is obtained by placing them in a drum or barrel that 
rotates on the horizontal axis. An abrasive niediuni is used 
in the container with water usually added. The containers 
often include vertical dividers to make two or more coni- 
partinelits that can be individually loaded and unloaded. 
finishing, mass There are three basic types-namely, 
barrel, vibrator, and centrifugal systems. When used prop- 
erly each system produces good-quality parts. Where they 
differ is in their speed and cost; the faster the system, the 
more expensive. 
finish, matte A surface with a dull, nonreflective finish. 
finish, pre- The finish of a processed plastic part, such 
as the parting line of threads, closures, or flash. 
finish, surface See surface finish. 
finish system, reduced solvent A finishing system that 
replaces conventional solvents with carbon dioxide to re- 
duce volatile organic compound (VOC) levels to meet 
emission standards. See carbon dioxide; solvent; Uni- 
carb; volatile organic compound. 

finite-element analysis (FEA) A computer analysis 
that provides a means to theoretically predict the structural 
integrity of a part using mathematical geometry and load 
simulation. A stress analysis can be taken of finite sections 
for analysis of the forces and loads the part will experience 
in service. It generates an analysis that shows the force con- 
centrations in the section and determines if the niaterial 
and design shape selected will be OK. See computer 
finite-element mesh operation; die shape; perfor- 
mance prediction. 
fire The manifestation of rapid combustion or the com- 
bination of materials with oxygen. It is the destructive 
burning as manifested by any or all the following: light, 
flame, heat, electricity, and smoke. See autoclave nitro- 
gen atmosphere; burn; combustible; combustion; 
flame extinguished; flammability; ignition tempera- 
ture; limiting index oxygen; smoke emission; test, 
fire cone and lift; test, tunnel fire. 
fire and plastic The fire or flainniability properties of 
plastics vary from those that burn easily to those that do 
not burn. Fire requirements are determined based on fire 
tests, standards, or specific requirements. The $2.3 million 
Tiffany Street Pier in the borough of the Bronx, New 
York City, is one of the largest single uses of “plastic luiii- 
ber” that was extruded from recycled plastic into boardlike 
shapes. It measures 410 ft (125 ni) long by 49 ft (15 in) 
wide with a gazebo and was built in 1995. In 1996 it was 
hit by lightning and, as reported by the fire experts, it sur- 
vived better than if it had been a traditional wooden pier 
even though one-third of the plastic was damaged. The 
damaged section was replaced with the extruded plastic 
lumber. 
fire and plastic solvent See chlorinated compound 
solvent. 
fire, back-flash See back-flash. 
fire cone and lift, test 
fire drill See training crisis. 
fire hazard See dust, industrial. 
fire index See Underwriters’ Laboratory fire resis- 
tance index. 
fireproof agent See flame retardant; zinc car- 
bonate. 
fire resistant The ability of a structure to perform its 
function satisfactorily during and after a fire or give protec- 
tion from it. See coating, intumescent; flame re- 
tardant. 
fire retardance The resistance to combustion of a 
material when tested under specified conditions. See 
flammability; ISO; limiting index oxygen; Under- 
writers Laboratory classification; zinc borate; zinc 
carbonate. 
fire retardant A material that resists ignition and the 
spread of flame across its surface. 
fire risk See risk, fire. 
fishbone diagram A technique that is used to list all 
the variables and steps in a solution to a problem (Ishikawa 
diagram). All contributing elements are associated with 

See test, fire cone and lift. 
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each factor and are taken back to their starting point 
to ensure that all variable elements are considered. See 
graphical database. 
fish-eye A fault that appears particularly in transparent 
or translucent plastics, such as film or sheet, as a sniall glob- 
ular mass that has not completely blended into the sur- 
rounding material. Its cause includes inconiplete material 
blending, processing variations, or environmental condi- 
tions that include overstress. Also called cat’r-eye. See de- 
fect; globule; processing window. 
fissure 
fit See design, clearance-fit; design, snap-fit; 
joining-and-bonding method; welding. 
fit, interference A mechanical fastening method that is 
used to join two parts, with friction holding the parts to- 
gether. For example, a plastic hub and a shaft may have 
the external diameter of the shaft larger than the internal 
diameter of the hub. This interference could produce high 
stress in the material and must be determined carefully to 
avoid exceeding the allowable stress for the plastic. Stress 
relaxation can occur in interference fits, causing the joint 
to loosen over time. Also called pves~f i t .  See design, 
maximum diametrical interference. 
fit, pre- A process for checking a fit of mating detail 
parts in an assembly prior to permanent attachnient, such 
as adhesive bonding or mechanical fastening, to ensure 
proper lineup and attachnient lines. 
fixing agent 1. A mechanical substance (albumin) that 
is capable of holding pigments permanently. See pig- 
ment. 2. A gum or starch that holds dyes and other 
substances mechanically on textile fibers long enough to 
be processed. 3. A substance that aids fixation of mor- 
dents on textiles by uniting cheniically with them and 
holding thein on the fiber until the dyes can react with 
them. 
fixture In assembly of parts, a device that is used to align 
and support the parts. See assembly/joining. 
flake 1. A form of plastic raw material that is processed. 
2 .  The dry, unplasticized base of cellulosic plastics. 3. See 
glass flake; scale. 
flame A hot, usually luminous zone ofgas, ofparticulate 
matter in gaseous suspension, or both, that is undergoing 
combustion. See combustion; flammability; ignition 
temperature; smoke emission. 
flame annealing Annealing in which the heat is applied 
directly by a flame. See annealing. 
flame extinguished A self-extinguishing material that 
will burn in the presence of a flame but will extinguish 
itself within a specified time after the flame is removed. 
This term is not universally accepted. 
flame proofing See antimony trioxide. 
flame resistance The ability of a material to extinguish 
a flame once the source of heat is removed. 
flame retardant A material that reduces the tendency 
of plastics to burn or not burn; inherent characteristic of 
most thermoset plastics. Others can be modified to reduce 
or eliminate the tendency of the plastic to burn. They are 

A surface split or crack with narrow openings. 

usually incorporated as additives during compounding, but 
sometimes they are applied as a coating to the parts surface. 
Different additives can be used to nieet different pro- 
cessing capabilities or product performances that will not 
burn or will be self-extinguishing. The mechanisms of 
flanie retardation vary depending 011 the nature of material 
and flame retardant. Types include aluniinatrihydrates, an- 
tiniony oxides, borate bromines, chlorines, niagnesiums, 
inelanline phosphates, niolybdenurns, aiid phosphates. 
Popular and very useful types are the brominated com- 
pounds, which create toxic dioxins; the industry is work- 
ing on a substitute for them, which is a difficult task since 
they are extremely efficient as flame-retardants. There are 
retardants that yield a substantial volume of coke on 
burning, which prevents oxygen from reaching inside the 
material aiid blocks further combustion. See alumina 
trihydrate; antimony oxide; antimony pentoxide; 
coating, intumescent; fire resistant; phosphorous- 
base flame retardant. 
flame retardant coating See coating, intumescent. 
flame spraying See coating, coil; coating, flame- 
spraying. 
flame spread index 
flame treating Method of rendering inert thermoplas- 
tic parts, such as polyethylene and polypropylene, re- 
ceptive to inks, lacquers, paints, adhesives, and so on. 
They are exposed to less than a second of an open flame, 
which oxidizes the surface, making it more receptive. 
See chemical etching; chemical surface treatment, 
plastic; decorating pretreatment; surface treat- 
ment. 
flammability The measure of the extent to which a 
material will support combustion. Also known as inflam- 
mability. See burned; burning rate; fire retardant; 
flash; heating, catalytic; incineration; limiting index 
oxygen; smoke emission; test, tunnel fire. 
flammability, adiabatic See adiabatic flame tem- 
perature. 
flash 1. See deflashing; molding flash line. 2. In 
welding thermoplastics, the molten plastic that seeps out 
of the joint area during the welding process. 
flashing, vacuum The heating of a liquid that, on re- 
lease to a lower pressure (vacuum), undergoes considerable 
vaporization (flashing). Also called flash vaporizution. 
flash land See mold land. 
flash line, molding 
flash point The lowest temperature at which a combus- 
tible liquid will give off a flammable vapor that will burn 
riiomentarily . 
flash scarfing The removal of flash or bead by a cutting 
operation. See cutter; flash. 
flash-spun nonwoven fabric See fabric, nonwoven 
flash-spun. 
flat film See extruder-blown film; extruder flat 
film. 
flatness and warpage See warpage. 
flavor See odor. 

See test, flame spread index. 

See molding flash line. 
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flavor test See organoleptic. 
flaw See troubleshooting flaw. 
flax See fiber, flax. 
flexibility The property of a material by virtue ofwhich 
it may be flexed or bowed repeatedly without undergoing 
rupture. See rigidity; temperature flexibility, plastic. 
flexibilizer additive A substance that is added to fabri- 
cated parts to make them more flexible or tough. See 
plasticizer. 
flexible mold See mold, elastomeric. 
flexible packaging See packaging, retortable- 
pouch. 
flexographic printing See printing, flexographic. 
flexometer See test, flexometer. 
flexural, apparent A measure of the relativc stiffness of 
a material that is taken without pertinent property data. 
Also called stgners in jextrre. See modulus, flexural. 
flexural life The number of cycles that are rccluired to 
produce a specified state of failure in a specimen that is 
flexed in a prescribed method. See deflection tempera- 
ture under load versus crystallinity; test. 
flexural modulus See modulus, flexural. 
flexural property The reaction of physical systems to 
flexural stress and strain. It is a function of load at a given 
strain rate, support span, shearing action, and specimen 
geometry (width and depth). See bend, free; test, cold- 
bend. 
flexural rigidity A measure of rigidity of a plate under 
load in in./lb (cni/kg); thus d = Eh3/[12(l - v ) ] ,  where 
E = modulus of elasticity, h = thickness of plate, and 
v = Poisson’s ratio. See design, Poisson’s ratio in; 
modulus of elasticity. 
flexural short-beam shear (SBS) A test of a specimen 
having a low test span-to-thickness ratio such as the usual 
of 4: 1, such that failure is primarily in shear. 
flexural strength The maximum stress of a test speci- 
men loaded to failure in bending, with load applied per- 
pendicular to its surface. Also called modulus (zf rupture, 
bending strength, or cross-bveakinx strenxth. See modulus of 
rupture; strength. 
flexural strength, biaxial The niaximuni stress in a bi- 
axial mode of flexure that a specimen develops at rupture. 
This stress will normally be the calculated maximum radial 
tensile stress at the center of the convex surface. This mode 
of flexure is a cupping of the circular plate caused by cen- 
tral loading and supporting near the rim. See directional 
property, biaxial; orientation, biaxial. 
flexural strength, wet The flexural strength after water 
immersion, usually after boiling the test specimen for two 
hours in water. This test can relate mechanical pedor- 
niances for plastics, particularly reinforced plastics. 
flexural stress The niaximuni stress in a specimen at a 
given strain rate in a specific bending test such as a simple 
beam supported at two points and loaded at the midpoint. 
See stress-strain curve. 
flexural testing Other methods of flexural testing, 
other than the usual 3-point test, include the cantilever 

beam method. It is used in creep and fatigue testing and 
for conducting tests in different environments. See de- 
flection; test, deflection temperature under load. 
flexural test, short-beam shear (SBS) A 3-point 
flexural test of a specimen having a low test span-to-thick- 
ness ratio, such as 4 : 1, with a result that failure is primarily 
shear. It is particularly applicable in testing reinforced plas- 
tics or plastic compounds with high additive contents. See 
compound; reinforced plastic; shear. 
flint Natural rock of very fine-grained silica that is used 
as a filler. 
floating platen See platen, floating. 
floc Small masses that are formed in a fluid through co- 
agulation, agglomeration, or biochemical reaction of fine 
suspended particles. 
flocculating agent A reagent that is added to a disper- 
sion of solids in a liquid to bring together the fine particles 
to form flocs. Also called-pocculent. 
flocculation The formation, sometimes reversible, of a 
loosely coherent, partially agglomerated elastomer, distrib- 
uted in the liquid phase of a latex. See cationic reagent. 
flocculent To cause to aggregate or coalesce into a 
flocculent mass. 
flock Very short fibers that are used as fillers in plastic 
materials and can improve processing or properties or re- 
duce cost. Fibers are reduced to fragments by cutting, tear- 
ing, or grinding, producing different forms that include 
entangled fiber, small bead size, or usually broken fibers. 
flocking A method of coating by spraying finely dis- 
persed powders or fibers by pneumatic or electrostatic 
nieans on an adhesive coated surface, producing a velvety 
surface. Another method takes preheated parts that are 
dropped into a bed of powder or fibers. Fibers used in- 
clude nylon, rayon, cotton, or polyester. It provide? an 
attractive or decorative surface, sound absorber, and so on. 
Also called jkick spraying. See coating, coil; powder 
coating. 
flood coating See coating, flood. 
flooding See coating, flood; mold cooling, flood; 
migration. 
flooring See aggregate; polyvinyl chloride plastic; 
vinyl composition tile. 
floppy disk A personal computer magnetic memory 
disk that is made of flexible plastic filni. It stores up to 
several million bytes of date. See compact disc. 
flotation agent See calcium sulfide. 
flour An organic, finely ground filler, extender, or rein- 
forcement such as wood and shell flour, that is added to 
plastics. See additive; filler versus unfilled compound; 
shell flour; wood flour. 
flow 1. A qualitative description of the fluidity of a 
plastics material during processing. See consistency. 
2. The deformation of a material under the action of a 
sustained hot or cold force. See Euler equation. 3. The 
movement of plastic melt under pressure, allowing it to 
fill all parts of a mold or fill the orifice or opening of an 
extruder die. See transport property. 4. The gradual 
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but continuous distortion of a product under continued 
load, usually at high temperature. Also called creep. See 
test, cup-flow. 
flow, capillary tube See viscosity, Hagen-Poiseuille 
law of. 
flow chart A lined diagram chart that traces a process 
from start to finish. See algorithm. 
flow coating See coating, flow. 
flow, cold A plastic exhibits cold flow when it does not 
return to its original dimensions after being subjected to 
stress or load at temperatures well within its usual op- 
erating range. A part of such deformation is sometimes 
recoverable when the stress has been removed. See creep; 
deformation under load. 
flow cup test 
flow, drag The mechanism by which plastic melt is 
caused to resist flow. For example, a single screw extruder 
builds up pressure and develops drag-flow effects. The 
plastic melt must wet both screw and barrel to produce 
drag-flow effects. See screw drag flow. 
flow effect, Weissenburg See Weissenburg effect. 
flow, Ellis model See viscosity, non-Newtonian 
flow Ellis model. 
flow, irreversible See rheology. 
flow, laminar See melt flow, laminar; flow, viscous. 
flow line See weld line. 
flow mark A wavy surface appearance on a sheet across 
extrusion machine transverse direction that is caused by 
improper flow of the melt leaving the die. A similar action 
can occur when improper melt enters an injection inold- 
ing mold. 
flow, melt See melt flow. 
flow model Many mathematical modes exist for de- 
scribing the flow behavior of non-Newtonian fluids. Their 
starting points use the basic isothermal Newtonian concept 
with modifications to fit a physical situation. The usual 
has a fluid located between two parallel plates where 
one moves and the other is stationary. See isothermal; 
modeling; mold-cavity melt-flow analysis; pressure 
flow; viscosity, non-Newtonian flow Ellis model. 
flow meter A device that is used to read the volumetric 
flow rate of a material. See venturi. 
flow molding See molding, flow. 
flow, plastic The measure of the deformation of a plas- 
tic under load. 
flow, plug A flow condition during the processing of 
plastic in which the velocity across the melt stream, such 
as in an extrusion die or injection mold cavity, is essentially 
constant. See design-mold basics of flow. 
flow, Poiseuille An alternate name for pressure flow in 
general but often for axial streandine flow in a circular 
cross-section pipe for which Poiseuille law holds for New- 
tonian fluids. See melt-flow analysis problem; pres- 
sure flow; viscosity, Hagen-Poiseuille law of. 
flow promoter See processing stabilizer. 
flow test, thermoset 
flow test, Canadian 

See test, cup-flow. 

See test, thermoset-flow. 
See test, Canadian melt-flow. 

flow, viscous A type of fluid in which all particles of 
the fluid flow in a straight line that is parallel to the axis 
of a container pipe or channel with little or no mixing or 
turbidity. 
flow, workability The flowability for a material to fill 
forms and molds without the presence of large voids. 
fluid-bed process A bed of powdered or granular ma- 
terial, such as quartz sand, that can be made to behave like 
a liquid in many respects when a gas stream is passed 
through it at a particular velocity. Examples of applications 
include the coating of materials (plastic, metal, etc.), the 
cracking of some oil fractions, and the calcining of iron 
pyrites and chalk. In the pyrolysis of plastics the process 
facilitates rapid heat transfer in a closed reactor without 
moving parts. See coating, fluidized-bed; coating, 
fluidized-bed metal stripping; catalyst, fluid; coat- 
ing, flood; extruder back-pressure-relief port; fluid- 
bed process; powder coating; salt bath. 
fluid catalyst See catalyst, fluid. 
fluid, immiscible See immiscible. 
fluidity The rate of flow. The term is the reciprocal of 
viscosity. See impregnation, introfaction. 
fluorescence A type of luniinescence in which an atom 
or molecule emits visible radiation in passing from a higher 
to a lower electronic state. The term is restricted to a phe- 
nomenon in which the time interval between absorption 
and emission of energy is extremely short to 10-’ s). 
This distinguishes fluorescence from phosphorescence in 
which the time interval may extend to several days. See 
krypton; luminescent pigment; pigment, fluores- 
cent; spectroscopy. 
fluorescence and processing See processing via 
fluorescence spectroscopy. 
florescence, resonance See spectroscopy, absorp- 
tion. 
fluorescent The optical effect produced when light is 
absorbed by a substance and emitted as light of another 
wavelength. Ultraviolet light, which is invisible, is emitted 
as visible light when it strikes a liquid or solid fluorescent 
substance. See spectrograph, x-ray fluorescence; 
Stoke’s law. 
fluorescent brightening agent An additive that is 
used to improve the apparent whiteness of plastics or to 
counteract the faint yellowish tinge inherent in certain 
plastics. See optical brightener agent. 
fluorescent light See krypton. 
fluorescent pigment See pigment, fluorescent. 
fluorescent process See spectrograph, x-ray fluo- 
rescence. 
fluorescent whitening agent See pigment, fluo- 
rescent. 
fluorinated ethylene propylene plastic (FEP) A 
thermoplastic in the family of the fluorocarbons. It is a 
copolymer of PTFE and hexafluoropropylene that has 
good weatherability, low dielectric constant, low flani- 
inability, low coefficient of-friction, and high chemical re- 
sistance. This FEE’ has decreased tensile strength, wear re- 
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sistance, and creep resistance when conipared to the base 
polymers. It is useful up to 200°C; above that point FEP 
deconiposes, releasing toxic products. With its low melt 
viscosity, it is easy to process by conventional equipment 
(extruder, injection molding, powder coating, etc.). 
fluorination The process of chemically reacting a mate- 
rial with fluorine-containing compound to change its sur- 
face properties during or after its fabrication. It is done in- 
process during blow molding, adhesive bonding, printing, 
and so on. Posttreatment includes the usc of a closed or 
sealed chamber where the part is exposed to the gas. For 
example, it can improve the gas barrier of PE to nonpo- 
lar solvents. See barrier via chemical modification; 
gasoline tank permeability; sulfonation; surface 
CASING; surface treatment. 
fluorine (F) A very reactive nonmetallic element. A 
pale yellow gas that is both corrosive and poisonous, it 
reacts vigorously with most oxidizable substances at room 
temperature and forms fluorides. It  is used to produce dif- 
ferent fluorocarbon plastics. See halogen; perfluoro- 
methylvinyl ether elastomer. 
fluorocarbon plastic See fluoroplastic. 
fluorochemical See chemical, fluoro-. 
fluoroelastomer A class of synthetic elastomer that is 
designed for demanding service application, such as excel- 
lent resistance to corrosive fluids, other chemicals, and 
high temperatures. Also called jluorine rubber. 
fluoroplastic A family of thermoplastics that is analo- 
gous to the polyethylenes in which sonie of the hydrogen 
atoms attached to the carbon chain are replaced by fluorine 
or fluorinated alkyl groups. In some cases, other halogens 
such as chlorine are also part of the molecule. Avail- 
able fluoroplastics include polytetrafluoroethylene, poly- 
fluorohydrocarbon, polyfluorocarbon, fluorohydrocarbon 
plastic, fluorocarbon plastic, ethylene chlorotrifluoroeth- 
ylene plastic, and ethylene-tetrafluoroethylene plastic. 
These TPs provide excellent chemical resistance, antifric- 
tion properties, thermal stability, antiadhesive properties, 
low flammability, and weatherability. However, they have 
low creep resistance and strength with insufficient ease of 
processing; certain conditions in processing are used be- 
cause of their melt characteristics. Their properties and 
processability depend on the content of fluorine. Applica- 
tions include electrical and electronic uses, pipe and tub- 
ing, and chemical processing equipnient. Also called $no- 
viipolymev or jluorocaubon. See adhesive surface sodium 
treatment; cryogenic property; molecule; poly- 
chlorofluorocarbon; trifluorochloroethylene plastic. 
fluorosilicone plastic (FS) A synthetic plastic that is a 
combination of organic and inorganic materials. FSs are 
made up of alternating silicon and oxygen atoms with 
trifluoropropyl pendant groups. Most FSs are elastomers 
or rubbers. 
fluted core See core, fluted; sandwich core mate- 
rial. 
fluxing The preparation of a plastic composition to ini- 
prove melt flow. For example, fluxing is used in calen- 

dering lines for preparing PVC materials. The equipment 
can include batch-type Banbury mixers, Farrel continuous 
mixers (FCMs), Buss Ko-Kneaders (BKKs), and planetary 
gear extruders (PGEs). Dry blend is fed into the mixer or 
extruder. Excellent mixing within a short dwell time and 
heat transfer control contribute to an improved product. 
During fluxing, each particle receives the same “gentle” 
treatment, generating less heat history and producing a 
more uniform feed rate, color, gauge thickness, web sur- 
face, and so on. The feed can discharge onto a two-roll 
mill. Operating this way, it provides a second fluxing ac- 
tion, mainly for working in scrap or for convenience as a 
buffer. See mixer. 
food container See packaging; Petlite. 
foam A flexible to rigid material that contains many 
cells (open, closed, or both) dispersed throughout the ma- 
terial. Foamed products, whether thermoplastics or ther- 
mosets, have played a large part and are in a special cate- 
gory within the plastics industry. Foam’s apparent density 
is decreased by the presence of numerous cells throughout 
the mass; it is a two-phase gas-solid system in which the 
solid is continuous and composed of plastic material. Also 
called cellular plastics, expanded p/asti+znis, st~uctuual plastic 
@am.<, and plastic.foanzs. See expandable plastic; poly- 
mer, reactive. 
foamed air-flow level The volume of air per minute 
at standard temperature and pressure that is required to 
maintain a constant pressure differential of 125 Pa (0.5 
in. of water) across a flexible foam specimen about 50 X 
50 X 25 nim (2 X 2 X 1 in.). See conservation ofmat- 
ter, law of. 
foam and blowing agent A substance that is used for 
the production of plastic foams. Depending on the basic 
plastic and process, different blowing agents are used to 
produce gas and thus to generate cells or gas pockets in 
the plastics. They are divided into the two broad groups 
of physical blowing agents (PHAs) and chemical blowing 
agents (CBAs). The compressed gases often used are nitro- 
gen or carbon dioxide. These gases are injected into a plas- 
tic melt in the screw barrel under pressure (higher than 
the melt pressure) and form a cellular structure when the 
melt is released to atmospheric pressure or low pressure. 
The volatile liquids are usually aliphatic hydrocarbons, 
which niay be halogenated, and include materials such 
as carbon dioxide, pentane, hexane, and methyl chloride. 
Polychlorofluorocarbons were formerly used but have 
now been phased out due to reported environnieiital 
problems. Also called.fiian&g agents. See aeration; anti- 
foaming agent; azodicarbonadide; carbon dioxide; 
environmentally friendly additive; expandable plas- 
tic; foamed plastic, mechanical; hydrochlorofluo- 
rocarbon; molecular sieve; nitrogen; pentane gas; 
Petlite; polychlorofluorocarbon. 

CBAs, generally solid materials, are of two types: inor- 
ganic and organic. Inorganics include sodium bicarbonate, 
by far the most popular, and carbonates such as zinc or 
sodium. These materials have low gas yields, and the cell 
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structure they create is not uniform. Organics are mainly 
solid materials designed to evolve gas within a defined 
temperature range, usually called the decornposition tempera- 
ture range. This is their most important characteristic and 
allows control over gas developments through both pres- 
sure and temperature. This increased control of the CBAs 
produces a finer and more uniform cell structure as well 
as better surface quality on the foamed plastic. There are 
dozens of different types available that decompose at teni- 
peratures from at least 220 to 700°F (105 to 370°C) and 
possibly higher. Many of these CBAs can be made 
to decompose below their decomposition temperature 
through the use of activators. 

Recognize that only certain CBAs can be used with 
certain plastics. They have to be compatible chemically 
and start gassing at the required temperature. If they are 
not compatible, different problenis develop, such as dis- 
coloration and property losses. A CBA with a teinpera- 
ture over the melting temperature of the plastic will not 
form gas. 
foam and process Almost all plastic fabricating pro- 
cesses and plastics are used to produce foamed products, 
such as the popular cups and dishes, insulating containers, 
pipes and profiles, and buns. The major techniques use 
expansion by a blowing agent; some foam is produced by 
mechanical agitation. For example, extruded sheets can be 
made on a tandem line using two extruders. The first ex- 
truder prepares the melt that is fed into the second ex- 
truder, which provides a uiiiforiii temperature to the melt 
prior to forming a foamed tube through its die. This tube 
is slit into two halves. Two flat foamed sheets go down- 
stream to windup rolls. A single extruder can be used; it 
is not as efficient in the melt temperature final control 
when certain plastic mixes with blowing agents and addi- 
tives are used or tight performance requirements exist. 
However, this single-stage extruder is widely used because 
of its economic advantages. See blow-molding coex- 
trusion foam; coextrusion foam core; coinjection 
molding; extruder cooling and takeoff equipment; 
foamed casting; injection molding, foamed gas 
counterpressure; injection molding, foamed high- 
pressure; mold, collapsible-core; reaction injection 
molding. 
foam and process cell structure Depending on how 
they are processed, foams are available with open-celled 
construction (reticulate), closed, interconnecting con- 
struction, or their combinations. Their densities usually 
range froni 0.1 to over 60 Ib/fi' (1.6 to over 960 kg/m3). 
They can be rigid, semirigid, or flexible as well as colored 
or plain. They offer advantages such as insulation, cushion- 
ing, cores for sandwich construction, and many more. 
Foamed plastics, like their solid counterparts, can be used 
for almost an unliniited range of products. An architectural 
example was an R&D project in 1966. Dome-shaped 
buildings in Lafayette, IN, were built using PS foamed 
boards that used the Dow Chemical patented spiral-gener- 

ation technique. The self-supporting domes required no 
internal or external support during or after manufacture; 
they provided their own insulation, and it was easy to cut 
out sections to create openings for doors, windows, and 
connecting halls from donie to dome. Their outsides were 
covered with steel wire mesh and concrete and then wa- 
terproofed. The inside walls were covered with appro- 
priate plaster and paneling. See reticulate. 
foamed, anti- See antifoaming agent; defoamer 
additive. 
foamed block A segment of foam that is cut off from 
continuously produced slabs of foam using different foani- 
processing techniques. Also called bun. See expandable 
polystyrene block molding; press, block. 
foamed, blow molded See blow molding coextru- 
sion foam. 
foamed blown, cellular The volunie expansion dur- 
ing the production of foanied/ expanded plastic. 
foamed blown COz Carbon dioxide for blowing that 
is generated by chemical reaction between water and the 
isocyanate plastic. Also called water-b/oiun &am. See car- 
bon dioxide. 
foamed buffer See buffer. 
foamed bun A large block of foam that can be cut into 
any desired shape. See foamed sheet stock. 
foamed casting A simple noninechanical version of re- 
action injection molding or liquid injection molding. 
Foaming components are poured into a mold cavity that 
is usually heated. 
foamed cell A cavity that is left in a foam structure after 
the bubble walls have completely polymerized and solidi- 
fied. See cell; foam and process cell structure; nucle- 
ating agent, cell-control. 
foamed cell, closed A cell that is enclosed by a niem- 
brane and rib structure. 
foamed-cell collapse Inadvertent densification of foam 
during fabrication that results from the breakdown of cell 
structure. 
foamed cell, open A cell that interconnects within 
a riblike structure (skeletal). A noninterconnecting cell 
structure also exists. Also called veticnlnted or uxblikr mate-  
vial. 
foamed cell unit See cell unit. 
foamed chemical blowing agent 
blowing agent. 
foamed, coextruded 
sion foam; coextrusion. 
foamed, cold-cure 
high-resiliency flexible foams. 
foamed compound, poly01 
molding. 
foamed concrete See cellular concrete. 
foamed core See core, honeycomb or foam; sand- 
wich construction. 
foamed cream time The length of time between 
pouring mixed foam, usually PUR, and when the material 

See foam and 

See blow molding coextru- 

A method that is used to produce 

See reaction injection 
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turns creamy or the beginning of foaming. See foamed 
rise time. 
foamed cure time The time at which the chemical re- 
action is 100%) coniplete and all desired physical properties 
are achieved. 
foamed density, reduced The reduction in the weight 
of plastics such as the ratio of foam bulk density to non- 
foamed (processed solid) bulk density. 
foamed elastomer A cured elastomeric material that 
contains variations of cells or small voids that can provide 
different degrees of flexible to rigid foamed plastics. See 
elastomer. 
foamed, expandable plastic See expandable plastic. 
foamed, expandable polystyrene See expandable 
polystyrene. 
foamed, extruded See extruder cooling and take- 
off equipment; coextrusion foam core. 
foamed flame resistant coating See coating; intu- 
mescent. 
foamed free rise The unrestricted rise of a foam. 
foamed frothing Blowing agent or tiny air bubbles un- 
der pressure into a liquid mixture offoam ingredients. The 
foam is permanently stabilized by chemical reactions. 
foamed ground aircraft arrester A bed system of 
closed cells, rigid phenolic foamed sheets that can be ar- 
rayed in an airport overrun or safety area of an airport 
runway. This safety approach is designed to slow and stop 
airliners that overrun runways. The foam is designed to 
crush under the aircraft’s landing gear, creating a sufficient 
drag to stop the plane safely. 
foamed house See plastic house. 
foamed, injection-molding See injection mold- 
ing, foamed gas counterpressure. 
foamed in place Having foam deposited when a foain- 
ing machine or filled canister is brought to the work as 
opposed to the work brought to a foaming machine. The 
technique involves depositing a foamable plastic (prior to 
it being foamed) into the place where it is intended that 
foaming will take place. After insertion, foaming action 
occurs. Thus a foamed insulation can be poured in build- 
ings, packages, and so on. Also called in-situ. See foamed 
polyurethane. 
foamed latex See latex foam. 
foamed, one-shot system PUK foam, in which none 
of the isocyanate portion has been prereacted with any 
portion of the poly01 prior to final mixing. Sce foamed, 
prepolymer; reaction injection molding. 
foamed-peak rise point The highest rise that a foam 
may achieve prior to the occurrence of cell rupturing and 
thereafter settling. 
foamed peanut 
foamed-plastic market Nearly all markets use foamed 
plastic. A guide to consumption by weight is insulation 
249’1, packaging 1896, cushioning 1596, transportation 12%, 
furniture 696, flooring 696, consumer 496, bedding 496, ap- 
pliance 2%, and other 9%. 

See packaging, loose-fill plastic. 

foamed plastic, mechanical A cellular plastic that has 
a structure produced by physically incorporating gases. 
See foam. 
foamed plastisol See plastisol, modified. 
foamed polyethylene ionization Process of foaming 
PE by exposing it to ionizing radiation that evolves hydro- 
gen from the PE causing it to foam. See ionization. 
foamed polystyrene See expandable polystyrene. 
foamed polyurethane Liquid (pour-in-place), froth 
(modified pour-in-place), and spray foaming techniques 
are examples of different methods used with PUK foam- 
ing. When the liquid ingredients are mixed, gases are pro- 
duced that cause the mass to expand at the same time as 
it stiffens and hardens. The reaction is complete in a few 
minutes. For example, in a sandwich structure, the liquid 
niix is poured between the cover sheets or skins and foanis 
between them. Bonding is directly to the sheets. As 
foamed-in-place materials expand, they can exert appre- 
ciable pressure so that the sandwich sheets have to be held 
in a rigid frame to prevent bulging until the reaction is 
completed. To overconie this pressure, the liquid mix can 
be allowed to form a froth of almost its ultimate volume 
prior to pouring. The result is little or no pressure, and 
rigid foam is produced. This two-step or prepolymer 
blowing action is considered a variation of the conven- 
tional foam-in-place method. 

Flexible PUR foam, which is used in upholstery, is 
made by continuous deposition on a conveyor belt. Then 
it is cut into blocks or sheets of desired shape and size. 
The component-forming blowing agent in PUR’S soft, 
flexible-foam forniulation is water, which fornis carbon 
dioxide with thc isocyanates. The heat and evolution of 
temperature resulting from this gas-generated reaction, 
however, necessitate additional use of other blowing 
agents (such as diechloroniethane) that are used at the same 
time as coolants in the production of low-density foam of 
less than 20 kg/m3. Flexible P U R  foam have open cells 
and are extensively used (sponges, sealants, insulations, 
packagmg, furniture, automotive, etc.). 

A rigid, foamed cross-linked PUR, usually with closed 
cells, is formed by the reaction of a diisocyanate and of- 
ten MDI (methane diisocyanate) or polymeric MDI with 
polyester or more usually with a polyether polyol. Foani- 
ing may result from the incorporation of water that reacts 
with the isocyanate groups to form carbon dioxide. Usu- 
ally it is the result ofusing other blowing agents sometimes 
in combination with water. They become rigid compared 
to flexible foams by being more heavily cross-linked. This 
is accomplished by the use of polyols, usually polyoxy- 
propylene glycols of low molecular weight (about SOO), 
which are highly branched by mixing the higher function- 
ality comonomers (such as sorbitol or pentaerythritol). 
Prepolymer processes and quasi-prepolymer processes are 
used with TDI (toluene diisocyanate) to reduce the toxic 
hazard of this material. One-shot processes are used with 
MDI and polymer MDI with polyether; normally a ter- 
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tiary amine or organotin catalyst system is used, together 
with a silicone surfactant as with flexible foams. Catalysts 
are usually also used to give the right balance of reaction 
rates so that the gas bubbles are trapped in the liquid paste 
melt as the viscosity increases due to polymerization and 
cross-linking. The major application for these foams is for 
insulation as they have exceptionally low thermal conduc- 
tivity. See air atomization; catalyst; coating, air at- 
omization; coating, centrifugal atomization; cross- 
linking; foamed in place; hazard; polymerization; 
polyurethane plastic; sandwich core material. 
foamed, prepolymer A polyurethane system where a 
portion of the polyol is prereacted with the isocyanate to 
form a liquid prepolynier with a viscosity range suitable 
for pumping or metering. This component is supplied to 
the end-users with a second premixed blend of additional 
polyol, catalyst, blowing agent, and so on. When the two 
components (two-shot) are mixed, foaming occurs. See 
foamed, one-shot system. 
foamed pressure test 
foamed reservoir molding A sandwich of plastic- 
impregnated open-celled flexible PUR foam that is posi- 
tioned between the face layers of fibrous reinforcements. 
When heated in a mold and squeezed, the foam is com- 
pressed, forcing the plastic and air outward and into the 
reinforcement contacting the mold cavity. Also called elas- 
tic reservoir molding. 
foamed rise time The time when the materials have 
been mixed and dispensed to the time when volumetric 
expansion ceases; foaming is completed. See foamed 
cream time. 
foamed self-skinning A tough outer surface skin over 
a foamed core that is produced on curing. It  can meet 
different requirements such as being decorative, tough or 
strong, and having a relatively lower density core. Also 
called integral skinfoam. See injection molding, foamed 
gas counterpressure. 
foamed sheet stock Expandable sheet (or film) stock 
that is produced by different methods such as calendering. 
Also called bun. See foamed bun; expandable polysty- 
rene block molding. 
foamed sponge 
foamed spray-up Fast-reacting foamed plastics, such as 
polyurethane and epoxy, are fed in liquid streams to a spray 
gun and sprayed onto a surface. O n  contact, the liquid 
starts to foam until solidified. 
foamed two-shot system See foamed, prepoly- 
mer. 
foaming agent 
foaming, anti- See antifoaming agent. 
foaming, coextruded See blow-molding coextru- 
sion foam; coextrusion foam core. 
foaming cycle time 
foaming, in-situ 
foam inverse lamination The IC1 rigid-faced poly- 
urethane laminate process. Inverse lamination starts as lay- 

See test, foam pressure. 

See cellulose sponge; foam. 

See foam and blowing agent. 

See test, foam pressure. 
See foamed in place. 

down carrier paper (flexible facing) receives urethane 
cheniicals from a mixing head. It travels between floating 
platens supported by conveyor belts sandwiching the con- 
trolled expanding foam. The adjustable lay-down gap be- 
tween belts permits coating with thinner or thicker foam 
or in a faster or slower formulation. Foam forms on the 
flexible facing as it nioves around a heated platen just prior 
to going between the belts. The inverted foam bonds to 
a rigid facing as it moves and cures under the floating plat- 
ens to the end of the line where it is trimmed and cut. 
See coating. 
foam, microcellular Extruded foam sheet, such as 
polystyrene, with densities of0.035 to 0.1 g/cc (2 to 6 pcf) 
and uniform closed cells measuring less than 50 microns. 
foam molding See foam, structural. 
foam molding, reactive polymer See polymer, re- 
active. 
foam molding, two-stage See foamed, prepoly- 
mer. 
foam, physical blowing agent See foam and blow- 
ing agent. 
foam pressure 
foam, reinforced Thermoplastic and thermoset plastic 
foam that is reinforced usually with short glass fibers. The 
fibers are generally introduced into the basic ingredients 
prior to foaming. They reinforce the walls of the cells. 
With fiber content up to 50wt% using thermoset plastics, 
mechanical properties can be increased 400 to 500%. Gains 
also occur with thermoplastics but are not as significant. 
Other advantages in addition to strength and stiffness with 
reinforcements include improved dimensional stability, 
resistance to extremes of temperature, and resistance to 
creep. See foamed reservoir molding; reinforce- 
ment; reinforced-plastic syntactic cellular plastic. 
foam, structural (SF) A foam that is characterized by 
near-uniform-density foam core and integral near-solid 
skins. Major process is in low-pressure injection molding, 
which consumes about 75wt%, with KIM and extrusion 
also used. Also called intcgiml-skin jiam-reaction injection 
molding. See injection molding, foamed gas counter- 
pressure; molding, structural-web; reaction injec- 
tion molding; structure, secondary. 
foam, syntactic See reinforced-plastic syntactic cel- 
lular plastic. 
foam testing 
fogging See antifogging agent. 
foil A very thin sheet of material, such as aluniinum foil. 
See aluminum foil. 
foil decorating Plastic, paper, and fabrics are printed 
with inks that are compatible to the plastics that will be 
used in the fabrication of decorative surfaces. The foil can 
be visible below the surface as an integral decoration. In- 
mold decorating is used where the foil can be located in 
a mold prior to having the plastic fill the mold so that it 
beconies an integral part of the molded part. Other fabri- 
cating processes incorporate foil. See aluminum foil; 

See test, foam pressure. 

See test, foam pressure. 
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decorating; injection molding, in-mold, decorat- 
ing; laminate, decorative. 
fold, accordion Two or more parallel folds that open 
like an accordion. 
fold, dead A fold that does not spontaneously unfold. 
fold, right angle Two or more folds that are at  90" 
angles to each other. 
Follow ALL Opportunities See FALL0 approach. 
food molding See injection molding nonplastics. 
food packaging See packaging, food. 
food taste test See test, organoleptic. 
food waste See landfill and degradation. 
force The force, load, or pressure that changes the state 
of rest or motion in matter. See equilibrium; G-force; 
load; test, microdynamometer; test, force-exten- 
sion; tear resistance, initial; weight. 
forecasting See statistical forecasting. 
forensic science and plastic See legal matter: fo- 
rensic science and plastic. 
forging A production method in which usually heated 
thermoplastic stock or billet material (plastics, steels, etc.) 
is shaped to a desired form (rods, bars, H-beam, etc.) by 
compression forces or by sharp hamnierlike blows. Virtu- 
ally all ductile materials may be forged, and in some cases 
preheating is not required. Forging below the melt tem- 
perature is called cold fot@ng; with plastics it can also be 
called cold j&rzing or solid-phase pressure -forming. When 
worked above the melt temperature, it is said to be hot 
fotging or hot forming. Also called impression molding. See 
forming; material, billet; thermoforming. 
formable laminate See laminate, high-pressure 
formable. 
form, fill, and seal See blow molding, extruder 
blow, fill, and seal; medical packaging; thermoform- 
ing, form, fill, and seal. 
forming The shaping of thermoplastic stock or billet 
plastics to produce a wide variety of marketable products 
in a wide size range. Different techniques are used, with 
thermoforming being the niost iniportant and the most 
diversified. Other techniques are similar to thernioforming 
but usually use less heat and are more limited to the plastic 
used. These processes include cold forming or forging, 
postforming, stamping, scrapless forming, and so on. See 
design hinge, integral; draw; postforming; thermo- 
forming. 
forming blank See blank. 
forming cake See filament-winding cake forming. 
forming, cold A process of changing the shape of pri- 
marily thermoplastic sheet, film, or billet in a solid phase 
through plastic (permanent) deformation with the use of 
pressure dies. The process can include heating that is usu- 
ally well below the plastic's melt or thermoforniing teni- 
perature. Thermoset plastics such as B-stage can be used. 
Most metal-forming techniques-such as stamping, draw- 
ing, forging, coining, and rolling-are used on plastics. 
The main difference between metal and plastic forming is 

the time dependency or spring-back, or recovery in ther- 
moplastics. All materials exhibit some strain recovery or 
spring-back. With thermoplastics this process depends on 
temperature, time, and deformation history. For any given 
forming temperature, holding the part in the deformed 
state for a given period to allow for stress relaxation re- 
duces the degree and rate of spring-back. See forging; 
forming, solid-phase pressure. 
forming, cold-drawing A stretching or orientation 
process that is used to improve properties, such as tensile 
strength and modulus of thermoplastic film, sheet, or fil- 
ament by orientation of molecules. Also called cold s~etclz- 
ing. See brittle failure; filament; orientation. 
forming, compression-stretch See blow molding, 
compression-stretched. 
forming, dip A process that is similar to dip coating 
except that the fused, cured, or dried deposit is stripped 
from the dipping form, mold, or mandrel. It is most fre- 
quently used for making vinyl plastisol products. The pro- 
cess can be manual or completely automated and involves 
(1) a container or tank with a liquid plastic such as a plasti- 
sol, (2) a preheated forin, shaped to the desired inside di- 
mensions of the finished product, (3)  a dip into the plastic 
for a prescribed time so that the plastic gels against the 
form to the desired thickness (coatings are limited to a 
maximum thickness based on plastic used, heat in the 
form, and the time cycle), (4) withdrawal of the coated 
form and usually a final heat to complete the fusing, (5) 
cooling, and (6) stripping the coating off the form. Also 
called dip molding. See coating, dip; plastisol. 
forming, post- See postforming. 
forming, rubber-pad Forming that is similar to 
matched-metal stamping except that one of the metal dies 
is replaced by a block of solid rubber. Processing niaterial 
cannot flow to the extent that it can with matched-metal 
die stamping. However, more uniform pressure is exerted 
on the material charge. Also called rubber molding or rnbher 
stamping. 
forming, scrapless A specialty solid-phase forming 
(SPF) technique patented by Dow Chemical. It  is a rela- 
tively simple process. An extruder or extruders produce a 
biaxially oriented sheet. The sheet is slit and cut into 
square blanks. These blanks are heated and pressed into 
circular disc with a lip. Immediately or later, after reheat- 
ing, the disc is thermoforined into a shape such as a cup. 
See blow molding, compression-stretched; blow 
molding, injection; blow molding, innovative; blow 
molding, stretched operation specialty; orientation, 
biaxial; thermoforming. 
forming, slip A sheet-forming technique in which 
some of the plastic sheet niaterial is allowed to slip through 
mechanically operated clamping rings during stretch- 
forming operations. See orientation; thermoforming, 
slip. 
forming, solid phase A technique in which a sheet 
or block of plastic is reshaped under heat and pressure. 
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However, the forming temperature is below the melting 
temperature of the plastic. See thermoforming, solid- 
phase pressure. 
forming, solid-phase pressure Dow Chemical started 
with a patented solid-phase fornling (SPF) process and ex- 
tended it to special multilayer structures called coforniing 
(COFO). COFO maintains the advantages of SPF, most 
significantly biaxial orientation. The blank, cut from sheet, 
compression molded, or compacted from powder, is 
heated above its 5oftening point but below its melting 
point. Forging the blank into a preform between a heated 
anvil follows. The blank is forced into a set of cooled lip 
rings that mold the peripheral configuration of the part 
(such as a cup). Clamped by these clip rings, the preform is 
then plug-assist pressure-formed against a cold mold. Parts 
with depth-of-draw ratios from 0.25 to 1.3, both round 
and rectangular, can be formed. See compression mold- 
ing; forming, scrapless; thermoforming, pressure; 
thermoforming, solid-phase pressure. 
forming, stretch The process of stretching a ther- 
moplastic to reduce its cross-sectional area. It provides a 
means of creating a more orderly arrangement of a plastic’s 
molecular chains molding; stamping with respect to each 
other. Also called drawing. See orientation. 
forming, stretch and draw ratios for pressure The 
ratio of the surface of the formed part to the net start- 
ing area of the original sheet. An average stretch ratio 
is 3 to 1 for pressure forming. The draw ratio is the maxi- 
mum depth of the forming mold to the minimum distance 
across the open face at any given location on the mold; 
the usual draw ratio is 1 to 1. See thermoforming, pres- 
sure. 
forming, superplastic (SPF) A strain-rate-sensitive 
forming process that uses characteristics of materials exhib- 
iting high elongation to failure. See elongation; strain. 
forming, superplastic/diffusion bonding process 
The combination of superplastic forming with isotactic 
molding that permits the molding of complex reinforced- 
plastic parts. See molding, isotactic. 
formula 1. The materials and their amounts that are 
used in preparation of a compound. See recipe. 2. A 
combination of chemical symbols that expresses a inole- 
cule’s composition. See chemical formula. 3. A reac- 
tion formula showing the interrelationship between re- 
actants and products. 4. See design, basics-of-flow die; 
formula; ionic equation, net; mathematical equa- 
tion. 
formula, empirical A chemical formula that indicates 
the variety and relative proportions of the atoms in a mole- 
cule but does not show the manner in which they are 
linked together. 
FORTRAN software This FORmula TRANslation 
language is a widely used high-level computer program- 
ming language well suited to problenis that cannot be ex- 
pressed in terms of algebraic fornmlas. It is generally used 
in scientific applications. See computer software. 
fouling coating See coating, antifouling. 

foundry plastic A plastic that is used in different casting 
techniques. Included are plastic-based binders mixed with 
sand. Various types of molds and cores are produced that 
include no-bake or cold-box, hot-box, shell, and oven- 
cured. The usual binders are phenolic, furan, and thermo- 
set polyester. 
foundry shell molding A type of molding process that 
is used in the foundry industry, in which a mixture of sand 
and plastic (phenolic, thermoset polyester, etc.) is placed 
onto a preheated metal pattern (producing half a mold) 
causing the plastic to flow and build a thin shell over the 
pattern. Liquid-plastic precoated sand is also used. After a 
short cure time at high temperature, the mold is stripped 
from its pattern and combined with a similar part produced 
by the same technique. The finished mold is then ready 
to receive the molten metal. Blowing a liquid plastic and 
sand mix in a core-box also produces shell molds. Also 
called dry-mix molding. See blow molding. 
fountain flow, melt See mold-cavity melt fountain 
flow. 
fourdrinier The machine that is most widely used for 
papermaking. I t  uses plastic fibers to produce plastic papers 
or nonwoven fabrics. See deckle rod; fabric, nonwo- 
ven mechanical; fiber carding; paper. 
Fourier’s infrared transfer See spectroscopy, Fou- 
rier’s transfer infrared. 
Fourier’s law See devolatilization. 
fraction See distillation, fraction. 
fracture A crack. The fracture behavior of plastics, es- 
pecially microscopically brittle plastics, is governed by the 
microscopic mechanisms operating in a heterogeneous 
zone at their crack or stress tip because of internal or exter- 
nal forces. In thermoplastics, craze zones can develop that 
are important microscopic features around a crack tip gov- 
erning strength behavior. Fracture is preceded by the for- 
mation of a craze zone, which is a wedge-shaped region 
spanned by oriented microfilms. Methods of craze-zone 
measurements include optical emission spectroscopy, dif- 
fraction techniques, scanning electron-beam microscopy, 
and transmission electron microscopy. See brittle failure; 
crack; ductility; failure; test analysis, microme- 
chanical. 
fracture, brittle A fracture without plastic (any material 
behavior) deformation, hence with little energy absorp- 
tion, that follows the Griffith theory. See design-failure 
theory, Griffith. 
fracture ductility The true strain of fracture in a mate- 
rial. See strain. 
fracture mechanic See crack growth. 
fracture strength True stress at the start of fracture 
based on the load applied at the beginning of the fracture 
during a tension test and the original cross-sectional area 
of the specimen. See stress. 
fracture stress See stress, fracture. 
fracture toughness A measure of damage tolerance of 
a material containing initial flaws or cracks. 
fragrance concentrate Preformed free-flowing pellets 
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or powder. See colorant; deodorant additive; odor- 
ant agent. 
free extrusion See extruder, free. 
free trade See legal matter: free trade. 
freeze-dry color See color, freeze-dry. 
freeze layer 
freeze line 
freeze, melt See mold gate, valve; temperature, 
freeze. 
freeze-off The melt that should not freeze during fabri- 
cation, such as during extrusion or injection molding. 
Melt solidification can occur in different locations such as 
in an extruder motionless mixer or die orifice restrictions. 
With IM, freezing can occur in the nozzle, runner, gate, 
and so on. See mold cavity, frozen-layer. 
French mold See mold, French. 
frequency The number of cycles that are completed or 
required in a unit of time. See attenuation; period. 
frequency bandwidth The range of frequencies with- 
in which performance of a component is accurate, usu- 
ally extending from zero frequency to sonic cutoff 
frequency. 
frequency, natural undamped The frequency of free 
vibrations resulting from only elastic and inertial forces of 
a mechanical system. See damping gamma loss peak. 
frequency, resonant See resonant frequency. 
Fresnel diffraction pattern The pattern that occurs 
when the radiation intensity at  any point is the result of 
disturbances coming directly to the point from all parts of 
the exposed wave-front. The point at  which the diffrac- 
tion pattern is observed is at a relatively small distance from 
the diffracting element, as in contact printing. 
Fresnel lens A transparent material into which grooves 
have been formed into desired patterns so that light will 
be focused as with convention lens. See transparent; 
weatherability. 
frettage The surface damages that are caused by small 
movements between mating surfaces as in a press fit. With 
an oscillation motion, an abrasive action occurs, causing 
more damage. Also called.fretting crorion or falre brinrlling. 
See wear. 
friction The opposing force that develops when two 
surfaces move relative to each other. The two frictional 
properties that are exhibited by any surface are static fric- 
tion and kinetic friction. See abrasion; antifriction 
compound; coefficient of friction; coefficient of 
friction, static; design lubricant, reduced-friction; 
kinetic friction; welding, friction. 
frictional coating See calendering coating, fric- 
tional. 
friction, Coulombic The opposing force that occurs 
when two dry surfaces are rubbed together, as in vibration 
and spin welding. Also called external friction. 
friction, internal The conversion of mechanical strain 
energy to heat in a material exposed to a fluctuating stress. 
friction ratio The ratio of surface speeds of two adja- 
cent rolls (calender, mill, extruder coating, etc.). 

See mold cavity, frozen-layer. 
See extruded-blown-film frost line. 

friction welding See welding, friction; welding, 
spin. 
frit A glass that contains fluxing material and is em- 
ployed principally as a constituent in a glaze such as porce- 
lain enaniels or other ceramic composition. Frit is also used 
as filler. 
frosting A light-scattering surface resembling fine crys- 
tals. See bloom; chalking; haze. 
frost line 
frothing See foamed frothing. 
frozen food container 
able tray. 
frozen-in stress 
accidental; stress, frozen-in. 
frozen strain See strain, residual. 
fuel consumption See energy consumption. 
fuel, refuse-derived See refuse-derived fuel. 
fuel tank 
fuller’s earth A porous colloidal aluminum silicate 
(clay) that has high natural adsorptive power and is non- 
combustible and gray to yellow color. It is used as an elas- 
tomer plastic filler. See filler. 
full indicator movement See tolerance, full-indi- 
cator-movement. 
fume An unpleasant, irritating odor that requires venti- 
lation and that is caused by degrading melt. This occurs 
because plastics have high specific heat and low thermal 
stability. 
fume cleanup 
functional group 
functional plastic See plastic, smart. 
fundamental processing See processing funda- 
mental. 
fungicide additive An agent that inhibits the gerniina- 
tion offungus spores or their metabolic products. See bio- 
cide; cupric oxide. 
furan plastic A dark liquid thermoset plastic in which 
the furan ring is an integral part of the plastic chain. It  is 
made by the condensation of furfuryl alcohol. It  is primar- 
ily used as liquids ranging from low viscosity to thick, 
heavy syrup-type plastics. It is used as an adhesive, a casting 
plastic, a coating, and an impregnant. 
furfural plastic A dark colored thermoset plastic that is 
used in the manufacture of molding compounds, adhe- 
sives, and varnishes. Its properties include high resistance 
to acids and alkalies. 
furnace black A carbon black that is formed by partial 
combustion of liquid and gaseous hydrocarbons in a closed 
furnace with a deficiency of oxygen. It  is used as a rein- 
forcing filler for plastics and rubbers. 
furnace, blast A vertical coke-fired furnace that is used 
principally for smelting metallic ores to produce iron ore. 
furnace, facial protective heat shield See allyl di- 
glycol carbonate plastic. 
furnace, muffle See muffle furnace. 
furniture market Plastic office furniture-principally 
chairs, panels, and laminates for desks-represents about 

See extruded-blown-film frost line. 

See packaging, dual-oven- 

See adhesive, solvent; orientation, 

See gasoline tank permeability. 

See incineration fume system. 
See atom functional group. 
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a $10 billion market or just 3’/2wt% of plastics. Unrein- 
forced and glass-reinforced PPs are principally used. Lawn 
and garden furniture consumes about 2’/2wt% plastics, also 
principally PPs; about 3wt‘%, is used with metal. All these 
products as well as others have a good growth rate. See 
automotive seat; market; nail. 
furniture web See orientation and heat-shrink- 
ability. 
fusible Capable of being melted and formed by heat. 
See heat. 
fusible-core process See soluble-core molding. 
fusion 1. In vinyl dispersion, the heating of a dispersion 
to produce a homogeneous mixture. See plastisol. 

2. The process of melting. See calcining; coating, sin- 
ter; powder coating; welding, fusion. 3. An endother- 
niic nuclear reaction that yields large amounts of energy 
in which the nuclei of light atoms unite or fuse to form 
helium. 4. See coating, Engel process; joining, butt- 
fusion; seal; welding, fusion; welding, hot-tool. 
5. See molar heat of fusion. 
fusion Kling test 
future, plastic 
future. 
fuzz, fiber See fiber fuzz. 
fuzzy logic control 
perature controller. 

See test, fusion Kling. 
See plastic growth; plastics and the 

See control, fuzzy-logic; tem- 
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GAIM software (gas-assisted injection-molding 
software) A software developed by Advanced CAE 
Technology Inc., Ithaca, NY, that helps the user over- 
come lack of experience with the gas-assisted injection- 
molding by process evaluating alternative designs and de- 
termining the best processing conditions. See computer 
software; injection molding, gas-assist. 
galling The wearing away of surfaces when they rub 
against each other. See wear. 
galvanized steel See iron; recycling steel with vinyl 
scrap. 
gamma radiation Ionizing radiation that is propagated 
by high-energy protons, such as that emitted by a nucleus 
in transition between two energy levels. See cobalt-60; 
lead; radiation. 
gamma-ray analysis See test, nondestructive- 
radiography. 
gamma transition See glass transition. 
gap-filling See adhesive gap-filling. 
garbage in, garbage out (GIGO) A phrase that means 
that putting in invalid data produces invalid results. See 
test, Gardner impact. 
gas A mixture of low- and high-molecular-weight hy- 
drocarbons that provide basic raw materials to produce 
plastics. See cracking; oil and gas; oil, cracking; oil, 
crude. 
gas adsorber 
gas analysis, residual (RGA) The study of residual 
gases in a vacuum system using mass spectrometry. 
gas-assist molding See injection molding, gas- 
assist. 
gas, black See carbon black. 
gas burn A burn that is caused by gases that are trapped 
during processing when plastic melt fills the mold cavity 
faster than the gasses can escape through a venting system. 
etc. Pressure build-up of the entrapped air causes the burn- 
ing. See colorimetry, visual; scrubber. 
gas chromatography See chromatography, gas; 
vapor detector, dielectric. 
gas consumption See energy consumption. 
gas contamination See outgassing. 
gas counterpressure molding 
ing, foamed-gas counterpressure. 
gas cure 
gas effusion A process by which a gas, under pressure, 
escapes from one compartment of a container to another 
by passing through a small opening. 
gas-fired catalytic heater See heating-catalytic. 
gasification A process for chemically recycling plastics. 
Processes are run with an atmosphere of oxygen and steam 
at 900 to 1,40OoC, under 0 to 60 bar pressure, to produce 

See pollution, air; scrubber. 

See injection mold- 

See extruder wire and cable. 

mostly carbon nionoxide and hydrogen. See recycling, 
chemical. 
gas injection molding See injection molding, gas- 
assist. 
gasket A mechanically deformable material that is 
clamped between essentially stationary faces to prevent the 
passage of matter through an opening or joint. See com- 
pressibility; creep; packing. 
gas leakage test 
gasoline tanks Automotive blow-molded gasoline fuel 
tanks have been in use since at least the 1940s in U.S. 
military vehicles and European autos. The United States 
gradually started using monolayer high-density polyethyl- 
ene, chemically treated to create a barrier (sulfonation or 
fluorination) on the inside, which provided essentially gas- 
oline emission-free containers that met the standards of 
that era. By the 1960s three-layer tanks that included a 
barrier layer of ethylene-vinyl alcohol copolymer or nylon 
between HDPE also were used. Then came the six-layer 
tanks with HDPE skins and inside layers that included re- 
ground HDPE and EVOH. See barrier; blow molding; 
coefficient of permeability; coextrusion; fluorina- 
tion; sulfonation; thermoforming. 
gas, pentane See pentane gas. 
gas, permeability, coefficient See coefficient of gas 
permeability. 
gas-phase polymerization See polymerization, 
gas-phase. 
gas plasma See sterilization, gas plasma. 
gas pocket A pocket of unwanted gas or air that is en- 
trapped in a plastic during processing. 
gas pressure and temperature According to Boyle’s 
law, the volume of a sample of gas varies inversely with 
the pressure if the temperature remains constant. This law 
is satisfactory for practical calculations except when pres- 
sures are high or temperatures are approaching the lique- 
faction point. Van der Waal’s equation is a refinement that 
takes care of the inherent inaccuracy of Boyle’s law. See 
Avogadro’s law; kinetic theory; temperature; van 
der Waals force. 
gassing See mold breathing. 
gas transmission See test, permeability. 
Gatterman reaction See chemical reaction, Gat- 
terman. 
gauge A measuring instrument that is used to determine 
if a part meets product requirements. Examples include 
micrometers, calipers, mechanical guides, and electronic 
devices (color matching, dimensions, etc.). See sensor; 
sensor, beta gauge; strain gauge. 
gauge length The known distance between bench 
marks. 

See test, soap-bubble. 
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Gaussian distribution 
gaylord 
GDP See gross domestic product. 
gear Plastics, particularly acetal and nylon plastics, have 
been extensively used in gears including gears used as re- 
placements for metal gears. converting metal gears to plas- 
tic gears presents a host of benefits, among them lighter 
weight, lower noise, chemical resistance, and lower cost. 
They are used in all industries, such as business equipment, 
appliances, automotive auxiliaries, and consumer goods. 
See backlash. 
gear box See extruder gear box; fabricating out- 
put. 
gear pump The pump has been standard equipment for 
over a half century in textile fiber production. During the 
1980s it was established in all kinds of extrusion and injec- 
tion molding lines. The device consists of a pump, a drive 
for the pump, and pump controls located between the 
screen pack (or screw) and die. Two counterrotating gears 
transport a melt from the pump inlet (extruder output) to 
the pump discharge outlet. Gear rotation creates a suction 
that draws the melt into a gap between one tooth and 
the next. This continuation action from tooth to tooth 
develops a surface drag that resists flow, so some inlet pres- 
sure is required to fill the cavity. This pump device is basi- 
cally a closely intermeshing, counterrotating, twin-screw 
extruder. However, since gear pumps are solely used to 
generate pressure, they are seldom called extruders, even 
though they are extruders. See extruder melt-flow os- 
cillation; fiber filtration; fiber processing. 
gear pump pressure The inlet pressure requirements 
vary with material viscosity, pump speed, and mixing re- 
quirements. These pressures are usually less than 1,000 psi 
(69 MPa) but cannot go below specified pressures such as 
300 psi (21 MPa). An extruder specifically designed for 
use with a pump needs only to n i x  and does not need to 
operate at high pressures to move the melt. It only has to 
generate the low pump-inlet pressure; thus it can deliver 
melt at a lower than usual heat, requiring less energy and 
often yielding a higher output rate. This positive displace- 
ment gear device pumps the melt at a constant rate. It 
delivers the melt to the die with a very high metering 
accuracy and efficiency. It is common to have pressure 
differentials as high 4,000 psi (276 MPa) between pump 
inlet and discharge. Also called melt or metering pump. 
gear ratio See fabricating output. 
gel 1. The initial jellylike solid phase that develops dur- 
ing the formation of a plastic from a liquid. It usually causes 
a defect in the processed plastic. It is soft, flexible, and may 
rupture under its own weight unless supported externally. 
Its processing characteristics differ from the surrounding 
plastic to such a degree that it is not easily dispersed. It is 
a semisolid that can consist of a network of solid aggregates 
in which liquid is held. Also called gelatinous mass. See 
antigelling agent; extruder gel; pectin. 2. The stage 
at which a polymerized plastic composition thickens to a 
semisolid state. It is a two-phase colloidal system consisting 

See statistical normal curve. 
See material handling, manual; storage. 

of a solid and a liquid in inore solid form than a sol. See 
aerogel; plastigel. 3. In vinyl plastisols, a state between 
liquid and solid that occurs in the initial stages of heating 
or on prolonged storage. 4. In a cross-linked thermoplas- 
tic, the fraction of polymeric material present in the cross- 
linked network. 5. See dendritic plastic; electrophore- 
sis; polyacrylamide plastic; silica. 
gel and air See aerogel. 
gel, anti- See antigelling agent. 
gelatin 1. The formation of a gel. 2. In vinyl disper- 
sions, the formation of gel in the early stages of fusion. 
gelation The point in a plastic cure, such as a thermoset 
plastic, when the plastic viscosity has increased so that it 
barely moves when probed with a sharp instrument. The 
formation of infinitely large plastic networks in the reac- 
tion mixture. See plastisol. Gelations can be derived 
from collagen, the primary protein component of animal 
connective tissues, such as bone, skin, and tendon. 
gelation time The time from the introduction of a cat- 
alyst into a liquid thermoset plastic adhesive until the start 
of gel formation. 
gel coating 
gel, hydro- . See hydrogel. 
gel, irreversible A gel that, when added to the 
evaporated liquid, does not give back a jelly (colloidal 
silica). 
gel, latex See latex gel. 
gelled 
gelling additive See thickening agent. 
gelling, anti- See antigelling agent. 
gel, micro- A small particle, about 100 nm, of cross- 
linked and insoluble plastic that may be considered to be 
a single molecule. With its molecular dimensions, it can 
dissolve in solvents to give a true solution. Gels can em- 
brittle and reduce the tensile strength of plastics but may 
be beneficial, such as in having a smoothing action in ex- 
trusion of elastomers. 
Geloy GE Plastics’ trade name for its family of weath- 
erable plastics. 
gel, pectin A water-soluble carbohydrate substance that 
is found in the cell walls and intercellular tissues of certain 
plants. It has the ability to gel. 
gel permeation chromatograph See chromato- 
graph, gel permeation. 
gel, plastic See plastigel. 
gel, pre- See reinforced-plastic pregel. 
gel point The stage at which a liquid begins to exhibit 
elastic properties and increased viscosity. For example, it 
is the point at which a thermoset plastic reaches an infinite 
value of its average molecular weight. Its liquid viscosity 
begins to exhibit pseudoelastic properties. This behavior 
can be observed from the inflection on a viscosity-time 
curve. See liquifier. 
gel polymeiization effect See polymerization, 
free-radical. 
gel, rubber The portion of rubber that is insoluble in 
a chosen solvent. 

See reinforced-plastic gel coat. 

See polyvinyl chlorides, plastic gelled. 
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gel spinning process See fiber processing, gel- 
spinning. 
gel, syneresis The contraction of a gel that is accompa- 
nied by the separation of a liquid. 
gel time The time in which a reaction mixture forms 
a gel under specific temperature conditions. 
gel, zero- A gel that has dried until apparently solid. 
Sometimes it will swell or redisperse to form a solid when 
treated with a suitable sohent. 
general purpose See plastic, general-purpose. 
generic A class of plastics that use one base plastic. A 
few hundred base plastics, worldwide, are used to produce 
about 17,000 different plastics. A base plastic is com- 
pounded in many different ways with different alloying 
methods. The many different additives, fillers, and rein- 
forcements result in plastics that meet various processing 
capabilities. See compounding; plastic material type. 
geodesic See design, geodesic. 
geogrid A relatively rigd latticelike fabric that is espe- 
cially useful in reinforcement structures. See geotextile. 
geomembrane A liner that provides an impermeable 
barrier. Geomembranes are used in (1) solid-waste con- 
tainment (hazardous landfill, landfill capping, and sanitary 
landfill), (2) liquid containment (canal, cheinical/brine 
pond, earthen dam, fish farm, nver/coastal bank, waste- 
water, and recreation), (3) mining, leach pad, and tailing 
ponds, and (4) specialties (floating reservoir caps, second- 
ary containment, tunnel, erosion, vapor barrier, and water 
purification). Plastics that are used include medium- to 
very low-density PE, PVC, and chlorosulfonated PE 
(CSPE). The Romans used in their land and road con- 
structions what we call geomembrane. See geotextile; 
landfill and degradation; pollution; toxicity; waste. 
geometric dimensioning See dimensioning and 
tolerancing, geometric; screw transition zone, coni- 
cal and involute. 
geometric metamerism See light metamerism. 
geometric modeling See computer-aided design; 
computerized knowledge-based engineering. 
geometric steradian The solid angle that has its vertex 
in the center of a sphere and cuts off an area of the surface 
of the sphere equal to that of a square with sides of length 
equal to the radius of the sphere. See candela. 
geometry The branch of mathematics that deals with 
the measurement, properties, and relations of points, 
angles, surfaces, and solids. See asymmetric; asymp- 
tote. 
geometry, joining See joining geometry. 
geothermal pipe See pipe, geothermal. 
genotoxicity See test, carcinogenicity. 
Geon 
tics. 
geoscience 
geosynthetic Pertaining to synthetic materials, such as 
plastics, that are used with the earth. 
geotextile Geotextiles, as well as geonets, geogrids, and 
geomembranes, represent a major market for plastics. 

Geon Co.’s trade name for its fainily ofPVC plas- 

The science that deals with the earth. 

They appear in all manners of civil works, from roads to 
canals, from landfills to landscaping. They often prove 
more cost-effective than natural and other synthetic prod- 
ucts. The primary plastics are polyester, nylon, polypro- 
pylene, and HDPE filaments. The fabrics are made in both 
woven and nonwoven varieties. The former are character- 
ized by high-tensile, high-modulus, and low-elongation 
traits; the latter by high permeability and high elongation. 
Also called geosynthetic. See geomembrane; fabric, 
nonwoven; fabric, woven; landfill and degradation. 
It is the condition where soil particles inove into and are 
retained in the openings of a fabric, thereby reducing hy- 
draulic conductivity. 
G-fiber See fiberglass type. 
G-force The measure of the gravitational pull of the 
earth as modified by the earth’s rotation, equal to the ac- 
celeration of a freely moving body at the rate of 32.16 
f t / s / s .  
Gibbs indophenol See test, phenol Gibbs indo- 
phenol. 
gilsonite A black substance, resembling asphalt, that is 
used as an ingredient in the manufacture of cold-molding 
compounds, paints, and so on. 
glass An inorganic product of fusion that has cooled to 
a rigid condition without crystallizing. Glass is typically 
hard and relatively brittle and has a conchoidal fracture. It 
contains the most abundant elements of the earth-sand. 
Although basically a ceramic product, glass is an amor- 
phous inorganic plastic. Glass is always used in its elastic 
range and below its glass transition temperature (TJ. See 
fiberglass; plastic, light-switchable. 
glass blowing See blowing glass; blow-molding 
glass, press and blow process. 
glass, borate A glass in which the essential glass former 
is boron oxide instead of silica 
glass cloth Woven glass-fiber material. See fabric, 
woven. 
glass composition Most glass is based on the silicate 
system and is made from the three major constituents of 
silica (SiO), lime (CaCOJ, and sodium carbonate 
(NaCO?). Various oxides are added to tailor the glass to 
meet specific requirements. Families of glass include soda- 
lime (windows, bottles, drinking glasses, etc.), borosilicate 
(thermal and chemical shock resistant), lead-alkali (optical 
applications, better electrical), aluminosilicate (high op- 
erating heat), silica (fonnable), and fused silica (high prop- 
erties, expensive). See fiberglass type; lead; lime. 
glass cullet See cullet. 
glass devitrified 
glass fiber See fiberglass. 
glass-filament liquid temperature The maximum 
temperature at which equilibrium exists between the mol- 
ten glass during its manufacture and its primary crystalline 
phase. . 
glass filler A widely used family of fillers that includes 
beads, hollow spheres, flakes, and milled particles. Fillers 
increase dimensional stability, chemical resistance, mois- 

Glass with controlled crystallization. 
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ture resistance, and the thermal stability of the plastic ma- 
trix. See filler. 
glass finish See fiber finish. 
glass flake A thin, irregularly shaped flake of glass that 
is used as reinforcement. See attenuation; flake. 
glass formation See designing with plastic-chemi- 
cal models. 
glass former An oxide that forms glass easily and con- 
tributes to the network of silica glass when added to it. 
glassine A thin, transparent, and very flexible paper ob- 
tained by the excessive beating of wood pulp. I t  may con- 
tain an admixture such as urea-formaldehyde plastic to i n -  
prove strength. See urea formaldehyde plastic. 
glassiness See reinforced-plastic glassiness. 
glass liquidus temperature The maximum tempera- 
ture at  which equilibrium exists between the molten glass 
and its primary crystalline phase. 
glass mat See fiber mat. 
glass microsphere See microsphere. 
glass mirror plating 
glass-plastic alloy See plastic-glass alloy. 
glass-plastic laminate 
tic; safety glass. 
glass, plate 
is made up of limestone and salt. See limestone. 
glass roving See roving. 
glass-rubber transition 
perature. 
glass, safety See safety glass. 
glass, silica See silica. 
glass sphere micro- See microsphere. 
glass sphere, solid Beads are used as fillers and rein- 
forcements. They are available in a wide range of dimen- 
sions (5 to 1,000 pm). Their smooth shapes reduce abra- 
sive and viscosity effects. 
glass, switchable See plastic, light-switchable. 
glass, tempered Glass with surface compressive stresses 
that are induced by heat treatment, resulting in toughened 
glass. See safety glass. 
glass transition The reversible change in an amorphous 
polymer or in amorphous regions of a partially crystalline 
polymer from a viscous or rubbery condition to, or from, 
a hard and relatively brittle one that is usually brought 
about by changing the temperature. Also called gamma 
transition or glassy transition. See crystalline plastic; de- 
signing with plastic-chemical models. 
glass transition temperature (TJ The reversible 
change in phase of a plastic from a viscous or rubbery state 
to a brittle glassy state. T, is the point below which plastic 
behaves like glass but remains very strong and rigid. Above 
this temperature it is not as strong or rigid as glass, but 
neither is it brittle. At T, the plastic's volume or length 
increases, and above it, properties decrease. The amor- 
phous thermoplastics have a more definite T, when com- 
pared to crystalline plastics. It  is usually reported as a single 
value. However, it occurs over a temperature range and 
is kinetic in nature. Example of the T, range has PE at 

See plating, silver spray. 

See polyvinyl butyral plas- 

A glass that uses synthetic soda ash, which 

See glass transition tem- 

- 125OC and PMMA at + 105°C. Also called glass-rubber 
transition. See orientation and glassy state; processing 
via fluorescence spectroscopy; thermomechanical 
analysis. 
glass transition temperature and brittleness The 
brittleness temperature of plastics can be related to T,. 
Generally, thermoplastics below T, are brittle; thermoset 
plastics are not brittle. 
glass transition temperature and crystalline melting 
point Mechanical and physical properties are strongly 
dependent on temperature. A dramatic shift in properties 
is observed for linear aniorphous plastics at the glass transi- 
tion temperature. At or above the crystalline melt teniper- 
ature (T,,,), plastic molecular chains exhibit extensive tran- 
sitional movement or flow. 
glass transition temperature and melting tempera- 
ture The Bower-Beaman rule is a statement of the rela- 
tionship between T, and melting temperature (T,,,) of a 
plastic. The ratio of TJT,,, (with Ts expressed in OK) usu- 
ally lies between 0.5 and 0.7. 
glassy state In amorphous plastics, below the T,, coop- 
erative molecular chain motions are frozen so that only 
limited local motions are possible. Material behaves mainly 
elastically since stress causes only limited bond angle defor- 
mations and stretching. Thus, it is hard, rigid, and often 
brittle. See orientation and glassy state; stress; vit- 
reous. 
glazing 1. A transparent or translucent material. 2. A 
smooth glossy surface. See acrylglass plastic; acrylic 
plastic. 
globule A defect that is caused by the incomplete plas- 
tication of a piece of material during processing. The de- 
fect appears as a globule in an otherwise blended mass. See 
defect; fish-eye. 
gloss 1. The shine or luster of the surface of a plastic. 
2. See coefficient of scatter; extruder roll cooling; 
film decorating; texturizing. 
gloss, non- See iridescence. 
gloss, specular The relative reflective appearance of a 
material as determined visually. See luminous fractional 
reflectance. 
glue An impure form of gelatin that is obtained by the 
action of heat and water on animal tissue such as bones 
and hides. Today there are many types, including fish, 
vegetable, casein, and plastic glues. Generally, glues absorb 
cold water and dissolve in hot water. 
gluing See adhesive. 
gluten See adhesive gluten. 
glycerol ester A product of the esterification of glycerol 
with acids. It is used as a plasticizer in the production of 
certain compounds. See plasticizer. 
glycol See ethylene dichloride. 
goal, business See World of Plastics Reviews: 
Thinking Like a Manager and Managing for the 
Long Run. 
godet See extruder godet unit. 
gold An element that is chemically nonreactive when 
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attacked by chlorine and cyanide solutions in the presence 
of oxygen. It is used in plating mold cavities when pro- 
cessing with certain plastics or to obtain surface finishes 
on processed plastics. Note that a single ounce of gold, the 
most malleable of all metals, can be beaten out into a leaf 
or sheet measuring 300 ft2 (27.9 m2). Gold leaf can be as 
thin as four-millionth of an inch. See mold-cavity 
coating. 
gold-leaf stamping See stamping, hot. 
golf course, recycled 
goniometer An instrument that measures the angle 
through which a specimen is rotated. 
good-manufacturing practice See quality-system 
regulation. 
goods The manufactured/fabricated products that are 
complete and ready for shipment to the customer. Also 
called finished goods or jinished products. See energy effi- 
ciency. 
Goodyear, Charles See rubber, natural. 
Gossamer Albatross aircraft See aircraft, Gossa- 
mer Albatross. 
Gough-Joule effect See heat effect, Gough-Joule. 
government contract directory An annual directory 
that lists over 50,000 contracts organized by product cate- 
gory order, and that includes the name and address of each 
awarding agency, a description of material/product, quan- 
tity, contract number, and dollar amount. It is sold via 
Government Data Publications, 11 55 Connecticut Ave. 
N W ,  Washington, D C  20077. See test, laboratories, 
worldwide approval of. 
government publication See Appendix E , Gov- 
ernment Publications and Groups. 
grading The size distribution of fillers and reinforce- 
ments. 
grafting A deposition technique that bonds plastics to 
a wide variety of other materials. The grafting of two dis- 
similar plastics often involves a third plastic whose function 
is to improve the compatibility of the two principal com- 
ponents. See compatibilizer agent; copolymer, graft; 
polymer, graft; radiation-induced reaction. 
grain The unidirectional orientation of plastic mole- 
cules or fillers (reinforcing, etc.) particles that results in 
anisotropy of the material. See directional property. 
graining A plastic surface that looks like wood graining 
and is produced using a process such as molding, extruder 
film/sheet line roller, roller coating, or hot stamping. See 
mold cavity; photoetching tool. 
granite, plastic A material that provides a solid, dura- 
ble, beautiful surface. One class is a mixture of thermoset 
polyester plastic with alumina trihydrate fillers for installa- 
tions subjected to uninterrupted usage. Another has acrylic 
plastic with alumina trihydrate fillers that provide resil- 
iency. 
granular material The nonuniform appearance of po- 
tential processable materials that is due to retention of, or 
incomplete fusion of, particles of composition, either 
within the mass or on the surface. See plastic material. 

See landfill, recycled. 

granular powder Particles that have about equal di- 
mensions without spherical shapes. 
granulator A device that changes scrap, rejects, and 
waste plastics so that they can be recycled. Granulator 
knife blades and sizing screens are selected from various 
sources depending on factors such as the type of plastic 
used, product thickness, shape, toughness, and so on. With 
heat-sensitive plastics (or even others), the granulator can- 
not cause overheating during the cutting actions. Thick 
plastics may require a series of different granulators so that 
incremental reduction occurs, eliminating overheating. 
For example, improper film granulators can encounter 
problems such as rotor wrapping, screen blinding, or bear- 
ing contamination. See comminute; communition; 
pelletizing; recycling, cryogenic. 
granulator knife Maintaining granulater knives mini- 
mizes downtime. Knives are made of various materials 
(carbon base steels, alloy steels, tool steels, etc.) that meet 
the different requirements (wear, hardness, toughness, 
cost, etc.) of the plastic to be ground. They have various 
cutting edges (keen edge, reverse bevel, high or low shear, 
radial rotor, hook fly, etc.). 
granule A small ceramic or natural-colored mineral pel- 
let or grain that is used as a filler. 
graphical database A data file that pictorially repre- 
sents the material in the file, such as chemical structure, 
compound mix, product design, and production-line set- 
up. See EnPlot software; fishbone diagram. 
graphic art Plastics play various roles in the graphic arts, 
such as in artistic expression and in printing. Techniques 
of the graphic arts are'also applied to plastics for functional 
or aesthetic purposes. See art and science; artwork; 
computer-aided; computer graphic; computer plot- 
ter; printing, photoengraving; printing, photo- 
graphy and photomechanical; productivity. 
graphic character An alphabetical, numerical, or spe- 
cial graphic symbol. See drawing centerline; optical 
character recognition. 
graphic character alignment The vertical or horizon- 
tal position of characters with respect to a given reference 
line. 
graphic, molecular See computer-aided molecu- 
lar graphic. 
graphite A relatively soft, black material that is naturally 
occurring and made synthetically principally to produce 
graphite reinforcing fibers for plastics. It is a crystalline 
allotropic form of carbon used as a lubricating filler, 
additive, and reinforcing fiber. See allotropy; fiber, 
graphite; fiber, graphite and carbon characteristic; 
mesophase. 
graphitization The formation of graphitelike material 
from organic compounds. The process of pyrolyzation oc- 
curs in an inert atmosphere at temperatures in excess of 
2,0OO0C (3,630°F), usually as high as 2,480"C (4,500°F), 
and sometimes as high as 9,750"C (5,400°F), converting 
carbon to its crystalline allotropic form. Temperature de- 
pends on precursor and final properties desired. The car- 
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bon fibers develop a higher modulus of elasticity, and the 
product is usually identified as graphite fiber. During py- 
rolysis, molecules containing oxygen, hydrogen, and ni- 
trogen are driven from the precursor fibers, leaving con- 
tinuous chains of carbon. See allotropy; fiber, carbon; 
fiber, graphite; isocyanate allophanate; mesophase; 
pitch; polyacrylonitrile plastic; precursor; pyrolysis. 
grass clipping 
grass, synthetic In 1965 the Houston-Texas astro- 
dome’s grass field died, and the following year 11,600 m2 
of synthetic grass was installed made from nylon 6.6 
extruded fibers containing additives such as pigments 
and ultraviolet inhibitors. This fabric was secured by over 
3 miles of zippers that used continuous operating injection 
molding machines. See Astroturf; nylon plastic; 
zipper. 
gravimetric feeder See material feeding and 
blending gravimetric. 
gravity The gravitational attraction of the mass or sub- 
ject on earth. See load; mass. 
gravity, absolute The density or specific gravity of a 
fluid at  standard conditions. For example, with gases, abso- 
lute gravity is at 760 mni H g  pressure and O°C tempera- 
ture. Also called uhsolute density. 
gravity acceleration The gravitational pull or acceler- 
ation that is due to gravity-32.16 ft/s/s (9.8 m/s/s). See 
atmosphere; centrifuge, ultra-. 
gravity, center of A fixed point in a material body 
through which the resultant force of gravitational at- 
traction acts. 
gray goods/fabric See fabric, gray. 
grease burnishing See burnishing, grease. 
Greenbuilding Council See vinyl composition tile. 
green dot A symbol on a package that means that solid- 
waste can be recycled. 
green strength, material See plastic green 
strength; tensile green strength. 
greige goods See fabric, greige. 
grex See yarn grex. 
Griffith theory See design-failure theory, Griffith. 
grinding The removal of material usually by means of 
rotating rigid wheels containing abrasives. See abrasive; 
comminute; machining; material, powder; photo- 
etching tool; sanding. 
grinding, attrition mill 
grinding, ball mill 
grinding, centerless 

See landfill and degradation. 

See mill, attrition. 
See mill, ball. 

Grinding plastic components to 

required dimensions between abrasive wheels revolving at 
different speeds. See machining. 
grit blasting 
grocery bag See packaging, grocery-bag. 
gross domestic product (GDP) A country’s eco- 
nomic growth or loss. It  is the total value of goods and 
services produced in a country during a specific time pe- 
riod, usually one year. In the past GDP in the United 
States was growing at  about 2.5 to 3.5%. More recently 
it has been lower, but now at an expected 3+%. In the 
past the plastics industry’s manufactured goods were 2 to 
3 times GDP, but growth dropped significantly and now 
it is expected to be higher, with processed plastics and ma- 
terials estimated above $1 85 billion per year. Machinery 
sales have followed a similar up-down-up cycle, with sales 
estimated above $3 billion /year. See plastic consump- 
tion; plastic-industry machine sales; plastic industry 
size; world trade. 
gross national product (GNP) A country’s economic 
growth or loss. GNP was used in the United States until 
1993 but was replaced by GDP (gross domestic product), 
which is used by the rest of the world. See gross domes- 
tic product; plastic consumption; plastic industry 
size. 
grout See plastic grout. 
growth, plastic See plastic growth. 
guide 
ness for a. 
guillotine See cutter, guillotine. 
gum An amorphous substance or mixture that, a t  ordi- 
nary temperatures, is either a very viscous liquid or a solid 
that softens gradually on heating. It either swells in water 
or is soluble in it. Natural gums, obtained from the cell 
walls of plants, are carbohydrates or carbohydrate deriva- 
tives of intermediate molecular weight. See organic. 
gum, chewing See chicle. 
gum compound A rubber or elastomer compound 
containing only those ingredients that are necessary for 
curing, such as vulcanization and small amounts of other 
ingredients for processing and coloring. 
gunk molding compound See compound, pre- 
mix. 
gusset See bag gusset. 
gutta-percha 
leaves and bark of certain tropical trees. 
gypsum 
production of plaster of Paris. See plaster of Paris. 

See mold-cavity grit blasting. 

See design guide; die, film and sheet thick- 

A rubberlike material obtained from the 

A natural hydrated calcium sulfate used in the 



H 
habit See crystallization habit. 
Hagen-Poiseuille law See viscosity, Hagen- 
Poiseuille law of. 
hairline crack See crack; crack, hairline; rein- 
forced-plastic hairline craze. 
half-life See chemical reaction, half-life. 
halftone photography See printing, photography 
and photomechanical. 
halocarbon plastic A plastic that is based on material 
made by the polymerization of monomers composed only 
of carbon and halogen. 
halogen A group of elements that are headed by fluo- 
rine in the vertical position of the periodic table-namely 
fluorine, chlorine, bromine, and iodine. The word means 
“salt forming.” See fluorine. 
halogenation Incorporating one of four halogen ele- 
ments, usually chlorine or bromine, into a chemical com- 
pound. See foam and blowing agent; phosphorous- 
base flame retardant. 
halogen heater See thermoforming heater, halo- 
gen. 
hammer mill See mill, hammer. 
hand lay-up 
plastic hand lay-up. 
handle, bottle See blow-molding handle. 
hard disk See compact disc. 
hardener 1. A substance or mixture that promotes or 
controls the curing reaction of a plastic or adhesive by tak- 
ing part in the reaction, unlike a catalyst. 2. A substance 
that is added to plastics or adhesives to control the degree 
of hardness of a film. See accelerator; adhesive, cold- 
setting. 3. See safety hardener. 
hardening, case A heat-treating process that imparts a 
hard surface to a material, such as certain steels and plastics, 
while their interior remains relatively soft and tough. The 
surface hardens to a relative shallow depth. See anneal- 
ing; temper. 
hardening, strain See strain hardening. 
hardening, work An increase in resistance to further 
deformation with continuing distortion. Hardening and 
strengthening can be caused by the strain enerby absorbed 
from prior deformation or the more popular via heating. 
See hardening, case. 
hardness The resistance to indentation as measured un- 
der specific conditions such as depth of indentation, load 
applied, and time period. See chemical and physical 
characteristics; cross-linking network characteris- 
tic; test, Barcol hardness; test, Brinell hardness; test, 
Knoop hardness; test, Mohs hardness; test, Rock- 
well hardness; test, scleroscope hardness; test, Shore 

See molding, open-mold; reinforced- 

hardness; test, Vicat hardness; toughness and area 
under the curve. 
hardness, durometer An arbitrary numerical value 
that nieasures the resistance to indention of a blunt in- 
denter point of the durometer. The higher the nuniber, 
the greater the indention hardness. See rigidsol. 
hardware 1. Computer, electrical, electronic, niechan- 
icnl, electromechanical, hydraulic, and other equipment 
and parts that are associated with such operations as han- 
dling or preparing materials, fabricating parts, and storage. 
See computer hardware; computer software. 2. All 
types of tools that are used to maintain all types of equip- 
ment. See tooling. 
hardware reliability See control-system reliability; 
reliability. 
hard water See water, hard. 
hardwood See wood, hard-. 
hazard A material or substance that in normal use 
can be damaging to the health and well-being of a per- 
son. See adulterant; barrel-venting safety; burn; 
cadmium; carbon monoxide; casting, solvent; di- 
oxin; dust, industrial; foamed polyurethane; lead; 
packaging biological substances; phosgene; plas- 
ticator safety; plasticizer, nontoxic; polychloro- 
fluorocarbon; radioactive decontamination; risk, 
acceptable; safety; styrene monomer emission; 
toxicity; volatile organic compound; waste, haz- 
ardous. 
haze The degree of cloudiness in a plastic. It  can repre- 
sent the percentage of transniitted light that, in passing 
through a plastic specimen, deviates from the incident 
beam via forward scattering more than 2.5 degrees on av- 
erage. When a parallel beam of light impinges normally at 
90” on a test specimen that is not highly transparent and 
clear, significant fraction of the transmitted light is devi- 
ated in directions between 0” and 90” to the normal. This 
is often called f o w u r d  d@rion; the term scattering tends to 
be reserved for polarized light. See light transmission; 
polarized light. 
heat The form of enerby that is associated with and pro- 
portional to molecular motion. Radiation, conduction, or 
convection can transfer it from one body to another. Sen- 
sible heat is accompanied by a change in temperature, but 
latent heat is not. See ablative plastic; British thermal 
unit; calorie; energy consumption; testing and clas- 
sification. 
heat absorbed 
heat, adiabatic See adiabatic. 
heat and photosensitive compound Therniochro- 
inic and photochromic compounds show changes in color 

See entropy of transition. 
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and in light absorption, transmission, or reflection de- 
pending on their time and temperature history. 
heat bond See label, heat-transfer. 
heat build-up A rise in temperature in a part that results 
from the dissipation of applied strain energy as heat or from 
applied mold cure heat. See convection; hysteresis. 
heat capacity In a unit mass of material, the amount of 
energy that is required to raise the mass’s temperature by 
one unit, such as 1 O C .  It can be measured either at constant 
pressure or constant volume. For amorphous plastics it in- 
creases with temperature in an approximately linear fash- 
ion below and above its T,, but steplike change occurs 
near T,. No such step change occurs with crystalline plas- 
tics. Also called spe& heat. See thermal analysis. 
heat-capacity change See differential scanning cal- 
orimetry. 
heat, chemical reaction 
heat content, melt 
ties. 
heat control See process control. 
heat deflection temperature (HDT) The most popu- 
lar is deflection temperature under load. Also called 
HDTUL. See deflection temperature under load ver- 
sus crystallinity; test. 
heat degradation See degradation. 
heat, dielectric A method of heating plastics by dielec- 
tric loss in a high-frequency electrostatic field. The niate- 
rial is exposed between electrodes. Heating is very quick 
and uniform due to the absorption of energy. The plastic 
to be heated forms the dielectric of a condenser to which 
is applied high-frequency (20 to 80 nic) voltage. Process 
is used for sealing or welding films, preheating thermoset 
molding compounds, and so on. 
heat distortion point See test, distortion-point 
heat. 
heated-tool welding See welding, hot-tool. 
heat effect, Gough-Joule When an elastonier or rub- 
ber is stretched adiabatically (without heat entering or 
leaving the system), heat is evolved. This effect was first 
reported discovered by Cough in 1805 and rediscovered 
by Joule in 1859. See adiabatic; elastomer; rubber; 
test, Wiegand pendulum heat. 
heat, electromagnetic energy See welding, electro- 
magnetic-induction. 
heat, emissivity See emissivity. 
heat energy See damping capacity. 
heat energy, calorie/material See energy effi- 
ciency. 
heat endurance The h i e  of heat aging that a material 
can withstand before failing to a specific physical test. 
heat enthalpy See enthalpy. 
heater A device that provides radiation, conduction, or 
convection heat. Heaters may be catalytic gas, electrical 
resistance, infrared, gas-fired, hot water or oil, and steam. 
See convection; thermoforming heater. 
heater band An electrical resistance or induction heater 
(ceramic, mica, etc.) in the form of a cuff that encircles 

See chemistry, thermo-. 
See thermodynamic proper- 

the barrel and provides the necessary heat. Common with 
extruder barrels are cast aluminum heaters and coolers or 
calrod elements in grooved aluminum elements. See bar- 
rel heater; injection-molding machine barrel heater. 
heater, cartridge An electric resistance heater that is in 
the form of a circular rod. 
heater zone See barrel heater zone. 
heat exchanger A vessel or unit in which an outgoing 
liquor or vapor transfers a large part ofits heat to an incoming 
cool liquid. With vapors, its latent heat of condensation is 
utilized to heat the entering liquid. Shell and tube type are 
widely used in which the hot liquid or vapor is contained 
while the cool liquid passes through the tubes. Tubes are 
usually arranged in coils or bundles for maxiinurn contact 
with heat source. See thermodynamic properties. 
heat, exotherm See exotherm. 
heat, fatigue See fatigue hysteretic heating. 
heat flow, rate of See thermal transference. 
heat flux 
time. 
heat forming See thermoforming. 
heat, frictional See welding, friction. 
heat history See residence time. 
heating and cooling 
heating and weight change See differential gravi- 
metric analysis. 
heating, catalytic A device that produces heat without 
a flanie and thus has little fire risk. T o  save energy, gas- 
fired catalytic heaters are replacing conventional electric 
and gas-fired heaters such as those used for thermo- 
forming. They also provide some unique processing bene- 
fits, such as being more efficient than radiant electric- 
sheath or ceramic types and having a cooler radiant surface, 
which results in thermoforming sheets that reach forming 
temperature about 30% faster and with less risk of over- 
heating. See thermoforming heater, catalytic-gas. 
heating, dielectric In electronic heating, the plastic to 
be heated fo rm the dielectric of a condenser to which is 
applied a high-frequency (20 to 80 mc) voltage. Heating of 
materials occurs by the dielectric loss in a high-frequency 
electrostatic field. Heating is quick and uniform due to the 
absorption of energy. It is used in sealing and welding 
films. Also called electronic heutiig. See curing, dielectric; 
dielectric; electrical conductivity; transfer molding. 
heating, induction A method of heating electrically 
conductive materials. Plastics are generally poor conduc- 
tors and cannot be heated directly by this method; the 
process is used indirectly by including a metallic (conduc- 
tive) material that transfers its heat to the plastics. See 
welding, induction. 
heating, microwave Using ovens in the rapid heating 
of dielectric plastics, such as applicable molding powders, 
nylon overlap curing, vacuum-bag curing, and autoclave 
curing. Microwave heating is closely related to dielectric 
heating, with the main difference between the two being 
the higher (2 to 3 times) frequency. See electromagnetic 
spectrum. 

Energy incident on a surface element per unit 

See pipe, geothermal. 
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heating, pre- The process of heating a material, prior 
to processing, to make it more workable or to reduce the 
processing cycle. Different methods of heating are used, 
such as hot-dry air, dielectric heat, and radio-frequency 
heat. See heating, dielectric; extruder roll preheater. 
heating, self- A rise in temperature of a plastic or prod- 
uct caused by internal, exothermic chemical reaction. See 
exotherm. 
heating, shear See shear heating. 
heating, viscous Heating that is generated within the 
stock (melt) by the friction that occurs during the mechan- 
ical working of the plasticator screw rotating in a barrel. 
heat insulation R-value See insulation R-value, 
heat. 
heat, latent The quantity of energy in calories per gram 
that is absorbed or given off as a substance undergoes, with 
no temperature change, a change from liquid to solid 
(freezes), from solid to liquid (melts), or from vapor to 
liquid (condenses). See boiling point. 
heat mark See sink mark. 
heat of activation The increase in enthalpy that occurs 
when a substance is transformed from a less active to a 
more active form at constant pressure. 
heat of adsorption 
heat of combustion The amount of heat that is re- 
leased in the oxidation of a substance at constant pressure 
or constant volume. Also called heat value or heating value. 
heat of fusion 
heat of hydration See hydration. 
heat of solution The heat that is evolved or absorbed 
when a certain amount of solute, a dissolved substance, is 
dissolved in a specific amount of solvent. See solute. 
heat pipe A heat-transfer device that either removes or 
adds heat in all kinds of fabricating equipment. Compared 
to metals, pipes have an extremely high heat-transfer rate. 
They are capable of transmitting thermal energy at near 
sonic isothermal conditions and at near sonic velocity. 
They are tubular structures that are closed at both ends 
and that contain a working fluid. For heat to be transferred 
from one end of the structure to the other, the working 
liquid is vaporized. The condensed vapors travel to the 
opposite end, where the condensate becomes a working 
liquid again and returns to the original end of the pipe. 
Also called thermal pins, heat transjer devices, or heat conduc- 
tors. See heat sink; mold core. 
heat profile The heat that is required by the process 
material. For example, amorphous material usually re- 
quires a fairly low initial heat in the screw plasticator to 
preheat material but not melt it in the screw's feed section 
prior to entering the compression zone. Crystalline mate- 
rial requires higher initial heating to ensure that it melts 
prior to reaching the compression zone. See product 
size. 
heat proportioning See temperature proportional- 
integral-derivative. 
heat protection See ablative plastic; coating, intu- 
mescent; flame retardant. 

See adsorption, heat of. 

See molar heat of fusion. 

heat resistance See coating, intumescent; insula- 
tion resistance; pigment, metal chelate; pyrrone 
plastic; temperature properties of plastics; thermal 
data. 
heat reversible See coefficient, Peltier. 
heat sealing 
ing; welding, radio-frequency. 
heat sensitizer 
elevated temperatures. 
heat shield See ablative plastic. 
heat shrinkable tubing See orientation and heat- 
shrinkability; tubing, heat-shrinkable. 
heat sink A device that absorbs or transfers heat away 
from a critical element or part. Bulk graphite is often used 
as a heat sink. See heat pipe. 
heat softening point 
heat, specific See heat capacity. 
heat stability The resistance of plastic to instability 
when subjected to heat during processing or in service. 
See pigment. 
heat stabilizer An additive that iniproves the heat sta- 
bility of plastics so that changes do not occur to its proper- 
ties. See barium stearate. 
heat staging See plastic heat staging. 
heat sterilization See sterilization, heat. 
heat test 
heat transfer The transmission of themial energy by 
means of a temperature gradient that exists between two 
locations by conduction, convection, or radiation. See 
devolatilization; printing, roll-on; thermal data; 
thermal diffusivity. 
heat-transfer fluid (HTF) A substance that is used in 
different processes to control mold, die, barrel, screw, and 
platen temperatures. It  provides high temperatures at low 
system pressures, offering safety, low maintenance, and ex- 
tended operating lifetime benefits. As a comparison, the 
pressure of 600'F steam is more than 1,500 psi. At the 
same temperature HTF has vapor pressure less than ' / 3  atm 
pressure. Also called hot oil or thevmaljuids. 
heat-transfer, label See label, heat-transfer. 
heat-transfer mechanism The barrel and screw com- 
bination is a complex heat-transfer system. To understand 
something that seems as simple as a zone override can re- 
quire a complete analysis of the system. The factors that 
can cause a zone override include screw design, barrel 
mass, thermocouple placement, cooling jacket fit, barrel 
and screw wear, head pressure, overall temperature profile, 
defective temperature controllers, and inadequate cooling. 
Before assuming that zone override is strictly a screw- 
design problem, you should analyze the system as a com- 
plete heat-transfer mechanism. Although the screw is re- 
sponsible for most of the heat transfer, it cannot control 
the heat distribution. See barrel; extruder; injection 
molding; melt temperature; screw. 
heat-transfer printing See printing, heat-transfer. 
heat treating 
heavy metal See metal, heavy. 

See coextrusion; sealing, heat; weld- 

A gelling agent that is effective only at  

See test, Vicat hardness. 

See test, Wiegand pendulum heat. 

See annealing; hardening, case. 
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hemocompatibility The state of being inert or mini- 
mally interactive with the environment and living organ- 
isms. Blood represents one ofthe most complex biochemi- 
cal systems* in living organisnis and has multiple functions. 
Because these functions are critical, medical devices that 
contact blood must be hemocornpatible and must not ad- 
versely interact with any blood Component. See chemis- 
try, bio-compatibility; ISO-10993 certification. 
hemp A soft, white fiber that is obtained from the stems 
of the plant Cannabis sarirn. It  is used as a filler and plastic 
reinforcement. See filler; reinforcement. 
hermetic seal See seal. 
Hertz (Hz) A unit of frequency that is equal to one 
cycle per second. 
heterocyclic compound A compound that contains 
molecules whose atonis are arranged in a ring; the ring 
containing two or more elements. 
heterogeneous See equilibrium, heterogeneous; 
mixture, heterogeneous; nucleation, heteroge- 
neous; plastic material, heterogeneous. 
high-density polyethylene See polyethylene plas- 
tic, high-density. 
high polymer See polymer, high. 
hinge, integral 
Hinterspritzen bag molding See reinforced- 
plastic-bag molding. 
history See people and machines; plastic history; 
polymerization history; recycling; Staudinger, Her- 
mann; testing and classification. 
hobbing See mold-cavity hobbing. 
hold time 1. In welding, the length of tinie allotted for 
the melted plastic to solidify. See welding. 2. In process 
engineering, the residence time of an individual ingredient 
in a reaction vessel or other processing apparatus. Also 
called holding tinw. 
hole, blind A hole that is not molded entirely through 
a part. See broach. 
holography The production of a unique three-dimen- 
sional image on photographic plastic film by means of an 
interference pattern created by a laser beani that is split by 
a mirrorlike device. It  was developed in 1947 by Dennis 
Gabor of the Imperial College of Science and Technology, 
London, UK,  while working on improving an electron 
microscope. See computer acoustic holography; 
cross-linking, radiation; light, white; test, nonde- 
structive acoustic holography. 
homogeneity See mixture, homogeneity. 
homopolymer See polymer, homo-. 
honeycomb core 
honing See mold-cavity honing. 
Hook’s law 
hoop stress See stress, hoop. 
hopper A receptacle on the fabricating machine (ex- 
truder, injection molding, blow molding, etc.) that directs 
the plastic materials (pellets, granules, flakes, etc.) that are 
fed into the plasticator. Measuring plastic usage for a given 
process helps determine how much plastic should be 

See design hinge, integral. 

See core, honeycomb or foam. 

See modulus of elasticity. 

loaded into the hopper. The hopper should hold enough 
plastic for possibly one-half to 1 hour’s production to pre- 
vent storage in the hopper for any length of time. Care 
should be taken to ensure that hygroscopic plastics are in 
an unheated hopper for no more than one-half to 1 hour 
or as determined from experience or specified by the ma- 
terial supplier. See barrel; magnet. 
hopper blender See blender. 
hopper, color Hopper-mounted coloring loaders com- 
bine virgm plastics, regrinds, one or more colorants, or 
additives (such as slip agents, inhibitors, etc.). Materials are 
mixed by tumbling or gravity and drop the mixture into 
the process hopper. Some coloring loaders allow use of 
dry, powdered colorants, color concentrates, or liquid col- 
orants through the same unit without major equipment 
alterations. They are self-loading and mount directly over 
processing machines so there is no need to manually han- 
dle component materials and risk contamination and 
waste. When powdered dry colorants are used, they can 
be placed in a canister in a separate color room, and the 
filled canister is then mounted on the coloring loader. See 
colorant. 
hopper disc feeder A horizontal, flat, grooved disc that 
is installed at the bottom of a hopper that feeds a plasticator 
and that controls the feed rate by varying the disc’s speed 
of rotation or varying the clearance between discs. A 
scraper is used to remove plastic material from the discs. 
See mixer. 
hopper dryer A combination feeding and drying de- 
vice where hot air flows upward through the hopper con- 
taining the plastics to be processed. See drying opera- 
tion. 
hopper feeder A device that feeds plastic to the hopper. 
Hoppers may be manual or sophisticated automatic mate- 
rial-handling systems. Vacuum or positive air-pressure sys- 
terns are used. The type used depends on factors such as 
available space, type of plastic (shape, form), blending or 
mixing requirements, amount to be processed, and deliv- 
ery rate. See feed hopper. 
hopper magnet See metal detection. 
hopper stuffer A device that is used to handle paste-type 
molding compounds that do not flow through conventional 
hoppers. It moves material into the plasticator. It  usually 
includes a ram or a screw, with the screw also acting as a 
plunger, and niay include a preheater for the material. 
hopper, vacuum The vacuuni that is used to remove 
volatiles. 
hot working See shaping mechanically. 
house See plastic house; pipe, geothermal. 
hue A particular color; a quality that distinguishes colors 
in the visible portion of the spectrum. The first of three 
dimensions of color are hue, lightness, and saturation. See 
colorant; light; saturation. 
humectant agent, moisture See moisture, humec- 
tant agent. 
humidify To increase, by any process, the quantity of 
water vapor within a given space. 
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humidity The condition of the atmosphere in respect 
to water vapor. 
humidity, absolute The weight of water vapor that is 
present in a unit volume of air-for example, g/cm3. 
humidity, atmospheric hygrometer An instrument 
that measures the humidity of thc atmosphere. 
humidity ratio In a mixture of water vapor and air, the 
mass of water vapor per unit mass of dry air. 
humidity, relative See relative humidity. 
humidity, specific In a mixture of water and air, the 
mass of water vapor per unit mass of moist air. 
Hyatt, John Wesley (1837-1920) During the 1860s 
John Wesley Hyatt developed cellulose nitrate plastic and 
successfully produced and marketed billiard balls as a less 
expensive alternative to ivory billiard balls. See cellulose 
nitrate plastic; plastic history. 
hybrid 1. A combination of two or more machines or 
equipment. For example, machines that use hybrid clamp- 
ing pressure sy5tems combine different power systems 
(straight hydraulic ram with toggle unit, hydraulic units 
with electrical devices, etc.) 2. Many different hybrids ex- 
ist that use two or more different materials that are pro- 
cessed together (coextrusion, coinjection, laminate, rein- 
forced plastic constructions, etc.). 3. Hybrid combinations 
provide synergstic gains, including cost reductions. See 
composite; reinforced plastic. 
hybrid interplay A laminate in which more that one 
material is used within a specific layer. 
hybrid motion control See motion-control system 
VPe- 
hydrate See water of hydration. 
hydration Causing, taking up, or combining with wa- 
ter or the elements of water, resulting in a hydrate. See 
water of hydration. Heat of hydration is the energy re- 
leased as heat during the chemical (hydration) reaction, 
such as curing a thermoset plastic reaction, when water 
solidifies Portland cement, and recycling of plastics. See 
recycling, chemical. 
hydration, de- See barium oxide. 
hydraulic Pertaining to an operation in which a liquid 
is used to exert or transfer pressure. See clamping, hy- 
draulic; injection-molding screw drive; pneumatic. 
hydraulic actuator See motion-control system. 
hydraulic damping action See damping, dash pot. 
hydraulic fluid influenced by heat Excessive heat in 
the operation of machine hydraulic systems (injection 
molding, etc.) can have negative effects on the machine 
operation if not properly controlled. Excessive heat de- 
pletes the oxidation inhibitors of fluid oil, causing fluid to 
be contaminated (sludge, etc.). See injection-molding 
machine, hydraulic operation of. 
hydrocarbon One of a large group of chemical com- 
pounds that is made of carbon and hydrogen. Its largest 
source is petroleum crude oil. See oil and gas, oil, 
crude. 
hydrocarbon, plastic See plastic hydrocarbon. 
hydrocarbon solvent See solvent, hydrocarbon. 

hydrochloric acid (HCl) A solution of hydrogen 
chloride gas in water. It is a poisonous, pungent liquid that 
forms a constant boiling mixture at 20% concentration in 
water. I t  is widely used as a chemical reagent in organic 
synthesis, food processing, metal cleaning, and so on. Also 
called muriatic arid. See chemical reagent; hydrogen 
chloride; recycling steel with vinyl scrap; zirco- 
nium. 
hydrochlorofluorocarbon (HCFC) A substance that 
contains less chlorine than polychlorofluorocarbons 
(PCFCs). It  has been used as an interim blowing agent for 
polyurethane foams. See polychlorofluorocarbon. 
hydroclave See autoclave molding operation. 
hydrodynamics A branch of science that deals with the 
motion of fluids and the forces that act on solid bodies 
that are immersed in fluids and in motion relative to them. 
See cavitation; pressure; hydrostatic. 
hydrogel A colloid in which the dispersed phase (col- 
loid) has combined with the continuous phase (water) to 
produce a viscous jellylike product. During the past yuar- 
ter century, synthetic hydrogel technology has developed 
from a theoretical concept into a multimillion-dollar seg- 
ment of the biomedical and specialty plastic industry. See 
lens, contact. 
hydrogen (H) The first chemical element in the periodic 
table. It  is the lightest element, with an atomic weight of 
about one. H? is a highly flammable, colorless, tasteless gas 
and is slightly soluble in water. It is usedin the production of 
synthetic ammonia, in the hydrogenation of many organic 
materials, and as a reducing agent for organic synthesis. 
hydrogenation The introduction ofhydrogen into plas- 
tics usingavariety ofcatalysts andawide range ofconditions. 
llestructive hydrogenation of natural and synthetic poly- 
mers at high temperatures has been helpful in determining 
the structures of polymers. An important benefit resulting 
from hydrogenation is increased stability. For example, 
polybutylene, of which 90'% of the original double bonds 
have been saturated, shows good resistance to ozone. See 
chemical dehydrogenation. The process is used in re- 
cycling plastics in a hydrogen atmosphere a t  300 to 500°C 
(572 to 932°F) and 100 to 400 bar pressure to produce a mix 
of65 to 90% oil or synthetic crude, 10 to 20% gases, and up 
to 20% solid residues. See recycling, chemical; recycling 
method, economic evaluation of. 
hydrogen atom bonding A special type of intermo- 
lecular attraction that occurs between a hydrogen atom 
that is bonded to an atom of a very electronegative ele- 
ment (F, N, or 0) and another atom of one of these three 
elements. 
hydrogen chloride (HCl) A fuming, highly toxic, col- 
orless gas that is soluble in water, alcohol, and ether. It  is 
used in the production of PVC and alkyl chloride and in 
polymerization, isomerization, and other reactions. See 
electrical insulation, askarel; hydrochloric acid. 
hydrogen, de- See chemical dehydrogenation. 
hydrogen embrittlement Hydrogen-induced crack- 
ing or severe loss of ductility that is caused by the presence 
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of hydrogen in materials, particularly metals. See brittle- 
ness; embrittlement; extruder film brittleness; 
toughness; viscoelasticity. 
hydrogen peroxide See sterilization, vapor-phase 
hydrogen peroxide. 
hydrological cycle The cycle of water-from bodies 
of water (oceans, etc.), through evaporation, to water- 
vapor condensation as clouds, and eventual release back 
to the earth as some form of precipitation (rain, etc.). If 
water is contaminated, it can be filtered through the earth 
prior to its way back to a body of water. See water. 
hydrolysis The chemical deconiposition of a material 
that involves the addition of or reaction with water. See 
chemical reclamation; drying operation, hygro- 
scopic plastic; injection-molding venting; plastic, 
hygroscopic; waste; water. 
hydrolytic stability The ability of a material to with- 
stand the environmental effects of high humidity. See hy- 
groscopic; recycling, chemical. 
hydrophilic A substance that interacts favorably with 
polar water molecules. It means “water-liking.’’ It  has an 
affinity for water, is wettable by water, and tends to absorb 
water, as opposed to lyophobic. See lyophilic; oleo- 
philic; water. 
hydrophilic surface A surface of a hydrophilic sub- 
stance that has a strong ability to bind or absorb water; a 
surface that is readily wettable with water. An example is 
a carbohydrate such as starch. See emulsifying agent; 
fiberglass binder/sizing coupling agent; ion-beam 
surface modification. 
hydrophobic Capable of repelling water, lacking affin- 
ity for water. See antifogging agent; emulsifying 
agent; water. 
hydrosol A suspension of PVC or nylon plastic in wa- 
ter. See latex. 
hydroxyl group See atom, hydroxyl group. 
hydrostatic A branch of physics that deals with the 
characteristics of liquids at rest and with the pressure in a 
liquid or exerted by a liquid on an immersed body. See 
hydrodynamics; pressure, hydrostatic. 
hydrotropy The increase in solubility of a substance 
that is only slightly soluble in an aqueous system by the 
addition of a third substance. This third substance is called 
a hydrotropic agent. 
hydrous Indicating the presence of an indefinite 
amount of water. 
hydroxy See chemical, hydroxy group. 
hydroxy group 
hygrometer 1. An instrument that measures the surface 
temperature at which ambient water vapor condenses. 2. 
An instrument that determines the relative humidity of the 
atmosphere. See relative humidity. 3. An instrument 
that measures the water-vapor content of hygroscopic and 
other plastics by measuring the change in resistance or ca- 
pacitance. See drying operation, hygroscopic plastic. 
hygrometer, humidity atmospheric See humidity, 
atmospheric hygrometer. 

See atom, hydroxyl group. 

hygroscopic Tending to absorb moisture; capable of 
adsorbing and retaining atmospheric moisture. See dry- 
ing; drying operation, hygroscopic plastic; injec- 
tion-molding venting. 
hygroscopic, plastic See drying operation, hygro- 
scopic plastic; plastic, hygroscopic. 
hydrothermal effect A change in properties due to 
moisture absorption and temperature changes. See water. 
Hypalon DuPont’s trade name for its chlorosulfonated 
polyethylene elastomers. 
hypodermic needle See blow molding, extruder 
blow-action. 
hypothesis A supposition or conjecture that is put for- 
ward to account for certain facts and is used as a basis for 
further investigation by which it may be proved or dis- 
proved. Also called blind search. See debug; design- 
failure theory; problems and solutions; trouble- 
shooting. 
hysteresis The incomplete recovery of strain in a mate- 
rial that is subjected to a stress during its unloading cycle 
due to energy consumption. This energy is converted 
from mechanical to frictional energy (heat). It can repre- 
sent the difference in a measurement signal for a given 
process property value when approached first from a zero 
load and then from a full scale. See accuracy; fatigue 
hysteretic heating; repeatability; strain; stress. 
hysteresis control See control, transducer-speci- 
fication. 
hysteresis diagram In fatigue, the stress-strain path 
during a cycle. See fatigue S-N diagram. 
hysteresis, elastic The difference between the resil- 
ience of a material at a specific stress and deformation en- 
ergy that is recovered from the material unloaded from 
the same stress, the loading and unloading occurring at a 
constant and specified rate. See damping. 
hysteresis heat build-up The accumulation of thermal 
energy generated within a material as a result of hysteresis, 
evident by an increase in temperature. See fatigue hys- 
teretic heating. 
hysteresis loop In dynamic niechanical measurement, 
the closed curve representing the successive stress-strain 
status of the material during a cycle deformation. See 
damping, mechanical; energy deformation; tensile 
hysteresis. 
hysteresis loss The loss of mechanical energy due to 
hysteresis. 
hysteresis measurement Dynamic testing, determines 
the number of cycles to break and establishes causes and 
patterns of failure. Stress and strain (extension) are mea- 
sured, and the elastic modulus is derived from these values. 
This assists in a complete description of the failure pattern. 
See dynamic mechanical measurement; stress-strain 
curve. 
hysteresis, mechanical The energy that is absorbed in 
a complete cycle of loading and unloading, including any 
stress cycle regardless of the mean stress or range of stress. 
hysteretic heating See fatigue hysteretic heating. 
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ice, dry A solid form of carbon dioxide (CO,) that is 
available in various forms, such as snow, blocks, and nug- 
gets. When dry ice pellets are sprayed, they are usually at  
200 to 250 psi (1.4 to 1.6 MPa). Dry ice is used to deflash, 
shrink fit, perform inert cooling, and so on. See cleaning; 
deflashing, cryogenic. 
icephobic coating An anti-icing coating. See poly- 
phosphazene plastic. 
ice, synthetic Extruded plastic sheets, such as HDPE, 
that are used in ice skating rinks. The rink at Madison 
Square Garden, New York City, has used this “super ice” 
since 1985. I t  has 94% of the glide factor of wet ice; no 
use is niade of the glide solution required on wet ice. 
icing See polyphosphazene plastic. 
ignition The initiation of conibustion. See combus- 
tion. 
ignition loss 1. The difference in weight of a substance 
before and after burning. 2. The burning off of a binder or 
sizing, as with glass fiber. See fiberglass binder/sizing 
coupling agent; reinforced-plastic ignition loss; vol- 
atile. 
ignition point See combustion, autoignition point; 
pyrophoric material. 
ignition temperature The lowest temperature at which 
sustained combustion can be initiated under specific test- 
ing conditions. See test, fire cone and lift. 
ignorance factor 
image See dye toner; optical density; optical dis- 
tortion value; printing, electrostatic-charged area 
development; quality indicator, image. 
image, charge couple device (CCD) An electronic 
scanning device that is used in image systems. 
image magnification See transmission, electron- 
microscope. 
imide A nitrogen-containing acid that has two double 
bonds that are used to produce a family of temperature- 
resistant plastics, such as polyiinide, polyetheriniide, and 
polyiniide-imide. See polyamide-imide plastic; poly- 
imide plastic. 
immiscible Not soluble; incapable of attaining honio- 
geneity. The term also refers to powder and other solid 
materials that differ widely in some physical property, such 
as specific gravity. See solubility. 
impact adhesive See adhesive, contact. 
impact energy See energy absorption; impact 
strength. 
impaction A forcible-impact contact. A150 called im- 
pingement. See test, aircraft canopy; test, impact. 
impact modifier A substance, usually a semicompati- 
ble rubber, that is added to a compound to improve impact 
resistance. Its particle size must be carefully controlled and 

See factor of ignorance. 

have good adhesion or at  least good wettability when dis- 
persed in a compound. Too much compatibility would 
have it exhibit behavior similar to plasticizers. See addi- 
tive; plasticizer. 
impact resistance The resistance to fracture under 
shock force. See safety glass. 
impact strength The tendency of a material to accept 
a sudden blow or shock without fracture or substantial 
damage. It is the energy required to break a specimen. It  is 
equal to the difference between the energy in the striking 
nieniber of the impact apparatus at  the instant of impact 
and the energy remaining after coniplete fracture of the 
specimen. Also called impact energy. See automobile 
bumper fascia; energy absorption. 
impalpable powder See material, powder. 
impingement mixing See mixing, impingement. 
impregnation Saturating a material with plastic to pro- 
vide increased performance or decoration. For example, 
application as a matrix reinforces fiber, producing excep- 
tionally high-strength structures; saturating cement, con- 
crete, wood iniproves strength and extends environmental 
endurance; filling metals that are slightly porous seals 
them. Degree of impregnation or saturation depends on 
variables such as process used (coating, extrusion, tower 
drying, etc. with or without vacuuni in the substrate) and 
plastic melt capability. See compregnate; embedding; 
extruder profile, coated; fabric, impregnated; metal 
impregnation; plastic-concrete composite; wood, 
compreg; wood-plastic impregnated. 
impregnation, fabric See twist, direction of yarn. 
impregnation, introfaction A change in fluidity and 
wetting properties of an impregnated material that is pro- 
duced by the addition of an introfier. See chemical in- 
trofier; fluidity. 
impregnation overlay See sheet overlay. 
impregnation, pre- Preparing a thermoplastic or ther- 
nioset plastic for impregnation, such as by drying or re- 
moving air or other gases (vacuum). With TS, partial B- 
stage plastic cure is usually performed. See prepreg; rein- 
forced-plastic preimpregnation; reinforced-plastic 
prepreg; sewer rehabilitation. 
impregnation, trickle A process that is related to ther- 
moset plastic casting, potting, and encapsulation in that it 
also uses low viscosity liquid reactive plastics to provide 
the trickle impregnation. For example, the catalyzed plas- 
tic drips onto an electrical transformer coil. Capillary ac- 
tion draws the liquid into its openings at a rate slow 
enough to enable air to escape as it is displaced by the 
liquid. When fully impregnated, the part is exposed to heat 
to cure the plastic. 
impregnator A device that impregnates, such as a 
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heated vacuum chamber for solid products or sheet mate- 
rial passed through a heated tunnel. 
impulse sealing See sealing, impulse. 
impurity See material impurity; scavenger. 
inching See compression-molding inching; mold 
inching. 
inch unit See angstrom; micron unit. 
incineration Controlled burning of solid, liquid, or gas 
wastes to break them into gas byproducts and ash. Plastics 
are a safe component in modern municipal waste-inciner- 
ation facilities, which are equipped with pollution-control 
devices. Because plastics are practically all petroleuni or 
natural gas derivatives, they burn at a higher temperature 
than other wastes and help to make the combustion pro- 
cess more complete. Plastics can safely reduce waste vol- 
unie by 90 to 98% and convert that waste to useful energy. 
See ash; ash content; carbonaceous matter; com- 
bustion modular unit; dioxin; energy efficiency; 
flammability; hazard; plastic and pollution; plastic, 
long-life; recycling, chemical; scrubber; solid-waste 
volume reduction. 
incineration and energy When compared to other 
materials in municipal trash and waste, plastics produce 
much more energy. See design-source reduction; en- 
ergy consumption; energy reclamation; landfill and 
degradation; pollution; pyrolysis; recycling cost; re- 
cycling limitations; recycling method, economic 
evaluation of. 
incineration fume system One of four basic types of 
fume systems that use thermal oxidizers to destroy volatile 
organic compounds (VOC) by converting hydrocarbon- 
laden fumes to water vapor and carbon dioxide. Different 
scrubbers are used. While each system effectively eliini- 
nates VOCs, the systems have varying operating perfor- 
mances and costs. They have different oxidation theories 
identified as common afterburner, catalytic converter, re- 
cuperative tliernial oxidizer, and regenerative thermal oxi- 
dation. See energy reclamation; scrubber; volatile 
organic compound. 
index of refraction See light index of refraction. 
indirect cost 
induction bonding See insert induction bonding. 
induction, magnetic Flux density in a magnetic field. 
industry input/output data See standard industrial 
classification. 
industry recycling See World of Plastics Reviews: 
Challenge 2000-Making Plastics a Preferred Mate- 
rial. 
industry show See shows and conferences; Appen- 
dix C, Worldwide Plastics Industry Associations. 
industry size 
industry worker certification 
fication. 
inelastic deformation See deformation, inelastic. 
inert 
inertia 1. The property of matter whereby a body re- 
mains at rest or in uniform rectilinear motion unless acted 

See cost, direct and indirect. 

See plastic industry size. 
See processor certi- 

Not chemically reactive. See additive, inert. 

on by an internal force. 2. Sluggishness or slowness to take 
action. See fabricating output; moment of inertia. 
infrared (IR) The part of the electromagnetic spectrum 
between the visible light range and the radar range. Kadi- 
ant heat is in this range, and IR heaters are frequently used 
in the therrnoforming process and the curing of thermoset 
plastics, including reinforced plastics. See finish, baking; 
light, white; test, nondestructive temperature dif- 
ferential by infrared; wavelength. IR analysis is used 
for identification of plastic constituents, quality control, 
and so on. See electromagnetic spectrum; quality 
control, sensor, infrared; test, infrared; wavelength; 
welding, infrared. 
infrared (IR) annealing Raising the temperature of a 
plastic part to a target level by using IK. IR annealing 
provides an extra measure of safety in complex-shaped 
parts, where stress-cracking failures can be critical. The 
process can also be used to improve plating or coatings 
since IR annealed parts are more resistant to the cracking 
or crazing that is often associated with aggressive coatings. 
Fully assembled parts can be annealed, which can be bene- 
ficial where excess stress due to assembly is present. With 
oven annealing aging can be accelerated leading to embrit- 
tleinent and loss of toughness, and longer heating times 
require more energy costs. See annealing. 
infrared inspection See inspection, infrared. 
infrared (IR) spectroscopy A method that is used to 
observe and plot the wavelengths in the electroniagnetic 
spectrum that lie beyond the red froin about 750 mm 
(730 A) to a few millimeters. See absorption; chemis- 
try, analytical; cross-linking, radiation; quality- 
control online infrared measurement; radiation; 
spectrometer, ultraviolet; spectroscopy, Fourier’s 
transfer infrared; thermal analysis. 
infrastructure The underlying foundation or basic sys- 
teni framework. For example, plastics are involved in the 
highway infrastructure when reinforced plastics are 
wrapped around roadway and bridge concrete columns 
when they require retrofitting, such as after long use or 
an earthquake. 
infringement See legal matter: patent infringe- 
ment. 
infusible Not capable of being melted, which is typical 
of thermoset plastics. 
infusion The aqueous solution of a soluble constituent 
of a substance that is the result of the substance’s steeping 
in a solvent for a period of time. See solution. 
infusion molding See reinforced-plastic resin 
transfer molding. 
ingot A large casting that subsequently goes into sec- 
ondary operation, such as being rolled, forged, skived. See 
film, skived. 
inherently dissipative plastic See plastic, electri- 
cally conductive. 
inherent viscosity See viscosity, inherent. 
inhibitor A material that is designed to slow down or 
prevent a chemical reaction; to be technically useful, it 
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must be effective in low concentration. If the inhibition 
is for compounding purposes, then it can be called a stabi- 
lizer. See catalyst, negative; retarder. Inhibitors are also 
used in certain plastics to prolong storage life. See shelf 
life. 
initiator The substance or molecule, other than a re- 
actant, that initiates a chain reaction, as in polymerization 
or for cross-linking thermoset plastics. See cross-linking; 
ionic initiator; polymerization. 
injected paint technology See paint coating, in- 
mold. 
injection blow molding See blow molding, injec- 
tion. 
injection/ blow molding with rotation See blow- 
molding, injection-with-rotation. 
injection-compression molding (ICM) A variant of 
injection-molding thermoplastics. The essential difference 
lies in the manner in which the thermal contraction in 
the mold cavity that occurs during cooling (Fhrinkage) is 
compensated. With conventional injection molding, the 
reduction in material volume in the cavity due to thermal 
contraction is compensated basically by forcing in more 
melt during the pressure-holding phase. By contrast with 
ICM, a compression mold design is used where a inale 
plug fits into a female cavity rather than the usual flat- 
surface parting-line mold halves for IM. The melt is in- 
jected into the cavity as a short shot, thereby not filling 
the cavity. The melt in the cavity is stress-free; it is literally 
poured into the cavity. Prior to receiving melt, the mold 
is slightly opened so that a closed cavity exists; the inale 
and female parts are engaged so the cavity is closed. After 
the melt is injected, the mold automatically closes produc- 
ing a relatively even melt flow. O n  controlled closing, a 
very uniform pressure is applied to the nielt. Sufficient 
pressure is applied to provide a molded part without 
stresses. This type of molding has many advantages in favor 
of molded part performances. Also called coining and injec- 
tion s tarnpiy .  See injection molding, controlled- 
density; injection molding, foamed high-pressure. 
injection molding (IM) A method for producing 
molded plastic. Worldwide, extrusion uses 36wt% of plas- 
tics, and IM uses 32wt% of all plastics. IM is basically a 
noncontinuous extruder and in some operations is a con- 
tinuously operating machine. It  has a screw plasticator (also 
called a screw extruder) that prepares the melt. The injec- 
tion-molding machine can be identified by two popular 
methods of operation-the one-stage molding system and 
the two-stage molding system. There are also three-stage 
molding units. The one-stage is more popularly known as 
the reciprocating-screw IMM. The popularly known two- 
stage has other names such as the p i ~ y - b a c k  IMM that can 
be related to a continuous extruder. See extruder; blow 
molding, extruder (intermittent). 

Injection-molding machines (1) plasticize (heating and 
melting of the plastics), (2) inject (injecting under pressure 
a controlled volume shot of melt into a closed mold with 
solidification of the plastics beginning on the mold's cavity 

wall), (3) after-fill (maintaining the injected material under 
pressure for a specific time period to prevent back flow of 
melt and to compensate for the decrease in volume of melt 
during solidification), (4) cool (cooling the molded part in 
the mold until it is sufficiently rigid to be ejected), and (5) 
release the molded part (opening the mold, ejecting the 
part, and closing the mold so it is ready to start the next 
cycle with a shot of melt). See World of Plastics Re- 
views: The Plastics Industry; World of Plastics Re- 
views: Basics and Overviews of Fabricating Pro- 
cesses. 

The IMM features three basic components-injection 
unit, mold, and clamping system. The injection unit pre- 
pares the proper melt and traixfers the melt into the next 
component, which is the mold. The clamping unit closes 
and opens the mold. This operation tends to be more 
complex than other processes since it involves moving and 
stopping the melt flow into the mold, rather than having 
a continuous flow of melt without interruptions. The IM 
process is extremely useful since it permits the manufacture 
of simple to particularly very complex and intricate three- 
dimensional shapes. When required these shapes or parts 
can be molded to extremely tight tolerances, very thin, 
and relatively low weights in grams. See injection- 
molding machine, reciprocating screw; injection- 
molding machine, two-stage; automation, vision. 
injection-molding accumulator See accumulator. 
injection-molding aircraft canopy IM canopies are 
always made by thermoforming acrylic plastic, polycar- 
bonate plastic, or their combinations. During the early 
1980s successful IM canopies were fabricated, but for the 
rather limited production of canopies, thermoforining 
continues to be used. See aircraft; canopy; trans- 
parent. 
injection-molding air shot The contents of a plastica- 
tor shot expelled into the air to study the characteristics 
of the melt; usually performed on start-up with the mold 
in the open position. Also called a i r p q q e .  See air entrap- 
ment. 
injection molding, automotive See automobile, 
composite. 
injection molding, back-molding A technique that 
can replace the production of bonding decorative material 
parts to an IM exterior part. This exterior or cover lami- 
nate or decorative film or sheet is placed in the mold prior 
to injecting the plastic melt, usually at low pressure, using 
standard or slightly modified IMMs. Also called in-mold or 
lowpressure IM. See injection molding, in-mold; injec- 
tion molding, two-shot. 
injection-molding back pressure See back pres- 
sure. 
injection molding, blow See blow molding, injec- 
tion. 
injection molding, boost cut-off or two-stage con- 
trol A basic process control that provides a method of 
controlling the IM process via the cavity pressure control 
to hold consistent injection fill time. The boost cutoff ap- 
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proach can be interpreted incorrectly due to its simplicity; 
some of the subtleties involved in its use are often over- 
looked. When molding with a machine that has no closed- 
loop control, the most generally accepted molding practice 
is to mold with enough pressure on the first-stage or high- 
volume pump to fill and pack the cavity. The first-stage 
pressure is initiated at  the start of the injection cycle and 
is maintained by the first-stage timer. This tinier is set with 
enough time available so that the inold cavity can be coni- 
pletely filled and packed before the tinier has conipleted 
its cycle. When the timer completes its cycle, the machine 
control switches froni a first-stage to a second-stage pres- 
sure. Second-stage pressure is set to a level sufficient to 
hold the material in the cavity until the plastic solidifies. 
This technique requires a cushion of plastic melt ahead of 
the screw. The cushion allows pressure in the injection 
cylinder to be transferred to the mold cavity so that the 
packing and holding portions of the cycle can occur. 

Having provided the excess energy necessary to achieve 
cavity fill, coupled with the correct use of flow control to 
keep the fill rate constant, it is only necessary to know 
when to turn the energy off to ensure the proper degree 
of packing. The point where the energy is turned off is 
called the boost cutof or degree of packing cutqf (DPC) set 
point. Mold pressure continues to rise after this set point 
is reached until a peak pressure is obtained. This continued 
rise in pressure is called the overshoot of the control systeni. 
If the screw or plunger is moving at a lower rate of speed 
when the cutoff is reached, there will be very little over- 
shoot that is caused by the screw or plunger deceleration. 
The amount of overshoot is a variable that depends pri- 
marily on fill rate. To compensate for overshoot, the 
molder may have to fine tune the boost cutoff set point 
when fill rate changes are made in the process. See mold- 
cavity pressure; process control. 
injection molding bridging See screw and barrel 
bridging. 
injection molding, bulk-molding compound (BMC) 
Different IMM designs are used to process BMC, but use a 
stuffer feed-box system. See hopper stuffer; reinforced- 
plastic bulk-molding compound. 
injection molding bumping 
injection-molding capacity See injection-molding 
machine characteristic. 
injection-molding carousel See clamping platen, 
rotary. 
injection molding, cavity fill and pack See injec- 
tion molding, boost cut-off or two-stage control. 
injection molding change-over time The period of 
time that elapses froni when the molding is ready to be 
ejected or removed to the time when the operating cycle 
is about to be started again. 
injection molding circuit board IM wire boards pro- 
vide significant savings over laminated types. The three- 
dimensional features such as spacers, stand-offs, soldering 
sites, and holes for through-hole connections can be 
molded. See printed circuit board. 

See mold breathing. 

injection molding clamping See clamping. 
injection molding cleaning See cleaning. 
injection molding, co- See coinjection molding; 
injection molding, sandwich. 
injection molding coaxial cable See electrical ca- 
ble “button.” 
injection molding cold shot An incomplete part that 
is formed while cycling a machine during heat up or start 
up. See extruder cold shot. 
injection molding cold slug See molding cold 

injection molding communication protocol See 
communication protocol. 
injection molding, computer-integrated See com- 
puter-integrated manufacturing. 
injection molding, continuous Molding parts by us- 
ing continuously operating extruders. The extruders melt 
the plastic and use different techniques to deliver the melt 
into mold cavities. These continuous screw-rotating nia- 
chines use many molds. The molds are usually located on 
a rotating circular table that can operate as Ferris wheels 
and carousels. Feeding a melt (through special nozzle 
adapters to the contour of the molds) onto a rotating mold 
has been applied since at least the 1940s. Products made 
include shoe soles, shoe sandals, and boats. See Velcro 
strip. 
injection molding, controlled-density A process 
that uses a variable-volume mold cavity with a movable 
wall or plug type section in the wall. After filling the cavity 
with melt the cavity is compressed by the movable wall 
or plug. With foam molding, controlled solid skins with 
core are achieved. It  is an adaptation of the injection- 
compression technique. See injection-compression 
molding. 
injection-molding controller See computer, mi- 
croprocessor control; control actuator; die head, 
programmed; melt-temperature effectiveness; pro- 
cess control. 
injection-molding counterflow To eliminate or re- 
duce weld lines, two separate injection units are used to 
move melt in and out of the cavity. Melt from one unit 
flows through the cavity and into the secondary unit. This 
type of action repeats and is programmed to enhance melt- 
flow patterns. See weld line. 
injection molding cycle time A reasonable formula 
to use, regardless of the plastic processed, is the average 
wall thickness (in thousandths of inches decimal form) 
multiplied by 250. See cycle. 
injection-molding cycle time, shortened Shorten- 
ing cycle time requires assessing all the difficulties of the 
IM process during design of the part and the mold. Thus 
what is needed is a device for achieving optimuni designs 
of part and mold. Program systems that provide for com- 
puter simulation of the IM process are used for this pur- 
pose. Relevant software programs provide guidelines and 
reduce cycle time by evaluating the actual IM process op- 
erational settings. See cycle. 

slug. 
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injection molding degassing See injection mold- 
ing venting; mold breathing. 
injection molding degating See mold-gate de- 
gating. 
injection-molding doser See doser. 
injection molding, double-daylight A process that 
combines hydroelastic metal forming on the moving 
platen and a hot runner injection molding system on the 
fixed platen (Arburg GmbH). A center mold plate sepa- 
rates the two processes and is supported by guide arms on 
the tiebars. During processing a robot loads a metal blank 
into the hydroforni section and moves the shaped blank 
from the previous cycle to the IM side. The mold’s closing 
action drives the hydroforming process, and the already 
shaped blank is overmolded with plastics. 
injection molding, double-shot See molding, 
double-shot. 
injection-molding electrical cable “button” See 
electrical cable ‘‘button.” 
injection molding, foamed-gas counterpressure An 
air-tight sealed mold can be pressurized to 400 to 500 psi 
(2.8 to 3.5 MPa) with an inert gas, usually N L ,  or enough 
pressure to suppress foaming as the plastic mix enters the 
cavity. After the measured shot ic injected, pressure is re- 
leased, allowing the instantaneous foaming to form a core 
between the already formed solid skins. See injection 
molding, gas-assist. 
injection molding, foamed high-pressure The plas- 
tic mix is injected into the mold, creating a cavity pressure 
that is higher than the blowing-agent gas pressure; usually 
much higher r a n p g  from 5,000 to 20,000 psi (34.5 to 
138 MPa). As soon as the part skin surface hardens to the 
desired thickness, cavity melt pressure is reduced to pro- 
duce a foamed core. Different techniques are used to re- 
lease pressure, such as withdrawing core pins in the cavity 
or by special press motions that partially open the mold 
halves using two-dimensional or three-dimensional mo- 
tions. See injection-compression molding; injection 
molding, foamed low-pressure coinjected. 
injection molding, foamed low-pressure Low- 
pressure or short-shot conventional IM are the most coni- 
monly used because they are easy and simple to operate, 
particularly for large, complex, three-dimensional parts. 
The usual cavity pressure is 200 to 500 psi (1.4 to 3.5 
MPa). An accumulator can be used between the plasticator 
and mold, providing a means ofinjectirig a very large shot. 
Since low pressures are used, the part’s surface appearance 
does not approach those processes using the higher pres- 
sures. Attractive surface patterns can be molded, such as 
swirl. See accumulator; blow molding, extruder (in- 
termittent). 
injection molding, foamed low-pressure coinjected 
Using the coinjection procedure, a solid nielt is injected 
to form the solid, smooth skin against the cavity surface. 
Simultaneously a second short-shot melt with blowing 
agent is injected to form the foamed core. With a full sec- 
ond shot, the mold can incorporate pins or a mold that 

opens like high-pressure foam molding. See coinjection 
molding; injection molding, foamed high-pressure. 
injection molding, foamed sandwich See injection 
molding, sandwich. 
injection molding, foamed structural-web See 
molding, structural-web. 
injection molding freeze-off See freeze-off. 
injection molding, fusible-core See injection 
molding, soluble-core. 
injection molding, gas-assist (GAIM) A process that 
uses a gas, usually nitrogen with pressures up to 3,000 psi 
(21 MPa), with the melt in the mold so that channels are 
formed within the melt. Gas can be injected through the 
center of the injection-molding machine nozzle as the 
melt travels to the cavity, or it can be injected separately 
into the mold cavity. In a properly designed tool, run u ~ i -  
der the proper process conditions, the gas (with a vicosity 
that is much lower than the melt) remains isolated in gas 
channels of the part without bleeding out into any thin- 
walled areas in the mold, producing a balloonlike pressure 
on the melt. The gas channels are areas that have been 
thickened to achieve functional utility in the part or to 
promote better melt flow during cavity filling. This action 
provides a high degree of packing the melt against the cav- 
ity walls. Gas pressure is held until the melt solidifies. This 
coring action reduces cycle time and the quantity of plastic 
used, develops a more structurally sound part (increases 
section stiffness), improves surface flatness, and reduces 
warps and sinks over thick sections. Thick parts can easily 
be made without voids or sink marks. See GAIM soft- 
ware; injection molding, gas-counterflow; nitro- 
gen; pressure, Lavell. 
injection molding, gas-assist without gas channel 
The Battenfeld Airniould Contour process provides a gas- 
assist alternative when it is not possible to inject gas directly 
into the molten plastic or where moldings with gas-channel 
openings are not desirable. It  can be used where parts require 
only one smooth or high-gloss surface with a different wall 
thickness or complex geometry on the other side. The pro- 
cess has gas enter between the melt and mold-cavity surface 
where external pressure is applied to the melt. The gas can 
be applied within specific part sections. 
injection molding, gas-counterflow A conventional 
IM system is used with a separate entrance to the mold 
cavity providing gas (usually nitrogen) pressurization prior 
to injecting the melt shot. This back pressure action can 
provide an even distribution of melt packing during its 
cooling cycle. When producing foamed plastic parts, this 
gas back pressure prevents the blowing agent from ex- 
panding until its part skins form followed by releasing 
(venting) the gas pressure. Controlled foam expansion is 
provided. See injection molding, foamed-gas coun- 
terpressure. 
injection molding, gas-external See injection 
molding, gas-assist without gas channel. 
injection molding heat-transfer mechanism See 
heat-transfer mechanism. 
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injection-molding holding pressure During the ini- 
tial mold-filling phase of the molding cycle, high injection 
pressure niay be needed to maintain the desired mold fill- 
ing speed. Once the mold is initially full, then the cycle 
enters its holding phase, and the screw acting as a rani 
pushes into the mold cavity extra melt to compensate for 
material shrinkage. This may be done at a lower, second- 
stage pressure or, at  the sanie initial high, filling pressure; 
this high pressure may not be necessary or even desirable. 
In  many cases, a lower second-stage pressure therefore fol- 
lows a high first-stage pressure. However, when molding 
some crystalline plastics, such as nylon and acetal, then the 
use of the second-stage pressure niay not be desired be- 
cause abrupt changes in pressure can cause undesirable per- 
formance changes in the molded part. See injection 
molding, boost cutoff or two-stage control. 
injection-molding hollow part See molding, die- 
slide. 
injection-molding infrared temperature control 
IM is a thermal process whose major task ultimately is to 
control temperature. Too much or too little heat at the 
wrong place can cause problems (short shot, galling, splay, 
brittleness, plastic degradation, etc.). You cannot see this 
thermal energy, only its effects. Thernial energy radiates 
in the infrared spectrum, outside the spectrum of visible 
light. Use has been made of IR video cameras to detect 
energy color patterns in all locations around the IM nia- 
chine and auxiliary equipment. With this IR thermogra- 
phy, every plastic has its own wavelength, and temperature 
readings are related to the IR color patterns. I R  signatures 
are also provided for each plastic using the Fourier transfer 
infrared spectrum (FTIR). See infrared; spectroscopy, 
Fourier’s transfer infrared. 
injection molding, in-mold Performing operations 
such as decorating, assembly, painting, labeling, and lanii- 
nation in the mold usually can result in cost savings coni- 
pared to postniold operations. Some part designs require 
materials that do not share any adhesive properties. In 
these cases, in-mold assembly not only allows use of such 
incompatible materials but also facilitates molding parts 
with movable joints in a single fabricating step. With plas- 
tic labeling, which includes thermofornied film, there is a 
possibility of adding strength to the product so that a thin- 
ner wall is molded. See coating; coating, in-mold dec- 
orating, labeling; decorating; decorative sheet; foil 
decorating; injection molding, back-molding; in- 
jection molding, two-shot; thermoforming. 
injection molding, insert 
injection molding, integral-hinge See design 
hinge, integral. 
injection molding, intrusion When shot size is not 
large enough, prior to injecting a prepared shot in the plas- 
ticator, the screw is turning, which permits melt to enter 
the cavity followed by injecting the shot. 
injection molding, jet A process in which the main 
heating to melt the plastic occurs when it passes through 

See insert molding. 

a nozzle or jet, rather than the more conventional process 
using a plasticator to melt the plastic. 
injection molding, jetting Melt that enters the cavity, 
is in turbulent flow rather than in laminar flow. Causes 
include undersized gate and a thin to thick cavity section, 
resulting in poor control of the molded part. See coolant, 
turbulent-flow; melt flow, laminar. 
injection molding, linear velocity displacement 
transducer (LVDP) A transducer that is used for niea- 
suring relatively small amounts of movement in the verti- 
cal or horizontal plane. The amount of movement is de- 
tected by means of a change in an electrical signal caused 
by the movement of an iron core within a coil; this change 
is then amplified and converted into a linear measurement. 
Very accurate readings of tie bar extensions can be ob- 
tained when using these devices. See linear variable dif- 
ferential transducer; transducer. 
injection molding, liquid (LIM) A process that in- 
volves proportioning, mixing, and dispensing two liquid 
plastic formulations. This compound is directed into a 
closed mold. It can be used for encapsulating electrical and 
electronic devices, decorative ornaments, medical devices, 
auto parts, and so on. It is similar to reaction injection 
molding (RIM) in that it uses a mechanical mixing rather 
than a high-pressure impingement mixer. Flushing the 
mix at the end of a run is easily handled automatically. 
Plastics that are used include silicones and acrylics. Using a 
spring-loaded pin-type nozzle helps avoid liquid-injection 
hardware from becoming plugged with plastics. The 
spring loading allows you to set the pressure so that it is 
higher than the pressure inside the extruder barrel, thus 
keeping the port clean and open. Also called reaction injec- 
tion rnoldiug (RIM). See embedding; encapsulation; 
reaction injection molding. 
injection molding machine A machine designed for 
injection-molding plastics. See injection molding ma- 
chine, vertical. 
injection molding machine adapter section A sec- 
tion that fits on the end of the barrel and whose inside 
taper matches the taper of the tip of the screw so that there 
is a smooth flow ofplastic toward the nozzle. See adapter 
system. 
injection molding machine, adiabatic See adia- 
batic; extruder, adiabatic. 
injection molding machine alignment See ma- 
chine alignment. 
injection molding machine ball-check valve A type 
of nonreturn valve at the end of the plasticating screw in 
which plastic melt can flow forward past the ball during 
screw rotation. The ball moves back and seals the passage 
during injection. See injection molding machine ring 
check valve; screw tip, injection. 
injection molding machine barrel See barrel, ex- 
truder and injection molding; barrel flange, front. 
injection molding machine barrel and feed unit 
See barrel and feed unit. 
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injection molding machine barrel heater Electric 
heaters surrounding the barrel. They are used to heat the 
barrel for start-up and provide some heat to the plastic 
during molding. See heater band. 
injection molding machine characteristic IMMs 
are characterized by their shot capacity (shot represents the 
maximum volume of melt that is injected, which usually 
is about 80% of the actual volunie of the machine’s capa- 
bility; the difference provides a backup safety factor for 
packing), rate of injection, injection pressure, and clanip 
pressure with mold-locking force. Shot-size capacity may 
be given in terms of the inaxiinum weight that can be 
injected into a mold cavity and usually is quoted in ounces 
or grams of general purpose PS (GPPS). A better way to 
express shot size is in terms of the volume of melt that 
can be injected into a mold at a specific pressure. Rate of 
injection relates to its speed and also the control capability 
of cycling the melt to move fast-slow-fast, slow-fast, and 
so on. See injection molding machine shot size. 

Injection pressure in the barrel when the shot is injected 
can range froni 2,000 to at least 30,000 psi (14 to 205 
MPa). The characteristic of the plastic being processed de- 
fines what pressure is required in the inold to obtain good 
parts. Based on what cavity pressure is required, the barrel 
pressure has to be high enough to meet pressure-flow re- 
strictions going froin the plasticator into the mold. Clamp 
pressure required in the IMM depends on the plastic being 
processed. It requires a specified pressure in the mold cav- 
ity. It is basically the cross-sectional area of any inelt that 
is located on the parting line of the mold, which includes 
the cavities and the thermoplastic cold runner that is lo- 
cated on the parting line. The thermoplastic hot melt that 
is located within the inold is not in the parting line. By 
multiplying the pressure required on the melt and the melt 
cross-sectional area, the clamping force required is deter- 
mined. A safety factor is provided by a 10 to 20%1 increase. 
See mold runner. 
injection molding machine clamping See clamp- 
ing; clamping platen, floating; clamping platen, 
stationary; clamping platen, shuttle; clamping pres- 
sure, injection molding machine; clamping, tie bar- 
less; mold, stack. 
injection molding machine control See injection 
molding machine-drive system. 
injection molding machine conventional nozzle A 
nozzle with a straight hole leading to the screw bushing. 
See screw tip, injection. 
injection molding machine daylight The distance 
between the mold platens. Maximum daylight is the maxi- 
muin distance they can separate. See clamping, day- 
light-opening. 
injection molding machine downsizing Very few of 
the installed IMMs run shot sizes anywhere near the full 
shot size capacity of the injection unit. Typical usage is 
from 25 to 6096, but in many cases it is even less. Most 
suppliers of IMMs offer several sizes for any given c h i p  

tonnage. At the time of purchase, the thinking regarding 
the injection unit is to “make sure we have enough.” The 
problem of having too much shot capacity can render 
soine machines unusable for certain inaterials and applica- 
tions. <>ne related problein is excessive residence time, 
which causes degradation of the plastic; this situation exists 
for most engineering plastics. Another problem with very 
large injection units and sniall shot sizes is relative to the 
plasticating screw design. T o  properly plasticize the plastic, 
the screw should impart about 40% of the energy that is 
needed to melt the plastic via the drive motor. If the screw 
rpm is too low and the screw’s metering zone flight depth 
is too deep relative to the throughput needed, very little 
enerby will come froni the screw drive, resulting in a poor 
iiielt mix leading to poor part quality. One solution is to 
purchase a completely new, smaller injection unit. An- 
other, usually less expensive, is to downsize the existing 
injection unit. Often it is possible to utilize greater injec- 
tion pressures. Consideration to limiting torque to the hy- 
draulic screw drive motor should also be given to reduce 
breakage of the snialler screws to be used. See barrel 
downsizing and upsizing; drive-system control; in- 
jection-molding machine upsizing; residence time; 
screw; screw design. 
injection-molding machine downtime See pro- 
cessing-line downtime; processing-line uptime. 
injection-molding machine-drive system There are 
basically three different systems: hydraulic, electrical, and 
hybrid. The hybrid drive is a combination of hydraulic 
arid electrical. At present the hybrid system provides a 
technically effective and ecoiioinically reasonable coinpro- 
iiiise. At the current pace of electrical drive develop- 
ments, more economical and efficient electrical drives will 
make them more acceptable. See design, motion-con- 
trol, mechanical and electronic effects; drive-system 
control; electric motor; injection molding machine 
electrical operation; injection molding machine hy- 
draulic operation; servo control-drive reliability. 
injection molding machine control See controlled 
motion; process control. 
injection molding machine electrical operation 
Electrical IMM designs are based on energy efficiency, 
high power, variable-controlled power, and brushless 
motors. A inajor use continues to be electrical-hydraulic 
hybrid IMMs. Electrical systems (compared to hydraulic 
systems) have certain advantages, including cleanliness by 
elimination of oil fluid problems, closed-loop liquid cool- 
ing, no need for extensive air conditioning, dynamic brak- 
ing resistors, quick start-up and set-up, molding quality, 
productivity, repeatability without operator attention, and 
low noise level (below 70 dB). Its simpler solid-on-solid 
power train eliininates the inajor causes of molding varia- 
tions in hydraulic oil IMM with all its hardware. A hydrau- 
lic system includes a motor, coupling, puinp, hoses, filter, 
valves, tubings, heat exchanger, and tank; an electric sys- 
tern includes servomotors, pulleys, belts, and ball-screws. 
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See design, motion-control, mechanical and elec- 
tronic effects; drive-system control; electric mo- 
tor; electric-motor drive; extruder drive-energy 
consumption; injection molding machine-drive 
system. 
injection molding machine energy saver See elec- 
tric motor, adjustable-speed-drive; energy input, 
machine; energy loss, machine. 
injection-molding machine fabricator process sim- 
ulator See process simulator. 
injection molding machine feed zone See screw 
feed zone. 
injection molding machine gear pump See gear 
Pump- 
injection molding machine high-volume pump A 
hydraulic pump that is used to pump a large volume of 
oil into the injection cylinder quickly during injection of 
the melt. 
injection molding machine hopper 
injection molding machine hydraulic clamp See 
clamping, hydraulic. 
injection molding machine hydraulic injection cyl- 
inder A cylinder into which oil is pumped under pres- 
sure to force the injection piston and plasticating screw 
forward. 
injection molding machine, hydraulic operation of 
IMM with an oil hydraulic system provides the power to 
turn the screw to plasticate the plastic, inject the melt into 
the mold cavity, close the mold clamp, hold clamp ton- 
nage, release the clamp, and eject the molded part. A nuni- 
ber of hydraulic components are required to provide this 
power, including motors, pumps, directional valves, fit- 
tings, tubings, and oil reservoirs/ tanks. See drive-system 
control; hydraulic fluid influenced by heat. 
injection molding machine hydromechanical clamp 
See clamping, hydromechanical. 
injection molding machine length-to-diameter 
ratio See screw length-to-diameter ratio. 
injection molding machine locating ring A ring 
that aligns the nozzle of the plasticator cylinder with the 
entrance of the sprue bushing in the mold. See mold 
sprue. 
injection molding machine lockout See safety, 
machine-lockout. 
injection molding machine low-volume pump A 
hydraulic pump that is used to maintain pressure on the 
plastic until the gate freezes. 
injection molding machine maintenance Mainte- 
nance decreases or eliminates downtime and optimizes 
performance. The machine operator or the maintenance 
personnel can follow the manufacturer’s maintenance pro- 
cedures according to a firm schedule for maintenance. The 
IMM must be properly shut down when any maintenance 
(or inspection) that can cause injury is performed. See in- 
spection; maintenance, preventive; processing-line 
downtime; troubleshooting. 

See hopper. 

injection molding machine melting capacity The 
amount of a plastic that can be melted per hour by the 
machine under specified operating conditions. See melt. 
injection molding machine metering zone See 
screw metering zone. 
injection molding machine mixing section See 
screw mixing section. 
injection molding machine mold See mold; mold, 
preengineered. 
injection molding machine nonreturn valve A one- 
way valve at the tip end of the plasticator that permits 
plastic melt to flow in one direction and closes to prevent 
melt back flow. See screw tip, injection. 
injection molding machine nozzle The orifice- 
containing end of a heating barrel that connects the injec- 
tion unit to the mold through a platen. 
injection molding machine nozzle drooling An 
undesirable situation where leakage from or around the 
nozzle area during injection occurs. The problem can oc- 
cur when plastic is trapped between the nozzle and mold 
bushing. 
injection molding machine nozzle extended A 
nozzle that extends into the mold. 
injection molding machine nozzle freeze-off See 
freeze-off. 
injection molding machine nozzle gate See mold- 
gate nozzle. 
injection molding machine nozzle shut-off A noz- 
zle that incorporates some type of valve to prevent leakage 
when melt is not to be injected into the mold. See screw 
tip, injection. 
injection molding machine operation See fabri- 
cating startup and shutdown. 
injection molding machine plasticating screw See 
screw plasticator. 
injection molding machine plasticator wobble See 
plasticator wobble. 
injection molding machine platen See clamping; 
platen. 
injection molding machine process control See 
process control. 
injection molding machine programmable control- 
ler safety See programmable-controller safety. 
injection molding machine, ram An IMM that uses 
a ram inside of a heated barrel rather than the conventional 
screw. The plastic inside the heated barrel develops addi- 
tional heat as it usually moves by a spreader. The plunger 
moves forward, forcing the melt into the mold cavity. Also 
called plunger IMM or plunger injection molding. See ex- 
truder, ram; injection molding ultrahigh-molecu- 
lar-weight polyethylene; ram; spreader. 
injection molding machine, reciprocating-screw A 
conventional type of IMM where plastic is melted using a 
combination of conductive heat from heater bands sur- 
rounding the barrel and frictional heating created by a rotat- 
ing screw inside the barrel. The screw reciprocates back to 
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allow melted plastic to accumulate ahead of it and then 
moves forward, injecting the melt into the mold all in one 
stage. The accumulation of melt at the screw tip forces the 
screw toward the rear of the machine until enough melt is 
collected for a shot. The required low back pressure on the 
screw is used during this plasticatirig action, and when the 
shot size is produced, the screw stops rotating. As soon as 
the inold has ejected its molded part and closes, the nonro- 
tating screw acts as a plunger and “ranis” the melt into the 
cavity using very high injection pressure. The advantages 
of the reciprocating-screw IMM compared to the two-stage 
IMM include the following: (1) reduced residence time, 
(2) self-cleaning screw action, and (3) possibly niore accu- 
rate and responsive injection control. These advantages are 
key to processing heat-sensitive plastics. Also called injertion 
molding machine, single-stage. See injection-molding ma- 
chine, two-stage. 
injection molding machine ring check valve A 
type of nonreturn valve at  the end of the screw in which 
a ring slides forward and back. When the screw rotate?, 
melted plastic can flow past the ring and through slots 
around the valve. But during injection the ring moves 
back, stopping the back flow of the nielt. See injection- 
molding machine ball-check valve; screw tip, injec- 
tion. 
injection molding machine, rotary See clamping 
platen, rotary. 
injection molding machine safety See barrel vent- 
ing safety; safety and machines; safety interlock. 
injection molding machine safety gate The door 
that the operator opens and closes to reach the mold or 
molded products. An electrical interlock, a hydraulic in- 
terlock, and a niechanical safety bar keep the IMM from 
cycling if the safety gate is open. See safety gate and 
screen guard; safety, machine-lockout. 
injection molding machine sales Worldwide sales of 
IMM equipment, practically all hydraulic systems, is ap- 
proxiinately $10.5 billion per year (in the United States it 
is $3.5 billion per year) with 30% in machines, 60% in 
molds, 6% in robots, and 4% in hot runners. The market is 
55% technical products (electronic, mechanical, medical, 
etc.), 20% automotive, 10% packaging, and 15% others. 
Worldwide approximately $1 80 billion per year sales exist 
for injection-molded products, with 50% using PET plas- 
tics (includes injection blow molding), 30% other plastics, 
and 20% closures. See market; plastic consumption; 
plastic industry machine sales. 
injection molding machine screen pack See screen 
pack. 
injection molding machine screw 
injection molding machine screw drive A servo- 
electric drive can be used to provide screw rotation that 
is independent of other machine functions, replacing the 
niore conventional hydraulic drive at  a significant op- 
erating energy savings. This more expensive drive allows 
screw recovery simultaneously with other machine func- 

See screw. 

tions. See drive-motor control; electric motor; hy- 
draulic. 
injection molding machine short shot See shot, 
short. 
injection molding machine shot size The amount of 
plastic that the IMM injects into a niold during one injec- 
tion stroke. This amount ranges from less than an ounce 
(milligram) to hundreds of pounds. The usual range is 
from a few ounces to 10 lb. Superlarge IMMs have been 
built. In the past Billion of France built a three-platen, 
four-tiebar, conventional central hydraulic clamping unit 
3 0,000-ton IMM with a shot size of 390 lb (177 kg) using 
three injection units that were 100 f t  (30’h ni) long with 
16 by 8 ft (5 by 2’/2 ni) platens. More recently, Husky of 
Canada built a two-platen, eight-tiebar, clamping cylinder 
on each tiebar 8,800-ton IMM with a shot size of 140 lb 
(64 kg) using single (200 inm screw diameter) or dual (170 
mni screws) injection units that were 1.8 by 1.5 f t  (6 by 
5 m). See injection molding machine characteristic; 
injection molding, micro-. When reviewing shot size, 
the proper selection of screw diameter and length-to- 
diameter ratio is critical to the manufacture of parts, espe- 
cially high-quality parts at  economical cycle times. Gener- 
ally, 25 to 60% of a four-diameter full stroke on a 20/1 
L/D screw is considered a good operating range. This is 
appropriate when recovery time is approximately 50% of 
the overall cycle and given a screw and barrel combination 
with proper design to melt or mix the succeeding shot. 
See screw length-to-diameter ratio. 
injection molding machine, single-stage See in- 
jection molding machine, reciprocating screw. 
injection molding machine tie bar growth Unbal- 
anced heat of tie bars can directly influence mold perfor- 
mance, particularly at  start-up. If the heat differs from top 
to bottom bars, different expansion can occur. Insulating 
between inold and platen can help as well as recording 
(sensors) any growth changes that may occur. 
injection molding machine, tie barless See clamp- 
ing, tie barless. 
injection molding machine tie bar measurement 
Using an instrument (such as strain gauges) that is mounted 
on or at  the end of tie bars to measure any pressure inibal- 
ance on the mold due to imbalance in applied clamping 
pressures via the tie bars. See measurement; strain 
gauge. 
injection molding machine, toggle clamp See 
clamping, toggle-action. 
injection molding machine, two-stage An IMM 
that uses a fixed plasticating screw (first-stage) to feed 
melted plastic into a chamber (second-stage). After the 
second-stage receives its shot size, a plunger then forces 
the melt into a mold. Its first stage is a continuous extruder. 
A diverter valve has three positions. The first position is 
having it closed facing the extruder while it is preparing 
the melt. The next position directs the melt from the ex- 
truder into an accumulator. Its third position directs a shot 
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of melt from the accumulator into the mold cavity. During 
all this action, which occurs within seconds, the extruder 
(first-stage) continues to operate and to produce melt. 
When the melt is not being directed into the accumulator, 
it remains in the barrel, which could build LIP a slight pres- 
sure for a short time period. The extruder is designed so 
that the screw can have some motion in moving back for 
melt to accumulate in the front of its barrel without any 
major buildup of pressure. It is also designed so that con- 
trols can be set to avoid damage to the melt. Also called 
preplurticizing IMM. See accumulator; injection mold- 
ing machine, reciprocating screw. 

When compared to the reciprocating-screw IMM, the 
advantages of the two-stage IMM include (1) consistent 
melt quality, (2) ram action in the accumulator that pro- 
vides high injection pressure very fast, (3) very accurate 
shot-size control, (4) product clarity, and (5) easily molded 
very thin-walled parts. Its disadvantages include higher 
equipment cost and increased maintenance. See injection 
molding, micro-. 
injection molding machine upsizing Upsizing can 
be done to increase shot size. A number ofitems have to be 
considered, such as barrel-wall thickness, resultant screw 
length-to-diameter ratio, injection-speed reduction, 
screw-drive torque, and injection pressure drop. Before 
considering the upsizing process, one has to determine 
whether the molds can be filled properly using decreased 
pressures and injection speeds; they will decrease directly 
proportional to the difference in the barrel ID projected 
areas. Also to be included are factors such as the screw 
L/D. See barrel downsizing and upsizing; injection 
molding machine downsizing; screw length-to- 
diameter ratio. 
injection molding machine vented See screw, 
venting. 
injection molding machine, vertical A plasticator 
barrel that is in the vertical position rather than the usual 
horizontal position. About 5% of the dollar value of IMMs 
are of vertical design. Their major use is for manually or, 
more often, automatically fed insert molding and dissimilar 
plastic materials molding. Mold systems that are used in- 
clude shuttle types and rotary tables. 
Injection Molding Magazine See World of Plastics 
Reviews: Molding Our Future Vision. 
injection molding marbleizing See screw marble- 
izing. 
injection molding material consumption See plas- 
tic consumption. 
injection molding material handling See material 
handling. 
injection molding melt blockage See extruder 
melt blockage. 
injection molding melt cushion A layer of melt that 
is just a few mm (0.04 in.) thick and is maintained between 
the screw tip and the nozzle as the stroke is completed 
and the mold fills. It  keeps the plastic melt injected into 
the mold under pressure during its shrinkage and until so- 

lidification occurs. It  results in greater compactness and 
lower shrinkage of the molded part. See cushion. 
injection molding melt extractor A type of device, 
such as a spreader (also called torpedo), that is placed in a 
plasticizing system for the purpose of separating fully plas- 
ticated melt from partially molten plastic. See spreader. 
injection molding melt flow The flow of melted plas- 
tic into its mold. It is controlled by the injection unit’s 
plasticizing capability melt pressure, and screw position. 
When hot runners are used, their valve gates are involved. 
Sequential valve gating has become important in some 
niultigate applications. Thus these gates can be opened at 
different times during injection, increasing control over 
weld-line location and fill balancing. With an open-loop 
process, the injection unit is tied to the valve gates from 
the start of the injection by either the time or screw posi- 
tion. Once the valve is opened, the flow rate is conipletely 
controlled by the injection unit. The so-called dynamic- 
feed close-loop system uses variable flow valves. Each 
valve’s position is controlled in response to the pressure 
requirement that is made downstream of the valves. See 
injection molding process-control parameter; injec- 
tion molding melt-shear behavior; melt flow; mold- 
cavity melt-flow analysis; mold-cavity melt foun- 
tain flow; mold-filling monitoring; mold gate, valve 
feed control. 
injection molding melt-flow oscillation Various 
oscillation techniques are available. The Scorini Process 
(Cinpres-Scorim) multilive feed molding process where 
two packing pistons oscillate 180’ out of phase and elimi- 
nate weld lines, etc. The Rheomolding Process (Ther- 
mold’s) system provides three-dimensional orientation 
based on the concept of melt rheolobT as a function of 
vibration frequency and amplitude as well as temperature 
and pressure. The equipment utilizes piston-type melt ac- 
cumulators set up adjacent to the melt stream of the plas- 
ticator. The piston oscillates back and forth. The Press 
Alpha Process (Sumitomo Heavy Industries and Sankyo 
Chemical Engmeering of Japan) system uses compression 
pins that are actuated when the cavity fills. These pins pro- 
trude into the cavity and begin oscillating to create local- 
ized compressions. The action eliminates weld lines, sinks, 
and warpage, reduces filling pressures, localizes thin-wall 
molding, and allows for gate positioning flexibility. See 
extruder melt-flow oscillation; injection molding, 
vibrational; melt-flow oscillation; weld line. 
injection molding melt-flow test See test, melt- 
index. 
injection molding melt, frozen layer See mold 
cavity, frozen-layer. 
injection molding melt mixer 
injection molding melt-packing factor See injec- 
tion molding melt cushion. 
injection molding melt-pulse cooling Cooling in 
which the coolant flows only after the melt fills the cavity 
rather than continually. Solenoid-controlled valves that 
are placed in the incoming coolant liners are used to open 

See static mixer. 
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or shut off the coolant. Thus when the melt enters the 
mold, it is not subjected to a fast cooling shock. See mold 
cooling, pulse. 
injection molding melt-shear behavior The melt 
shear rate in the gate can be very high. The melt pressure 
flow that establishes the shear rate can produce a rate in a 
pin gate in excess of 100,000 sec-' in extreme cases. Typi- 
cally it is from 1,000 to 10,000 sec-'; in runners 10 to 
1000 sec-'; in cavities 0.001 to 100 sec-'. Local flow rates 
and shear rates are constantly changing during filling and 
vary in direct relationship to the channel depths and the 
cross-sectional area for flow. Added to this variation is the 
highly transient nature of the process, with the melt pool 
at  rest in the barrel prior to injection; between rest periods 
the melt is rapidly accelerated and decelerated. See injec- 
tion molding melt flow; melt-shear rate; orienta- 
tion, accidental; shear rate, melt. 
injection molding melt temperature See injection 
molding, programmed; melt temperature; temper- 
ature controller. 
injection molding melt-temperature effectiveness 
See melt-temperature effectiveness. 
injection molding melt-temperature sensitivity See 
temperature sensitivity. 
injection molding melt tracer 
injection molding melt vibration 
tion. 
injection molding melt-weld line 
injection molding metal See injection molding, 
nonplastic. 
injection molding, micro- The precision molding of 
extremely small parts and components, usually in engi- 
neering plastics that are unfilled, filled, or reinforced. Parts 
usually weigh less than 20 tnilligranis (0.020 g), with some 
even less than one nig. Molding small parts requires mate- 
rial to be moved in and out of cavities fast so that degrada- 
tion does not occur. IMMs operate at very high injection 
pressures. Cycle times typically are about 2 to 8 s. Parts 
are produced with zero flash. They mold u i n g  a Bat- 
tenfeld GmbH three-stage injection machine (plasticating 
slanted screw, vertical dosing unit, and horizontal injection 
plunger). IMMs are in a clean-room enclosure for molding 
0.8 nig acetal watch gears, 2 ing PC housing for hearing- 
aid implant, 16 ing glass-reinforced LCP automotive mi- 
croswitch actuator pin, and so on. Care has to be taken 
in handling parts. Some parts are so small and lightweight 
that static electricity can make them float in the air. Injec- 
tion molding in micron sizes can be performed in specially 
designed IMMs. Precision molding involves proper pro- 
cess control, particularly high-speed injection speed and 
residence time. Proper venting usually has to include pre- 
cision venting in the cavity as well as possibly removing 
air prior to entering the cavity. Product handling has to 
be considered. Approaches used include floating air sys- 
tems, parts placed on film carriers, and a molded-in carrier 
strip made of the same material followed with automated 
separation. See injection molding machine shot size. 

See tracer. 
See melt vibra- 

See weld line. 

injection molding mold 
injection. 
injection molding mold bluing 
injection molding mold-cavity pressure One of the 
problems in monitoring and controlling nielt pressure is 
that it is not a constant for all positions in the cavity. Pres- 
sure in the mold cavity varies significantly from the applied 
pressure (hydraulic, etc. pressure). It also varies with dis- 
tance of flow and shape of cavity in regard to melt-flow 
pattern. The cavity pressure in a mold is actually a profile, 
usually with its highest pressure at the gate and lowcst pres- 
sure at the end of the flow path. However, with proper 
balance of pressure, temperature, and time, a pressure pro- 
file can be made to be relatively even (if required). An- 
other approach is to control the upstream cavity pressure 
and nionitor thc last point to fill so that the cavity-pressure 
profile can be maintained. This approach is utilized in in- 
telligent mold systems. See mold-cavity pressure; 
molding pressure, required; process control. 
injection molding mold, cosmetic specification 
See molded-part cosmetics. 
injection molding, mold dehumidification See 
mold dehumidification. 
injection molding, mold gate-nozzle See mold- 
gate nozzle. 
injection molding multilive feed See injection 
molding melt-flow oscillation. 
injection molding, nonplastic IM methods such as 
metal injection molding (MIM), ceramic injection mold- 
ing (CIM), and powder injection molding (PIM). Since 
at least 1940, IM nonplastics have been in existence. They 
include aluminum, ceramics, concrete, copper, dynamite, 
food, magnesium, stainless steel, wood, zinc, tungsten car- 
bide, and other alloys of metals. Most materials are in fine 
powdered form. These green materials are usually used 
with plastic binders. Precision and complex parts are usu- 
ally sniall in size. The green material can have a high bulk 
density of about 50 to 70wt% of their solid counterpart 
material. Binders can be removed using heat, solvent, or 
their conibinations to purge or remove most of the plastic. 
The parts also can be sintered in a vacuum furnace to fuse 
the metal particles. Fusing causes the parts to shrink iso- 
tropically to achieve a 95 to Y9% density. The first devel- 
opment of plastic IM was adapted from the die-casting 
machinery (using a much lower-temperature melting pot). 
See blow molding metal; sintering; Thixomolding. 
injection molding nozzle-dispersion disc mixer A 
nielt distributive and dispersive mixing device of various 
shapes and sizes that is installed between the endcap or 
nozzle adapter and nozzle tip. Mixers can be round discs 
with holes through which the melt can pass. Due to in- 
crease in shear, low-viscosity plastics tend to be used. 
Color change usually requires changing the nlixer to en- 
sure that there will be no contamination. See mixer, 
disc; screw, barrier; screw mixing and melting. 
injection molding nozzle-plate dispersion plug Two 
perforated plates that are held together with a connecting rod 

See mold; mold cavity, 

See mold bluing. 
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and are placed in the nozzle to disperse a colorant or other 
additive in a plastic as it flows through orifices in the plates. 
This action is one of the methods taken when proper mixing 
does not occur during conventional IM. See dispersion. 
injection molding nozzle-pressure control During 
the initial mold filling of the cycle, high injection pressures 
niay be needed to maintain the desired mold-filling speed. 
Once the mold is filled, then this high pressure niay not 
be necessary or even desired. If a second-stage holding 
pressure is required, then a signal that initiates the change- 
over must be generated. Changeover at the velocity pres- 
sure transfer (VPT) point niay be set or triggered in various 
ways, such as a nozzle-pressure control (NPC) or as inelt 
pressure control (MPC). See controller. 
injection molding operation optimization To min- 
imize costs and improve technical quality, continuous 
monitoring and optimizing of the manufacturing process 
is required using a systeniatic approach to production, such 
as the FALLO approach. Faults and changes in ambient 
conditions, materials, IMM variables, and mold wear in- 
volve a constant reexanlination of the process operational 
settings. See FALLO approach; process control. 
injection molding operator’s sequence See opera- 
tion, automatic; operation, manual; operation, 
semiautomatic. 
injection molding packing mold See cushion; in- 
jection molding melt cushion; mold-filling moni- 
toring. 
injection molding packing time The amount of time 
that packing pressure is kept by the screw until the gate 
freezes off. 
injection molding part orange peel See orange peel. 
injection molding part shrinkage See blow mold- 
ing shrinkage; design shrinkage; molding shrinkage; 
shrinkage; shrinkage block jig; tolerance and 
shrinkage. 
injection molding plastic At least 90wt% of all IM 
plastics are thermoplastics, but IM parts include combina- 
tions of TPs and thermosets as well as rigid and flexible 
TPs, reinforced plastics, and elastoniers. During IM the 
TPs reach niaxiniuin heat during plastication before enter- 
ing the mold. The thermoset plastics reach maximum ten-  
peratures in the hot molds. If too much heat develops dur- 
ing plastication, the TPs solidify, and the IMM stops, 
requiring cleanup. See elastomer; injection molding, 
two-shot; injection molding ultrahigh-molecular- 
weight polyethylene; material handling; thermo- 
plastic; thermoset plastic. 
injection molding plasticator See plasticator; screw 
length-to-diameter ratio. 
injection molding, plunger See injection molding 
machine, ram. 
injection molding, pressure required See injection 
molding melt cushion; molding pressure, required; 
pressure, locking. 
injection molding printed-circuit board See injec- 
tion molding circuit board. 

injection molding process control The process of 
making an IM product includes three key ingredients- 
sufficient dynamic performance, sufficient repeatability, 
and proper control parameters, A lack of these ingredients 
can result in unacceptable products, higher scrap rate, 
longer cycles, and higher part cost. Conventional systems 
are generally designed for closed-loop control parameters 
such as injection velocity, holding pressure, cushion, and 
recovery stroke. Other parameters to be considered in- 
clude melt temperature and cavity temperatures that affect 
and relate to the important condition of the consistency 
of the molded part. See control actuator; die head, 
programmed; molding-process control; micropro- 
cessor control; process control. 
injection-molding process-control fill and pack Boost- 
time variation is eliminated by removing the boost tinier and 
replacing it with soniethmg that is sensitive to the occurrence 
of the operation following fill. At this portion of the cycle, 
the mold will be essentially filled, and any hrther filling will 
result in extensive compression of the melt. Plastic conipres- 
sion is necessary for good part quality, and must be controlled. 
As compression results in a dramatic rise in pressure, sensing 
ths instrumentation pressure rise w d  place the end of fill at 
its proper time without the use of a tinier. 
injection molding process-control-drive optimized See 
control drive, optimized. 
injection molding process-control parameter IM 
machine settings are linked with material status variables in 
the process to intercept not only machine but also material 
induced variations in product properties. Changes in pro- 
cessing parameters are identified and corrected in two 
ways: (1) during the injection phase via the injection oper- 
ation and (2) during the follow-up pressure and cooling 
phase from pressure-volume-teinperature status curve. 
The selected intervention point, the sensors used, and the 
control elements act in conjunction with the microproces- 
sor to determine the successful operation of the IMM. The 
starting point for successful molding is a melt that is ther- 
mally and mechanically as homogeneous as possible and 
has defined flow properties. The mold-filling operation is 
determined by melt viscosity. Knowing this value directly 
at the nozzle head is desirable. However, machine nozzles 
designed like capillary rheometers with several nielt-pres- 
sure transducers are a future practical reality. Factors that 
cause this situation-including excessive residence time, 
shear fi-acture causing degradation, and very high injection 
pressure-militate against their practical use. Unlike ex- 
trusion, melt feed in IM does not take place under steady- 
state conditions. For this reason it is not realistic to expect 
a homogeneous melt, particularly with a long feed path, 
which can occur during extrusion. Depending on the plas- 
tic and screw design, axial melt-temperature profiles occur 
in the space in front of the screw. Generally large length- 
to-diameter ratios for the screw and feed paths shorter than 
3.5 D reduce this effect. Screws with a diameter that is 
greater than 3.5 in. (90 min) should be 20 to 24 D long, 
and those with a D less than 3.5 in. should be 3 8 to 20 D. 
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See injection molding melt flow; melt flow; mold- 
cavity melt-flow analysis; residence time; rheome- 
ter; screw design; viscosity. 
injection molding process-control parting line A 
technique that controls the process by using movement 
between the two mold halves as the plastic melt is injected. 
This movement, using sensors on the outside of the mold, 
is used to transfer the injection to holding pressure control. 
See mold-parting line. 
injection molding process-control safety See pro- 
grammable-controller safety. 
injection molding process-control variable To judge 
perfomiance, there must be a reference to measure perfor- 
mance against. The mold-cavity pressure profile is a parameter 
that is easily influenced by variations. Related to this parameter 
are four groups of variables that when put together iiduence 
the profile: (1) melt viscosity and fill rate, (2) boost time, (3) 
pack and hold pressures, and (4) recovery of plasticator. 
injection molding processing window See pro- 
cessing window. 
injection molding product-surface measurement See 
molded-material surface measurement. 
injection molding, programmed A method that 
provides a nonuniform melt-flow rate. It has many appli- 
cations, primarily in thick molded parts, optical parts, and 
a variety of special applications where large size and coni- 
plex shapes are used. If a mold can be used to make good 
parts in a conventional IMM, then programmed injection 
is not necessary. A better approach is to keep the injection 
rate consistent shot after shot. O n  a machine that is 
equipped with a mold-pressure control system, increased 
first-stage injection pressure can be used to overconie vis- 
cosity variations. A simple but effective pressure-compen- 
sated flow control can be used to control fill speed. The 
flow control can be set by observing fill time reading on 
the control system and adjusting a valve to set the correct 
reading. Fill time can be held to + / - 1% using this simple 
and easy-to-process method. A servo valve base greatly 
reduces plastics flow-rate variations. See injection- 
molding melt temperature; mold-cavity pressure; 
programmable-controller safety; test, melt-index. 
injection molding purging See purging. 
injection molding, ram Sec screw torpedo; 
spreader. 
injection molding, reaction See reaction-injection 
molding. 
injection molding, reciprocating-screw See injec- 
tion-molding machine, reciprocating-screw. 
injection molding reinforced plastic Most IM prod- 
ucts are thermoplastics. Practically all the reinforcement 
used is fiberglass. When processing with fiberglass in pro- 
duction, wear-resistant screws are needed. With continu- 
ous IM, these screws may become worn and need replace- 
ment in about six months. See fiberglass; reinforced- 
plastic injection molding; screw wear. 
injection-molding safety See safety. 
injection molding, sandwich A skin-core structure 

that is molded using multiple plasticating units that feed 
their percentage of the total shots to a single injection unit. 
These layers of plastic melts are injected sequentially into 
the mold. Because of the laminar nature of melt flow, these 
layers do not mix with each other. Included in the core 
can be a solid or foam structure. See coinjection mold- 
ing; injection molding, foamed-gas counterpres- 
sure; sandwich construction. 
injection molding screen pack Continuously op- 
erating screen-pack filters permit trouble-free use of recy- 
cled plastics by protecting sensitive mold-cavity surfaces 
against damage from foreign particles without interrupting 
the molding process. The screen pack is usually mounted 
against the nozzle side of the stationary platen. See ex- 
truder screen pack; screen pack. 
injection molding screw pulling The screw can be 
removed from the barrel manually, which can be difficult 
and time-consuming, or it can be pushed out automati- 
cally by hydraulic or other action. The automatic approach 
eliminates the need for special extraction devices and re- 
duces the chances of screw damage. See cleaning; ex- 
truder screw pulling; screw removal; stripping fork. 
injection molding screw-rotation speed The screw 
is rotated to fill the cylinder or barrel with plastic material 
for the next shot. As the plastic is pushed forward and into 
the inold cavity, the screw acts as a ram and pushes the 
plastic melt. Some of the heat that is necessary to plasticize 
the material conies as a result of rotating the screw. The 
faster it rotates, thc higher the temperature. Excessively 
high temperature causes slippage of the material with the 
temperature leveling off or reduced. Although higher 
speeds with higher heating are possible, it does not follow 
that a high screw speed should be used. The speed should 
be adjusted based on niaterial and cavity-filling require- 
ments. The lower speeds will give more uniform tempera- 
tures, reduce wear on the IMM, and reduce the residence 
time at the front-end of the injection cylinder. See resi- 
dence time; screw; screw design; screw rotation 
speed. 
injection molding screw suck-back The slight re- 
tracting of the screw that occurs after injection molding 
the melt, the part has solidified, and the mold is opening 
so that no drooling of the melt occurs out of the nozzle 
when it is retracted from the mold’s sprue. Nozzle-ten- 
perature adjustment and type of nozzle used can eliminate 
this problem. 
injection molding shot-size capacity See injection 
molding machine shot size. 
injection molding shrinkage and tolerance See 
mold-filling monitoring; shrinkage; tolerance and 
shrinkage. 
injection molding, sink mark 
injection molding, soluble-core IM soluble or fus- 
ible cores make it possible to produce simple to complex 
hollow shapes. See soluble-core molding. 
injection molding splay To avoid forming micro- 
scopic cavities in a molded part when processing thermo- 

See sink mark. 
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plastic materials, it is important to maintain a niininiurn, 
rather than maximum, pressure during injection of the 
melt. As the melt cools, the bubbles grow, which in turn 
can decrease mechanical and other properties of the part. 
Most cavities are formed as a result of water vapor that is 
present on the surface as well as imbedded in the plastic 
particles themselves. When these bubbles form on the sur- 
face, they are called splay. See injection-molding vent- 
ing; splay mark. 
injection molding starve feeding See material 
starve feeding; venting feeder. 
injection molding static mixer 
injection molding statistical assessment See statis- 
tical assessment. 
injection molding tandem machine When a large 
enough IMM is not available or limited production exists, 
two IMMs can operate side-by-side in tandem. A large 
mold is located across both Eets of platens. 
injection molding temperature See melt-temper- 
ature effectiveness. 
injection molding thermoset plastic See screw, 
thermoset-type. 
injection molding troubleshooting See trouble- 
shooting. 
injection molding, two-shot Two materials are 
molded so that the first molded shot is overmolded by the 
second molded shot; the first molded part is positioned so 
that the second material can be molded around, over, or 
through it. The two materials can be the same or different, 
and they can be molded to bond together or not bond 
together. If niaterials are not compatible, the materials will 
not bond so that a product such as a universal or ball-and- 
socket joint can be molded in one operation. If they are 
compatible, controlling the processing temperature can 
eliminate bonding. A temperature drop at the contact sur- 
faces can occur in relation to the second hot-melt shot to 
prevent the bond. Also called overmolding, in-mold assembly, 
two-color rotary, or two-color s h t t l e .  See clamping platen, 
rotary; injection molding back molding; injection 
molding in-mold; press, rotary. 
injection molding, ultrahigh-molecular-weight poly- 
ethylene (UHMWPE) A material that has superior 
properties, such as exceptional wear-resistance, and is usu- 
ally press sintered, rani extruded, or rain injection molded. 
Usually semifinished parts that require secondary operations 
such as machining are molded. For long runs of fairly sniall 
parts (2 to 300 g) with complicated shapes, injection mold- 
ing can be used, but this very highly viscous plastic can 
cause high pressure loss along the melt-flow path through 
the plasticator. Molecular orientation has to be taken into 
account when designing gates in the mold to meet the part 
geometry. High melt and mold teniperatures are required. 
The high injection pressure should produce as high a melt- 
front velocity as possible, which will gwe rise to a local 
increase in temperature in the screw shear section. The high 
heat level facilitates the relaxation of molecular orientations. 
See extruder, ram; injection molding machine, ram; 

See static mixer. 

polyethylene plastic, ultrahigh-molecular-weight; 
sintering. 
injection molding, vacuum The mold (via seals) is 
enclosed in a vacuuni to remove unwanted gas by-prod- 
ucts. See vacuum. 
injection molding Velcro strip 
injection molding venting Thermoplastics, particu- 
larly engineering plastics or hygroscopic types, absorb 
nioisture during storage if not properly stored. Procedures 
for drying, storing, and handling these materials are used 
before being processed. Vented barrels also are used to re- 
move moisture. Most of the vented barrels have a length- 
to-diameter ratio of at least 26. The longer than standard 
L/D (1) prevents reduction in the plastication of material 
(screw recovery), (2) prevents an uneven return stroke 
of the screw, (3) prevents extradition of the melt from 
the vent opening, and (4) provides proper plastication 
of the plastic without added shear. However, with ex- 
perience and proper design, particularly of the screw, 
IMMs can be used with much shorter L/Ds. The molding 
operations that use vented barrels differ slightly from 
conventional IMMs. Factors to consider include niininiiz- 
ing screw back pressure, minimizing melt-teniperature 
barrel profiles, rapidly applying heat to plastic on entering 
the barrel, and possible back flushing of the vent zone or 
pulling of the screw for cleaning when color or even niate- 
rial changes are made. See barrel-venting safety; dry- 
ing operation, hygroscopic plastic; hydrolysis; hy- 
groscopic; screw length-to-diameter ratio; screw 
pump ratio; screw venting; venting; venting puri- 
fier. 
injection molding versus blow molding See blow 
molding versus injection molding. 
injection molding versus thermoforming See 
thermoforming versus injection molding. 
injection molding, vibrational The melt is subjected 
to a low-frequency vibration by using the machine’s 
power system to oscillate its screw during injection or 
valving during the holding phase in the mold cavity. This 
action provides rheological control of the melt. See melt 
vibration. 
injection-molding weld line 
injection molding with rotation 
ing, injection-with-rotation. 
injection molding, zero defect 
initiator An additive that causes a chemical or physical 
reaction in the melt. 
ink See electrical corona discharge treatment; 
printing ink. 
ink and biodegradables 
ink, aniline A fast-drying ink that is used on polyethyl- 
ene plastics. 
ink, environmental See environmentally accept- 
able coating, ink, adhesive reliability. 
ink wettable See hydrophilic surface; ion-beam 
surface modification. 
inlay or overlay A layer that is applied to plastic fabri- 

See Velcro strip. 

See weld line. 
See blow mold- 

See zero defect. 

See recycled paper. 
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cating processes such as moldings during or after molding. 
See decal; film decorating; film, laminated; mold- 
ing, film-insert. 
inlay printing See printing, valley. 
in-line pouch with zipper See thermoforming, 
form, fill, and seal. 
in-line processing See processing, in-line. 
in-mold assembly See injection molding, back- 
molding; injection molding, two-shot. 
in-mold coating, decorating, labeling See coating, 
in-mold decorating, labeling. 
in-mold decorating The decorating of the plastic part 
while it is in the process of being molded (injection, com- 
pression, blow, etc.). Decoration includes printed film or 
foil that may be thermoformed or inserted in the mold 
manually or automatically. See decorating; film decor- 
ating; foil decorating; injection molding, back- 
molding; molding, film-insert; tie layer. 
in-mold operation In-mold operations provide differ- 
ent advantages, such as protecting, decorating, or enhanc- 
ing the surfaces of plastic parts, by applying decorative la- 
bels, painting or printing, hot embossing, laminating or 
flocking, and coating or metallizing. See injection mold- 
ing, in-mold; injection molding, two-shot; textur- 
izing. 
in-mold paint coating See paint coating, in-mold. 
innovative See design, innovative; blow-molding 
innovation; creativity. 
inorganic See organic; organic, in-. 
inorganic chemistry See chemistry, inorganic. 
inorganic, plastic See chemistry, inorganic; plas- 
tic, inorganic. 
in-place foaming See foamed in place. 
input/output See productivity. 
insert In mechanical fastening, an integral part of a plas- 
tic molding that consists of a metal, plastic, or other mate- 
rial that can be molded into the plastic or pressed into 
position after molding. See design disassembly; join- 
ing; molded-in thread; stress, residual; welding. 
insert induction bonding The use of high-frequency 
electromagnetic fields to excite the molecules of metallic 
inserts that are placed in the plastics or in the interfaces, 
thus fusing the plastics when slight pressure is applied. The 
inserts remain in the joint. See fusion. 
insertion, ultrasonic By the application of a vibratory 
mechanical pressure at ultrasonic frequencies, a metal in- 
sert is gently forced through a predetermined hole size in 
a thermoplastic, causing melting action. After insertion, 
cooling action results in a secure bond. See sealing, ul- 
trasonic. 
insert molding A process by which components such 
as pins, studs, terminals, and fasteners may be molded in 
a part to eliminate the cost of postmolding. Different pro- 
cesses are used, such as injection molding-vertical, com- 
pression molding, and casting. Considerable stresses can be 
set up in thermoplastic parts. To relieve stresses, parts are 
allowed to cool slowly during molding or are oven cooled 

or annealed after molded. Also called molded insevt. See 
annealing; fastener, mechanical; injection molding; 
mechanical holding load; molded screw thread; 
stress relieving; stress, residual; welding, forced 
boss e d . 
insert, open-hole An insert with a hole completely 
through. 
insert, threaded mechanical A metal, self-threading 
insert that has an exterior locking device for anchorage in 
the part to be joined. The threaded interior of the insert 
allows for repeated assembly and disassembly. Threaded 
mechanical inserts provide high-strength joining of plastics 
parts with low stresses. 
Insite Dow Chemical’s trade name for its ethylene fani- 
ily of plastics, which are produced using their metallocene 
catalyst polymerization technology. 
in situ 
Insituform See sewer rehabilitation. 
insoluble Dissolvable in water to only a very small ex- 
tent. See water. 
inspection The process of measuring, examining, 
testing, gauging, or using other procedures to ascertain 
the quality or state, detect errors or defects, or other- 
wise appraise materials, products, services, systems, or 
environments to preestablished standards. See auto- 
mation, vision; injection-molding machine main- 
tenance; maintenance; material received, check- 
ing; processor certification; quality control; quality 
system regulation; radiographic inspection; sam- 
pling plan; screw inspection; screw wear; sensor, 
dynamic accuracy; test, nondestructive acoustic- 
holography; test, nondestructive inspection; 
test, nondestructive ultrasonic penetration; test 
sample. 
inspection, infrared A nondestructive testing method 
that is practical for the manufacture, repair, and analysis of 
reinforced plastics under field conditions. It relies on 
changes in thermal conductivity that are caused by flaws 
or damage. It  can also be used in studying the distribution 
of stress in parts. The test sample is subjccted to a load, 
and an IR picture is taken with or without application 
of external heat. Also called thevmogvuphy. See infrared; 
strain, residual; test, infrared; test, nondestructive 
photoelastic stress-analysis; test, nondestructive 
temperature differential by infrared. 
inspection, vision-system Automatic vision systems 
are used to control the quality and productivity of plastic 
parts through inspection, gauging, flaw detection, verifi- 
cation, counting, character reading, identification, sorting, 
robot guidance, location analysis, adaptive control, and so 
on. See automation, vision; computer image-pro- 
cessor; quality control. 
inspection, visual Visual and optical inspection should 
not be overlooked as iniportant nondestructive test tech- 
niques. Low-power magnification lenses and microscopes 
can be used to advantage in improving visual inspection. 
Continuous online inspection and imaging systems are 

In the natural or original position. 
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used for specific applications very successfully. Surface de- 
fects, voids, porosity, delaminations, plastic-rich or 
-starved areas, and contaminants are examples that may 
be detected, particularly with transparent plastics. See 
automation, vision; test, nondestructive inspection; 
transmission, electron-microscope. 
instability See melt instability. 
instrument calibration See calibration. 
insulated electrical capacity 
tive. 
insulated runner See mold runner. 
insulation failure 
insulation, photoconductive plastic See photocon- 
ductive plastic. 
insulation resistance Electrical or thermal insulation 
properties allow some plastics to provide a wide range of 
performances and meet many different industry require- 
nierits. Some plastics have such low electrical conductivity 
that the flow of current through theni can usually be ne- 
glected. Similarly, materials of low thermal conductivity 
are used to insulate structures from below the earth, on 
earth, and up in space. Also called insulator. See aerogel; 
alumina trihydrate; electrical insulation, askarel; 
electrical Wheatstone bridge; foamed in place; per- 
mittivity, relative; temperature properties of plas- 
tics; test, conductivity. 
insulation R-value, heat A value that provides a mea- 
surement of the efficiency of an insulation regarding heat 
transfer. 
insulator 1. A material of such low electrical conduc- 
tivity that the flow of current through it can usually be 
neglected; the insulator has significant electronic resistiv- 
ity. See electrical conductivity. 2. A material of low 
thermal conductivity, such as that used to insulate build- 
ings or cryogenic containers. See aerogel; thermal ca- 
pacity; Tyvek. 
insurance See legal matter: Insurance Risk Reten- 
tion Act; risk, acceptable; risk management. 
integral hinge 
integral skin See foamed self-skinning. 
integrated circuit (IC) A semiconductor chip device. 
These one-piece components contain the equivalent of 
thousands of circuits etched in microminiaturized form on 
the sudace of a chip. See business card, electronic; 
electronic chip; packaging, electronic. 
integrated circuit, plastic An all-plastic experimental 
IC chip was made in 1998 by Philips (Eindhoven, the 
Netherlands). The base of the 25-bit programmable code- 
generator is a polyimide wafer that is fitted with 326 tran- 
sistors and more than 300 vertical contacts. Seniiconduct- 
ing material is a conjugated polymer polyienylenvinylene 
that is used as the isolation component. The polyaniline 
conductive polymer constitutes the electrode. The transis- 
tor structures are created by masking the polyaniline and 
irradiating it with ultraviolet radiation to reduce conduc- 
tivity by alniost 10 orders of magnitude. See plastic and 
the future. 

See permittivity, rela- 

See cable insulation water treeing. 

See design hinge, integral. 

integrated-circuit reliability See control-system 
reliability; reliability. 
integrated plant See manufacturing execution 
system. 
intelligence The ability to use knowledge to solve 
problems or to adapt to new situations. 
intelligence, artificial (AI) 1. An interdisciplinary ap- 
proach to understanding human intelligence that uses the 
computer as its experimental vehicle. The many disciplines 
that contribute to the field of AI include computer sci- 
ence, engineering, business, psychology, mathematics, 
physics, and philosophy. See design. 2. Using symbolic 
pattern-matching methods to describe objects, events, or 
processes and to make inferences. 3.  The aspect of com- 
puter science that is concerned with building computer 
systems that emulate what is commonly associated with 
human intelligence. See intelligence, artificial; ma- 
chine, ultraintelligent. 
intelligence, emotional (EI) The emotional, per- 
sonal, social, and survival dimensions of intelligence. 
These aspects of intelligence are often more important 
than the cognitive aspects of general intelligence. 
intelligence, human See computerized knowl- 
edge-based engineering. 
intelligence, natural Intelligence derived from net- 
works, rather than artificial intelligence. 
intelligent database A database that deals with knowl- 
edge as well as data. See computer database. 
intelligent device See device, smart. 
intelligent plastic See plastic, smart. 
intelligent processing See processing, intelligent. 
intelligent, robot See robot, intelligent. 
intelligent sensor See sensor, intelligent. 
intensifier See pressure booster. 
interface 1. The boundary between the individual, 
physically distinguishable constituents of a material, such 
as between filler and plastic. Also called intrfacial. See ten- 
sion, interfacial 2. The means of information inter- 
change. See communication protocol. 3. The bound- 
ary between two systenis across which information is 
transmitted that includes a hunian working with a com- 
puter. See computers. 
interference fit See fit, interference. 
interlaminar condition 
terlaminar. 
interlaminar shear See shear, interlaminar. 
interlock 
intermolecular bonding See molecular bonding. 
internal bubble cooler 
ternal bubble cooler. 
internal mixer See mixer, internal. 
International Electrotechnical Commission See 
electronic standard, international. 
International Organization for Standardization 
See ISO; medical packaging; SI. 
Internet See website. 
interpenetrating network (IPN) 

See reinforced plastic, in- 

See design, snap-fit; safety interlock. 

See extruder-blown film in- 

A branch of blend 
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technology that combines two plastics into a stable inter- 
penetrating network. Many types of blends, such as syner- 
gistic types, meet various performance requirements. In 
true IPNs, each polymer is cross-linked to itself but not 
to the other, and two polymer networks interpenetrate 
each other; these become thermoset plastics. In semi- 
IPNs, only one polymer is cross-linked; the other is linear 
and by itself would be a thermoplastic; these lend them- 
selves to TP processing techniques. The rigdity of IPN 
structures increases mechanical and other properties such 
as chemical resistance. A polyurethane and isocyanate sys- 
tem is an example of a full IPN. Polymerizing an elasto- 
meric like polysulfone within a cross-linked TS epoxy can 
make a semi-IPN. 

The simplest method of preparing IPNs is sequential 
preparation. A cross-linked polymer is produced and then 
put into a second monomer with cross-linking agent and 
cross-linked polymerized. The result is a suspension-type 
plastic and a true IPN. Another method of preparing true 
IPNs is simultaneous synthesis. Here the two coniponents 
are polymerized more or less simultaneously but by differ- 
ent routes. An example is by addition polymerization for 
one and condensation polymerization for the other to 
avoid interference. Many variations are used, such as for 
latex IPNs. An IPN may have a core shell structure, with 
two different networks on the same latex particle, or two 
latex materials niay be bonded together, with two cross- 
linked networks. All these processing actions result in new 
engineering-type plastics that have special high-perfor- 
mance properties. See alloy/ blend; blending; chemis- 
try; copolymer; material, microphase structure; 
polyphosphazene plastic. 
interphase The boundary region between a bulk plastic 
and an adherend in which the plastic has a high degree of 
orientation to the adherend on a molecular basis. It  plays 
a major role in the load-transfer process, such as between 
the reinforcing fiber and plastic matrix and between the 
bulk of an adhesive and its adherend. See adherend; re- 
inforced plastic. 
interrelation, business See World of Plastics Re- 
views: Thinking Like a Manager and Managing for 
the Long Run. 
interrelation plastic, process, product See plastic, 
processing. 
in-train See train. 
intrinsically conductive plastic 
cally conductive. 
intrinsic viscosity See viscosity, intrinsic. 
introfaction See impregnation, introfaction. 
intrusion molding 
sion. 
intumescent coating See coating, intumescent. 
invention See legal matter: invention. 
inventor See capital and inventors; legal matter: 
concoct. 
inventory A list or catalogue of all supplies (equipment, 
materials, controls, etc.) that is done on a time schedule. 

See plastic, electri- 

See injection molding, intru- 

See A-B-C analysis; just-in-time;material handling; 
production data acquisition; production order 
point; storage; warehousing. 
invest early Development often can be speeded up by 
making bigger investments, of both people and money, at 
the front end of the project. Benefits include better prod- 
uct definition, a concept that is better suited to market 
conditions and availability, fewer dead ends, and better 
contingency planning. Top management should partici- 
pate heavily in the early deliberations. See business 
bookkeeping; capital-equipment investment; re- 
search and development; sales investment turn. 
investment capital See capital-equipment invest- 
ment. 
investment casting See casting, investment. 
in vitro Medical or scientific term that means “in glass” 
and refers to existence outside a living body and in an 
artificial environment such as in a laboratory test tube. 
in vivo Medical or scientific term that means “in the 
living body” and refers to existence in a living body. 
I/O device Input/output equipment that is used to 
comniunicate with a system. See motion-control sys- 
tem type. 
iodine treatment See adhesive, iodine treatment. 
iodine value See test, iodine value. 
ion An atom or group of atoms that carries a positive 
or negative electric charge as a result of having lost or 
gained one or more electrons. I t  becomes a free electron 
particle. Ions may be positively charged (cations) or nega- 
tively charged (anions). See atom; complex agent; 
complex ion; energy lattice; plastic, ion-exchange; 
plastic solvation; solution volumetric analysis. 
ion-beam polymerization See polymerization, 
ion-beam. 
ion-beam surface modification A process that uses a 
highly reproducible ion beam to make changes to the sur- 
face of materials. The surface can become biomaterial sili- 
cone elastomer hydrophilic, antithrombogenic, or wetta- 
ble by ink. This occurs without changing the material’s 
bulk properties. Thus, application of low-friction plastic 
may not require fluorosilicone oil. The process also pro- 
vides a smooth rather than a wrinkled surface morpholoby, 
facilitating resistance to cells especially platelets. See hy- 
drophilic surface; surface treatment. 
ion, carbanion A negatively charged organic ion coni- 
pound. 
ion, carbonium A positively charged organic ion coni- 
pound. 
ion cationic reagent 
ion chromatography See chromatography, ion. 
ion-dipole force The force between an ion and a mol- 
ecule that has permanent dipole moments. 
ion effect, common The shift in equilibrium caused 
by the addition of a compound having an ion in coninion 
with the dissolved substance. 
ion, electrovalent bond See atom electrovalent 
bond. 

See cationic reagent. 
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ion exchange, plastic 
ionic 
ionic bonding A moderate form of cross-linking that 
contributes strength and adhesion to thermoplastics. See 
cross-linking. 
ionic compound A substance that contains cations and 
anions. Examples include NaCl, LiF, and MgO. 
ionic equation, net A chemical equation in which 
only those species that actually take part in the reaction 
are shown. See chemical-reaction equation. 
ionic initiator Either a carbonium ion (cationic) or a 
carbanion (anionic) that attacks the reactive double bond 
of vinyl monomers and adds on, regenerating the ion spe- 
cies on the propagating chain. 
ionic polymerization See polymerization, ionic. 
ionization A chemical change by which ions are 
formed froni a neutral molecule of an inorganic solid, liq- 
uid, or gas. See acid ionization constant; electroplat- 
ing; rad; radiation dosimeter, solid-phase chemical; 
sterilization, gas plasma. 
ionization foaming See foamed polyethylene ion- 
ization. 
ionization polymerization See polymerization, 
ionization. 
ionization process See electrical corona resistance. 
ionization radiation Any electromagnetic or particu- 
late radiation that in its passage through matter is capable 
of producing ions directly or indirectly. See radiation- 
induced reaction. 
ionization radiation dose 
ionization x-ray method See x-ray ionization 
method. 
ion, macro- See molecular, macro-. 
ionomer plastic A thermoplastic that exhibits very 
strong interchain ionic force and contains pendant ionized 
acid groups that create ionic cross-links between chains. 
Usually, only < 10% repeating units of ionomers contain 
ionized groups, whereas polyelectrolytes contain substan- 
tially more. A typical commercial representation of this 
group is ethylene niythacrylic acid copolymer sodium salt. 
Its major component is ethylene. The ionomers offer high 
flexural and impact toughness in the temperature range 
froni - 100 to +82OC (- 150 to + 1XOOF). They have ex- 
cellent resistance to puncture and to organic solvents, mild 
acids and bases, and edible oils; high adhesion to paper 
and other substrates; and good dielectric properties. Many 
ionorners are FDA approved for food packaging. They are 
used in packaging, shoe soles, auto bumper guards, lami- 
nated bags, sporting goods, and foam sheets. 
iridescence The loss of brilliance in metallized plastics 
and the development of multicolor reflectance. It  is caused 
by the cold flow in plastic moldings and coatings and by 
excess heat during vacuum metallizing. See metallizing, 
vacuum; plating, silver-spray. 
iridescent metallic luster See bronzing. 
iron A large family of iron alloys, usually called steels, 
that are the most common of the commercial metals. Iron 

See plastic, ion-exchange. 
Relating to or characterized by ions. 

See radiation dose. 

ore constitutes about 5wt% of the earth's crust and is easy 
to convert into useful forms. It is a versatile material. The 
carbon content markedly affects iron's microstructure and 
hence its properties. Iron melts at 1,525"C (2,777"F) and 
boils at  2,450"C (4,442'F). See die material; electro- 
magnetic interference; ferromagnetic material; 
iron; metal; metal, ferrous; mold material; ore; re- 
cycling steel with vinyl scrap; steel resources, lim- 
ited; waste; zinc. 
iron alloy A steel that possesses special properties that 
result froni the inclusion of other elements, such as nickel 
chromes. Such materials are used in the manufacture of 
machines and molds. See injection molding, nonplas- 
tic; photoetching tool. 
iron, cast The generic name for a group of metals that 
basically are alloys of carbon and silicon with iron. Rela- 
tive to steel, they are high in carbon (0.5 to 4.2wtN) and 
silicon (0.2 to 3.5wt%). They are used in all types ofplastic 
processing equipment since they make excellent casting 
alloys. 
iron corrosion See corrosion resistance. 
iron, gray A supersaturated solution of carbon in an 
iron matrix that produces a ductile iron with improved 
stiffness, strength, shock resistance, and wear resistance. 
iron impregnation See metal impregnation. 
iron ingot Highly refined steel w-ith a maximum of 
0.15wt%J impurity. Due to its high purity, it has excellent 
ductility and resistance to rusting and corrosion. See fur- 
nace, blast. 
iron modulus versus specific gravity See modulus 
versus specific gravity. 
iron, neodymium boron 
iron ore depletion 
iron oxide pigment An inorganic pigment that is pro- 
duced synthetically or occurs naturally, whose colors may 
be yellow, red, brown, maroon, or black. The pigments 
are dull and tinctorially very weak. Heat stability and light 
fastness are excellent in most systems. See colorant. 
iron-plastic impregnated See impregnation. 
iron plating See chrome plating. 
iron, stainless steel Stainless steel is an iron-chromium 
alloy that contains a ininiinuiii of 10.5wt% chronliuni 
(chrome). These steels have exceptional properties that 
range froni heat resistance to corrosion resistance. 
irradiation Exposure to radiation; bombardment with 
a variety of subatoniic particles, usually alpha-, beta-, or 
gamma-rays. It is used to initiate the polynierization and 
copolymerization of plastics and in some materials to 
change their physical properties. See radiation; steril- 
ization, radiation. 
iso- 1. A prefix that denotes the presence of a branched 
carbon chain in a molecule. 2. A prefix that denotes equal- 
ity or the same numerical value. 
I S 0  The International Organization for Standardization 
was founded in 1946 and is headquartered in Geneva, 
Switzerland. Its mission is to promote the development of 
international standards and the activities that demonstrate 

See plastic, magnetic. 
See steel resources, limited. 
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compliancc with the standards. See American Stan- 
dards for Testing; medical packaging; sterilization, 
radiation. Appendix C, Worldwide Plastics Industry 
Associations. 
ISO-2859 sampling See sampling acceptable qual- 
ity level. 
ISO-9000 certification ISO-9000 and ISO-9004 are 
guidelines that interpret the requirements of the three 
main standards-EO-9001 (the quality system in design 
and development), ISO-9002 (the quality system for qual- 
ity assurance in production and installation), and ISO- 
9003 (the quality system for quality assurance in final in- 
spection and testing). These three standards define the 
quality-system requirements for firms with a varying scope 
of business requirements. See design verification; fabri- 
cating, world-class; processor certification; produc- 
tivity; quality system; test certification; testing and 
quality control; transducer calibration. 
ISO-9004 certification See ISO-9000 certification; 
quality management, total. 
ISO-10993 certification A practical guide to designing 
subchronic and chronic systemic toxicity tests. This I S 0  
cites ASTM document F 1439-92, entitled Performance 
of Life-Time Bioassay for Tumorigenic Potential of Im- 
planted Materials. Material bioconipatibility testing occu- 
pies a central position in safety-assessment programs for 
various products. Through the use of such tests, fabricators 
are able to select materials and manufacturing processes 
that contribute to the creation of products that are safe for 
people to use. See biocompatibility; hemocompati- 
bility; safety; test, carcinogenicity; test, medical- 
device compatibility. 
ISO-14000 certification The first international stan- 
dard for environmental-quality management. It is not a 
compliance standard but consists of voluntary guidelines 
for constructing a management system from start to finish 
to ensure that objectives for environmental compliance are 
set and met. Plant certification will provide evidence of 
proactive environmental management and will reduce 
their exposure to lawsuits and regulatory problems. See 
plastics cradle-to-grave. 
I S 0  TC-209 certification An I S 0  technical commit- 
tee that was established in 1993 to develop an international 
standard for cleanrooni and associated controlled environ- 
ments. Thirty-four countries are active with a target to 

have the standard issued by year 2000. See cleanroom 
standard; quality-system regulation. 
isobar absorption Sce absorption, isobar. 
isochronous See creep isometric and isochronous 
graph. 
isocyanate A highly reactive monomer that contains 
the isocyanate radical -NCO. See diisocyanate; foamed 
polyurethane; reaction-injection molding. 
isocyanate allophanate A reactive polymer of an iso- 
cyanate and the hydrogen atoms of a polyurethane. See 
foamed, polyurethane; polyurethane plastic; reac- 
tion-injection molding. 
isocyanate plastic A material that is based on the con- 
densation of organic isocyanates with other compounds. 
It generally reacts with polyols on a polyester or polyether 
backbone molecule, with the reactants beingjoined by the 
formation of urethane linkage. See polyurethane 
plastic. 
isomer See atom, isomer. 
isometric See creep isometric and isochronous 
graph. 
isotactic plastic A plastic molecular structure that co11- 
tains a sequence of regularly spaced asymmetric atoms that 
are arranged in like configuration in a polynier chain 
(head-to-tail, etc.). Isotactic plastics are crystallizable. See 
atom; chemistry, stereo-; molding, isotactic; mo- 
lecular structure, isotactic; stereospecific plastic. 
isotherm A section at constant temperature through a 
phase diagram. See energy, van Hoff isotherm; tem- 
perature. 
isothermal 1. Relating to or marked by changes ofvol- 
unie or pressure under conditions of constant temperature. 
2. Relating to or marked by constant or equality of tem- 
perature. See extruder, isothermal. 3. See flow 
model. 
isotope Two or more atoms of a chemical element with 
the sanie atoniic number and position in the periodic table 
and nearly identically chemical behavior but with different 
atomic mass and different physical properties. See atom; 
periodic table; radioisotope. 
isotropic See birefringence; directional property, 
isotropic. 
isotropic, optically See birefringence. 
IV measurement See viscosity, intrinsic. 
Izod impact test See test, Izod impact. 



jacket A hollow cover for mixing vessels, barrels, plat- 
ens, and molds that is used to hold circulating water or 
steam for heating or cooling the particular equipment. 
Japanese workmanship Before 1950, Japanese work- 
manship was synonymous with inferior quality, but cur- 
rent Japanese precision and workmanship produce top- 
quality products that have changed world markets. This 
turnabout was fueled by workers’ dedication to improving 
the nation’s econoniy and to their adoption of quality- 
control methods, such as those taught to top nianagenient 
and engineers by W .  Edwards Denling. Referred to as the 
American who remade “made in Japan.” Well before 
1940, Deming had established a reputation for himself in 
the United States as a statistician. Following professional 
duties in India, he accepted General D. MacArthur’s 1946 
request to assist Japanese statisticians in their reconstruc- 
tion by applying his knowledge to their manufacturing 
plants. He  predicted that Japan would invade worldwide 
markets with quality products within five years; they niade 
it in four years. Because of his work in improving quality, 
the Union of Japanese Science and Engineering (JUSE) 
instituted the annual Denling Prize. Later his work was 
accepted in the United States. See risk, acceptable. 
jar mill See mill, jar. 
jet See fiber processing, jet-spinning; injection 
molding, jet; injection molding, jetting; splay mark; 
welding, jig. 
jewelry, core-molding See soluble-core molding. 
jig A device that is used to hold or align component 
parts in place and guide the tool during machining or as- 
sembly operations. Also calledjxtuve. See machining jig; 
welding, jig. 
job shop See processor, custom. 
joining The joining of a plastic part to another part that 
is composed of the same or a different plastic material, as 
well as other materials, such as metal. It is often necessary 
when (1) the finished assenibly is too complex or large to 
fabricate in one piece or (2) disassembly and reassenibly is 
necessary, for cost reduction or when different materials 
must be used within the finished assembly. Also called 
joint. See adhesive; adhesive, solvent; adhesive 
starved joint; assembly/joining; bond strength; cold 
heading; debond; design; sealant joint-shape; de- 
sign, snap-fit; fastener; fastener, mechanical; fit, in- 
terference; injection molding, in-mold; insert; in- 
sert molding; insert, threaded mechanical; knot; 
molecule, bifunctional; nail; printed circuit board; 
shear joint; staking; subassembly; welding. 
joining, adhesion See adhesion, mechanical. 
joining-and-bonding method A joining technique 
that may involve adhesives, dielectrics, hot gas, hot plates, 

induction, heat-shrinkable products, mechanical fasteners, 
solvents, spin, and ultrasonics. See adhesive; design dis- 
assembly; fit; molding two-shell; orientation and 
heat-shrinkability; welding. 
joining, ball-and-socket See injection molding, 

joining bond breaker A release inaterial that is placed 
in a joint to prevent the undesired adhesion of a sealant 
to the substrate or the back-up material. 
joining, butt Joining two parts at  right angles to each 
other. See welding, fusion. 
joining, butt-fusion A method of joining thermoplas- 
tic pipe or sheet in which the ends of the two pieces to 
be joined are heated (usually hot plate) to the molten state 
and then rapidly pressed together, followed by cooling. 
joining, conjugate Two sets offaultyjoints that formed 
under the same stress conditions, such as shear loading. See 
shear; stress. 
joining, design The shaping of mating parts to achieve 
the intended assembly results. See design assembly. 
joining, edge 
joining efficiency A numerical value that is expressed 
as the ratio of the strength of the joint to the strength of 
the bulk material. See material, bulk; strength. 
joining, fillet A rounded filling that fills the corner or 
angle where two materials are joined. See fillet. 
joining geometry Several types of mechanical joints 
are successfully used, particularly with reinforced plastics. 
Single shear joints (straight lap, offset lap, butt, tapered 
butt, etc.) and double shear joints (butt, straight, tapered, 
etc.) each meet different load, space, and other require- 
ments. For example, with double-shear butt joints, the 
bending stresses coninion to the other joints are avoided, 
while thc tapered butt joint nllniniizes excessive loads at 
the joint edges. 
joining, lap A joint in which one adherend is placed 
partly over the other adherend; overlapping area5 are 
bonded together. See filament winding lap. 
joining, rivet An assembly process in which a short rod 
with a head on one side is inserted into a preformed hole 
in two or more parts. The straight end of a metal rod is 
then pressed or hammered to forni another head and join 
the parts. With plastic rivet rods, heat and pressure are used 
to forni the head. See staking. 
joining, scarf Joining that is made by cutting away sim- 
ilar angular segments on two adherends and bonding the 
adherends with the cut areas fitted together. 
joining, sealant See caulking compound; design, 
sealant joint-shape; sealant. 
joining, self-tapping screw A method of niechani- 
cally fastening two or more plastic parts together in which 

two-shot. 

Bonding the ends of two materials. 
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a screw is inserted in a pilot hole to form mating threads 
in the plastic part. Self-tapping screws can be either thread- 
forming or thread-cutting. 
joining, thread-cutting screw A type of self-tapping 
screw that has a sharp cutting edge. Thread-cutting screws 
remove plastic chips as the screw is inserted or rotated so 
that the internal stresses that are produced are low. Usu- 
ally, only minimum reassemblies are possible. 
joining, wet-installation A bolted joint in which a 
sealant is applied to the head and shank of the fastener such 
that after assembly a seal is provided between the fastener 
and the elements being joined. See fastener; strength, 
wet. 

joint-Y See filament-winding knuckle area. 
joule A unit of energy in the SI system that is equal to 
the work done when the point of application of a force 
of one Newton ( N )  is displaced through a distance of one 
meter (m)  in the direction of the force. The heat dimen- 
sion of joule is N m. Also called] (joule). See energy; 
test, impact; torque. 
just-in-time (JIT) A method of keeping processors 
and customers with a minimum of inventory to reduce 
their individual costs. This procedure requires precision- 
timing schedules for all concerned. See fabricating pro- 
cess; material handling; production-control system. 
jute See fiber, jute. 



K 
kaolin A fine inert white or gray pigment that is used 
as filler. Also called china clay. See china clay. 
Kapton DuPont’s trade nanre for its family of polyimide 
plastic films. 
Kelvin Scale A temperature scale that uses Centigrade 
degrees but makes the zero degrees signiEy absolute zero- 
-273.16”C (-459.69”F). Thus, K = “C + 273.16. See 
temperature; temperature, absolute zero. 
keratin A filler that is based on calcined feathers, hog 
bristles, and the like. It is sometimes used in place ofwood 
flour. See filler. 
kerf The width of a cut made by a water jet, laser beam, 
torch, or saw blade. It  is the material lost. See cut, kerf, 
and registration. 
ketchup bottle The popular biaxial stretched squeez- 
able coextruded recyclable blow-molded bottle that uses 
PP/EVOH barrier/PP plastics with adhesive interlayers 
followed by PET/EVOH/PET/EVOH/PET, and other 
combinations. It was introduced by Heinz Co. in 1983. 
See barrier plastic; blow molding, stretched; coex- 
trusion; plastic material type. 
ketone A solvent that is characterized by one or more 
carbonyl groups within a hydrocarbon structure. Exaniples 
include acetone and methyl ethyl ketone. They possess a 
high solvent power for certain plastics (such as vinyl) and 
many substances that are soluble with difficulty in other 
groups of solvents. Also called acetone. See acetone; 
chemical reaction, Zimmermann. 
ketone plastic This broad family of crystalline plastics 
includes polyetherketone (PEK), polyetheretherketone 
(PEEK), and others (PEKK, PEKEKK, etc.) See crystal- 
line plastic. 
kettle A container in which a plastic is produced, sepa- 
rated, or compounded or nrixed. 
Kevlar DuPont’s trade name for its organic polymer 
that is coniposed of aromatic polyaniides (aramids) hav- 
ing a para-type stretched orientation (parallel chain 
with bonds extending from each aromatic nucleus). These 
fibers have extremely high tensile strength and greater re- 
sistance to elongation than steel. It is used in fibers and 
films. Aramid fibers in reinforced plastics provide light 
weight with high strength and modulus. See fiber, 
nylon. 
K-factor 
kieselguhr See diatomaceous earth. 
kinematic viscosity See viscosity, kinematic. 
kinetic A branch of dynamics that is concerned with the 
relations between the movement of bodies and the forces 
acting on them. See Avogadro’s law; reactor technol- 
ogy; thermogravimetric analysis; viscoelasticity, 
linear; viscoelasticity, nonlinear. 

See coefficient of thermal conductivity. 

kinetic coefficient of friction See coefficient of 
friction, kinetic. 
kinetic energy dissipated Plastics provide various de- 
grees and excellencies for producing parts that absorb and 
dissipate energy, usually from impact. See energy ab- 
sorption. 
kinetic friction Friction that develops between two 
bodies in motion. See friction. 
kinetic theory A theory of matter that is based on the 
mathematical description of the relationship between pres- 
sures, volumes, and temperatures of gases (PVT phenorn- 
ena). This relationship is summarized in Boyle’s law, 
Charle’s law, and Avogadro’s law. See Avogadro’s law; 
Boltzmann, Ludwig; gas pressure and temperature. 
kink 1. A type of a waviness that occurs as interior 
edges, not to be confused with the inore abrupt departures 
as ridges or surface marks. See tubing; waviness. 2. I n  
fabric, a short length of yarn that has spontaneously dou- 
bled back on itself to form a loop. Also called curl yanz,  
looped yam, or snarl. See fiber processing; yarn twist, 
balanced. 
kirksite A popular alloy of aluminum and zinc that is 
used to make prototype molds or short production runs. 
It is an easily melting alloy with a high degree of heat 
conductivity which makes it easy to produce a mold. 
Pouring temperatures are as low as 800°F as compared to 
3,000”F for steel and 2,000’F for beryllium-copper castings. 
See conduction heat; die material; mold material. 
kiss An abbreviation for “Keep it simple and safe,” 
“Keep it simple, stupid,’’ and “Keep it short and simple.” 
kiss roll coating 
Kling test 
kneading The elenients that are used for melting, 
mixing, dispersing, and homogenizing. The kneading 
compounding elements are comprised of individual 
kneading discs of various widths, which are offset from 
each other. The kneading discs can be staggered for 
forward conveying, reverse conveying, or zero convey- 
ing; inany have one, two, or three lobes. Selecting a 
disc width, offset angle, number of kneading discs, and 
direction of conveying controls the level of shear input 
and the type of mixing action. Various other types of 
screw geometries utilize interrupted or cut-screw flights. 
The working principle is the same as for kneading ele- 
nients; conveying efficiency is reduced to the benefit of 
back flow for mixing. The degree to which the screw 
flight is interrupted directly influences the degree of mix- 
ing. See calendering material; compounding; mix- 
ing. 
knife See coating, knife; extruder-sheet air knife; 
granulator knife; spin trimming. 

See extruder roll coating, kiss. 
See test, Kling fusion. 
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knit line 1. See weld line. 2. A potential defect in rein- 
forced plastics (SMC, etc.) where plastic flows together 
but fibers fail to bridge the gap. Knit lines are formed when 
two flow fronts meet, usually at the extremity of a mold 
cavity. See reinforced plastic. 
knitting See fabric, knitted. 
knockout pin See mold ejector. 
Knoop hardness 
knot 1. An imperfection or nonhomogeneity in materi- 
als that are used in fabric construction, the presence 
of which causes surface defects. 2. See yarn, knot te- 
nacity. 3. A joining by tying substances together. See 
joining. 4. In wood, the portion of a branch that 
has become incorporated in the body of a tree that is 
either attractive when used as a decorative pattern or a 
potential weak section when used in construction. See 
wood. 

See test, Knoop hardness. 

knowledge See computerized knowledge-based 
engineering; plastic product failure. 
knuckle area See filament-winding knuckle area. 
kraft paper Paper that is made from sulfate wood pulp. 
It is used in the manufacture of certain industrial and deco- 
rative laminated plastics. It  provides good mechanical and 
electrical properties. See fourdrinier; paper. 
krypton (Kr) A colorless, odorless, relatively inert gas- 
eous element that is found in air. It is one of the noble 
gases, so-called because their activity is extraordinarily lim- 
ited. It is in fluorescent lamps arid in a flash lamp that is 
employed in high-speed photography. See fluorescent; 
noble gas core; periodic table. 
K showcase 
Kubelka-Munk theory 
ing, Kubelka-Munk theory. 
Kunststoffe 

See shows and conferences. 
See computer color match- 

The German word for plartic. 



L 
label A precut, printed, flexible material that is affixed 
to the surface of a product or printed directly on the prod- 
uct and that can be applied during fabrication of the prod- 
uct. See decal; decorating; laser marking; printing, 
screen. 
label, adhesive-bonded A label that uses an adhesive 
that is applied during labeling or that is preapplied. Wet 
and hot-melt adhesives are used. Preapplied adhesives are 
mainly pressure sensitive. Adhesives are identified as per- 
manent, removable, and low-temperature operations. See 
adhesive, pressure-sensitive. 
label, heat-transfer A label that requires a temperature 
at or above 100OC (212OF) for the bond to occur. See 
bonding. 
label lug See bottle lug. 
label, pressure-sensitive A label that requires slight 
applied pressure for bonding to occur. 
labor See World of Plastics Reviews: Thinking 
Like a Manager and Managing for the Long Run. 
laboratory accreditation Formal recognition that a 
testing laboratory is certified to carry out specific tests. See 
bottle standard marine reference material; com- 
puter-aided laboratory; ISO-9000 certification; test 
laboratories, worldwide approval of. 
laboratory atmosphere, standard An atmosphere 
that has a relative humidity of 50 2 2% at a temperature 
o f23  2 IoC (73.4 2 1.8'F). See atmosphere. 
lac A resinous substance that is secreted by a scalc insect 
and used principally in shellac. See shellac. 
lacquer A suspension of natural or synthetic plastics, 
such as nitrocellulose plastic, in readily evaporating sol- 
vents. It  is used as a protective coating. See copal; di- 
chloroethylene; solvent-borne coating. 
lacquer coating A forniulation that is based on ther- 
nioplastic film-forming material that has been dissolved in 
an organic solvent. The coating dries primarily by evapo- 
ration of the solvent. Lacquers are used with vinyls, cellu- 
lose derivatives, and acrylics. See coating, cellulose lac- 
quer. 
lacquer primer See primer. 
lactam 
acids by the removal of a molecule of water. 
lag molding See molding, lagging. 
lamella (pl. lamellae) A thin, flat scale of a liquid or 
part. See antifoaming agent; spectroscopy, Raman. 
lamellar thickness A characteristic morphological pa- 
rameter that is usually estimated by x-ray studies or elec- 
tron microscope. The thickness is usually 100 to 500 A 
(10 to 50 mm). It is the average thickness of a lamella in 
a specimen. 
lamina (pl. laminae) A single ply or layer in a laminate 

A cyclic amide that is produced from amino 

or reinforced plastic that is made up of a series of layers. 
See laminate; reinforced plastic. 
laminar flow See coolant, laminar flow; melt flow, 
laminar; Reynold's number. 
laminar, inter- See reinforced plastic, interlam- 
inar. 
laminate An industrial or decorative product that is 
made by bonding or fabricating together two or more lay- 
ers of materials. I t  includes papers, nonwoven (mat) fab- 
rics, and woven fabrics that are impregnated or coated 
with plastic. I t  may have a surface material, such as alumi- 
num foil or decorative sheet. It also applies to reinforced 
plastics and composites of plastic films or sheets without 
or with foils. Different techniques are used for fabrication, 
such as pressing, molding, bonding, spread or extrusion 
coatings, coextruding, coinjection, and processes used for 
reinforced plastics. Different shapes include flat sheets, 
rods, and tubes. Fabrication techniques include heat and 
pressure as well as no heat and very little pressure. Lami- 
nates started to be produced during the 1920s using layers 
of paper or fabric (pulp, cotton fiber, etc.) with thermoset 
plastics (later thermoplastics) and were used in markets 
such as decorative panelings, room partitions, and electri- 
cal printed circuit boards. By the late 1930s and early 
1940s, the term veicfovced plastic began to include laminates 
and later the term composite became fashionable. See adhe- 
sive contact angle; adhesive, disbonded; caul plate; 
clamping pressure; coextrusion; coinjection mold- 
ing; composite; debulking; directional property; di- 
rectional property, biaxial; directional property, co- 
ordinated; directional property, parallel; directional 
property, symmetrical; extruder coating and lamina- 
tion; fiber, laminated; foam inverse lamination; hy- 
brid; joining lap; molding, laminated; molding pres- 
sure; molding pressure, contact; molding pressure, 
high; monolayer; plywood; postforming; press, 
block; pressure; reinforced plastic; reinforced plastic, 
interlaminar; reinforced plastic let-go; reinforced- 
plastic nesting; reinforced plastic peel ply; reinforced 
plastic, premolded; reinforced plastic prepreg; safety 
glass; sheet overlay; stamping, reinforced thermo- 
plastic; starved area; test, laminated curved-bar de- 
lamination analysis; test, nondestructive acoustic 
emission; test, nondestructive impact RP coin tap- 
ping; tie layer; veneer; wood veneer; zero bleed. 
laminate bending Bending a laminate by applying a 
load with heat. See laminate, high-pressure formable. 
laminate, copper-clad A laminated plastic that is sur- 
faced with copper foil and widely used in the production 
of printed circuit boards for the electronic industry. See 
printed circuit board. 
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laminate, cross See directional property, cross- 
wise. 
laminate, de- Failure between layers in a laminate 
structure failure that is caused by the poor bonding of ad- 
hesive on plastic. See adhesive, disbonded; test, lami- 
nated curved-bar delamination analysis; test, non- 
destructive ultrasonic. 
laminate, decorative A surfacing sheet (paper, plastic, 
aluminum foil, etc.) that incorporates different design pat- 
terns with different colors and that becomes an integral 
part of the thermoplastic or thermoset plastic laminate. 
Aluninum foil can be a second layer providing the capa- 
bility of dispersing heat. Cigarette-proof grades previously 
used aluminum foil (with TS plastic), and later the foil 
was eliminated afier production runs accidentally did not 
include the foil and the product was still cigarette-proof. 
See aluminum foil; decorative sheet. 
laminate, high-pressure formable High-pressure 
lamiiiates include the postforming grades. These laminates 
retain a degree of thermoplasticity that enables them to be 
bent or otherwise formed. The heat and pressure em- 
ployed in this operation also completes the cure. See lam- 
inate bending; postforming. 
laminate, low-pressure Both thermoplastic and ther- 
moset plastics are used in the lay-ups. See molding pres- 
sure, low. 
laminate ply One layer of a laminate product that is 
bonded to adjacent layers in the curing process. 
laminate, pressure break A break in one or more of 
the outer sheets of fabric, paper, or other base that is visible 
through the surface layer. 
laminate, sheet A sheet or board of laminated plastics. 
laminate stacking sequence A description that details 
the orientations of the plies and their sequence in the lanii- 
nate. See directional property. 
laminate tube or rod Laminated material, prior to heat 
and pressure curing, that is rolled either on a mandrel or 
on itself. See mandrel. 
laminate wood A high-pressure bonded-wood prod- 
uct that is composed of layers of wood with plastic as the 
laminating agent. Plywood is a typical example. See wood 
compressed; wood, ply-. 
laminate wormhole Elongated air entrapment in the 
surface of a laminate. 
lamp black A black or gray substance that is made by 
burning low-grade heavy oils or similar carbonaceous ma- 
terials with sufficient air and in an enclosed system. It is 
used as a filler and pigment. See filler; material, pow- 
der; pigment. 
land A component surface in the nianufkturing pro- 
cesses that influences melt flow. See die land; mold, 
flash; mold land; screw flight land. 
landfill and degradation Making products that are de- 
gradable may not alleviate the solid waste problem. Paper, 
grass clippings, and food wastes have been found in a state 
of niumnification after 25 to 50 years of burial. A better 
approach is to minimize waste at  its source, recycle what 

is technically and economically feasible, and convert waste 
to energy through the incineration of combustibles that 
cannot be or are not feasible to be recycled. See bacteria; 
biodegradable; biodegradable waste; biodegradable 
versus photodegradable; degradable; energy recla- 
mation; environment; geomembrane; geotextile. 
landfill denked paper 
landfill protection See geotextile. 
landfill, recycled Landfill that is stabilized using the 
usually nondegradable landfills. Many studies on landfills 
reveal that very little degrades quickly. Landfills safely en- 
tomb waste so that uncontrolled degradation does not en- 
danger groundwater and that the capped (usually with 
polyethylene plastic sheets to not let water penetrate the 
waste) land can be used for parks, golf courses, airports, 
and so on. See incineration; polyethylene plastic; re- 
cycle. 
lap 
lapping 
laser A device that is used to produce an intense light 
beam with a narrow bandwidth. The term luser is an acro- 
nym for “light aniplification by stimulated emission of ra- 
diation.” See kerf; magnetic-optical technology; sen- 
sor, laser; welding, laser-beam. 
laser marking With the right equipineiit, most ther- 
moplastics can be marked by a laser. The advantages of 
the laser-marking clean process include rapid production 
speed of up to 7,000 mm/s (273 in./s) or 200 characters/ 
s, excellent print quality, no surface contact required 
allowing marking of flat to difficult-to-reach areas, good 
wear resistance ( I O  to 200 pm depth), high information 
density (line widths under 100 pm and character heights 
under 1 mm), zero adhesion problems, quick changes, and 
short set-up times. It  has low operating costs with ease of 
integration; its rather high initial purchase cost is offset by 
high productivity. It competes with pad printing and hot 
stamping. It uses either photoinasking or beam-diversion 
processes. Its limitations include limited multicolored 
markings and unsuitability for large area surfaces. See bar- 
code; packaging. 
laser sintering, selective (SLS) Certain production 
tooling (dies, molds) and products can be made from SLS 
and provide rapid tooling time. The approach used is to 
prepare a CAD/CAM three-dimensional solid model and 
download it into a rapid manufacturing computer software 
system that builds the prototype model. From start to fin- 
ish SLS takes less than one-half of the time it would take 
to cut a solid steel or other material. SLS can use a variety 
of metal-sintering powdered materials as well as a laser- 
sinter matrix of powdered iiietal with a plastic binder. The 
powdered metals in place of photopolymers are used in 
modeling stereolithography. SLS can build up parts from 
laser-cured photopolymer (such as PC, nylon, ABS/sty- 
rene acrylonitrile, and investment casting wax). With ad- 
ditive-layer, sinter cast steel, it can become harder than 
its machined counterpart. With a laser-sintered matrix of 
powdered metal in a plastic binder, once removed from 

See paper, denked. 

See filament winding lap; joining, lap. 
See finishing, ashing and lapping. 
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the SLS platform, the part goes through an oven to burn 
away the plastic. If required, a second oven cycle then 
clears the way for copper or other materials to be wicked 
or drawn into the voids left by the plastic. Some of them 
are machineable and usually strong enough to be used for 
limited functional testing. See modeling; photopoly- 
mer; prototype, rapid. 
latent heat See heat, latent. 
latex (pl. latices, latexes) An aqueous dispersion of 
natural or synthetic elastomeric rubbers and plastics. They 
are dispersions of plastic particles in water. The most im- 
portant of the plastic latexes are copolymers of styrene and 
butadiene, homopolymers and copolymers of vinyl ace- 
tate, acrylates, and vinyl chlorides, as well as polyvinyl 
chlorides and other specialties. They provide water-based 
compositions (paints, binders, etc.), high pigment-binding 
capacity, uniform quality as compared to natural binders, 
relatively low cost versus binding efficiency, good adhe- 
sion to substrates, and ease of clean-up. The major use for 
plastic latex is in adhesives, coatings, paper binders, and 
textile bondings. Also called emulsion. See colloidal; elas- 
tomer; emulsion; emulsifying agent; hydrosol; rub- 
ber, natural; sludge. 
latex, agglomerate See rubber latex, agglomerate. 
latex coagulant See zinc nitrate. 
latex, creamed A latex concentration that has been in- 
creased by creaming and removal of the separate serum. 
latex, elastomer See acrylic emulsion; elastomer. 
latex emulsifjring agent A surface-active substance 
that is used to facilitate the dispersion of an immiscible 
liquid compounding material in another liquid and to sta- 
bilize the mixture. See emulsifying agent. 
latex foam A cellular plastic that is made from latex. 
See foam. 
latex gel A semisolid system that consists of a network 
of aggregates in which a liquid is held. See gel. 
latex gel time The period of time from the initial 
mixing of the reactants of an elastomeric composition to 
the time when gelation occurs as defined by a specific 
test. 
latex, interpenetrating network See interpenetrat- 
ing network. 
latex, mechanical stability The ability oflatex to resist 
coagulation under the influence of niechanical agitation. 
latex mold See mold, flexible. 
latex, natural rubber (NR) Most NR latex is coagu- 
lated by the addition of acetic or forniic acid to produce 
natural rubber that is subjected to centrifugation or crearn- 
ing. The stability of concentrated latex is preserved by the 
addition of about lwt% ammonia. See coagulation; 
electrophoresis; masticate; peptizer; polyisoprene 
rubber/plastic; rubber, natural. 
latex precoagulum Coaguluni that results from the 
partial inadvertent coagulation of a latex. See coagula- 
tion. 
latex, rubber or plastic A colloidal aqueous dispersion 
of rubber or plastic. See electrophoresis. 

latex serum The dispersion medium of a latex 
latex sludge An undesirable residue in a latex. 
lattice The structural arrangement of substances such as 
plastic properties or atoms in a crystal. See filament- 
winding lattice pattern. 
laundry soap 
law See legal matter. 
law of conservation of matter 
matter, law of. 
lay-flat film 
layout, plant 
puter. 
layup See laminate; reinforced-plastic layup. 
L / D  ratio 
leach T o  extract a soluble component from a mixture 
by the process of percolation. See percolation. 
leachate A contaminated liquid that drains from land- 
fills and must be treated before entering the environment. 
It can contain decomposed wastes, decomposition by- 
products, heavy metals, or bacteria. See geomembrane. 
lead 1. The distance in an axial direction from the cen- 
ter ofan element such as a screw flight at  its outside diame- 
ter to the center of the sanie flight. See directional prop- 
erty. 2. A heavy metal, Pb is hazardous to one’s health if 
inhaled or swallowed. Its use is restricted. In plastics it is 
found in certain products, such as additives. Pb can be used 
in safe environments since it has excellent perforniance 
properties, such as resisting attack by many corrosive 
chemicals and is impervious to x-ray and gamma radiation. 
See hazard; x-ray. 
lead-alkali glass See glass composition. 
lead chrome An inorganic pigment that provides a 
range of yellow, orange, and green colors for plastics. Lead 
chromes tend to darken on exposure to daylight and, being 
based on lead, may be attached by sulfur when exposed 
to industrial atmosphere. 
leadership See World of Plastics Reviews: Think- 
ing Like a Manager and Managing for the Long Run. 
leakage, container See container leakage. 
leakage detection See container leakage. 
lease or buy 
leather-dust An organic, noncellulose filler. 
leatherlike material See molding, flow; photo- 
etching tool; poromeric plastic. 
legal matter See risk, acceptable. 
legal matter: accident reporting Fabricators and 
manufacturers do not plan for their products to fail or to 
cause harm to people. Serious accidents must be investi- 
gated immediately to prevent them froin reoccurring. U.S. 
federal regulations require that a nianufacturer report them 
to the Consumer Product Safety Commission (CPSC). 
The customer, the patient, his or her family, and the inan- 
ufacturer also need to know what happened. Manufactur- 
ers should have a trained crisis-management committee 
in place before a complaint is received so that standard 
operating procedures define what actions are to be taken 
and by whom. See safety. 

See alkylate sulfonate, linear. 

See conservation of 

See extruder-blown film lay-flat. 
See design, plant layout via com- 

See screw length-to-diameter ratio. 

See capital-equipment investment. 
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legal matter: acknowledgment The document that 
accepts a customer order, includes a delivery promise, 
states the method and time for payment, and identifies any 
exceptions to the terms and conditions stated on the cus- 
tomer’s purchase order. See legal matter: product lia- 
bility law. 
legal matter: agreement not to compete The con- 
sent of the seller of a business not to be in conipetition 
with the buyer. See business. 
legal matter: biomaterial liability bill The Bio- 
materials Access Assurance Act of 1998 exempts suppliers 
of raw materials for implantable niedical devices such 
as heart valves and artificial hips, so long as the mater- 
ial is not at fault and the supplier had no role in the design 
of the device. The purpose of the act is to maintain a 
supply of biomaterials to the device manufacturers. See 
biomaterial; design, biomedical-product; medical 
market. 
legal matter: bottle bill A law that requires a return- 
able deposit on certain containers (carbonated beverage 
bottles, etc.) and a redemption system to discourage reck- 
less disposal of containers and encourage recycling. Also 
called deposit law. See bottle. 
legal matter: Consumer Product Safety Act 
(CPSA) A significant consumer safety law. It augments 
the common law on product liability. The purpose of the 
law is (1) to protect the public against unreasonable risks 
of injury associated with consuiner products, (2) to assist 
consumers in evaluating the comparative safety of con- 
sumer products, (3) to develop uniform safety standards 
for consumer products and to mininiize conflicting state 
and local regulations, and (4) to promote research and in- 
vestigation into the causes and prevention of product- 
related deaths, illnesses, and injuries. Its goal is to prevent 
hazardous materials and products or defectively designed 
products from reaching the consumer. See risk, accept- 
able. 
legal matter: contract See legal matter: product li- 
ability law. 
legal matter: copyright The ownership of a design or 
literary property that is granted by law. See design pro- 
tection; legal matter: trademark. 
legal matter: defendant While anyone along the trail 
of commerce (manufacturer, wholesaler, or retailer) can 
become a defendant in a lawsuit, the manufacturer usually 
is held liable by the injured party because the manufacturer 
is the one from which the largest award can be obtained. 
See legal matter: Consumer Product Safety Act; le- 
gal matter: product liability law; risk, acceptable. 
legal matter: design protection See design protec- 
tion; risk, acceptable. 
legal matter: employee assignment of an inven- 
tion In assigning an invention, the eniploynient contract 
usually governs. In states that have employee invention 
laws, however, employees retain personal, nonbusiness- 
related inventions as long as they are not made on the 

employer’s equipment or time. See legal matter: 
patent. 
legal matter: environment See ISO-14000 certifi- 
cation. 
legal matter: ethic See ethics. 
legal matter: expert witness Litigation in the plastics 
industries usually involves patent infringement, theft of 
trade secrets, product liability, or specific performance. 
Prior art and knowledge of the requirements for patent- 
ability will often be key parts of the patent expert’s testi- 
mony. The job of the expert is to reduce a coniplex art 
or science into easy-to-understand testimony. 
legal matter: fair market value (FMV) The price that 
a product brings when it is offered for sale by one who is 
willing but not obligated to sell and is bought by one who 
is willing or desires to buy but is not compelled to do so. 
See legal matter: free trade. 
legal matter: forensic science and plastic A hybrid 
applied science that ernbraces any of the natural, engi- 
neering, or medical sciences and that may be called on for 
assistance in the administration of criminal or civil justice. 
It  involves trace evidence, failure, and flammability results, 
with all kinds of niaterials and products (plastics, metals, 

legal matter: free trade The debates over free trade 
versus managed trade or protectionism basically are aca- 
demic. The United States, which has been the world’s 
leading proponent for free trade, has experienced net in- 
ternational trade deficits for many decades. The U.S. plas- 
tics industry has been successful in its international trade 
business. 
legal matter: Insurance Risk Retention Act 
(IRRA) This act allows companies in the same industry 
to form a specialized insurance company to insure them- 
selves. For example, one was established in Vermont in 
1992 that is called the Plastics Industry Risk Retention 
Group (PIKRG). See risk, acceptable; risk manage- 
ment; risk retention. 
legal matter: invention The chief requirenients for an 
invention are that (1) it be unobvious to a person having 
ordinary skill in the art to which the claim pertains and 
(2) knowing everything that has gone wrong before is not 
applicable. See legal matter: patentability; capital and 
inventors. 
legal matter: legislation See World of Plastics Re- 
views: Challenge 2000-Making Plastics a Preferred 
Material. 
legal matter: mold contractional obligation Cus- 
tom molders have traditionally assumed no responsibility 
for the legality of the design of the customer’s product, 
the design of the molded part as a component of that prod- 
uct, or parts produced to the customer’s design and speci- 
fication. In the event a molded part infringes, or is claimed 
to infringe, any letters of patents or copyright, the cus- 
tonier assumes the responsibility involved. Most quotation 
forms include clauses that explicitly detail the indeninifi- 

etc.). 
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cation provisions and mold storage responsibility. See 
mold. 
legal matter: patent In the United States a patent is 
awarded to the person who first produces an invention 
and not necessarily to the person who first applies for a 
patent. The opposite policy prevails in the rest of the 
world. U.S. policy probably will change to achieve har- 
mony with worldwide patent laws. U.S. utility patents 
(machines, equipment, etc.) are good for at least 17 years. 
See light microscopy. 
legal matter: patentability The following qualifica- 
tions apply to U.S. patents on an invention or process (1) 
the invention must not have been published in any coun- 
try or in public use in the United States for more than 
one year to date of filing application, (2) it must not have 
been known in the United States before that date ofinven- 
tion by the applicant, (3) it must not be obvious to an 
expert in the art or technology, (4) it must be useful for 
a purpose not immoral and not injurious to the public 
welfare, and (5) it must fall within five statutory classes on 
which only patents may be granted-namely, (a) conipo- 
sition of material, (b) process of manufacture or treatment, 
(c) machine, (d) design, and (e) plants that reproduce asex- 
ually. 
legal matter: patent information Patents tend to be 
the literature of technology with full disclosure of inven- 
tion details. This legal document confers to its owner the 
right to exclude others from using it. 
legal matter: patent infringement Ignorance of the 
patent or trademark rights of others is no excuse for an 
infringing activity. Moreover, it may give rise to costs and 
risks in withdrawal or recall of products, ads, and attorney 
fees. These potential costs probably outweigh the cost of 
the initial searches or clearances. 
legal matter: patent plastic money Australia intro- 
duced a PP plastic $5 note in 1991 for its antiforgery capa- 
bility and followed with other notes. The transition from 
paper currency was completed in May 1995 with the in- 
troduction of the $100 note. A U.S. patent was granted 
in 1993. 
legal matter: patent pooling with competitor In 
the past, U.S. competing companies could not cooperate, 
such as in R&D, without breaching antitrust laws. Patent 
pooling, such as collecting and cross-licensing patents, was 
precluded. Today the antitrust laws are reviewed, inter- 
preted, and enforced less stringently, which permits indus- 
trial cooperation in selected and specific areas where pool- 
ing does exist. 
legal matter: patent search There are three major 
steps to a patent search: (1) the U.S. Patent Classification 
System is a subject index to all patents, (2) CASSIS is a 
computerized software information system provided by 
the U.S. Patent Office, and (3) reviewing the patent takes 
time and involves reading the weekly official worldwide 
gazette and magazines. There are many ways to search the 
patent database, both U.S. and worldwide, but one web- 

site that is particularly useful to the novice or occasional 
searcher is one offered by IBM located at http://wwwpa 
tents.ibm.com. 
legal matter: patent term extension (PTE) The 
U.S. PTE Law of 1984 offers an opportunity to extend 
the effective life of patents for new medical inventions up 
to five years. 
legal matter: patent terminology Preparing a patent 
and ensuring that proper and protective terms are used 
requires time and money. Cost per patent has been esti- 
mated to be in the millions of dollars. 
legal matter: plaintiff A lawsuit is a civil suit seeking 
compensation, usually monetary, by the plaintiff for dain- 
ages for some type of liability against the responsible party. 
A product liability may arise as a result of a defect in design 
or manufacture, improper service, breach of warranty, or 
negligence in marketing. Under the doctrine of strict lia- 
bility the plaintiff must present factual proof of damage. 
Before the trial the plaintiff is entitled to certain informa- 
tion by right of discovery. It includes all records that per- 
tain to the alleged damage and depositions of individuals 
involved. Oral depositions before a court reporter permit 
both sides of the litigation to discover the important facts 
of the case. See design packaging; legal matter: prod- 
uct liability law; risk, acceptable. 
legal matter: processor contract A subgroup to the 
custom processor that has little involvement in the business 
of the customer and usually just sells machine time. See 
processor, custom. 
legal matter: product liability law Two types of law 
are involved-contract and tort. A contract is an agree- 
ment between two or more parties that is enforceable in 
a court of law. A tort is a civil wrong committed by the 
invasion of any personal or private right that each person 
enjoys by virtue of federal and state laws. The personal or 
private right that is affected must be one that is determined 
by law rather than by contract. In addition to the tortuous 
act, there must also be personal injury or property damage. 
Over half the U.S. states have adopted to varying degrees 
the doctrine of strict liability tort, which means that the 
injured person need only prove that a product was unrea- 
sonably dangerous to win the case. Various conditions 
make it easier to win cases. For example, proof that the 
manufacturer of the product is negligent is no longer re- 
quired. See design and product liability; legal matter: 
acknowledgment; legal m.atter: Consumer Product 
Safety Act; legal matter: plaintiff. 
legal matter: quality system regulation See qual- 
ity-system regulation. 
legal matter: quotation A document that states the 
selling price and other sales conditions of a material or 
product. 
legal matter: right to know This law (Fed. Reg. 29 
C.F.R. 1910.1200) covers employees’ right to know 
about the chemical hazards to which they are exposed in 
a working area. 
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legal matter: risk 
legal matter: shop right A nonexclusive royalty-fee 
license that is given to a eniployer by an employee and 
allows the employee to use the employer’s time or equip- 
nient to develop an invention. Shop rights come into play 
when there is no assignment agreement. 
legal matter: software and patent In  A w h y t h m i a  R e -  
search Technology v. C o r a z o n i x  C o y . ,  22 U.S.P.Q.2d 103 
(C.A.F.C. March 12, 1992), the Court of Appeals for the 
U.S. Federal Circuit issued a 1992 decision that could 
strengthen the legal position that so-called pure software 
can be patented. 
legal matter: tariff A schedule of duties or cost rates 
that is imposed by a government on imported or exported 
goods. In certain countries worldwide free-trade agree- 
ments exist to offset tariff duties. See world trade. 
legal matter: term Proper definitions to ensure accu- 
racy of discussions in the plant and in the courtrooni. See 
defect. 
legal matter: tort liability The tort laws have impeded 
new biomaterial and medical-device developments by 
the large companies. It is difficult for them to justify 
the financial risk incurred from the relatively low level 
of their sales. Action is being taken to change the laws. 
See legal matter: product liability law; risk, accept- 
able. 
legal matter: trademark (TM) A symbol or insignia 
that designates one or more proprietary products or the 
nianufacture of such products and has been officially regis- 
tered and approved by the U.S. Patent and Trademark 
Office. The acceptable designation is a superscript capital 
R enclosed in a circle, but quotation marks niay be used. 
There are three levels of TM protection: (1) coninion law 
covers unregistered TMs with limited legal protection; (2) 
state regstration of a T M  protects the T M  in that state 
only, and (3) federal registration offers registered T M  pro- 
tection across state lines. 
legal matter: trade name: (TN) The name or style 
under which a concern does business. The governnient 
may register the TN.  
legal matter: warranty Warranties apply to equip- 
ment, products, and materials. Fulfillment of warranties 
tends to be a two-way situation. The warranty relationship 
can be defined in writing by the warranty document. It 
goes into detail as to what the orignal equipment manu- 
facturer seller promises to do in event of equipment failure 
due to specific causes. It also details the responsibilities of 
the equipment owner. Sometimes the expectations of the 
processor and manufacturer are seriously mismatched. The 
best way to avoid this situation is to clarify understandings 
before the equipment is delivered. It  is usually clear who 
pays for parts, but responsibilities for shipping, travel, and 
other costs, can significantly differ froni OEM to OEM. 
See capital-equipment investment. 
legionnaire’s disease See antimicrobial agent. 
length See measurement. 

See risk, acceptable. length-to-diameter ratio See screw length-to- 
diameter ratio. 
leno weave See fabric, leno. 
lens, apochromatic A color-corrected lens that focuses 
on the three colors of blue, green, and yellow in the same 
plane. See colorant. 
lens centering The operation on lens elements wherein 
the element is optically lined up with the axis of rotation 
and the edges ground concentric with the optical axis. See 
optical property. 
lens, color fringe 
lens, contact Contact lenses are principally used to 
correct vision deficiencies but also treat certain corneal 
diseases or change the color or appearance of the eye 
for cosnietic effect. The first contact lens was fitted 
during 1888 and made from blown or molded glass. By 
the 1940s polyniethylmethacrylate was being used. 
The next major development used a hydrogel mater- 
ial based on poly-2-hydroxyethyl-methacrylate in 
the late 1950s. During the 1960s the first soft contact lens 
was produced. See hydrogel; vision correction 
system. 
lens implant 
let-down ratio See concentrate let-down ratio; 
material-blending let-down ratio. 
lettering, molded See molded lettering and sur- 
face decoration. 
lettering, recessed Depressed letters or designs on a 
mold-cavity surface. See mold cavity. 
letterpress plate See printing, photoengraving. 
level winding 
tial. 
Lewis acid 
Lewis base 
L-glass See fiberglass type. 
liability See legal matter. 
licensing patent See legal matter: patent pooling 
with competitor. 
life-cycle analysis A study of a material or product 
from its manufacture and use through disposal. The period 
can be called cradle-to-grave. See aging; plastics cradle- 
to-grave; profit and time; time; vinyl composition 
tile. 
life, half- 
life of plastic 
life, pot See pot life. 
life, shelf See shelf life. 
life, working See working life. 
light Radiant energy in a spectral range that is visible to 
the normal human eye of about 380 to 780 nini (3,800 to 
7,800A). The speed oflight in a vacuum is 299,792,458 m/ 
s or 1 /299,792,458 s. See electromagnetic spectrum. 
light aberration The apparent change of position of an 
object that is due to the speed of motion of the observer. 
Care must be taken not to confuse this effect with that of 
parallax (mutual inclination of two lines forming an angle) 

See chromatic aberration. 

See medical, lens implant. 

See filament winding, circumferen- 

See electron, Lewis acid. 
See electron, Lewis base. 

See chemical reaction, half-life. 
See plastic, long-life. 
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during light experiments. See aberration; light index 
of refraction. 
light absorber See molecule, chromophore. 
light beam image See test, nondestructive trans- 
parent medium light schlieren. 
light, black The light in the near ultraviolet range of 
wavelengths (3,200 to 4,000 A), just shorter than visible 
light. 
light clarity The clearness or ability to transmit light of 
a material. See haze; polarized light. 
light densimeter An instrument that is used to measure 
the light-transmittal properties of material such as film. 
light doppler effect See electronic doppler effect. 
light-emitting diode (LED) See metal-to-plastic 
bond. 
light fastness The satisfactory resistance to light, partic- 
ularly of the colorants or other additives entering into the 
composition of a plastic material. Also called light fastness 
cf color. See light resistance. 
light frosting A light-scattering surfacing rescmbling 
fine crystal that can occur on plastics. See bloom; chalk- 
ing; haze. 
light haze See light transmission. 
light index of refraction The ratio of the velocity of 
light in a vacuuni to that in a given substance. It is the 
ratio of the sine of the angle of incidence to the sine of 
the angle of refraction. Refractive index values for unfilled 
or reinforced plastics can range from 1.3 to 1.6. Also called 
rcfiactive index. See birefringence; dimensionless quan- 
tity; dispersion; fiber optic; light aberration; light 
index of refraction; optical property; refractiveness; 
refractivity; stress, residual; test, nondestructive 
photoelastic stress analysis. 
light metal See metal, light. 
light metamerism 1. The phenomenon that is exhib- 
ited by two surfaces that appear to be of the same color 
when viewed under one light source (daylight) but that 
do not match in color when viewed under a different light 
(incandescent lamp). 2. The appearance of a colored sur- 
face changes when the viewing angle is changed. Also 
called geometric meturnerism. See colorant. 
light microscopy A method of viewing an object that 
utilizes a spectrum of electromagnetic radiations that in- 
clude the visible spectrum from violet to red, and the in- 
visible ultraviolet and infrared spectra. In the plastics in- 
dustry, it is used in quality control and problem solving 
and in investigating compositions, properties, structures, 
and morphology. In patent applications or litigations, mi- 
croscopical data are important. In research, data often re- 
veal variations in crystal structure. See legal matter: pat- 
ent; quality control; troubleshooting. 
lightness hue See hue. 
light, photochromic See photochromic. 
light, polarized See polarized light. 
light ray The line that is perpendicular to the wave 
fronts of waves of light that indicates their direction of 

travel in an isotropic medium. See directional property, 
isotropic. 
light reflectance 
light refractiveness Light absorption in the surface of 
a material. 
light refractivity The refractive index minus one. Spe- 
cific refractivity is p e n  by (n  - l ) / d ,  where n = refrac- 
tive index and d = density. 
light resistance The ability of a plastic to resist fading 
after exposure to sunlight or ultraviolet light. See color- 
ant; light fastness. 
light scattering In a dilute plastic solution, light rays 
are scattered and diminished in intensity by a number of 
factors, including fluctuations of molecular orientation of 
the plastic solute. Observations of the intensity of light 
scattered at various angles provide the basis for an impor- 
tant method of measuring molecular weights of high poly- 
mers. It is also the process by which light or other electro- 
magnetic radiant flux passing through matter is redirected 
over a range of angles. Significant types of scattering by 
plastics include scattering of light (both elastic and inelastic 
plastics), x-rays, neutrons, and electrons. The elastic scat- 
tering of light is called Rayleigh scattering and of x-rays 
is usually referred to as x-ray scattering. See coefficient 
of scatter; electromagnetic interference; molecule 
root-mean-square end-to-end distance; spectros- 
copy, Raman; x-ray diffraction. 
light scattering loss The part of transmitted energy loss 
that is due to the roughness of a reflecting surface. 
light schlieren system An optical system that is used 
for the visual display of an ultrasonic beam passing through 
a transparent substance. See light; ultrasonics. 
light schlieren test See test, nondestructive trans- 
parent medium light schlieren. 
light-sensitive coating See printing, photome- 
chanical coating. 
light-sensitive plastic See photopolymer. 
light stabilizer An additive that improves a material’s 
resistance to light damage. See barium stearate; oxida- 
tion degradation, thermal; pigment; ultraviolet ab- 
sorber. 
light transmission The percentage of incident light 
that is transmitted by the plastic. This is often time depen- 
dent due to the effects of aging arid weathering. The recip- 
rocal of light transmission is the haze value, which in- 
creases as the percent of transmission decreases. As a 
general rule, 0%) haze relates to complete transparency, up 
to 30% is translucent, and more than 30%) haze is consid- 
ered opaque. See light densimeter; optical property; 
specular transmission; transmittance of light. 
light transmittance, regular The ratio of the light flux 
that is transmitted without diffusion to the flux incident. 
light translucent-to-transparent change See plas- 
tic, light-switchable. 
light, visible See light. 
light wave See holography. 

See coefficient of scatter. 
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light, white The radiation over a large wavelength fre- 
quency range from ultraviolet to infrared. See holog- 
raphy. 
light, yellow See blueing agent. 
lignin A natural (thermoplastic) plastic that is found in 
wood and woody plants. Lignin reacts with certain chenii- 
cals and is used as a binder and extender. See binder. 
lignite A mined coal that is ranked between peat and 
subbituminous and contains 35wt'X water. Plastics (poly- 
esters and polyamides) can be derived from lignite by oxi- 
dation with nitric acid followed by extraction of the ni- 
troacid. 
lime (CaO) Calcium oxide, a compound that occurs in 
the form of colorless crystals that are more or less soluble 
in water and alcohol. It  is used to remove traces of water 
in vinyl plastisols and in the manufacture of calcium car- 
bide and some plastics. See calcium hydroxide; glass 
composition; quicklime. 
limestone (CaC02) A naturally occurring substance 
that is used in the manufacture of lime and a source for 
carbon dioxide. See glass, plate. 
limit See population confidence limit. 
limitation See oil resources, limited; plastic myth 
and fact; steel resources, limited. 
limiting oxygen index (LOI) The concentration of 
oxygen that is required to maintain burning. It is the basis 
for evaluating the flammability characteristics of plastics. 
See fire retardance; flammability; test, tunnel fire. 
linear expansion See coefficient of linear thermal 
expansion; expansion, linear. 
linearity The maximum deviation from a straight line 
that connects the measurement signal value at  zero load 
with the measurenient signal at  rated load. 
linearization The substitution of a linear function for 
a nonlinear one that gives approximately the same rela- 
tionships over a small range. 
linear low-density polyethylene See polyethylene 
plastic, linear low-density. 
linear thermal expansion See coefficient of linear 
thermal expansion; expansion, linear. 
linear variable differential transducer (LVDT) An 
electronic displacement sensor. It is a transformer with 
dual secondary windings that are connected in series and 
wound to produce opposing voltages. See injection- 
molding linear velocity-displacement transducer; 
transducer, magnetostrictive. 
linen Yarn, thread, or fabric that is made from flax fi- 
bers. 
linseed oil An amber or brown oil that is obtained from 
flax seed and used in paint and varnish formulations. See 
fiber, flax; paint; varnish. 
lint An unintended foreign substance in a plastic or on 
a surface. See contamination. 
linter See fiber, linter. 
liquid, continuous phase See mixture, continu- 
ous-phase. 

liquid crystal, lyotropic A type of liquid crystalline 
plastic that can be processed only from solution. See crys- 
talline plastic; solution. 
liquid crystal polymer or plastic (LCP) LCPs are a 
unique class of thermoplastics that contain primarily ben- 
zene rings in a backbone with molecules that are sti& rod- 
like structures organized in large parallel arrays. LCPs ex- 
hibit a crystalline phase in liquid; melt state is due to the 
presence of highly ordered molecular fragments. It  is melt 
processable and develops high orientation during molding 
or extrusion with resultant significant improvements in 
strength and niodulus from low to high temperatures. It 
is used with or without fiber reinforcements. Also called 
liqu id c y  tn lline therm op Ius tic, liq M id crys ta I plastic, liq uid cvys tn I 
polyester, or liquid cuystalline polyviev. See plastic, light- 
switchable; plastic, self-reinforcing; polyester plas- 
tic, liquid-crystal; thermoforming, thermotropic 
liquid crystal in. 
liquids curing medium See extruder back-pres- 
sure-relief port; extruder liquid-curing-medium. 
liquid, elastic A liquid that, unlike a purely viscous liq- 
uid, exhibits elastic effects as well as viscous flow. These 
may be stress-relaxation effects, where the stress does not 
become instantaneously isotropic or zero as soon as the 
liquid is held in a fixed shape. They may also be elastic 
recovery effects, where the shape does not remain constant 
as soon as the stress is made isotropic or zero. Many plastic 
fluids (melts and solutions) show such elastic effects. See 
directional property, isotropic; elasticity. 
liquid glass See sodium silicate. 
liquid, immiscible See emulsifier agent. 
liquid impregnation, trickle See impregnation, 
trickle. 
liquid injection molding See injection molding, 
liquid. 
liquid oxygen See polyarylene ether phosphine 
oxide plastic. 
liquid penetrant A low-viscosity fluid that contains 
dye and is placed on the surface of a part to penetrate into 
the surface flaws and cracks. When the surface is washed, 
the residual penetrants contained in the part reveal the 
presence of flaws using natural or artificial lighting. 
liquid plastic See plastic, liquid. 
liquid sublimation See sublimation. 
liquid temperature 
perature. 
liquid vapor See distillation. 
liquifier A material, such as urea and ammonium thio- 
cyanate, that is used to reduce the gel point and viscosity 
of carbohydrate or proteinaceous systems. 
liter See volume. 
litharge (PbO) An oxide of lead that is used as an inor- 
ganic accelerator and as a vulcanizing agent for neoprene 
and certain paints. 
lithographic resist printing See printing, litho- 
graphic resist. 

See glass-filament liquid tem- 
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litigation See legal matter. 
litmus 
ence or concentration of an acid (red) or alkali (blue). 
living hinge 
living polymer system See polymer, living system. 
load Mass or force, depending on use. For example, a 
load that produces a vertically downward force because of 
gravity acting on a mass may be expressed in mass units. 
Any other load is expressed in force units. See force; 
gravity; mass; weight. 
load amplitude One-half of the algebraic difference 
between the maximum and minimum loads in the load 
cycle. 
load and temperature See designing with the 
pseudoelastic method; temperature. 
load column crush A measure of the resistance of a 
plastic, such as a container or support column, to deforma- 
tion under a vertical load, applied along the container’s 
vertical axis. 
load, constant A load that is invariable or unchanging. 
load cycle The smallest segment of the load-time func- 
tion that is repeated periodically. 
load cycle rate The ratio of cycles endured under load. 
load, dead A constant load that is due to the weight of 
the product, the supporting structure, and so on. 
load deformation 
load, dynamic 
vary in magnitude, sense, and direction. See dynamic. 
loader See material handling. 
load, failure See design-failure theory. 
load, fatigue See fatigue. 
load, frictional See lubricity. 
load, impact See test, impact. 
loading, creep See creep loading. 
loading edgewise The application of a compression 
load on the edge of a material. For conipression-molded 
test specimens of square section, the edge is the surface 
parallel to the direction of motion of the plunger. For 
injection-molded specimens of square cross-section, this 
surface is selected arbitrarily. For laminates the edge is the 
surface perpendicular to the laminae. 
loading, intermittent See creep loading. 
loading, long time 
loading, short-term Short-term periods are based on 
conditions or applications of load, such as short-term 
stress-strain behavior or impact loading. See production 
performance; stress-strain. 
loading, top See container, top-load. 
load, static See static load. 
load support When a load is applied to a product and 
it is required to have equilibrium loading, equal force must 
act in the opposite direction. These forces are the reactions 
at the supports such as fixed, free, held, guided, or simple 
support. See nail. 
load, uniaxial See directional property, uniaxial 
load. 

A substance that, by its color, indicates the pres- 

See design hinge, integral. 

See deformation under load. 
An imposed force in motion that may 

See creep; creep loading. 

locked-in-stress See stress, residual. 
lockout equipment/machine See safety interlock; 
safety, machine-lockout. 
log See blender, dough. 
logarithm The exponent that indicates the power to 
which a number is raised to produce a given number. For 
example, 1,000 to the base of 10 is 3. This type of math- 
ematics is used extensively in computer software. See 
damping, mechanical; mathematics; optical den- 
sity; strain, logarithm decrement. 
logarithmic viscosity See viscosity, inherent. 
logic controller See motion-control system. 
London dispersion force 
der Waals force. 
loom 
loss angle See dielectric-loss angle. 
loss, business See World of Plastics Reviews: 
Thinking Like a Manager and Managing for the 
Long Run. 
loss modulus See modulus, loss. 
lost-core process See soluble-core molding. 
lost-wax process See soluble-core molding. 
lot See material lot. 
low-pressure molding and laminating 
ing pressure. 
low-profile plastic See plastic, low-profile. 
lubricant 1. An additive to plastics that provides im- 
proved internal or external processing and service wear 
resistance. T o  be effective, lubricants must be compatible 
with the plastics in which they are used, must not adversely 
affect its properties, and must be easily combined. See 
plastic processing. 2. A coating in a mold cavity that 
prevents the cured molding from sticking to the mold; the 
plastic may also contain a lubricant to assist or work alone, 
permitting a part to be removed. See additive, slip; anti- 
mony oxide; barium stearate; butyl diglycol car- 
bonate; butyl stearate; calcium sulfide; carnauba 
wax; coefficient of friction; design lubricant, re- 
duced-friction; mold lubricant; silicone plastic; slip 
additive; stearate; wax; zinc stearate. 
lubricant bloom A cloudy effect that is sometimes seen 
on plastic surfaces due to excess or release of lubricant. 
See bloom; blush. 
lubricity The load-bearing characteristics of a plastic 
under motion. Plastics with good lubricity tend to have a 
low coefficient of friction with theniselves or other mate- 
rials and do not have a tendency to gall. See coefficient 
of friction; load. 
lug See bottle lug. 
lumber and plastic See plastic and lumber; wood. 
luminance The luniinous intensity of any surface in a 
given direction per unit of projected area of the surface 
viewed from that direction. See electroluminescence; 
optical brightener agent. 
luminescent pigment A pigment that produces strik- 
ing effects in the dark. There are two types: one is acti- 

See molecular force; van 

See fabric woven; fiber mat, needled. 

See mold- 
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vated by ultraviolet radiation and produces very strong and 
eye-catching effects of luminescence; the other, known 
as phosphorescent, does not require any separate source of 
radiation. See calcium sulfide; fluorescence; pig- 
ment, luminous; spectroscopy. 
luminous flux The lumen (lm) is the luminous flux 
emitted in a solid angle of one steradian by a point source 
having a uniform intensity of one candela (cd sr). The can- 
dela is the luminous intensity, in a given direction, of a 
source that emits monochromatic radiation. See candela. 
luminous flux absorptance The ratio of the absorbed 
radiant or luminous flux to the incident flux. 
luminous fractional reflectance The ratio of the 
luminous flux that is reflected from and to the inci- 
dent on a specimen for specific solid angles. See gloss, 
specular. 

luminous pigment See pigment, luminous. 
luster The appearance of a surface of a substance in re- 
flected light. Types include metallic, vitreous (glass or 
quartz), adamantine (like diamond), plastic, or dull (like 
chalk). See surface. 
lyophilic Characterizing a mineral that readily goes into 
colloidal suspension in a liquid. If in water, it is called hy- 
drophilic. Examples include gelatin and glue. See suspen- 
sion. 
lyophobic A substance that exists in a colloidal state but 
with a tendency to repel liquids. It  lacks affinity for the 
suspending medium. If the liquid is water, it is called hy- 
drophobic. See oleophilic. 
lyotropic A type of liquid crystalline plastic that can be 
processed only from solution. 



M 
Macbeth apparatus A lighting system that is used for 
checking color. See color standard; test, organoleptic 
taste. 
macerate filler A chopped or shredded material, such 
as a fabric, that is used as a filler for molding compounds 
to reduce cost. See filler. 
machinability The degree to which a plastic can be 
sawn, drilled, or otherwise worked with machine or hand 
cutting tools. See machining. 
machine alignment Proper machine installation. The 
precision alignment that is built into equipment needs to 
be properly supported on all its mounting points to ensure 
ground support stability, precise alignment of equipment, 
uniform support, and effective control of vibration. Instal- 
lation and alignment require accuracy. Because proper 
alignment may occur at room temperature and significant 
movement can occur during heat up or during operation, 
the causes of movement must be reconciled to prevent 
excessive wear or even failure of components. With plas- 
ticators, the prime objective is to keep the screw and barrel 
centerlines coincident to meet the production line height 
requirement. Installation is a multistep procedure that 
consists of building a foundation, setting and leveling the 
machine supports, and aligning the machine components 
to each other. See calender; injection molding; reac- 
tion-injection molding; rotational molding. 
machine control See process control. 
machine, coordinated-measuring (CMM) A ma- 
chine that makes multiple measurements on parts with 
contours and irregular surfaces or shapes in a fraction of 
the time that is required for conventional manual gauges. 
It  can be used to measure the critical dimensions of a part 
in a controlled environment, providing x-, y-, and z-axis 
dimensional data. Usually a computer controls and records 
the three-dimensional measurements with a probe that can 
have a contact or noncontact measuring sensor. See accu- 
racy; deviation, standard measurement; measure- 
ment; prototype. 
machine-direction orienter See orientation, tender 
frame and roll. 
machine energy See electric motor, adjustable- 
speed-drive; energy input, machine; energy loss, 
machine. 
machine guard See safety. 
machine hour-rate A rate that is developed for all 
types of equipment and reported in various plastic publica- 
tions. See production-capacity overhead rate. 
machine interlock See safety interlock. 
machine lockout See safety, machine-lockout. 
machine Operator’s sequence See operation, auto- 

matic; operation, manual; operation, semiauto- 
matic. 
machine precision leveling mount An adjustable 
mount that permits accurate leveling and absorption of any 
shock. See machine alignment. 
machine quality Fabrication with closer tolerances 
than usual and selection for close adherence to specifica- 
tions and freedom from foreign matter. See quality con- 
trol; tolerance. 
machine reach point The point of furthest reach that 
an operator is expected to be able to touch when standing 
with any part of the body touching the side members of 
the machine. See operator’s station. 
machine rebuilding See manufacturing, remanufac- 
turing/rebuilding; screw rebuilding and repair. 
machinery operation See fabricating; World of 
Plastics Reviews: The Plastics Industry; World of 
Plastics Reviews: Basics and Overviews of Fabricat- 
ing Processes. 
machine sales See blow molding market; gross do- 
mestic product; injection molding machine sales; 
market; plastic consumption. 
machinery sales See plastic industry machine sales; 
plastic industry size. 
machinery vibration See damping; damping, dash 
pot. 
machine, screwless See extruder, screwless. 
machine startup and shutdown See fabricating 
startup and shutdown. 
machine time, sell See processor, custom-con- 
tract. 
machine tool industry The industry’s two broad 
product groups are cutting machines (milling, turning, 
grinding, etc.) and forming machines (bending, shearing, 
etc.). See tooling. 
machine type See control drive, optimized; fabri- 
cating process type; motion-control system. 
machine, ultraintelligent A hypothetical machine 
that processes superhuman intelligence for which artificial 
intelligence researchers are striving. Ethical issues include 
the desirability of such machines and how we would cope 
with them. See intelligence, artificial. 
machine, used A preowned used piece of equipment. 
It provides a fast source for quick delivery as well as excel- 
lent working equipment. 
machine tie-bar See injection-molding machine 
tie bar growth. 
machining Although most plastic parts are fabricated 
into their final shapes, some parts require machining in 
supplemental operations (cutting, drilling, etc.). A variety 
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of machining characteristics have to be met to ensure the 
niachiues are properly used. Factors to consider range from 
heat transfer to the hardness, or brittleness of plastics. 
Advances in machine tools arid controls boost produc- 
tivity such as in computer numerical control niilling and 
electric discharge machining equipment. Significant tech- 
nological shifts continually take place in mold-, die-, 
and other tool-manufacturing processes. See chemical 
etching; chemical milling; cutter; die; electro dis- 
charge machine, electroerosive cutting and sinking; 
grinding; grinding, centerless; iron; mold; mold- 
cavity hobbing; mold-cavity honing; photoetching 
tool; roll; sanding; saw; surface finish; surface treat- 
ment. 
machining and punching An in-line operation that is 
important in many high-volume production lines. Various 
types permit punching simple to coniplex shapes. See cut- 
ter, die; dicer; die-face pelletizer; punch. 
machining, electric-discharge A method of shaping 
nietal by a process of spark erosion. 
machining jig A device for holding a part and guiding 
the tool during machining or assembly operations. For 
certain operations heating or cooling is included in the jig 
to prevent parts froni changing shapes, reducing cycle 
time, or providing stress relief. Also called jfixture. 
machining, photochemical (PCM) A method of 
making products that are difficult to produce any other 
way because they are too intricate, too thin, or both. PCM 
provides benefits such as low cost per unit (especially 
at low production volumes); inexpensive tooling, even 
though chemical machining adds costs for cleaners, photo- 
resists, and etchings; and quick turnaround time (tools 
made fast). See photoetching tool. 
machining safety Any machining process that gener- 
ates airborne, respirable particles is cause for concern. The 
Occupational Safety of the Health Administration pub- 
lishes guidelines for the amount of exposure to respirable 
particles that workers should not exceed. The list includes 
many ofthe allowing elenients, such as stainless steel, H13, 
P20, and other alloying elements (including chromium, 
vanadium, nickel, copper, molybdenum, and beryllium). 
T o  be hazardous, these particles must be smaller than 10  
p i  and thus not visible to the naked eye. The large, easily 
visible particles or chips generated in most machining op- 
erations do not represent an inhalation hazard. See addi- 
tive; asbestos; beryllium copper; fiber; filler; iron; 
reinforcement; safety. 
macro- A prefix meaning “large” or “long.” See rein- 
forced-plastic macro property; polymer, macro-. 
macromechanic See reinforced plastic micro- 
mechanics. 
macromolecule See molecule, macro-. 
macroscopy 
eye or a magnification no greater than 10 times. 
Maddock mixing screw 
dock. 

Interpretation that uses only the naked 

See screw mixing, Mad- 

magnesium (Mg) The lightest structural metal that is 
available, not including foamed metals. See metal, light. 
magnesium carbonate (MgC03) A light, white pow- 
der that consists of a mixture of crystals and amorphous 
particles. It  is used as filler. See filler. 
magnesium molding See injection molding, non- 
plastic; Thixomolding. 
magnet A device that is used to catch metallic contanii- 
nants in virgn and particularly recycled plastics prior or 
during processing. Magnets of different designs are used 
to nest and fit in different processing equipment (hoppers, 
blenders, granulators, etc.). See electrical permeability, 
magnetic; ferrite; metal detection. 
magnetic field repelled See molecule, diamagnetic 
susceptible. 
magnetic induction See induction, magnetic. 
magnetic-optical technology A transparent thin sub- 
strate coating on an optical disk that contains laser-beam 
information that is nearly birefringence free and permits 
rewriting on the disc with increased storage capacity and 
decreased access time. See birefringence; compact 
disc. 
magnetic, para- Being attracted by an external mag- 
netic field. A paramagnetic substance contains one or more 
unpaired electrons. 
magnetic plastic See plastic, magnetic. 
magnetic resonance imaging (MRI) See digital 
imaging. 
magnetic screen See barrel and feed-unit opera- 
tion protection. 
magnetic water See water, magnetic. 
magnetized curie point The temperature at which 
ferromagnetic materials no longer can be magnetized by 
outside forces. 
magnetostrictive transducer See transducer, mag- 
netostrictive; welding, ultrasonic. 
mahogany See zorro. 
maintenance Equipment manufacturers provide ap- 
propriate equipment maintenance information. All equip- 
ment needs a schedule that outlines maintenance needs 
during operation and also during downtime. Computer 
maintenance software has been prepared such as the Main- 
tenance Professional for Injection Molding from Spirex 
Corp. (Youngstown, OH). The program keeps an ongo- 
ing spare parts inventory and provides niaster lists of re- 
placement part numbers with a list of qualified vendors. 
It tracks, via graphics, significant changes, such as screw 
wear and maintenance schedules and histories, for each 
operating machine and piece of auxiliary equipment. See 
barrel borescoping; clean-area fabricating; extruder 
drive maintenance; extruder gear box; fabricating; 
injection molding machine maintenance; mold 
maintenance; processing-line downtime; screw re- 
building and repair; serviceability; troubleshooting. 
maintenance, preventive (PM) Proper maintenance 
allows equipment to perform at its maximum output for 
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the longest time. It  is less expensive to maintain equipment 
than it is to replace it. Periodic checkups, adequate staff 
for specific tasks, and the machine operator performance 
requirements all contribute to a long life for equipment. 
See troubleshooting by remote control. 
maintenance training See quality; training. 
maleic anhydride A colorless chemical that is derived 
from vapor-phase oxidation with atmospheric oxygen and 
catalyst. It  is used in producing polyester and alkyd plastics. 
See alkyd plastic; polyester plastic, thermoset. 
male mold 
malfunction See plastic product failure. 
malleability Easily flattened or rolled without pre- 
heating; plasticity. It is the same as ductility except that it 
is applied in compression. Malleable materials pemiit high 
plastic deformation in compression without fracture. See 
ductility. 
management, complete-information See computer- 
integrated manufacturing. 
mandrel 1. A tool that is used to hold or move different 
devices or products, such as rolls in a film line. See die- 
head mandrel. 2. In blow molding, the part of the mold 
that forms the inside of the blown part through which air 
is forced to form the hot parison to the shape of the molds 
interior. See blow molding. 3. The cylindrical part of 
an extrusion die that forms pipe or tubing. See extruder 
pipe and tubing; die-head mandrel. 4. In filament 
winding, the form that is usually cylindrical onto which 
preinipregnated reinforcements are wound. See filament 
winding. 5. A hollow cylinder or solid rod, usually of 
steel or light metal alloy, around which, during the manu- 
facture of reinforced plastic or laminated tube, prepreg 
fabric or paper is wound prior to curing. 
manifold See mold manifold. 
man-made fiber See fiber. 
manual 
ual. 
manual tapping test 
manufactured cost Various factors influence manufac- 
turing and fabrication costs, such as absorption variance, 
actual costing, allocation, bill of material, budget, capacity 
variance, cost of sale, depreciation, direct and indirect 
charge, expected productivity, volume requirement, labor 
productivity variance, machine-hour cost, overhead al- 
lowed, process cost, raw material inventory, scrap, and 
tooling cost. See economic order quantity; fabricat- 
ing; machining; sales investment turn. 
manufacturing See computer-aided manufacturing; 
computer-integrated manufacturing; fabricating em- 
ployment; fabricating outsourcing; fabricating pro- 
cess; FALL0 approach; intelligence, artificial; quality- 
system regulation. 
manufacturing execution system (MES) A system 
that focuses on the middle ground between the fabricating 
or plant floor and the business systems for processing cus- 
tomer orders with product deliveries. They are a critical 

See mold cavity, male. 

See operation, manual; quality-control man- 

See test, coin impact. 

part of the integrated factory and provide the infrastructure 
and workflow modeling to link the enterprise’s business 
systems into their existing manufacturing and control sys- 
tems, gathering process data, directing work in process, 
and ensuring compliance with established manufacturing 
practices. Using current and accurate data, MES guides, 
responds to, and reports on plant activities as they occur. 
The resultant rapid response to changing conditions, cou- 
pled with a focus on reducing nonadded activities, drives 
effective plant operation and processes. 
manufacturing plant, theoretical capacity A plant 
capacity that assumes that machines are every day run full 
time at maximum output capacity. 
manufacturing, remanufacturing/rebuilding Re- 
manufacturing is a process of engineering a machine and 
its components to meet or exceed original performance 
specifications. A rebuilt machine is one that is merely re- 
stored to good working order. See screw rebuilding and 
repair. 
MAP See polyolefin plastomer plastic. 
marbleizing See screw marbleizing. 
Marco process See reinforced plastic Marco pro- 
cess. 
marine applications for plastics Long-term perfor- 
mance, rather than initial cost, governs most of the selec- 
tion of a material for marine use in salt and fresh waters. 
Plastics remain stable for a long time in the severe marine 
environment, reduce weight and volume, retain their ap- 
pearance, require little maintenance or lubrication, and re- 
sist fresh and sea water corrosion, rot, and fungus growth. 
Examples of plastics used include polypropylenes, polyani- 
ide, and reinforced plastics. Many applications are unique 
to seagoing vessels on the water surface and underwater 
as well as on shore. Unless coated, steel and aluminum 
degrade rapidly in the marine environment. Preservation 
is essential to maintain function and appearance. The most 
widely used coatings are epoxy-polyamide plastic systems. 
See boat; bottle standard marine reference material; 
cavitation; coating, antifouling; polyphosphazene 
plastic. 
market Practically all markets use plastics, including 
aerospace, agriculture, appliances, automotive, building 
and construction, cosmetics, dental, drugs, electrical and 
electronics, furniture, horticulture, industrial, mechanical, 
medical, packaging, pipe, public transportation, recre- 
ation, toys, and so on. See acrylic plastic; agriculture 
market; apparel; appliance market; automobile 
bumper fascia; automotive intake manifold; auto- 
motive seat; blow molding market; building and 
construction market; coating, coil; compact disc; 
compound; container market; cosmetic market; 
dental market; electrical-electronic market; energy 
and bottles; energy efficiency; extruder; extruder in- 
dustry; film market; foamed plastic market; furni- 
ture market; gross domestic product; hydrogel; in- 
jection molding machine sales; marine applications 
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for plastics; mechanical market; medical market; 
metal; military market; oil wells, undersea; packag- 
ing; packaging, beverage-can; packaging market; 
packaging, retortable-pouch; pallet; pigment; pipe 
market; plastic consumption; plastic growth; plastic 
house; plastic industry size; plastic markets, product 
and material; printed circuit board cost; reinforced 
plastic; reinforced plastic process; standard indus- 
trial classification; supply chain; toy; transportation 
market; trucks and plastic; waste and plastic packag- 
ing; Figure 7, World Consumption of Plastics by 
Weight; World of Plastics Reviews: Making Mark- 
ing Work. 
marketing technique See test, organoleptic taste. 
marking In part assembly, the scuffing or marring of a 
plastic part, which detracts from its cosmetic appearance. 
See cosmetic market; laser marking; splay mark. 
mar resistance The resistance of glossy plastic surfaces 
to abrasive action. It  can be measured by abrading a speci- 
men to a series of degrees and then measuring the gloss of 
these abraded spots with a glossmeter. Results are compared 
to a nonabraded area of the specimen. See abrasion. 
marriage See plastic marriage. 
mash-off A localized area in a molded panel where the 
material thickness is reduced from nominal. It usually is 
used in conjunction with a secondary hole-trimming op- 
eration. 
mask See spray-paint coating mask. 
mass A nieasure of the quantity of matter contained in 
a body. Units include the gram (g), kilogram (kg), mega- 
gram (Mg), and pound (lb). The ton (T) has been given 
to several large mass units that are widely used in coni- 
merce and technology: the long ton is 2,240 lb, the short 
ton is 2,000 Ib, and the nietric ton is 1,000 kg. See grav- 
ity; load; matter; measurement; proton; specific 
gravity; weight. 
mass, atomic See atomic mass. 
mass density See density. 
mass saving The reduction of matter and related 
weight savings, since weight equals mass times gravity, and 
gravity is assumed to be a constant. 
mass spectrometry See spectrometry, mass. 
masterbatch See compounds, masterbatch. 
masticate To process an elastomer or rubber to make 
it softer and more pliable before mixing it with other sub- 
stances. See calendering material; elastomer; knead- 
ing; latex, natural rubber; mixer; rubber; vulcaniza- 
tion. 
mat Also called matt or matte. See fiber mat; preform. 
material A substance. In plastics, the term generally is 
used in collective expressions such as raw inaterials and ma- 
terials handling. See additive; compound; concentrate; 
element; heterogeneous; magnet; pellet; periodic 
table; plastic failure or success; plastic feed form; 
plastic material; preform; reinforcement. 
material bailing Compacting material into blocks to 
reduce the volume and siniplify handling and transporta- 

tion of bulky material. Bales can consist of materials that 
are unprocessed, recycled, solid waste, and so on. 
material bank In equipment such as a mill, calender, 
or spreader, a reservoir of material at the opening between 
rolls or at  the spreader bar. See blender; calender; mill; 
mixer; spreader. 
material, billet A roll of material that can be used in 
various processes such as pressure forming into rods, bars, 
and other shapes. See film, skived; forging. 
material, bio- See biomaterial. 
material, biscuit A batch of moldings, joined by flash, 
as produced by multi-impression flash-type molds. See 
mold flash; preform. 
material-blending letdown ratio The blending or 
letdown ratio of a mixture. It is the proportion of one 
additive or ingredient that is mixed with another, such as 
the base plastic, to obtain the required compound. A stan- 
dard method that is used in the PVC industry for providing 
the correct proportions is in parts-per-hundred (phr) plas- 
tic. For example, you could have 26 phr additive and 3.9 
phr pigment for 100 parts ofplastic. See blending; com- 
pounding; concentrate letdown ratio; mixer; mix- 
ing; part per hundred. 
material blocking The undesired adhesion of granular 
particles. It often occurs with damp powders or plastic pel- 
lets in storage bins or during movement through conduits. 
See blockage. 
material, briquet A pellet-sized shape that is created 
by compacting and increasing the bulk density of plastic 
powders or fine granules, including various additives, by 
using moderate pressure without heat. Briquets help avoid 
problems such as dusting, caking, and bridging. Equip- 
ment that is used to produce briquets includes using two 
rotating rolls with half-cavities or pockets cut into their 
surfaces. Processing heat-sensitive material, the rolls can 
be water-cooled to counteract heat build-up. Output rates 
can range from 20 Ib/h (0.5 kg/h) for bench-scale models 
to 100,000 Ib/h (45,400 kg/h) with large machines. 
material, bulk 1. The gathering into a large quantity 
or mass of material. 2. A situation where a substance is 
stuffed, swells, or bulges. 
material bulk factor 
material buy-back An operation where a nianufac- 
turer or waste processor buys recyclable plastics from the 
public. It usually is associated with public collection cen- 
ters. See cost. 
material charge The measured amount by weight or 
volume of material that is used to load a process such as 
a mold (injection, compression, rotation, casting, etc.) at 
one time or during each cycle. 
material contamination Unwanted different plastics, 
foreign matter (paper, metal, etc.), angel hairs, fines, fluff 
metals, and snake skins. The goal is not to produce con- 
taminates in-house or receive them from the material sup- 
plier, although equipment is available to remove these 
contaminates. See contamination; defect; metal de- 
tection; rail car contamination. 

See bulk factor. 
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material, cutting burr-free Some products, such as 
those fix electronic devices and medical devices (tubings, 
inserts, etc.), require an absolutely clean cut without burrs, 
dust, fluff, streamers, or so-called angel hair. These con- 
taminants can also interfere with conventional fabricating 
processes so that the material order specifies that none of 
these contaminants exists. These contaminants tend to ex- 
ist when plastics are made into pellets or recycled. Lubri- 
cating the cutting or granulator knives with water, alcohol, 
or mineral oil can often help to provide a smooth, clean 
cut. Also knives coated with PTFE or highly polished 
chrome are used to reduce friction, resulting in clean cuts. 
See cutter; dicer; palletizing; recycling separator. 
material cycle The sequence of extraction, refining, 
manufacturing, use, and discard or eventual recycle of any 
materials for use. See cycle; recycle. 
material distribution The various thicknesses of vari- 
ous parts of a product, such as body, walls, and shoulder. 
material doff Removing a finished package (roving 
ball, twister tube, forming cake, etc.) from a spindle. 
material, dry-blend See compound, dry-blend. 
material, engineering See design theory and 
strength of material; engineer. 
material feeding and blending Equipment manufac- 
turers are increasing feeding accuracy by using devices 
such as microprocessor controllers. Materials are being re- 
duced in size and created with more uniformity to signifi- 
cantly improve uniformity in melt. Processors can use 
blenders mounted on hoppers that target for precise and 
even distribution of materials. 111 volumetric blending, 
variable-speed metering augers feed multiple components. 
Operators can calibrate the actual volume by occasionally 
diverting (manually or with automatic equipment) the mix 
to a sample chute and weighing the sample. See barrel 
and feed-unit operation protection; blender; blend- 
ing; fabricating output; feeder; material-blending 
letdown ratio; mixer; plastic feed form. 
material feeding and blending gravimetric Gravi- 
metric blending improves accuracy and process control 
and requires less operator (if any) involvement in calibra- 
tion, particularly when running processes where great 
accuracy is required. Metering by weight eliminates 
overfeeding of expensive additives. The principle of gravi- 
metric feeding with throughput or metered weight control 
is well established. Equipment can at least provide an accu- 
racy ofat least ?0.25 to 0.50wt% for ingredient and blend 
ratios of 20 (two standard deviations). With gravimetric 
metering, coextruders have a simple means of constantly 
maintaining the average thickness of individual films and 
overall thickness at  better than ?0.5wt%. By comparison, 
volumetric and quasi-gravimetric blenders that use a batch 
operation usually have accuracy variations of 2 to 10wt%. 
See feeder, gravity. 
material feeding and blending vibratory See 
feeder, vibratory. 
material feeding and blending volumetric Materials 
are frequently fed in volumetric proportions to one another 

in many plastic fabricating processes. Several types of feed- 
ers are used, including a belt, rotary, slot, vibrator, and 
single-screw feeder. Since they adjust by volume, plastics 
are not self-adjusting for any variations in bulk density. See 
feeder, volumetric. 
material handling As much as 20 to 40wt%i of pro- 
cessing costs can be incurred from handling materials and 
parts. The design of the raw material system has a major 
impact on the plant’s manufacturing costs and house- 
keeping. It  is based on the different materials used, annual 
volume of each material, number of different colors, 
production run lengths, and so on. Different methods are 
used that range from manual methods to full automation for 
either raw material or processedparts. Handling is done with 
automatic bulk systems, in-line granulators, parts removal 
robots, conveyors, and stackers or orienteers. The equip- 
inent chosen must match the productivity requirenients. 
See auxiliary equipment; barcode; conservation of 
matter, law of; just-in-time; packaging unitization; 
part handling; plastic consumption; plastic material; 
processor certification; rail car, Glasshopper; rail car, 
SCRIMP; storage; warehousing. 
material handling, automatic Bulk plastic is traiis- 
ported by trucks or rail cars. Trucks typically carry 1,250 
ft.’ (35 m3) of material. Most often the truck has a positive 
displacement-pumping unit, or the user supplies a pressure 
system to the silos. Rail cars can store up to 5,200 fi’ (147 
111’) in four or five compartments with the user providing 
unloading systems to the silos. Unloading costs are deter- 
mined largely by the throughput required. Equivalent 
length is the linear length adjusted for the direction of 
flow; for example, if the flow is vertical, one unit of length 
is equal to two units of equivalent length. A continuous 
vacuum pressure system provides the ability to convey nia- 
terial at  the rate required (15,000 to 30,000 lb or 6,804 to 
13,608 kg per hour is typical) over almost any distance 
required (<400 fi or < 122 m on the vacuuni side, 1,200 
ft or 366 ni on the pressure side is typical). I t  is sometimes 
cost-effective to purchase two lower throughput systenis 
that can unload two cars simultaneously rather than one 
high-volume single system. 

With automatic delivery from silos into the plant, all 
plastic handling lines are kept as short as possible. There 
is no reason for lines to conform to the right angles of the 
walls; they should follow a straight line from the plastic’s 
source to where it has to be delivered. Graphs from han- 
dling systems suppliers show the relationship between the 
length of conveyor lines and power requirements. The 
graphs also show the horsepower (hp) required, based on 
different factors, suchas the length and diameter ofthe deliv- 
ery pipe, the position of the pipe, the type of plastic being 
conveyed, the size of the hopper at  the machine, and the 
rate offlow deliverable. See auxiliary equipment; robot. 
material handling baling It is the compacting of ma- 
terial into blocks to reduce their volume and simplify han- 
dling and transportation. Bales can consist of unprocessed, 
recycled, or waste plastics. 
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material handling, manual Plastics may be supplied 
in drums holding 15 lb (1 1 kg) or more; bags holding 50 
lb (23 kg); gaylords which are cardboard boxes usually 
lined with plastic sheets and holding 1,000 Ib (454 kg); or 
bulk fabric sack bags (also called supevsacks, supepevhugs, or 
jitvnbo hugs) holding 2,000 lb (907 kg), depending on the 
volume of usage, costs, and moisture situation. Materials 
are moved from these container systems by vacuum tube 
conveyors, dumper and pressure unloaders, and fork truck 
hoists. Plastic storage box containers niay be used rather 
than bags or drums. Box sizes and weights vary and con- 
form to a standard-size pallet on which they are shipped 
and moved in the plant. 
material handling, pneumatic loader and conveyer Bulk 
material handing and conveying is a combination of theory and 
experience. Almost any material can be conveyed pneunuti- 
cally. To date there are no standard, completely integrated for- 
mulas for calculating the equipment sizing and the flow charac- 
teristics of the material to be conveyed. Most avadable 
mfomlation on the sizing of a speclfic material system uses al- 
ready developed pedonnance graphs that include specific niate- 
rials (pellet, powder, etc.), conveymg distance, location and dls- 
placement of the piping system, conveying rate, size of tubings, 
venturi asskt, and pneunlatic power requirements. Also inipor- 
tant is the expeiience of the equipment manufacturers who have 
been developing workable empirical fonnulas for these graphs. 
The physics principles that play an important role in pneunlatic 
conveying are gravity, pressure Merential (Mereiice to initiate 
the movement of air and material), inertia (force to overconie 
the natural resistance to move the material), shear (relative flow 
between adjacent particles), and elasticity (tendency of a com- 
pressed gas to expand and flow &om a high to a low pressure). 
See conveying, pneumatic; venturi. 
material handling, vacuum loader and conveyor Va- 
cuum conveyors are used for the automatic pneumatic con- 
veying of most free-flowing dry granular plastic materials, 
such as pellets and powders. With the addition of a low-head 
separator or a filter-chamber combination, fine powders can 
also be conveyed with ease. 
material handling, vacuum loader, positive dis- 
placement Processors who require high-capacity load- 
ers, must convey materials over long distances, or are mov- 
ing free-flowing powders such as PVC will find that 
positive-displacenient vacuum loaders may best satisfy 
their needs. A positive-displacement pump supplies vac- 
uum. Such pumps handle up to at least 15,000 lb/h (6,810 
kg/h) and distances up to 600 ft (183 m). These larger 
units are frequently used for bulk railcar unloading to silo 
storage. These units can also feed several machines through 
a centralized control system. 
material impurity The presence of one or more sub- 
stances in another, often in such low concentrations that 
it cannot be measured quantitatively by ordinary analytical 
methods. See contamination; material inclusion; pu- 
rification; scavenger; sensor, inductive and capaci- 
tive proximity. 
material inclusion A physical or mechanical disconti- 

nuity that occurs within a material or part and usually con- 
sists of solid contaminated foreign matter encased in the 
plastic. See air entrapment; contamination; material 
impurity; plastic material. 
material-level sensor Solid and liquid sensors range 
from simple mechanical devices such as tuning forks to 
sophisticated devices such as radar trackers. They can track 
amount, density, and coniposition changes. See sensor. 
material lot A specific amount of fabricated products 
that is produced at one time using one process and coli- 
stant processing conditions and offered for sale as a unit 
quantity. 
material, microphase structure A plastic system that 
contains two or more components known as multicompo- 
nent plastic materials, alloys, blends, blocks, graft poly- 
niers, or interpenetrating networks. They are an important 
class of materials. See alloy /blend; compatibility; con- 
solute; copolymer, block; interpenetrating network; 
miscibility; polymer, graft. 
material, mold See mold material. 
material optimization See design, material opti- 
mization. 
material phase A structurally distinct part of a material 
system. 
material, powder Any solid, dry material of extremely 
small particle size that ranges in the colloidal dimensions 
and is prepared either by comminuting larger units (me- 
chanical grinding), by combustion (carbon black, lamp 
black, etc.), or by chemical reactions (calcium carbonate, 
etc.). Powders that are so fine that they cannot be detected 
by rubbing between thumb and forefinger are called iunpal- 
puble. They are handled in equipment such as bag filters. 
See calcium carbonate; carbon black; chemical re- 
action; colloidal; comminute; grinding; lamp black. 
material, powder compact A molded material that is 
in the form of dry, friable pellets and is prepared by coni- 
pacting dry-blend mixtures of plastics, usually PVC, with 
plasticizers and other ingredients. It offers compounds 
with low heat history. See plasticizer; residence time. 
material property, plastic material; recycled mate- 
rial property. 
material pulverizing Utilizing a variety of size-reduc- 
tion or granulating methods to pulverize plastics, including 
the specialized technique of cryogenic grinding and air- 
jet milling. Fine, free-flowing powder can be used in pro- 
cesses such as rotational molding and adhesive bonding 
to improve peiforniance. See calcining; comminute; 
communition; cryogenic; granulating; mill; mix- 
ing; rotational molding. 
material received, checking An important factor in 
quality control is that all types of incoming materials (plas- 
tics, steel, etc.) conform and are checked against specifica- 
tions. Specifications niay have to be changed to meet 
unforeseen important tests. See contamination; inspec- 
tion; material handling; plastic feed form; quality 
control; rail-car contamination; rail-track protec- 
tion; specification; standard. 
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material reclamation See waste. 
material, recovered A material or by-product that has 
been recovered from solid or other waste but not includ- 
ing those materials and by-products that are generated 
from and commonly reused within an original manufac- 
turing process. See inspection; postconsumer; pre- 
consumer; recoverable resource; recycle; waste, 
industrial. 
material recovery Separating materials froin the wxte  
stream for beneficial purposes, such as recycling and incin- 
eration to produce energy. See recyclable. 
material, renewable See resource, renewable. 
material reprocessed See plastic, reprocessed. 
material sales 
material, secondary See recyclable. 
material selection 
material shape 
rial. 
material size See plastic material. 
material starve feeding A controlled metering device 
(screw auger, belt, etc.) of material that goes through a 
feed hopper so that the screw in a plasticator receives less 
material than what it can handle. Its purpose during certain 
processing operations is to provide a better or controlled 
melt. See venting feeder. 
material supply chain 
material, strength of See design theory and 
strength of material; strengthening plastic mecha- 
nism; strength of material. 
material tumbling 1. Adding and mixing additives 
(color, etc.) to a dry material through tumble blending. 
See coloring, dry; finish; tumbling. 2. The finishing 
operation for parts (usually small thermoset plastics parts) 
by which gates, flash, etc. are removed or the surfaces are 
polished by rotating theni in a barrel or drum together 
with wooden pegs, sawdust, shells of nuts, snrall metal 
spheres, or polishing compounds. See deflashing; flash; 
surface finish; surface treatment. 
material type 
material variation, reliability factor See reliability. 
mathematical acoustic impedance A mathematical 
quantity that is used in the computation ofreflection char- 
acteristics at boundaries. It is the product of wave velocity 
and material density. See test, nondestructive acoustic 
emission. 
mathematical B-spline A mathematical representa- 
tion of a smooth curve. 
mathematical B-spline surface The matheniatical 
description of a three-dimensional surface that passes 
through a set of B-splines. 
mathematical closure error The algebraic sum of 
pitch errors of a predetermined number of functional pat- 
terns. Also called runout or cumulative pitch error. See con- 
centricity. 
mathematical dimension A geometric element in a 
designed product, such as length or angle, or the magni- 
tude of such a quantity. See dimensional property. 

See plastic industry size. 

See plastic material selection. 
See plastic feed form; plastic mate- 

See supply chain. 

See plastic material type. 

mathematical dimensional eccentricity The ratio of 
the difference between maximum and minimum dimen- 
sions on a part, such as wall thickness. It is expressed as a 
percentage of the maxiniuni. 
mathematical derivative The basic mathematical tool 
for studying rates of change. 
mathematical equation A formal statement of the 
equality or equivalence of mathematical or logical expres- 
sions. It is a symbolic expression that represents in an ab- 
breviated forni the laboratory observations of a chemical 
change. See pi; statistical forecasting. 
mathematical equation, cross- An empirical equa- 
tion for the shear-rate dependence of the apparent viscos- 
ity of a plastic fluid. See shear rate, melt. 
mathematical model See calculus; modeling solid; 
modeling surface; modeling, wire-frame. 
mathematical software See EnPlot software. 
mathematical theorem 1. The entities that are de- 
duced fi-om the axioms in predicated calculus. 2 .  A state- 
ment that can be proved. 3. The conclusion of a valid 
argument. See theory. 
mathematical vector A mathematical term that Is 
completely specified by a magnitude and a direction; a 
one-dimensional array. 
mathematics 1. An operation or tool with numbers 
used to answer the questions “how many?” and “how 
much?” It relates to many functions from material to prod- 
uct evaluations. 2. A science. In its precision, rigor of de- 
velopment, and search for the truth, mathematics is the 
ultimate in science-a science of logcal reasoning and a 
study of methods for drawing conclusions from assunled 
premises. 3. To the research mathematician, an art with 
new mathematical concepts being developed daily. More 
has been developed since 1990 than in all previous tinie 
(thanks to the computer). See algebra; arithmetic; 
calculus; computer procedure-oriented language; 
computer science and algebra; decibel; EnPlot soft- 
ware; mean; statistical normal curve. 
mat, needled 
matrix See plastic matrix. 
matter Anything that ha5 mass or occupies space. See 
mass. 
Maxwell model A mechanical model for simple linear 
viscoelastic behavior that consists of a spring of Young’s 
modulus (E) in series with a dashpot of coefficient of vis- 
cosity (q). It is an isostress model (with stress a), the strain 
(E) being the cum of the individual strains in the spring 
and dashpot. This leads to a differential representation of 
linearviscoelasticity as d e l d t  = (1/E) d 6 / d t  + (a/?l). This 
model is useful for the representation of stress relaxation 
and creep with Newtonian flow analysis. Also called Max- 
wc~ll.Pt4id model. See stress relaxation; viscoelasticity. 
Maxwell-Wagner effect See dielectric, Maxwell- 
Wagner effect. 
mayonnaise jar Historically, mayonnaise products 
have been packed in 16 and 32 oz glass jars. A major evolu- 
tion is occurring, with PET plastic stretched blow molded 

See fiber mat, needled. 
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jars providing two times extended shelf life and over 
30wt% saving. See bottle; container; packaging, food. 
McDonald’s clamshell bombshell See environ- 
ment and public opinion. 
mean The arithmetical average of a set of numbers. It  
provides a value that lies between a range of values and is 
determined according to a prescribed law. See deviation, 
standard of sample; mean, arithmetic; modulus, 
mean; servo control-drive reliability; statistical F- 
test; strain, mean; variance. 
mean absolute deviation (MAD) A statistical measure 
ofthe mean (average) difference between a product’s fore- 
cast and actual usage (demand). The deviations (differ- 
ences) are included without regard to whether the forecast 
was higher than actual or lower. See statistical material 
selection, reliability of. 
mean and standard deviation The statistical normal 
curve shows a definite relationship among the mean, the 
standard deviation, and normal curve. The nornial curve 
is fully defined by the mean, that locates the normal curve, 
and the standard deviation that describes the shape of the 
normal curve. A relationship exist5 between the standard 
deviation and the area under the curve. See deviation, 
standard; statistical normal curve; tensile stress- 
strain curve; zero defect. 
mean, arithmetic The sum of the values in a distribu- 
tion divided by the number of values. It  is the most com- 
nion measure of central tendency. The three different 
techniques commonly used are the raw material or un- 
grouped, grouped data with a calculator, and grouped data 
with pencil and paper. More simply called the meun. See 
arithmetic; computer arithmetic logic unit. 
mean crossing The number of times that the load-time 
history crosses zero load level with a positive slope, or neg- 
ative slope, or both, as specified during a given length of 
the history. See fatigue. 
mean free path 
mean limit 
mean square See variance. 
measure and weight See decimal number system. 
measurement The six basic units of measurement 
per SI abbreviations are length in meters (ni), time in 
seconds (s), mass in kilograms (kg), temperature in Kel- 
vin degrees (K), electric current in amperes (A), and 
luminous intensity in candelas (cd). See candela; elec- 
trical; mass; SI. Various instruments or devices are 
used to make measurements during fabrication or after 
products are produced. See accuracy; caliper; devia- 
tion, standard measurement; injection-molding 
machine tie-bar measurement; machine, coordi- 
nated measuring; micrometer; micron; molded- 
material surface measurement; nanotechnology; 
National Institute of Standards and Technology; 
packaging container content misrepresentation; 
sensor; transducer. 
mechanical complexity simplified See servo-con- 
trol-drive reliability. 

See molecule mean free path. 
See population confidence limit. 

mechanical connector failure See medical connec- 
tors, female luer failure in. 
mechanical, continuum See Boltzmann super- 
position principle. 
mechanical control demise See control drive, op- 
timized. 
mechanical coupling slippage See extruder-web 
tension control, slippage and tearing. 
mechanical drawing 1. The stretching of a plastic nia- 
terial (film, sheet, etc.) by mechanical devices such as 
molds and plugs. 2. The stretching of a sheet by differential 
pressure. See thermoforming. 3. The stretching or ori- 
enting of a film or sheet. See orientation, tenter frame 
and roll. 4. See computer graphic; design, graphic. 
mechanical energy; resilience, impact. 
mechanical force measurement See dynamome- 
ter, micro-. 
mechanical frequency See rheological mechanical 
spectrometer. 
mechanical holding load In mechanical fastening, the 
load that is required in tensile tests to pull an insert or 
screw out of the surrounding plastic. See insert molding. 
mechanical market Plastics continue to be used in 
mechanical applications in bearings, gears, snap fits, 
springs, and many other products. They offer simplified 
designs, long service, reduced maintenance, obviation of 
lubricants, weight savings, noise reductions, freedom from 
corrosion, and ease of part identification through use of 
colors. These advantages have to be weighed against the 
possible limitations, including those improved by teinper- 
atures and type of stress. 
mechanical measurement, dynamic gamma loss 
peak The third peak in the damping curve below the 
melt, in the order of decreasing temperature or increasing 
frequency. 
mechanical measurement, oscillated See nonreso- 
nant forced and vibration technique. 
mechanical property A property that describes the re- 
action on a material when different forms of stress and 
strain are applied; it is the individual relationship between 
stress and strain. See chemical property; electrical 
property; physical property; rheological mechanical 
spectrometer; testing and classification; test, short- 
time-behavior. 
mechanical property, superior See plastic, ad- 
vanced; reinforced plastic, advanced. 
mechanical property, theoretical versus actual 
value See plastics, theoretical versus actual values 
of; thermodynamics, statistical. 
mechanical, self-lubricating See lubricant; silicone 
fluid additive. 
mechanical testing See test analysis, micromecha- 
nical; testing; test, nondestructive. 
mechanic, macro See reinforced-plastic macro 
property. 
mechanic, micro See reinforced-plastic micro 
property. 
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mechatronic Integrating electronics with mechanics. 
See electronic. 
medical applications Plastics are used in medical ap- 
plications that include blood oxygenation, packaging, 
housing (instruments, disposable, etc.), IV spikes, kidney 
dialysis, labware, lipid resistant, pregnancy kits, pumps, re- 
usable connectors, snap fits, sterilizable trays, stopcocks, 
surgical equipment, and syringes. See hemocompatibil- 
ity; in vitro; lens, contact; medical absorbable tech- 
nology; medical suture; prosthesis, quality of life. 
medical absorbable technology A health technique 
that injects or implants (encapsulated) drugs in absorbable 
plastic under the skin, thus preventing overmedication and 
reducing the cost of niedical treatment. It provides con- 
trolled-release drug-delivery systems. It is involved in 
bioplastics, biomedicals, drug controlled-release-delivery 
systems, human implantation, lens implants, niicroencapsu- 
lation, and coatings. See absorption. 
medical antibody and antigen, plastic-encapsu- 
lated When large amounts of homogeneous antibodies 
are produced to alter normal antibody cells, they are 
bound to plastic supports and used to purify different mol- 
ecules. See encapsulation. 
medical biomaterial See biomaterial; design, bio- 
medical-product; legal matter: biomaterial liability 
bill. 
medical building syndrome See antimicrobial 
agent. 
medical catheter Catheters are made with extruded 
tubes of single- and multilumen configurations that meet 
tight tolerances with important secondary operations, such 
as insert molding, assembly, catheter printing, and side 
holes. The balloon angioplastic catheters, which in the 
past used only latex and PVC for the balloon portion, 
are also using other plastics such as PET plastic. At 
least 75% of all catheters are manufactured in the United 
States with total worldwide sales at $8 billion and growing 
at least 10%1 annually. See design, medical-device; ex- 
truder. 
medical chronotherapeutics The timing of medical 
treatments to take advantage of biological cycles. Medical 
body-implant formulations are used with a matrix, such 
as a plastic, to distribute the medication in controlled bio- 
logical rhythms; release of the drug is controlled rather 
than by using nonaveraging controlled pills. See drug, 
controlled-delivery . 
medical connectors, female her  failure The split- 
ting, leaking, and cracking of the tapered luer connectors 
that are used to connect IV lines and needles. The female 
component in particular tended to fail because of stress in 
the vulnerable hoop direction from the wedgiig action of 
the male component. This stress was frequently coni- 
pounded by the presence of alcohol or fat emulsions, 
which swelled and softened the material. The male coni- 
ponent, subjected only to compressive force, seldom failed 
since the type of plastic used was designed to take the load. 
Redesigns of connector niaterialwise, shape, and pro- 

cessing conditions were made to eliminate the failures per 
ANSI/HIMA MD 70.1-1983. 
medical controlled delivery See biological activ- 
ity; drug, controlled-delivery. 
medical cost-of-illness study (COI) An analysis that 
computes the total costs incurred as a consequence of a 
specified health-care problem, typically including both di- 
rect and the indirect costs such as medical costs and lost 
productivity. See fabricating. 
medical-device packaging clarity A major func- 
tional requirement of medical device packaging because it 
makes it easy to identify its contents. Any existing haze 
flaws from the time of packaging to use beconie obvious. 
See biodegradable waste; coating, microencapsula- 
tion; design, biomedical-product; drug application; 
electronic standard, international; legal matter; bio- 
material liability bill; polypropylene plastic; trans- 
parent plastic. 
medical-device sterilization See orientation and 
heat-shrinkability; sterilization quality assurance; 
sterilization radiation. 
medical implant See ISO-10993 standard. 
medical, lens implant An ultraocular lens that is made 
by variou methods, such as sheet casting PMMA arid 
shaping the lenses using a lathe cut and surface modifica- 
tion process. See acrylic plastic. 
medically sealed See medical seal and closure; ori- 
entation and heat-shrinkability; seal; sterilization. 
medical market A wide range of plastics that are used 
in the human body and particularly in medical devices and 
drug packaging. Because of their wide range of properties, 
ability to be sterilized, and econoniical benefits, plastics are 
being used in place of metals and other materials in a mini- 
her of medical devices. These range from commodity 
thermoplastics to the most exotic and expensive engi- 
neering plastics. The five most commonly used in devices 
are PE, PP, PVC, PS, and PET. See biomaterial; com- 
modity plastic; dental market; design, biomedical- 
product; drug, controlled-delivery; engineering 
plastic; legal matter: biomaterial liability bill; sili- 
cone, medical; skin, synthetic. 
medical material and the environment Reusable 
medical devices have been replaced by disposables where 
infectious disease needs to be minimized. Plastics have met 
perforniance requirements and are cost-effective for these 
devices. See biocompatibility; design, biomedical- 
product; design, medical-device; electrical power 
disturbance; environment; packaging, breathable- 
film; toxicology. 
medical miniaturization See nanotechnology. 
medical packaging The International Organization of 
Standardization (ISO) has defined a medical product as the 
conibination of both the medical device and the final 
package. However, the realities of product developnient 
often leave developnient of the package until long after the 
product has been fully defined and, perhaps, is in limited 
production. When a project nears the end of the develop- 



nient period, major changes made to the device itself are 
difficult and costly, so all aspects of device and package 
compatibility and packaging performance are achieved ex- 
clusively through package-design modifications. When 
the package design and production are finally undertaken, 
pressure to market the product soon is high, which can 
encourage the package-developnieiit personnel to make 
package-design decisions based on intuition rather than on 
scientific evidence. Even when testing is done, the large 
number of samples often leads to a product release before 
tests are completed. See design packaging; medical 
seal and closure. 
medical safety reporting See legal matter: accident 
reporting. 
medical seal and closure Nearly all pharmaceutical 
packaging now has tamper-evident seals and enclosures. 
See mold, collapsible-core. 
medical standard See electronic standard, interna- 
tional. 
medical suture Sutures are produced from plastic fibers 
that can be in different fornis such as braided, twisted, or 
spun. They may be coated with waxes, silicones, fluoro- 
carbons, or other plastics to reduce capillarity and improve 
handling or functional properties. 
megarad See energy absorption, megarad. 
melamine formaldehyde plastic (MF) A niember of 
the aminoplastics family that is a clear water-white syrup 
or white powder. Since the 1920s, MF thermoset plastics 
have been produced in an unlimited range of colors. In the 
past, prior to the development of our many thermoplastics, 
MFs were used extensively (electrical, mechanical devices). 
Their major use is now with alpha cellulose in practically 
unbreakable dishware that includes design inlays (in- 
molded) that cannot be washed ofE, abraded, or damaged. 
Surface glazing is used to eliminate staining or scratching. 
melamine phosphate See flame retardant. 
meld line A line that is similar to a weld line except the 
flow fronts move parallel rather than meeting head on. 
See weld line. 
melt A charge or quantity of molten plastic. Also called 
stock. 
melt analysis See dielectric analysis. 
melt bambooing 
melt blockage 
melt cavity, frozen layer See mold cavity, frozen- 
layer. 
melt compressibility See thermodynamic proper- 
ties. 
melt cooling rate 
melt cushion See cushion; injection-molding melt 
cushion. 
melt degradation See screw length-to-diameter 
ratio. 
melt density The melt density is about 15% lower than 
the solid density or specific gravity that is listed on material 
data sheets. It  should be determined to obtain a true value. 
By placing a known weight of material in an enclosed 

See extruder melt bambooing. 
See extruder melt blockage. 

See mold cooling rate. 

chamber, heating it until it melts (the processing teinpera- 
ture), applying pressure to remove any entrapped voids, 
and after removing the pressure measuring the nielt vol- 
ume, the melt density can be determined. The known 
mass (g) divided by the volume of the melt (cni') is the 
specific gravity or density. See density and specific 
gravity; thermodynamic properties. 
melt dispersion See compounding, shear-roll. 
melt, dynamic influence See damping gamma loss 
peak. 
melt elasticity As a melt is subjected to a fixed stress 
or strain, the deformation versus time curve will show an 
initial rapid deformation followed by a continuous flow. 
The relative importance of elasticity (deformation) and 
viscosity (flow) depends on the time scale of the deforma- 
tion. For a short time elasticity dominates, but over time 
the flow becomes purely viscous. This behavior influences 
processes such as when a part is annealed. It will change 
its shape, or, with postforming (postextrusion), swelling 
occurs. Deformation contributes significantly to process 
defects. Melts with only small deformation have propor- 
tional stress-strain behavior. As the stress on a melt is in- 
creased, the recoverable strain tends to reach a limiting 
value. It is in this high-stress range, near the elastic limit, 
that processes operate. Pressure, temperature, and molecu- 
lar weight has little effect on elasticity. The main control- 
ling factor is molecular weight distribution (MWD). See 
elasticity; molecular-weight distribution; strain; 
stress, elastic limit. 
melt extensibility See extruder draw-down. 
melt extractor See injection-molding melt ex- 
tractor. 
melt filtration See extruder screen pack; injection- 
molding screen pack; mesh; particle size; screen 
pack. 
melt filling hesitation See mold-filling hesitation. 
melt filling monitoring See mold-filling moni- 
toring. 
melt flow Measuring melt flow is important for two 
reasons. First, it provides a nieans for determining whether 
a plastic can be formed into a useful product such as a 
usable extruded extrudate, completely fill a mold cavity, 
provide mixing action in a screw, or meet product thick- 
ness requirenients. Second, the flow is an indication of 
whether its final properties will be consistent with those 
required by the product. The target is to provide the nec- 
essary honiogeneous melt during processing that allows 
the melt to operate completely stable and in equilibrium. 
I n  practice, even with past and continuing developments, 
this perfectly stable situation is never achieved, and a range 
of variables affect the output. If the process is analyzed, 
one can decide that two types of variables affect the quality 
and output rate. They can be identified as (1) the variables 
of the machine's design and manufacture and (2) the op- 
erating or dynamic variables that control how the machine 
is run. See blow molding, extruder (continuous-die); 
butyl stearate; design, basics-of-flow die; die; flow 
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model; injection molding melt flow; injection- 
molding process-control parameter; mold-cavity 
melt-flow analysis; mold-filling monitoring; molec- 
ular weight and melt flow; morphology; plastic so- 
lidification; processing, reaction viscosity; product 
size; rheology; transport property; viscosity, New- 
tonian flow; viscosity, non-Newtonian flow. 
melt-flow analysis Software simulates the desired pro- 
cess and compares it with reality. The purpose of flow 
analysis is to gain a comprehensive understanding of the 
melt-flow filling process that is based on process controls. 
The most sophisticated computer niodels provide detailed 
information concerning the influence of filling conditions 
on the distribution of flow patterns as well as flow vectors, 
shear stresses, frozen skin, temperatures and pressures, and 
other variables. Less sophisticated progranis that model 
fewer variables are also available. From these data, conclu- 
sions regarding tolerances and part quality in terms of fac- 
tors such as strength and appearance can be drawn. The 
location of weld lines and weld-line integrity can be pre- 
dicted. The likelihood of warping sudices, blemishes, and 
strength reductions due to high-shear stress can be antici- 
pated. On this basis, the best filling conditions can be se- 
lected. An example of this software is from Spirex Corp. 
and is called The Molder’s Technician. See polarity; 
process simulator; training; weld line. 

Coniputer flow-analysis programs used throughout the 
plastics industry worldwide utilize two- and three-dirnen- 
sion models in conjunction with rheoloby equations. 
Models range from a simple Poiseuille’s equation for fluid 
flow to more coniplex mathematical models involving dif- 
ferential calculus. These niodels are only approximations. 
Their relational techniques, coupled with the user’s as- 
sumptions, determine whether the findings of the flow 
analysis have any real validity. What actually happens is 
determined after processing the plastic. See flow, Poi- 
seuille. 

When analyzing the results, it is important to determine 
the type of error. For example, the pressure loss error may 
be in the thin, thick, or virtually all sections. If the error 
appears in all, it may mean that there is simply an offset 
that is caused by a difference between the viscosity data 
used in the flow analysis and the actual viscosity during 
processing. If this is true, changing the processing speed 
should allow the flow-analysis data to be duplicated with 
a different fill or exit time. If, however, the flow analysis 
overstated thick tections and understated thin sections, 
there could be a serious problem with the mathematics 
used. See shear stress-strain. 
melt flow, balloon See mold-cavity melt fountain 
flow. 
melt-flow Cauchy-Riemann differential equation 
See design, melt-flow Cauchy-Riemann differential 
equation. 
melt flow control 
melt-flow defect Flow defects affect the appearance of 
a product. Typical extruder defects include nonlarninar 

See rheometer, capillary. 

flow, nonplastication, and volatiles. Sometimes defects are 
desirable such as in producing a matte finish, sharkskin, 
and shrinkages. See design, basics-of-flow die. 
melt flow, fountain See mold-cavity melt fountain 
flow. 
melt flow hinder with additive Diffcrcnt additives, 
such as particulate fillers and especially fibrous reinforce- 
inents generally increase viscosity and impede melt flow. 
See additive. 
melt-flow index 
melt flow, injection molding See injection-mold- 
ing melt flow; injection molding melt-shear be- 
havior. 
melt-flow instability See melt fracture. 
melt flow, laminar It is desirable to have melt that 
moves in even layers that do not interfere with each other 
during processing, such as in cxtrusion and injection 
molding. This type of flow perniits ease of controlling its 
behavior in fabricating products. See coolant, laminar- 
flow; coolant, turbulent-flow; flow, viscous; Reyn- 
o ld ’~  number. 
melt-flow line See weld line. 
melt-flow model See flow model. 
melt flow, mold-cavity See design-mold basics of 
flow; mold-cavity melt-flow analysis. 
melt flow, nonlaminar When melt does not move in 
an uneven flow, distortion occurs causing potential prob- 
lems with fabricated products, such as poor surface finish 
or not producing similar products. See melt flow, lam- 
inar. 
melt-flow orientation See blow molding, injec- 
tion-with-rotation; orientation. 
melt-flow oscillation A process for resolving weld 
lines during injection molding, blow molding, and extru- 
sion. See extruder melt-flow oscillation; injection- 
molding melt-flow oscillation. 
melt-flow property A variety of instruments and pro- 
cedures are used to nieasure nielt flow and viscosity that 
basically include rotational and capillary techniques. See 
test, melt rheometer; test, spiral. 
melt-flow; melt-flow rate (MFR) An alternate name 
for melt index. See test, melt-index. 
melt-flow resistance See viscosity. 
melt flow, restricted 
high-molecular-weight polyethylene. 
melt-flow stabilizer See processing stabilizer. 
melt-flow test See cup-flow; test, melt-flow; test, 
Brabender plasticorder rheometer melt-flow; test 
Canadian melt-flow. 
melt flow tracing See radioisotope. 
melt-flow vibration See injection molding, vibra- 
tional; melt vibration. 
melt-flow volume change See plastic solidifica- 
tion; thermodynamic properties. 
melt fracture 1. Instability or an elastic strain in the 
melt flow usually through a die starting at  the entry of the 
die. It leads to surface irregularities on the finished part 

See test, melt index. 

See injection-molding ultra- 
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like a regular helix or irregularly spaced ripples. Plastic’s 
rheology influences its melt-fracture behavior. Higher- 
molecular-weight plastics (with MWD) tend to have less 
sensitivity to its onset. Also called elustic tuvbulence. See alli- 
gatoring; die laddering; extruder-melt bambooing; 
extruder shark-skin surface; mold-gate blush; mo- 
lecular-weight distribution; rheology; viscoelastic 
fluid. 2. This fracture can also occur in molds with coni- 
plex cavities or iniproper melt flow with in the mold. See 
molding. 
melt front The exposed surface of a melt as it flows into 
a mold or through a die. See mold-filling monitoring; 
viscometer. 
melt heat transfer See thermodynamic properties. 
melt index 
melting action See differential scanning calorim- 
etry. 
melting temperature The melt temperature (T,,,) at 
which a plastic liquefies on heating or solidifies on cooling. 
T,,, depends on the processing pressure and time at heat, 
particularly during a slow temperature change for rela- 
tively thick melts. If T,,, is too low, the melt’s viscosity is 
high so that more power is required to process the plastic. 
Degradation can occur if the viscosity is too high. Some 
plastics have a melting range rather than a single point. 
Amorphous plastics do not have melting points but rather 
a softening range and undergo only small volume changes 
when solidified from a melt or when the solid softens and 
becomes a fluid. They start melting as soon as the heat 
cycle begins. It is often taken at the peak of the differential 
scanning calorimeter thermal-analysis test equipnient. 
Crystalline plastics have considerable order in the mole- 
cules in the solid state, indicating that many of the atoms 
are regularly spaced. They have a true melting point with 
a latent heat of fusion associated with the melting arid 
freezing process and a relatively large volume change dur- 
ing fabrication at the transition from melt to solid. Also 
called melting point. See amorphous plastic; crystalline 
plastic; differential scanning calorimetry; melt tem- 
perature; shrinkage; thermodynamic properties. 
melting temperature conductivity See screw de- 
sign; screw length-to-diameter ratio. 
melting with screw See screw, mixing and melt- 
ing. 
melt instability An instability in the melt flow through 
a die starting at its land. It leads to the same surface irregu- 
larities on the finished part as melt fracture. 
melt, non- See infusible. 
melt plug flow See design-mold basics of flow; 

melt-pressure decompression The action of reduc- 
ing melt pressure. 
melt-pressure sensitivity The broadening niolecular 
weight dibtributioii of plastics that increases the sensitivity 
of melt viscosity to changes in pressure. See molecular- 
weight distribution. 
melt pump See gear pump. 

See test, melt-flow; test, melt-index. 

flow, plug. 

melt rheometer 
melt shear rate The speed of a shear-sliding deforma- 
tion between melt layers of a plastic body per unit thick- 
ness of layers along the walls in laminar flow. See injec- 
tion-molding melt-shear behavior; pseudoplastic; 
shear rate, melt. 
melt spinning See fiber processing, spinning. 
melt stagnation See adapter system. 
melt strength The strength of the plastic while in the 
molten state. It is an engineering measure of the exten- 
sional viscosity and is defined as the niaxiiiiuni tension that 
can be applied to the melt without breaking. Linear plastics 
such as LLDPE, HDPE, and PP generally have poor melt 
strength because in extension the linear chains slide by 
without getting entangled. However, branched plastics 
like LDPE exhibit higher melt strength and elongation vis- 
cosity because the long branches get entangled. See 
strength; thixotropic; viscosity. 
melt swell 
melt temperature 1. The temperature (T.) at which 
a plastic melts or softens and begins to have flow tendency. 
See injection-molding melt temperature; melting 
temperature; rubbery plateau; thermal property. 2. 
The recommended processing teniperature. See temper- 
ature controller. 3. See tolerance and shrinkage. 
melt temperature, absolute In a hypothetical charac- 
terization, a perfectly free or relative free melt that has 
consistant temperature, pressure and mixture. See tem- 
perature, homologous. 
melt temperature and color See color stability and 
processing. 
melt temperature and glass transition temperature 
See glass transition temperature and melting tem- 
perature. 
melt-temperature effectiveness Measuring the melt 
temperature can be deceiving. For example, an extrudate 
with a room-temperature pyrometer probe often gives a 
false reading because when the cold probe is inserted, it 
becomes sheathed with the plastic that has been cooled by 
the probe. A niore effective method uses what some call 
the 30/30 method. The temperature of the probe is raised 
about 30°F (1SOC) above the melt temperature, and then 
the probe is kept surrounded with hot melt for 30 seconds. 
The easiest way to preheat the probe is to place the probe 
on, near, or in a hole in the die. Preheating above the 
anticipated temperature, just prior to inserting it into the 
melt, requires the probe to actually be cooled by the melt. 
The lowest temperature reached will be the stock temper- 
ature. It also helps to niove the probe around in the melt 
to have the probe more quickly reach a state of equilib- 
riuiii. To  be niore accurate, repeat the procedure. See 
heat-transfer mechanism; temperature sensitivity. 
melt vibration A computerized control system is used 
to vibrate melt during processing, monitor viscosity, and 
control microstructure. Vibration is created through hy- 
draulic pumps and servo valves. In a mold, the melt can 
be oriented in three directions. Results include increases 

See test, melt rheometer. 

See design-die basic of flow. 
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in tensile strength and modulus of elasticity, melt transition 
temperature, and the elimination of knit line and warping. 
With extruders, it can reduce barrel friction so that the 
melt temperature can be reduced at least 20OC. The action 
permits pelletizing at lower temperature, which allows the 
use of organic stabilizers and colors that degrade at higher 
temperatures (patent by Solomat Partners of Stamford, 
CT). See injection molding, vibrational; pelletizing. 
membrane A thin barrier nonporous, porous, or semi- 
permeable (permits passage of certain substances and not 
others) material. The term pevrnselectivity was coined to dis- 
tinguish between a thin, nonpermeable film or layer and 
a permselective membrane. See barrier plastic; perme- 
ability; water-vapor transmission. 
memory, plastic See elastic memory; orientation; 
plastic memory; test, distortion point heat; thermo- 
forming. 
mer See polymer mer. 
mesh In a screening device, the number of size of open- 
ings in a screen per unit area. See screen. 
mesophase An intermediate phase in the formation of 
carbon from a pitch precursor. This is a liquid crystal phase 
in the form of microspheres that on prolonged heating 
above 400°C (750'F) coalesce, solidify, and form regions 
of extended order. Heating above 2,000'C (3,630'F) 
forms graphite structures. See carbon; graphite; graph- 
itization; fiber, carbon; fiber, graphite; pitch; poly- 
acrylonitrile plastic. 
metal Metals are superior to many plastics in strength 
and heat resistance, though some plastics can withstand 
high temperatures for short-term exposures. Most struc- 
tures and products, however, are not required to withstand 
high heats and must endure only what the human body 
can endure. Plastics have lower weight than metals. See 
die material; element, strongly positive; ferrite; 
iron; metal, ferrous; mold material; ore; steel re- 
sources, limited. 
metal-adsorption calorimetry A hybrid analytical 
technique for measuring the chemical bond strength be- 
tween gas-phase metal atoms and plastics. See adhesion; 
bonding; metal-to-plastic bonding. 
metal alloy See die-casting alloy. 
metal cleaning 
bed metal stripping. 
metal corrosion protection 
metal detection Removing metal contamination from 
virgin plastics and particularly recycled plastics eliminates 
problems during processing and product use. Metal-detec- 
tion and -separation technology offers a number of options 
ranging from simple magnetic removal of ferrous (iron- 
containing) metals to electrostatic and other techniques 
that are capable of removing all manner of metals, includ- 
ing copper, aluminum, and stainless steel. The sensitivity 
of the equipment is measured by the size of the metal parti- 
cles it can detect. When different types of equipment are 
combined, the result can be output with metal contamina- 
tion as low as 5 ppm. Most systems for detecting both 

See cleaning; coating, fluidized- 

See mold storage. 

ferrous and nonferrous metals are based on the use of con- 
ventional or rare earth magnets to create magnetic eddy 
currents. They are available in different forms. For exam- 
ple, an electrostatic sensor can be placed under the plastics 
being fed over a conveyor system, and an air jet propels 
unwanted particles out of the plastic material stream. See 
magnet. 
metal, die cast 
metal, ferrous 
steel. See iron. 
metal fiber See fiber, metallic. 
metal forming See injection molding, double- 
daylight. 
metal fracture Metals fracture basically two ways- 
brittleness (virtually no plasticity in plastic flow or reduc- 
tion in a cross-sectional area) and ductility (plastic flow 
occurs with separation taking place in the direction of the 
highest resolved sharing stress). See brittle; design-fail- 
ure theory, Griffith; fracture. 
metal, heavy An element that has a high atomic 
weight, such as arsenic, cadniiuni, chromium, lead, mer- 
cury, tin, and zinc. Some additives use these materials. 
metal impregnation Though porosity can be found in 
any type of metal casting or part, it is a particular problem 
in castings made from aluminum, zinc, bronze, iron, mag- 
nesium, and other alloys. Porosity is always present in 
powdered or sintered metal parts. One of the first materials 
that was used to fill the porous openings with liquids or 
gases under pressure was water-glass or sodium silicate. It  
had limited success. Other materials used included tung 
oil, linseed oil, and pitch gum, with little success. As of 
the 1940s, low-viscosity thermoset plastics became very 
successful and provided an economical sealing method, 
particularly in conjunction with vacuum pressure. The 
impregnating material is introduced as a liquid, followed 
by solidification. There are four common methods of i n -  
pregnation: dry vacuum pressure, internal pressure, wet 
vacuum pressure, and wet vacuum alone. The plastics that 
are used are principally TS polyesters and epoxies with 
sodiuni silicate formulation where high temperature is en- 
countered. See impregnation; porous metal; sodium 
silicate. 
metal injection molding See injection molding 
nonplastic. 
metallic core See soluble-core molding. 
metallic-organic plastic See plastic, organometallic. 
metal, light In engineering terminolog, a nietal that 
has specific gravity of less than three and is strong enough 
for construction use (aluminum, magnesium, beryllium, 
etc.). Most engineering plastics meet this requirement. See 
beryllium copper; engineering plastic. 
metallizing plastic Coating plastic products and fibers 
with metal. Techniques include applying a thin coating of 
metal by chemical deposition or by exposing the surface 
to vaporized metal in a vacuum chamber. Also called p l a t -  
ing. See coating, sputtered; coating vacuum; elec- 
troplating; metallizing, vacuum; plating. 

See plastic and die-cast metal. 
The large family of iron alloys called 
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metallizing, silver spray See plating, silver-spray. 
metallizing, vacuum A process in which part surfaces 
are thinly coated with metal by exposure to the vapor 
metal that has been evaporated under vacuum at about 
one-millionth of normal atmospheric pressure. See boat; 
iridescence; plating; plating, silver-spray; vacuum. 
metallizing, vacuum boat A tungsten container used 
to hold metal staples during vacuum metallizing. 
metallography See crystallography. 
metal matrix See composite-metal matrix; injec- 
tion-molding nonplastic. 
metal molding See injection molding nonplastic. 
metal molding, matched See reinforced-plastic 
molding, match metal. 
metal, non- An element whose electronic structure, 
bonding characteristics, and physical and chemical proper- 
ties differ greatly from those of metals, particularly in re- 
spect to metal's higher electronegativity as well as thermal 
and electrical conductivity. See element, strongly neg- 
ative; metal detection; optical image spectroscopy. 
metal, nonferrous A metal that is not composed of 
iron. Examples include aluminum, copper, brass, and 
bronze. 
metal-photoetching tool steel See photoetching 
tool. 
metal plating See chrome plating. 
metal, powdered See powder metallurgy. 
metal profile plastic coating 
metal-sheathed heater See thermoforming heater, 
metal-sheathed. 
metal toner See pigment, metal-toner. 
metal, tool steel 
metal-to-plastic bond The metal-plastic interfaces 3re 
valuable in areas of technology such as microelectronics, 
molecular electronics, and electromagnetic shielding. For 
exaniple, novel electrical interconnects can be produced 
by depositing metal filnis on insulated plastics and forming 
multilayer devices. Traditionally, these devices have been 
made from ceramic insulators. Another area of plastic- 
metal interface is electronic displays consisting of light- 
emitting diodes. See adhesion; bonding; electromag- 
netic interference; metal-adsorption calorimetry. 
metal vapor synthesis (MVS) The use of atoms of the 
transition metals as reagents in the preparation of organic, 
organonietallic, catalyst, and other compounds. It  provides 
more direct and higher yield to existing compounds and 
makes available new compounds. 
metal, white A group of alloys that have relatively low 
melting points, other than copper-based alloys. They usu- 
ally contain tin, lead, antimony, cadmium, or zinc as the 
main components. One use is as a soluble core. See eu- 
tectic mixture; soluble-core molding. 
metamerism See light metamerism. 
metastable Unstable. A plastic niay evidence changes 
in its physical properties that are not caused by changes in 
composition or environment. For exaniple, some plastics 
are temporarily more flexible after molding. No physical 

See die coating. 

See photoetching tool. 

test should be made while the plastic is in a metastable 
condition. 
meter An SI length unit equal to 100 cm or 39.37 in. 
See decimal number system; measurement; num- 
ber marker, SI. The meter is the length of the path trav- 
eled by light in a vacuum during a time interval of 
1 /299,792,458 of a second. 
metering pump See gear pump. 
metering system See mix metering. 
methanalysis process 
cycling postconsumer plastic. 
methane See decomposition, digestion. 
methane diisocyanate See foamed polyurethane. 
methyl acrylate ethylene plastic See ethylene 
methyl acrylate copolymer plastic. 
methyl alcohol An aliphatic alcohol CH,OH liquid 
that is colorless, volatile, and flammable. It is derived from 
the catalytic hydrogenation of carbon monoxide, oxida- 
tion of natural gas, or gasification of wood. It  is used as a 
solvent for cellulosic and other plastics, in organic synthe- 
sis, for manufacture of formaldehyde, and as a fuel. Also 
called menthanol. 
methylcellulose plastic (MC) A water-soluble plastic 
that is harmless for external body contact or ingestion (edi- 
ble). It is used in creams or foods as a thickening agent. 
See carboxymethylcellulose plastic; plastic, water 
soluble. 
methyl ethyl ketone peroxide A colorless liquid that 
is a strong oxidizing agent and irritant to the skin. Its TLV 
is 0.2 ppm in air (ceiling level). It  is a fire hazard when it 
contacts organic materials. It is used as a hardening agent 
for glass-fiber-reinforced thermoset polyester plastics and 
in the manufacture of acrylic plastics. Also called MEK 
peroxide or ethyl methyl ketone peroxide. See exotherm. 
methylfluorosilicone plastic A thermoset elastomer 
that is designed for demanding service applications such 
as good resistance to corrosive fluids and other chemicals, 
as well as to high temperatures. It  is used in auto fuel line 
hoses, gaskets, tubing, and seals. 
methylmethacrylate A colorless, volatile liquid that 
melts at -48.2"C: (-54.8"F) and boils at  101°C (214°F). 
It is soluble in most organic solvents and slightly soluble 
in water. It  is used as a monomer for polymethylacrylate 
and acrylic plastics. 
methylmethacrylate plastic See acrylic plastic; 
casting, acrylic-sheet. 
methylphenylsilicone plastic A thermoset that has 
improved high temperature resistance, oxidation proper- 
ties, radiation resistance, and compatibility with organic 
materials. It  can be used as a plastic additive or a flow- 
control agent in polyester coatings. 
methylsilicone plastic A thermoset elastomer that is 
characterized by excellent thermal rtability and good resis- 
tance to oxidation. It is used in electrical insulation, heat- 
resistant paints and varnishes, and protective and decora- 
tive finishes. 
methylvinylfluorosilicone plastic A plastic that, be- 

See recycling, chemical; re- 
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cause of the presence of the vinyl group, may be vulcan- 
ized to a high degree of cross-linking. Its use includes 
applications where high or low temperatures are encoun- 
tered and where resistance to fuels or oils is required. 
M-glass See fiberglass type. 
mica A group of silicates that are similar in atomic struc- 
ture but differing in their chemical composition. As fillers 
they have excellent resistance to heat and good insulating 
properties and are used in the production of certain plas- 
tics. 
micelle A colloidal particle that is formed by the revers- 
ible aggregation of dissolved molecules. Electrically 
charged micelles form colloidal electrolytes, such as soaps 
and detergents that are used in emulsion polymerization. 
See polymerization, emulsion. 
micro- 
microanalysis See chemistry, analytical. 
microballoon See microsphere. 
microbe See biodegrading microorganisms; engi- 
neering, genetic. 
microcomputer See computer architecture; com- 
puter-automated laboratory to production; com- 
puter, micro-. 
microcrack A minute surface flaw. See reinforced- 
plastic microcracking; stress crack. 
microdynamometer See test, microdynamo- 
meter. 
microencapsulation coating See coating, micro- 
encapsulation; drug application; medical-device 
packaging clarity. 
microfiber See fiber, micro-. 
microfilm copying See photopolymer. 
microgel See gel, micro-. 
microinch See mike. 
micromechanic See reinforced plastic micro- 
mechanic. 
micrometer A mechanical device for measuring thick- 
ness, usually in thousands of inch or mm. See measure- 
ment. 
micromolding See injection molding, micro-. 
micromorphology See morphology, micro-. 
micron A unit of measurement. 1 micron = 0.001 mni 
= 0.00003937 in. = m, or about 25 microns = 0.001 
in. The term micron (p) is being replaced by micrometer. 
See angstrom; measurement; mike; mil. 
microorganism See biocide; biodegrading micro- 
organisms. 
micropellet See pellet, micro-. 
microporous See porous, micro-. 
microprocessor See processor, micro-. 
microprocessor control A control system that is ex- 
pected to provide exact acquisition of the significant pro- 
cess parameters, minimum response time, and high re- 
producibility. Constant maintenance of production 
documentation is important because of the manufiicturer's 
liability for the product. See process control; proces- 
sor, micro-, control. 

See reinforced plastic micro property. 

microrheology See rheology, micro-. 
microscope A device that is used to examine the mate- 
rial morphology, molecular orientation, and skin or core 
structure. See light microscopy; molecular-level 
electron microscope; test, microtoming optical 
analysis; transmission, electron-microscope; x-ray 
microscopy. 
microscope, polarizing See polariscope. 
microscopy 
scope. 
microscopy, light See light microscopy. 
microsphere A thin-walled hollow sphere that has a di- 
ameter in the nllcron range (20 to 150 p) and usually is 
made of plastic or glass. Its wall thickness is 2 to 3 p. In 
appearance, bulk nllcrospheres are a free-flowing powder 
resembling fine sand. Bulk density ranges from 6 to 12 Ib/ 
ft3 (29.5 to 59 kg/ni'). They are used (1) as filler for low- 
density filled plastics such as syntactic foams, (2) as tiny 
vinyl spheres to reduce evaporation of liquids such as oils, 
by floating a layer of spheres on the surface of storage 
tanks, and (3) as adhesives, usually as a 100 p diameter 
sphere that controls bond-line thickness; when the ad- 
herends are pressed together the spheres will ensure a bond 
line thickness such as 100 p. They are used to impart light- 
weight and favorable acoustical, thermal, and dielectric 
properties; to control thermal expansion and adhesive 
thickness in plastic; and as laser-reflective tracers in aque- 
ous and other liquids, ablative heat shields, radar-absorbent 
coatings, and prosthetic devices. Also called nzicvoballooris. 
See adhesive; coefficient of linear thermal expan- 
sion; filler; glass sphere, solid; plastic material; rein- 
forced-plastic syntactic cellular plastic. 
microstrain See strain, micro-. 
microstructure See molecular microstructure. 
microtoming, optical analysis 
ing optical-analysis. 
microwave See heating, microwave. 
migration A mass transfer process in which the matter 
moves from one place to another, usually in a slow and 
spontaneous fashion. Examples include migration of pig- 
ments, fillers, plasticizers, and other ingredients via diffu- 
sion, extraction, bleeding, or floating to the surface or 
through an interface to other materials. Results are defects 
called blooming, clzalkiug, bronzing, j looditzg, or bleeding. See 
bleed; bloom; bronzing; chalking; diffusion; elec- 
trophoresis; permeability; plasticizer, nonmigra- 
tory. 
migration and additives The surface characteristics of 
a plastic part may be changed by the addition of incompat- 
ible additives that migrdte'to the surface. Additives include 
fluorocarbons, low-molecular-weight fluoroacrylates, 
polyamides, waxes, and silica. See phosphorous-base 
flame retardant. 
migration and plasticizers Plasticizers may exude 
from the interior of a thermoplastic product to its surface, 
where it appears as a greasy or oily film. See bleed; brittle 
brashiness; phosphorous-base flame retardant; plas- 

The use of or investigation with a niicro- 

See test, microtom- 
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ticizer; plasticizer; nonmigratory; plasticizer, non- 
toxic. 
mike The American Standards Association’s term for a 
microinch or in.; 1 Fm = 39.37 microinch. See mi- 
cron; mil. 
mil 1 mil = 0.00254 cm = 0.001 in. or one-thousandth 
of an inch (0.0001 in.) = 25.4 pni. See area, circular- 
mil. 
military market All branches of the military make ex- 
tensive use of plastics to nieet all types of worldwide re- 
quirements in water, on land, in the atmosphere, and in 
outer space. The military continues to be the niajor source 
for new plastic material and product developments prior to 
expansion into major commercial markets. Traditionally, 
military requirements have strongly influenced the evolu- 
tion in science and technology throughout the world as 
developments initiated expansion of new commercial 
products, such as plastics, computers, electronic devices, 
and barcodes. Extensive plastics R&D to nieet severe mili- 
tary product requirements has occurred since at least the 
late 1930s. Military aircraft may have up to 80wt% of a 
primary structure using plastics, principally reinforced 
plastics. See aircraft; barcode; calculus; fiber, silicon- 
carbide; market; missile; research and development. 
milk and plastic 
mill A machine for grinding, polishing, size reducing, 
or uniformly mixing two or more substances, or products. 
These mechanical and air-jet devices transforni raw niate- 
rials into a condition for use. See blending; mixer; mix- 
ing theory; tumbling. 
mill, attrition A grinding machine that is comprised es- 
sentially of two metal plates or disks with small projections 
(burrs). One plate niay be stationary while the other ro- 
tates, or both may counterrotate. Feed, such as additives, 
enters through a hopper above the plates, and ground 
product emerges at the bottom exit opening. T o  obtain 
uniform ground material, different-size vibrating screens 
are used to separate different existing sizes. 
mill, ball A cylindrical or conical shell that rotates about 
a horizontal axis and is partially filled with a grinding me- 
dium, such as natural flint pebbles, ceramic pellets, porce- 
lain pellets, or metallic balls. The material to be ground is 
added in an amount that just slightly more than fills the 
voids between the pellets. The shell is rotated at  a speed 
that causes the mill pellets to cascade, thus reducing the 
particle size by impact. Also called a pebble mill when nori- 
metallic grinding niedia is used. See pigment, metallic. 
mill, cage A device that is used to reduce the size of 
material. Usually two high-speed rotating wheels similar 
to water wheels are used; one fits inside the other, and in 
turn the assembly is covered with a close-fitting housing. 
They have horizontal cross-bars or breaker plates. The 
plastic that is to be reduced in size is fed into the smaller 
cage froni a hopper. It  is ejected at speeds up to 12,000 
ft /m (61 m/s) and is fragmented by contact with the bars 
or plates. As the pieces are thrown back and forth within 
the cages, they are reduced further by mutual impact. 

See casein plastic. 

mill, colloidal A device for preparing emulsions and 
reducing particle size, consisting of a high-speed motor 
and a fixed counterrotating element in close proximity to 
the rotor. The fluid is conveyed continuously froni a hop- 
per to the space between the shearing elements and then 
discharged into a receiver. See emulsion. 
milled fiber See fiberglass, milled. 
mill, hammer A crushing or shielding device that con- 
sists of four or more rectangular metal hammers or sledges 
mounted on a rotating shaft with the hammers being free 
to swing on pins (such as a corn-chucking machine). The 
rotating hammers impact, crush, and bounce material 
against a stationary breaker plate. Like a granulator, a po- 
rous grid having the desired hole sizes permits material to 
pass through the holes. This mill is popular with thermoset 
plastics, particularly B-stage prepregs. See fiberglass, 
milled; prepreg. 
milligram molded part See injection molding, mi- 
cro-. 
mill, jar A small ball mill. See mill, ball. 
mill, pug A granulating machine whose essential coni- 
ponents are a shaft that is equipped with blades or arms 
having hardened tips rotating in a troughlike compart- 
ment. 
mill, rod A closed steel cylinder that is one-third filled 
with steel rods of about the same length as the cylinder 
and 1 to 2 in. (2.5 to 5.0 cm) in diameter. As the cylinder 
rotates, rods roll over one another, exerting a combination 
of impact and grinding action on the material charge. It 
results in materials of 50 to 60 mesh screen with a mini- 
muni of fines that is used to create plastic fillers and metal 
powders and reduce the size of ores. 
mill, roll A device that is used to prepare conipounds. 
After being processed in a mixer, the compound can be 
moved on a conveyor belt or dropped directly into the 
mill for sheeting and dicing or into an extruder or pel- 
letizer. The mill uses two horizontal rolls in close relation 
to each other, rotating in opposite directions and fre- 
quently at different speeds. The milled sheet is then cut 
into strips or dice cut to provide forms for efficient feeding 
into fabricating equipment. Also called two-roll mill. See 
compounding, shear-roll; mixer; pelletizing. 
mill, tube A fine-grinding machine that finish-grinds 
particulates. It is usually fed 20-mesh material and reduces 
it to 325-mesh. The mill has a rotating steel chamber that 
may be from 15 to 50 f t  (4% to 15 in) long and 6 to 8 ft 
(2 to 2’/2 111) diameter. Within the chamber are steel balls 
from 1 to 5 in. (2’/2 to 13 cm) in diameter. There are 
batch and continuous types in use. See particulate filler; 
screen. 
mineral black See pigment, mineral-black. 
miniaturization See electronic microminiaturiza- 
tion; printed circuit board, surface-mounted tech- 
nology. 
mirror, glass-plated See plating, silver-spray. 
miscibility 
material, microphase-structure. 

Capability of being mixed. See consolute; 
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missile Missiles, rockets, and spacecrafts use different 
plastics and reinforced plastics to meet all kinds of require- 
ments that range from insulators to structural members. 
See military market. 
mix An adequate mixture of a material in any form with 
other materials. See blender; feeder; kneading; tum- 
bler. 
mixer A device that is used to blend. The type of mixer 
selected for a particularjob is determined by such factors as 
material components, form of material involved, agitation 
desired, and output rate required. A typical use of mixers 
is to blend powder colorants and plastic pellets, reinforcing 
fillers and plastics, dry-blending PVC, or powdered plas- 
tics with additives. See blender; blending; blow mold- 
ing extruder, reinforced-plastic; compound; flux- 
ing; kneading; material-blending letdown ratio; 
material feeding and blending; mill; mixing theory; 
screw, mixing and melting; tumbling. 
mixer, ad- The addition and homogeneous dispersion 
of discrete components prior to processing. 
mixer, banbury Equipment for compounding dry ma- 
terials that is composed of a pair of conterrotating rotors or 
screws that masticate the mixed materials to form a homoge- 
neous blend. This is an internal mixer that produces excel- 
lent mixing action for compounds such as polyvinyl chloride 
plastics. Both steam and waterjacketing are provided. Con- 
trolled temperature and pressure exist from the time the ma- 
terial enters until it leaves. See mixer, internal. 
mixer, batch There are three intensities of batch mix- 
ing: low, medium, and high. Low-intensity mixers are the 
most commonly used because they are the least expensive, 
are relatively easy to clean, and can be employed for a 
multitude of tasks where time and dispersion are not of 
prime consideration. Medium-intensity mixers usually 
consist of low-intensity mixers fitted with attachments 
called intensifiers. The intensifiers are normally a high- 
speed mixing head added to the low-intensity mixer. The 
high-intensity mixer is a high-speed unit with specialized 
blade designs. Mixing times are typically measured in min- 
utes, as compared to half an hour or more for the other 
type mixers. High-intensity mixers are used most often 
in the area? of pigment dispersion and premixing of the 
compound. See compound, batch; compound, mas- 
terbatch. 
mixer-blender See tumbling blender-mixer. 
mixer-blender, double-cone A variant on single- 
cone blender types. It substitutes two cone-shaped cylin- 
ders that are joined together by a short cylindrical section. 
The mixer, which is partially filled with the materials to 
be mixed, provides a rolling motion, as in a drum tumbler. 
However, because of the interfolding action of the two 
cones, this design addresses itself more directly to ob- 
taining better cross-flow in the mixing. It  can be fitted 
with intensifying agitator bars, liquid-spray nozzles, jack- 
eting, and vacuum equipment (for removing volatiles). A 
prime use is in solid-to-solid mixing, such as with virgin 
plastics and powdered colorants. 

mixer-blender with impeller A machine that incor- 
porates some form of impeller that is generally used to 
push material mechanically through complicated flow 
paths. Designs are broad and versatile. Some result in solid- 
to-solid mixing that can process low-viscosity plastisol and 
organosol; others can process viscous materials, such as 
bulk-molding compound. 
mixer, centrifugal impact A device that is used for 
mixing free-flowing dry blends, comprising a conical hop- 
per in which a rotor disk and a peripheral inipactor are 
rotated at high speeds. The plastic is fed into the center 
of the rotor, which throws it against the impactor blades, 
which in turn throws the plastic against fixed impactors at 
the extremities of the cone. From that position, the plastic 
flows downward to a discharge orifice. 
mixer, change-can A planetary-type mixer that is 
comprised of several paddle blades that are mounted on a 
vertical shaft rotating in one direction while the can or 
container rotates in the opposite direction. The paddle is 
usually mounted on a hinged structure so that it can be 
swung out of the can, permitting the can to be removed 
and replaced with ease. This type of mixer is used for rela- 
tively small batches of 3 to 125 gallons of fluid dispersions 
and dry material. Also called poriy rnixev. 
mixer, compounder-extruder See extruder, com- 
pound mixing. 
mixer, concentric-screw extruder See extruder, 
concentric-screw mixer. 
mixer, cone See mixer, disc. 
mixer, conical-screw A mixer that uses a screw for 
conveying and mixing and has a cone-shape mixing cham- 
ber. A vertical screw slants up from the base of the cham- 
ber to the outside of the top and rotates on its own axis 
at about 64 rpni while orbiting the periphery of the cone 
at about 3 rpni. In handling solid-to-solid mixtures, the 
flow of material is from the bottom to the top. This flow 
carries mixed material from the walls toward the center of 
the tank. When handling pastes and viscous liquids (bulk- 
molding compound, premix, etc.), the screw runs in the 
reverse direction so that material is pushed down in the 
base of the mixing chamber, where mixing takes place by 
a combination of hydraulic and mechanical shear forces. 
Mixing cycles may be less than 5 minutes, power coli- 
sumption is low, and the cone design allows for efficient 
gravity discharge and easy cleaning. Modifications are 
made to meet different requirements, such as using two 
screws mounted 180' apart to increase output rate. See 
shear force. 
mixer, continuous A mixer that primarily uses ex- 
truders. The single-screw extruder is simple in design and 
reasonably priced and can perform certain desirable func- 
tions. It subjects melts to relatively laminar flow. Pro- 
cessing is normally limited to the barrel surface, and con- 
veying is only by drag flow. This action minimizes the use 
of single screws for low-viscosity mixing. Heat transfer is 
difficult and is effective only on the barrels. Grooved barrel 
walls, barrier screws, and shortened screw designs can 
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overcome many of the shortcomings. Important to com- 
pounding are the niany different niultiscrew designs that 
meet special requirements. These machines provide the 
capabilities that are required to provide the proper coni- 
pounding of many different materials. Twin screws pro- 
vide much higher torque and volume than the single- 
screw extruders. They are used to give a low melt 
temperature and very little decomposition of the com- 
pound. They often niake it easier to process materials with 
feeding problems. 
mixer, disc A continuous mixer that has cone-, flat-, 
or wedge-shaped discs. It can rotate at speeds of at least 
1,200 to 3,600 rpm and displace the fluid that contacts 
their surfaces by centrifugal force. Series combinations of 
the disc units increase the machine's mixing or dispersing 
capability, with parallel combinations increasing output 
rate. Material, such as paste, that is being compounded can 
be recirculated for further nlixing. See injection mold- 
ing nozzle-dispersion disc mixer. 
mixer, disc and agitator A compound mixing device 
that is comprised of discs or cones rotating at speeds of 
1,200 to 3,600 rpni or even higher, which displace fluid 
contacting their surface by centrifugal force. They are used 
in preparing pastes and dispersions. 
mixer, double-arm A common type of paste-mixer 
machine. It  contains two mixing blades that operate tan- 
gentially or overlap in a troughlike niixing chamber. Tan- 
gential designs are used when feed materials are in sheets 
or chunks and resist flowing between blades. Overlapping 
blades are used for materials that flow more easily. Various 
types of blades are used. For example, the sigma type is 
regarded as the general-utility blade; the 180" spiral is for 
glass-reinforcing materials; the 135" spiral is for larger, 
overlapping-arm designs; the double-nobbed agitator type 
is for added shearing actions; and the serrated-agitator type 
is used when a gripping or tearing action is needed. 
Because the mixing action of these machines relies pri- 
marily on shearing action, mixing is most effective 
with higher-viscosity compounds. See extruder paste; 
mixer, paddle-agitator. 
mixer, extruder Various types of extruders and other 
machines are used in mixing and compounding plastics, 
depending on operating cost, maintenance cost, quantity 
of plastic to be processed, and type of plastic (teniperature 
sensitivity, viscosity, etc.). They range from single to niul- 
tiple (corotating or counterrotating) screws. Two-stage 
models (combining twin screws with single screw inline 
or vertical to each other) incorporate different types of 
niixing devices and actions to provide the proper melting 
actions, such as shearing action and residence time re- 
quired for the different compounds being mixed. See 
compounding; extruder, concentric-screw mixer; 
extruder; mill; residence time; screw mixing. 
mixer, high-intensity A horizontal mixer that has a 
powerful drive and an infrared temperature sensor that trig- 
gers batch discharges. PVC fluxing occurs during high- 
intensity mixing. See mixer, medium- and low-intensity. 

mixer, high-intensity nonfluxing A mixer that has a 
bowl or cylinder with a wall that angles slightly at the top. 
Instead of the rotors found in fluxing mixers, it has inipel- 
lers driven by a central drive shaft that enters the mixing 
chamber at  the bottom. Its bottom blades lift material and 
fling it up on the sides of the mixing bowl. Upper blades 
(shape of the bowl) direct the material back down to con- 
tinue the mixing action. The impact action develops heat 
required to aid in dispersion and in absorption of liquids. 
mixer, impingement See reaction injection mold- 
ing, impingement mixing. 
mixer, injection molding See injection molding 
nozzle-dispersion disc mixer. 
mixer, internal A mixer that uses the principal of cylin- 
drical containers in which the materials are deformed by 
rotating blades or rotors. The containers and rotors are 
cored so that they can be heated or cooled to control the 
temperature of a batch. These mixers are extensively used 
in compounding all types of materials since they have the 
inherent advantage of keeping dust and fume hazards to a 
minimum. Also called intensive intpvnal Juxin'y mixer. See 
mixer, banbury. 
mixer, kneader-extruder A variant on the paste dou- 
ble-arm mixer concept. The difference is that in one type 
of design a screw conveyor is built into the bottom of 
the mixing chamber. Another uses a rotating reciprocating 
screw with the barrel having rows of teeth that correspond 
to wedge-shaped gaps in the screw. During discharge the 
material is in an easily handleable ropelike form and can 
then be stored or fed to other processing systems. These 
mixers are used primarily for highly viscous pastes and 
have been adapted to mixing materials with viscosities be- 
low 1,000 cps. See kneading. 
mixer let-down ratio See material-blending let- 
down ratio. 
mixer, low-intensity liquid For simple jobs like inter- 
mittent agitation of materials such as PUR premixes and 
thermoset polyesters, this type of easily operated equip- 
ment is used, but they do not achieve mixes of the same 
quality as with high-speed mixers. Usually mixing is done 
in a shipping or holding container. The simply designed 
impellers use blades shaped like marine or even aircraft 
propellers; other designs include long slender screws, pad- 
dles, and shafts with two or more impellers. These units 
are intended to generate greater motion within the niix- 
ture and greater turbulence at the impeller than the flat 
blades of the high-speed dispersers, which are intended to 
go fast enough to shear materials, break down agglomer- 
ates, and disperse solids in liquids using less energy. 
mixer, low-viscosity Siniilar to paste mixers, they 
achieve a uniform dispersion of liquid and solid in a matrix 
of relatively low-viscosity, as with PVC plastisols and or- 
ganosols and thermoset polyester gel-coats. As is with paste 
mixing, however, some of the medium- and low-intensity 
ribbon-blenders, plow-driven, conical-screw, and other 
mixers are also suitable for mixing low-viscosity materials. 
mixer, medium- and low-intensity Mixers that op- 
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erate at lower intensities and shear than the high-intensity 
mixers. The mixing action that is generally involved is dis- 
tributive in the sense that individual components usually 
keep their identity and mix with other components in ra- 
tios that are maintained uniformly through the entire 
batch. High-intensity mixers, in contrast, achieve disper- 
sive mixing when the particles of the mix become so inti- 
mately blended that there is an actual merging of particle 
identity. These medium and low intensity machines are 
generally used for solid to solid blending, blending of solids 
and small aniounts of liquids, and the blending of high- 
viscosity solids or liquids, although some handle low-vis- 
cosity plastisols or organosols, as well as SMC premixes. 
mixer, paddle-agitator A simple mixer for plastics in 
the form of dispersions, pastes, and doughs. The most 
common form is a set of rotating blades driven by a vertical 
shaft that intermeshes with a set of fixed blades. See 
blender, dough; mixer, double-arm. 
mixer, propeller A device that is comprised of a rotat- 
ing shaft with propeller blades attached. It  is used for mix- 
ing relatively low-viscosity dispersions and holding the 
contents in suspension. 
mixer, ribbon-blender 1. A mixer that has helical 
ribbon-shaped blades that rotate close to the edge of 
a U-shaped vessel jacket and provide temperature con- 
trol. It is used for relatively high-viscosity fluids and plastic 
dry blends, such as PVC calendering and extrusion corn- 
pounds. 2. An agitating device that consists of two or 
more metal ribbons that are pitched in opposite direc- 
tions and spirally arranged around a central shaft. The 
curved and reverse-pitch ribbons operate on the prin- 
ciple of a screw, advancing the plastic forward by one rib- 
bon and backward by another, resulting in efficient 
mixing. 
mixer, sigma-blade A rotating agitator that is set hori- 
zontally in a kneading bowl or chamber that is used for 
mixing (plastics, bread doughs, and heavy pastes). The ro- 
tating blade or arm is shaped somewhat like the letter S 
or Z .  Some units have two blades that overlap as they turn 
to provide maximum mixing action. See blow molding, 
extruder reinforced-plastic. 
mixer, V-blender An adaptation of a tumbler. The V- 
units are made up of two cylindrical sections mitered to 
form the angle V. The theory is that as the mixing cham- 
bers turn, the material (usually powders, pellets, or other 
solids) is split between the two legs of the mixer. The legs 
recombine at the base of the V, where they split and com- 
bine again. With this flow pattern, they are especially ef- 
fective when sniall amounts of additives are introduced 
into the mix. See tumbling. 
mixer, vertical low-intensity A nuxer that is designed 
around a vertical cylinder in which either a revolving 
screw or compressed air pressure is used to develop differ- 
ent flow patterns in the materials to be mixed. In the screw 
design, the screw conveys the material from the bottom 
of the cylinder through a central tube, where centrifugal 
force causes the material to fly off the screw flights and 

fall back onto the mass of material in the cylinder. Baffles 
located at  the point where the material leaves the screw 
further aid nixing. When compressed air is involved, the 
air comes from the bottom of the mixing chamber and 
causes the material to spiral upward along the sides of the 
chamber and then down the center. Mixing cycles are 
short (on the order of 24 s). The mixer is recommended 
for high-volume automated mixing and handling opera- 
tions. 
mixing See blender; compounding; material feed- 
ing and blending; material-blending letdown ratio; 
mixing theory; tumbling. 
mixing, dispersive The mixing of a fluid or plastic 
nielt with a solid or uninelted plastic that exhibits a yield 
point. It  involves the final melting of a plastic or breaking 
down an additive such as a pigment in the manufacture 
of color concentrate. 
mixing, distributive The commingling of two fluids 
or plastic melts so that the scale of fluid separation reduces 
to where another process (diffusion or a chemical reaction) 
can occur. The mixing is in a laminar-flow regime, which 
is characteristic of NEAT plastics. It  is distinguished by the 
deformation of the fluid interfaces as a result of the applied 
shear strain. Distributive mixing relates the amount of in- 
terfacial area growth to the fluid strain rate, as distin- 
guished from dispersive mixing, which is a function of the 
magnitude of the stress. The latter accornplishes droplet 
and agglomerate breakup; the former is the distribution of 
those components. For example, it is aimed a t  achieving 
thermal and color uniformity where no solid breakdown 
is required. 
mixing energy 
mixing evaluation A mixture can be described in 
terms of the statistical deviation of a suitable number of 
samples froin a mean, the sample sizes being dependent 
on some length, volume, or area Characteristics of the mix- 
ture or its properties. For example, if color imparted by 
adding pigment and homogeneity is measured by visual 
impression, the characteristic length is the resolving power 
of the eye-say, 0.001 inch. A completely mixed con-  
pound exhibits pigment streaks no greater than 0.001 
inches. However, the color value for any given series of 
samples would appear uniform to a spectrophotometer 
that integrates over a 1 inch diameter circle even if the 
streaks were 0.1 inch thick. Likewise, the intensity of color 
difference between streaks would affect the resolving 
power of the eye or spectrophotometer and thus the char- 
acteristic length. The nieans of measuring are varied. In 
commercial practice, inspection of color homogeneity, 
streaks, or spots of unmixed filler or plastic is visual. Fre- 
quently, changes in properties, such as tensile strength, 
modulus, or density, are used to evaluate degree of mixing. 
See plastic material selection; statistical assessment. 
mixing, impingement The mixing components via 
high-velocity turbulent contact of two or more streams. 
See reaction injection molding, impingement 
mixing. 

See entropy of mixing. 
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mixing pin 
mixing, shear roll See compounding, shear-roll. 
mixing theory Theory of mixing considers a nonran- 
dom or segregated mass of at  least two components and 
their deformation by a laminar or shearing deformation 
process. The object of the shearing is to mix the mass in 
such a way that samples taken from the mass exhibit mini- 
mal variations, ultimately tending to be zero. The theory 
has three basic principles: (1) the interfacial area between 
different components must be greatly increased to decrease 
striation thickness, (2) elements of the interface must be 
distributed uniformly, and (3) the ratio of mix within any 
unit or the whole is the same. The mixing theory suffers 
from three limitations: (1) it is limited to purely viscous 
(Newtonian) materials, (2) it assumes no van der Waals or 
other forces between particles, and (3) the mixing process 
is assumed to be isothermal, and yet the heat generated 
usually is sufficiently high that the energy dissipation dur- 
ing mixing is considerable. Even though a major rheologi- 
cal gap exists between theory and practice, qualitative and 
semiquantitative concepts are obtained. See rheology; 
van der Waals force. 
mix metering Accurately measuring materials as they 
pass into a hopper. Metering devices include augers, shut- 
tle plates, venturis, and positive or negative weight belt 
feeders. 
mixture A combination of two or more intermingled 
substances in which each component retains its essential 
original properties. See admixture. 
mixture, continuous-phase The major component of 
a mixture or solution is called the continuous or external 
phase, and the minor coniponent is called the dispersed or 
intcmalphase. The latter may or may not be uniformly dis- 
persed in the continuous phase. 
mixture, heterogeneous A mixture that has nonuni- 
form composition consisting of dissimilar constituents sep- 
arately identifiable. They have regions of unlike properties 
separated by internal boundaries. Note that not all nonho- 
mogeneous materials are necessarily heterogeneous. See 
equilibrium, heterogeneous; nucleation, heteroge- 
neous. 
mixture, homogeneity The state of having uniform 
composition or structure. See compounding; shear 
roll. 
modal 1. Relating to or of a statistical mode. See sta- 
tistical mode. 2. Relating to a structure as opposed to a 
substance. 
modeling Creating a model that is used in the complete 
evaluation of design, form, performance, and material pro- 
cessing. See computer modeling; dimensioning and 
tolerancing, geometric; prototype. 
modeling, breadboard Assembly in rough form to 
prove the feasibility of a circuit, system, appearance, fit, 
or principle. 
modeling, clay-up The application of clay to a model, 
which is eventually replaced by plastic or rubber. 
modeling, cost 

See screw mixing, pin. 

See technical cost modeling. 

modeling, Ellis See viscosity, non-Newtonian 
flow Ellis model. 
modeling, nonlinear viscoelasticity See Boltz- 
mann superposition principle. 
modeling parametric Engineering systenis previously 
defined parts in terms of exact geometry and now can use 
an alternative parametric system. This approach defines 
other information about a part, including relationships be- 
tween intent and predictability, and manufacturing con- 
strains. Solid geometry and other outputs are then derived 
from this information. To the design engineer, the system 
provides a flexible solid-system model that can be used in 
the early stages of product conceptualization, then modi- 
fied and evolved into a complete design. To  the design 
manager, it provides the first database that can correlate 
information from the design, documentation, analysis, and 
manufacturing functions to converge on a predictable 
product in the context of a single model. See computer- 
ized knowledge-based engineering; computers; para- 
metric. 
modeling pattern 
modeling plastic 
made models. 
modeling, rapid See prototype, rapid. 
modeling, sintering 
modeling, solid Computer-aided modeling of a part 
that is constructed by blending together primitive shapes, 
including cubes, spheres, cylinders, and wedges. It shows 
the complete surface of the product being designed. 
modeling, stereolithography See prototyping 
modeling, stereolithography. 
modeling, surface Coniputer-aided modeling of a part 
that is constructed by utilizing groups of connecting sur- 
faces of many types, including swept, mesh, and revolu- 
tion. 
modeling, wire-frame Computer-aided modeling 
that is represented only by its edges. 
modeling workflow See manufacturing execution 
system. 
modem See computer modem. 
Modern Plastics Magazine See World of Plastics Re- 
views: Modern Plastics in the Year 2000. 
modifier A material that contains ingredients such as 
fillers, pigments, or other additives that improves pro- 
cessing or product performance. See polymerization 
regulator. 
modulus The constant that denotes the relationship (ra- 
tio) between a physical effect and the force producing it. 
See stress-strain curve. 
modulus and stiffness Stiffness is a measure of niodu- 
lus with its relationship of load to deformation or the ratio 
between the applied stress and resulting strain. It is identi- 
fied as stiffness (EI )  = modulus ( E )  X moment of inertia 
( I ) .  The term stgfiiess is often used when the relationship 
of stress-strain does not follow the modulus of elasticity’s 
straight-line ratio. See design, E1 theory; moment of 
inertia; stiffness; stress-strain curve. 

See plaster of Paris. 
See designing with plastic tailor- 

See laser sintering, selective. 
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modulus, apparent A convenient method of express- 
ing creep that takes into account initial strain for an applied 
stress plus the amount of deformation or strain that occurs 
with time. See creep modulus, apparent; strain; 
stress. 
modulus, bulk The ratio of a hydrostatic pressure to 
the volume of a strain. See pressure, hydrostatic; 
strain. 
modulus, complex The ratio of stress to strain in 
which each is a vector that may be represented by a coni- 
plex number. It may be measured in tension, flexure, coni- 
pression, or shear. See modulus, loss. 
modulus, compression The ratio of compressive stress 
to strain over the range for which this value is constant or 
below the proportional limit. See proportional limit. 
modulus, dissipation factor The ratio of the loss 
modulus to static modulus of a material under dynamic 
load. It  is proportional to damping capacity. Also called 
loss tangent. See damping capacity; dynamic fatigue. 
modulus, dynamic The ratio of stress to strain under 
cyclic conditions that is calculated from either free or 
forced vibration tests in shear, compression, or tension. 
See resonant forced vibration. 
modulus, elastic See concavity factor; resonant 
force vibration. 
modulus, flexural The ratio, within the elastic limit, 
of the applied stress in flexure to the corresponding strain 
in the outermost area of the specimen. See flexural, ap- 
parent; flexural property. 
modulus, initial The slope of the initial straight por- 
tion of a stress-strain or load-elongation curve. See stress- 
strain curve. 
modulus, loss The dissipation of energy into heat 
when a material is deformed. It is a quantitative measure 
of energy dissipation that is defined as the ratio of stress 
at  90’ out of phase with oscillating strain to the magnitude 
of strain. It can be measured in tension, compression, 
flexure, or shear. See modulus, complex. 
modulus, mean The ratio of mean stress to niean 
strain. See mean. 
modulus of elasticity The ratio of normal stress to cor- 
responding strain (straight line) for stresses below the pro- 
portional h i t  of the niaterial (Hooke’s law); the ratio of 
stress to strain in a test specimen (tensile, conipre$sion, 
etc.) that is elastically deformed. Also called modulus, 
Young’s modulus, corfficieut ofelasticity, or E. See concavity 
factor; cross-linking network characteristic; design, 
E1 theory; designing with the pseudoelastic method; 
proportional limit; quality factor, performance; vi- 
bration, free. 
modulus of elasticity, complex The vertical suni of E 
and the loss modulus, analogous to the complex dielectric 
constant. See dielectric constant, complex; shear 
modulus, complex. 
modulus, offset The ratio of the yield stress to the 
extension at the offset point. 
modulus of resilience The energy that can be ab- 

sorbed per unit volume without creating a permanent dis- 
tortion. It is calculated by integrating the stress-strain dia- 
gram from zero to the elastic limit and dividing by the 
original volume of the test specimen. See stress, elastic- 
limit. 
modulus of rigidity The ratio of stress to strain within 
the elastic region for shear or torsional stress. Also called 
rheav modulus or torsional modulus. See torsional modulus 
of elasticity. 
modulus of rupture (MOR) The strength of a mate- 
rial as determined by flexural or torsional test. Also called 
torsiondl strength. See flexural strength; torsional 
strength. 
modulus of rupture in bending The niaxiniuni ten- 
sile or compressive stress value, whichever causes failure, 
that is in the extreme plane of a beam loaded to failure in 
bending. 
modulus of rupture in torsion The maximum shear 
stress that is in the extreme plane of a member of a cross- 
section loaded to failure in torsion. 
modulus, oscillatory load See dynamic mechani- 
cal measurement. 
modulus, secant The slope of a line drawn from the 
original to a point on the stress-strain curve for a material 
that corresponds to a particular strain. It is used in design- 
ing parts subjected to short-term, infrequent, intermittent 
stress of plastics in which the stress-strain is nonlinear. See 
CAMPUS database; stress-strain curve; stress-strain 
ratio. 
modulus, shear 
modulus, static The ratio of stress-to-strain under 
static conditions. It is calculated froni static S-S tests in 
shear, tension, or compression and expressed in force per 
unit area. See stress-strain curve. 
modulus, storage A quantitative measure of elastic 
properties that is defined as the ratio of the stress, in-phase 
with strain, to the magnitude of the strain. It can be mea- 
sured in tension, flexure, compression, or shear. 
modulus, stress-relaxation The ratio of the time- 
dependent stress to a fixed strain during stress relaxation 
of a viscoelastic (plastic) material. See stress relaxation; 
viscoelasticity. 
modulus, tangent The slope of the line at a predefined 
point on a static-strain curve that is expressed in force per 
unit area per unit strain. This tangent modulus is at  the 
point of shear, tension, or compression. 
modulus, tension The ratio of tensile stress to the 
strain in the material over the range for which this value 
is constant. 
modulus, theoretical See plastics, theoretical ver- 
sus actual values of. 
modulus time profile A plot of the modulus, danip- 
ing, or both of a material versus time. 
modulus, torsional See modulus of rigidity; tor- 
sional pendulum. 
modulus, vibration See resonant forced vibration. 
modulus versus specific gravity When plotting mod- 

See modulus of rigidity. 
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ulus of elasticity versus specific gravity, a straight-line ratio 
occurs for spruce wood, conventional reinforced plastic5 
(not the superperforniance RPs), aluminum, titanium, and 
steel. 
modulus versus temperature See rigidity, relative. 
modulus, Young's 
modulus, Young's complex The vectorial sum of 
Young's modulus and the loss modulus. 
Mohr circle A graphical representation of the stresses 
acting on the various planes at a given point. See stress, 
plane. 
Mohr circle of stress A graphical representation of the 
components o f  stress and strain that acts across various 
planes at  a given point and is drawn with reference to axes 
of normal stress (strain) and shear stress (strain). See shear; 
strain; stress. 
Mohr envelope The envelope of a sequence of Mohr 
circles that represents conditions at failure for a gven  nia- 
terial. 
Mohs hardness 
moire fringe analysis See test, nondestructive 
moire fringe-analysis. 
moisture Water that is quantitatively determined by a 
prescribed niethod that may vary according to the nature 
of the material. See deliquescence; desiccant; orange 
peel; water. 
moisture absorption Moisture from the atmosphere 
that penetrates the interior of plastics. This water vapor 
is drawn from the air only, as distinguished from water 
absorption that is the gain in weight due to the absorption 
of water by immersion. See absorption; test, water- 
absorption; water absorption. 
moisture adsorption The surface retention of atmo- 
spheric moisture on plastics. See adsorption; moisture. 
moisture absorption and temperature change See 
hygrothermal effect. 
moisture analyzer A device that monitors, combats, 
and troubleshoots when quality problems involve mois- 
ture-sensitive plastics and additives. 
moisture and drying 
moisture content The moisture that is present in a ina- 
terial, as determined by a prescribe niethod and expressed 
as a percentage of the weight of the material on either of 
the following bases: (1) original weight, usually referred 
to as nzoistiive content,  or (2)  moisture-free weight, usually 
referred to as moistuvc regain. The Contamination of plastics 
with moisture or water has been a major problem. Differ- 
ent plastics require different procedures for drying. For ex- 
ample, the contents of 50 lb (23 kg) sealed bags of hygro- 
scopic plastic are dried by the supplier o f  the plastic. If the 
fabricator uses only a few bags of the plastic, the remaining 
open bags may not be properly sealed because they are 
expected to be used shortly. In an area with high humidity, 
it does not take long for moisture to enter the bags and 
cause the plastics not to process properly. See plastic, hy- 
groscopic; test, reinforced-plastic moisture-con- 
tent; test, water-absorption. 

See modulus of elasticity. 

See test, Mohs hardness. 

See test specimen. 

moisture content equilibrium A steady-state condi- 
tion that is obtained by the gain or loss of moisture when 
a material is exposed to an environment of a specific teni- 
perature and humidity. This equilibrium condition, inde- 
pendent of drying method or rate, is a material property. 
Only hygroscopic plastics have equilibrium moisture con- 
tents. See plastic, hygroscopic. 
moisture content versus dew point Processors refer 
to moisture content in terms of percent, and dryers refer 
to dew point. For example, a 0.04% moisture content in 
air is only about -20OF (-30OC) dew point and a -40' 
F (-40'C) dew point is a moisture content of about 
0.13%. See dew point. 
moisture cure 
moisture equilibrium The condition that is reached 
by a material when it no longer takes up moisture froni 
or gives up moisture to the surrounding environment. See 
absorption; desorption; adsorption. 
moisture, humectant agent An additive that has a 
pronounced effect on the ability of moisture to adhere to 
a substance. It is sometimes used in antistatic coatings for 
plastics such as polyalkoxythiophene plastic. See anti- 
static agent. 
moisture penetration See fiberglass binder/sizing 
coupling agent. 
moisture, regain The tendency of a material to pick 
up or give off ambient atmospheric moisture until it 
reaches an equilibrium moisture content at a given teni- 
perature and humidity level. 
moisture resistance The ability of a material to resist 
absorbing moisture from air or when immersed in water. 
moisture saturation See deliquescence. 
moisture vapor transmission (MVT) The rate at  
which water vapor permeates through a plastic niaterial 
(film, etc.) at a specified temperature and relative hu- 
midity. 
mol See mole. 
molar heat of fusion The number of moles of solute 
that are dissolved in 1 kg of solvent. 
molar heat capacity The amount of heat that is re- 
quired to raise I mole of a substance I'F in temperature. 
Also called molal heat capacity or molecular heat capacity. 
molar heat of fusion The energy that is required to 
melt 1 niole of solid. See fusion. 
molar heat of sublimation The energy that is required 
to sublime (melt) 1 mole of a solid. 
molar heat of vaporization The energy that is re- 
quired to vaporize 1 inole of a liquid. 
molar mass of a chemical compound The mass in 
grams that is numerically equal to the molecular niass of 
the conipound. See chemical compound. 
molar mass of an element The mass in grams that ic 
numerically equal to the atomic mass of the element. See 
element. 
molar solution Aqueous solution that contains 1 niole 
(grani-molecular weight) of solute in 1 liter of the solu- 
tion. See solution. 

See adhesive, moisture cure. 
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molar susceptibility The niagnetic susceptibility of a 
compound per gram-mole of that conipound. 
mold A cavity that is designed to form desired final 
shapes and sizes. A mold can be a sophisticated piece of 
machinery with many parts that require high-quality niet- 
als and precision machining. To capitalize on its advan- 
tages, the mold may incorporate several cavities. Many 
molds, particularly for injection molding, have been 
preengineered as standardized products that can be used 
to include cavities, different runner systems, cooling lines, 
and unscrewing mechanisnis. See blow-molding mold; 
compression molding; machining; mold; mold 
cavity, injection; reaction-injection molding; rota- 
tional molding; tooling. 
mold adapter plate The plate that holds the mold to 
the molding-machine press or platen. 
mold, automatic A mold that goes repeatedly through 
its entire cycle, including ejection, without human assis- 
tance. See operation, automatic; operation, manual; 
operation, secondary; operation, semiautomatic. 
mold back draft A detail of a molding that is smaller 
than the normal mouth opening of the mold. The opposite 
is a mold undercut. 
mold backing plate A plate that is used to support cav- 
ity blocks, guide pins, bushings, and similar mold parts. 
mold, balanced A mold that is designed with runners 
and cavities spaced and sized for uniform melt flow, fill, 
and packing pressure throughout the system. 
mold base An assembly of usually steel plates that holds 
or retains the cavity. 
mold base assembly, standardized See mold, pre- 
engineered. 
mold bleed hole 
mold, blow-molding See blow-molding, extruder, 
die; blow-molding mold. 
mold bluing A mild blemish in the form of a blue oxide 
film that occurs on the polished surface of a mold as a 
result of the use of abnormally high mold temperatures. 
See bluing agent. 
mold bluing off Checking the accuracy of mold cutoff 
surfaces by putting a thin coating of Prussian blue on one- 
half and checking the blue transfer to the other half. Other 
techniques used include carbon paper or shims. 
mold bottom plate The part of the mold that contains 
the heel radius and push ups (ejection mechanism). It is 
used to join the lower section of the mold to the platen. 
mold breakaway See clamping mold, slow break- 
away. 
mold breathing 1. The pause in the application of 
mold pressure when using plastics that gives off gases dur- 
ing the heating process; the removal of any entrapped air. 
This on-off-on pressure action occurs just prior to having 
the mold completely closed to allow the escape of gas or 
air. It  is used with many thermoset plastics, vulcanizations 
of TS elastomers or rubbers, and any material that releases 
gases. Also called rnold bunipiny, dwell pause, d u ~ d ,  gassing, 
and degassiy. See cure, step; phenolic plastic; vacuum 

See mold cavity venting. 

press; vent hole; venting. 2. When referring to plastic 
sheeting, permeability to air. See permeability; clamp- 
ing preclose. 
mold bubblier See mold-cooling channel bubbler. 
mold bumping See mold breathing. 
mold cam bar The stationary angled bar or rod that is 
used to mechanically operate the slides on a mold for side- 
action core pulls. 
mold cavity The space between matched molds that 
encloses the molded part. It  is the depression in the mold 
that forms the outer surface of the molded part. There can 
be single or multiple cavities in one mold. Also called die 
or tool. See mold cavity, compression; mold cavity, 
injection; mold unit. 
mold-cavity chase 1. An enclosure that is used to 
shrink-fit parts of a mold cavity in place to prevent spread- 
ing or distortion in hobbing. 2. To enclose an assenibly 
of two or more parts of a split cavity block. 
mold-cavity coating When molding or extruding 
corrosive reacting plastics such as CPVC parts of the niold 
cavity, cores, or insets (also in dies), the metal surfaces can 
be subjected to corrosion and pitting. Certain steels, such 
as stainless steel, can provide a degree of protection. Hard 
coatings such as physical vapor deposition (PVU) of TiN, 
TiCN, and TiAiN are extremely corrosion resistant and 
provide excellent abrasion resistance. They also enhance 
niolded part release. Various coating systems are used to 
protect the metal cavity's polished surface or extend its 
useful life based on the plastic being processed. They boost 
lubricity while avoiding melt adhesion problems. More 
prevalent are chromium-based materials that can be ap- 
plied at  rather low temperatures to provide resistance to 
corrosion, abrasion, or erosion if needed, such as pure Cr, 
CrN (chromium nitride), and CrC (chromium carbide). 
Some coatings such as PVD and chemical vapor deposition 
(CVD) subject the mold steels to excessively high temper- 
atures that reduce steel hardness. Systems have been devel- 
oped with PVD and CVD that operate at lower tempera- 
tures of 200 to 400°C (400 to 750"F), such as plasma CVD 
(PCVD). Popular is the so-called nitrided coating; it is ac- 
tually a hardened nitride casing (nitrogen is absorbed into 
the surface of the steel). See chrome plating; corrosion 
resistance; gold; pit; screw coating; wear. 
mold cavity, compression The male cavity is de- 
signed as a plug that fits into the female cavity so that the 
mold action during closing provides a hydraulic pressure 
loading. The tight-fitting male plug literally acts as a hy- 
draulic rani. See clamping; compression molding; 
mold cavity, injection. 
mold-cavity cost Molds in general are expensive, with 
the niajor cost principally in machine-building labor. The 
materials that are used to construct the cavity, core, and 
other components determine the quality, performance, 
and longevity (number of parts to be processed) of a mold. 
Also needed are good machinability of component metal 
parts, material that will accept the desired finish (polished, 
textured, etc.), the ability to transfer heat rapidly and 
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evenly, and the ability to endure sustained production 
without constant maintenance. Using low-cost material to 
meet high performance requirements will compromise 
mold integrity. For example, for more than 90% of the 
molds, the cost of the cavity and core materials is less than 
5% ofthe total mold cost. See cost, product; mold cost. 
mold cavity, debossed. Depressed or indented let- 
tering or designs in the cavity that produce bossed impres- 
sions on the molded part. See decorating, fill-and- 
wipe. 
mold-cavity deposit A plastic build-up on a cavity’s 
surface that is due to plate out of the plastic and usually is 
attributed to the use of certain additives. 
mold-cavity draft 011 most molded parts, features 
must be cut into the surface of the mold perpendicular to 
the molding parting line. To  properly release the part from 
the tool, parts almost always include a taper. The amount 
of mold draft required will depend on factors such as type 
of plastic being processed, processing conditions, and sur- 
face finish. For example, a highly polished surface will re- 
quire less than an unpolished mold. Any surface texture 
will increase the draft at least 1’ per side for every 0.001 
in. (0.003 cm) depth of texture. Special mold-cavity sur- 
face action can be used. Elastomeric material has a rubbery 
condition and may not require the draft for ejection. Also 
called drgt in the direction 4 t h ~  mold. See mold-parting 
line; mold release agent. 
mold cavity, duplicate-plate A removable plate that 
retains cavities and is used where a two-plate operation is 
necessary for loading inserts. 
mold cavity, etched A surface that is treated with an 
acid, leaving relief to form the desired design texture on 
the molded part. See chemical etching; photoetching 
tool; surface treatment; texturizing. 
mold-cavity ejector Various mechanical means that 
are used to eject or remove the molded part from the 
cavity. 
mold cavity, female The indented half of a mold that 
is designed to receive the male half. See mold cavity, 
male. 
mold-cavity fill and pack See injection molding, 
boost cut-off or two-stage control. 
mold-cavity filling See mold-filling monitoring. 
mold-cavity finish, SPI/SPE Mold Standard See 
surface finish. 
mold cavity, frozen-layer Plastic melt begins to 
“freeze” (solidify) as it fills an injection-molding mold 
cavity. The frozen layer can easily vary in thickness as the 
mold fills, producing different frictional shear forces. As a 
result, flow (filling) and solidification (thermoplastic cool- 
ing) should be evaluated together. See freeze-off. 
mold-cavity grit blasting Blowing steel grit or sand 
onto the cavity wall to produce a rough surface. This sur- 
face treatment may be required to permit air to leave the 
mold during molding or to provide a desired surface finish 
on the part. See cleaning, abrasion. 
mold-cavity hobbing Forming single or multiple 

mold cavities by forcing a hob into a relatively soft steel 
blank. Hobbing is a technique where a master model in 
hardened steel is used to sink the shape of the cavity into 
a heated mild steel, such as beryllium copper. The hob is 
larger than the finished plastic molded part because after 
hobbing, the metal shrinks during cooling. See electro- 
erosive cutting and sinking. 
mold-cavity honing Using a fine-grained whetstone 
or equivalent to obtain precise accuracy of the surface 
finish. 
mold cavity, injection The two halves of the mold 
have a flat parting line. When the two halves meet, each 
half is literally making contact by one flat surface against 
another flat surface. Pressure on the injected melt in the 
cavity is through the plasticator’s pressure-rani action on 
the melt. See clamping; mold cavity, compression; 
molding pressure required. 
mold-cavity land The length in the different gate con- 
figurations that influence melt flow. 
mold cavity, male The extended half of a mold that 
is designed to match the female half. Also called plurger. 
See mold-cavity filling. 
mold-cavity melt-flow analysis A comprehencive 
understanding of the mold filling process. Detailed infor- 
mation is generated concerning the influence of niold- 
filling conditions on the distribution flow patterns, flow 
vectors, shear stresses, frozen skin, temperatures, and pres- 
sures. From these data, conclusions regarding expected 
tolerances as well as part quality strength, appearance, and 
weld line can be drawn. The likelihood of warping sur- 
face, blemishes, and strength reductions due to high shear 
stress can be anticipated. O n  this analysis, the best and most 
practical mold-filling conditions can be selected. See flow 
model; injection-molding melt flow; injection mold- 
ing process-control parameter; melt-flow analysis; 
processing fundamental; temperature transition. 
mold-cavity melt fountain flow The melt pattern 
that enters the cavity (injection molding) by forming a 
fountain (balloon) stretching effect. The stretching melt- 
front-oriented outer surface covers the inside wall of the 
cavity. Melt that follows basically fills in the fountain flow. 
The result is a nonuniforni orientation in the cross-section 
ofthe molded part; however, parts can still meet part perfor- 
mance requirements. The degree of ballooning or bubble 
formation is controllable so that specific desired properties 
can be obtained. See injection-molding melt flow. 
mold-cavity packing See cushion; mold-filling 
monitoring; packing factor. 
mold-cavity plating See mold-cavity coating. 
mold-cavity pressure The cavity pressure can be re- 
corded via a transducer such as one being located in the 
cavity near the gate. It can plot a profile that records differ- 
ent information such as filling, packing, and holding pres- 
sures. See injection molding mold-cavity pressure; 
injection molding, programmed; molding pressure, 
required. 
mold-cavity register An angle face on the mold that 
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matches another when the mold halves are closed to en- 
sure their correct alignment. 
mold-cavity retainer plate A plate that is at the inold 
parting line and usually contains the guide pins and bush- 
ings that line up the two halves of the mold. It holds the 
inserted cavities in a mold. 
mold cavity, split 
mold cavity, split-ring A mold in which a split-cavity 
block is assembled in a chase to permit the forming of 
undercuts in a molded part. The block, along with the 
molded parts is ejected from the mold and then separated. 
mold-cavity surface The surface of the mold cavity 
that faces and reproduces its surface condition on a molded 
part. A significant advantage of the molding processes is 
that they mold surface polish and textures into the part. No 
secondary surface-finishing operations are required unless 
special finishes such as plating or hot stamping are neces- 
sary. High-gloss, dull, matte, and textured finishes (as well 
as their combinations) on parts are feasible. See chrome 
plating; molded-material surface measurement; 
polish; surface finish. 
mold cavity, unbalanced A nonuniform layout of 
cavity and runner sizes or locations that will potentially 
cause a nonuniform melt-fill rate, packing pressure, and 
part quality unless the design incorporates the proper run- 
ner, gate, and cooling system. It usually is used in molding 
noncritical parts since balancing the melt flow can become 
difficult. 
mold-cavity unit A cavity insert that is designed for 
quick interchangeability with other cavity inserts. 
mold-cavity venting Shallow channels or minute 
holes in the cavity or in the mold parting line that allow 
air and other gases that niay form during processing escape. 
See bleed; mold venting, water transfer; screw vent- 
ing; vent bleed. 
mold-cavity well See mold, compression, plastic 
material well. 
mold change, quick (QMC) Removing as an exani- 
ple, the mold in different fabricating machines, particularly 
injection molding, and replacing it automatically with an- 
other one in a matter of minutes; also transfer to storage. 
Devices such as slotted or shouldered bars assembled in a 
molding machine are designed to allow the removing and 
loading of molds. The machine microprocessor controls 
can be programmed to change the feeding of materials and 
process controls with the quick change. See robot. 
mold chase An enclosure of any shape that is used to 
(1) shrink fit a mold cavity in place, (2) prevent spreading 
or distortion in hobbing, or (3)  enclose an assembly of two 
or more parts of a split block. See mold, split-ring. 
mold chase, floating A mold member that is free to 
move, that fits over a cavity or a lower plug, and that fits 
into an upper plug telescope. 
mold, chunk An open-face mold. 
mold circuit board See injection molding circuit 
board. 
mold classification by operation See operation, 

A cavity that is made in sections. 

automatic; operation, manual; operation, second- 
ary; operation, semiautomatic. 
mold cleaning Mechanical cleaning, such as separating 
the residual cured plastic, is usually confined to simple, 
uncomplicated molds. Thermal, chemical, and solvent 
bath methods are generally used and require the proper 
equipment to entrap pollutants. Proper precaution is taken 
not to damage molds. For example, mold (or die, screw, 
etc.) damage niay occur if flammable components of the 
plastics burn up in an oxygen-containing enclosure and 
cause uncontrolled exothermic combustion. See aerated 
sand cleaning, hot; cleaning. 
mold coating See tooling, coat. 
mold, cold runner 
mold cold slug 
mold, collapsible-core A collapsible or expandable 
core that provides a means to mold internal threads, 
undercuts (as in tamperproofbottle caps, etc.), protrusions, 
and cut-outs. Various paten-approved design systems are 
used. Popular steel designs have a center pin (with taper 
and flange sides), a collapsible core (the heart of the sys- 
tem), and a sleeve (backup unit to collapse the core seg- 
ments if they fail). The core is a hollow cylinder with slots 
that are parallel to the cylinder axis. These flexings form 
(machined for a thread, etc.) the undercut. When in the 
mold position prior to molding, the center pin expands 
the flexible slot segments; after molding, the pin is re- 
leased, which permits the molded part to be ejected from 
the mold. See medical seal and closure. 
mold, combination See mold, family. 
mold component See mold, preengineered. 
mold, compression The typical two-part mold has a 
female cavity with a matching male plug cavity that fits 
into the female cavity. In the closed position, the space 
located between the mating cavities allows the molding 
material to be compressed. With the usual thermoset plas- 
tic used, flash occurs. See mold, semipositive; thermo- 
set plastic. 
mold, compression flash ring The clearance between 
the force male plug and the vertical or horizontal wall of 
the female cavity in a positive or semipositive mold. It 
is the ring of excess melt that escapes from the cavity into 
this clearance space. See mold flash. 
mold compression force The male half of the mold 
that enters the cavity, exerts pressure on the plastic, and 
causes it to flow. Also called punch, plunger, or ram. 
mold, compression, plastic material well Space that 
is provided in the cavity to handle the bulk factor of the 
material being loaded in the female cavity. 
mold, compression shear-edge A feature, such as for 
reinforced-plastic materials (SMC, etc.), that has a tele- 
scoping shear edge located around the periphery of the 
mold cavity. It  seals off the mold when closed, releases or 
vents air and gases from the mold cavity, and permits the 
cavity half of the mold to slide over the core half so the 
required pressure can be applied to the material. T o  con- 
trol part dimensions, it is important to control the material 

See mold runner. 
See molding cold slug. 
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charge size, weight and volume. See bulk-molding 
compound; material charge; sheet molding com- 
pound. 
mold condensation See mold dehumidification. 
mold contractional obligations See legal matter: 
mold contractional obligation. 
mold control See injection molding process-con- 
trol parting line; process control. 
mold cooling Controlled cooling of the mold for 
thermoplastics is an essential mold feature and requires 
special attention in mold design. The usual water-cooling 
niediuni requires that it be in turbulent flow, rather than 
laminar flow, to transfer heat out of the niolded part at 
a much faster rate. See baffle; coolant; design mold; 
design-mold basics of flow; mold heating; mold wa- 
ter channel; Reynold’s number; temperature con- 
troller; water, hard; water, magnetic; water soft- 
ening. 
mold cooling bame Ribs or plugs that are used to pro- 
vide uniforni cooling action within the mold. 
mold cooling channel bubbler A device that is in- 
serted into a mold cavity to allow water to flow deep inside 
the cavity into which it is inserted and also discharged. 
Uniform cooling can be developed, which is needed for 
processing reinforced plastics in open molds. 
mold cooling, flood An internal flooding action in a 
confined open chest that surrounds the mold cavity rather 
than using drilled holes. Drilled hole systems are also used. 
It  is used particularly in blow-molding molds. See blow- 
molding mold. 
mold cooling, flow meter A device that can be put 
in-line with supply and return water to measure tempera- 
ture, pressure, and flow rate of water through the mold. 
mold cooling/heating 1. Circulating a cooling me- 
dium (of water with or without ethylene glycol when pro- 
cessing thermoplastics) through channels or passageways 
located within the body o f  the mold to solidify the TP 
melt into a niolded part. See coolant; ethylene glycol; 
heat pipe. 2. With thermoset plastics, heating the mold 
can be acconiplished by circulating steam, hot oil, or other 
heated fluid, but the usual method involves inserting elec- 
trical heating elements or probes into the mold. A few TSs 
may require the higher heat to complete their cure. See 
coolant; thermoset plastic. 
mold cooling, pulse Conventional continuous cool- 
ant flow mold-temperature control generates the tenipera- 
ture gradients called isothernis (contour or wavy lines that 
move around the cooling channels). Although heat travels 
from the plastic to the metal to the coolant quickly, the 
mass of steel between the channels goes unused. Because 
it is not continuous, pulse cooling eliminates the isotherms 
that segregate a conventionally cooled mold. Heat from 
the part is absorbed not only by the cooling channels but 
also by the large mass of steel on the shop-side of the mold. 
When the fill stage is complete, coolant circulates quickly, 
removing excess heat and quickly bringing the mold and 
part back to mininiuiii temperature. It  is a cyclic process 

that is targeted to reduce cycle time 6 to 10%, less niolded- 
in stress, reduced scrap, and reduced energy use. See in- 
jection molding melt-pulse cooling. 
mold-cooling rate A variable that influences factors 
such as melt-flow rate, residual stress, and degree o f  orien- 
tation. It is usually the final control in the variables associ- 
ated with plastic part performance. Heating and cooling 
rates for amorphous and crystalline plastics differ; if not 
properly controlled, part performances either do not nieet 
maximums or they are defective. See amorphous plastic; 
crystalline plastic; melt flow; orientation; stress, re- 
sidual; temperature controller. 
mold cooling scale 
mold cooling, spiral A method of inold cooling in 
which the cooling niediuni flows through a spiral cooling 
cavity in the body of the mold. 
mold cooling temperature Lowering coolant ten-  
perature below the required level is supposed to speed up 
heat removal; actually, the reverse is often true. Lowering 
temperature reduces water chiller capacity. If possible, 
avoid temperatures below 40°F (4°C) since ethylene gly- 
col is added to the water to prevent water freezing. Going 
lower requires more EG, which creates a more viscous 
solution, resulting in greater pumping power required and 
higher costs. See ethylene glycol; Reynold’s number; 
temperature. 
mold cooling time In addition to the cost of plastic 
material and machine costs, the final cost to mold a part 
interrelates with the molding cycle. A large part of this 
cycle, up to 80%, is due to the time required to cool the 
part in the mold. Thus, the target is to reduce cooling time 
while recognizing that heat transfer through plastics has its 
limitations. See mold dehumidification. 
mold cooling, vacuum See mold venting, water 
transfer. 
mold core 1. A channel in a niold for circulation of a 
heat-transfer media. 2. Part of a complex mold that molds 
undercut parts. Cores are usually withdrawn to one side 
before the main sections of the mold open. They have 
passages for heat transfer to the melt in the cavity. Also 
called cure pin.  See core; heat pipe. 
mold cored A mold that incorporates ducts that permit 
the passage of heating and cooling services. 
mold-core pin A pin that is used to mold a hole in the 
niolded part. 
mold coring, side A projection that is used to core a 
hole (or other shape) in a direction other than the line of 
closing a mold. It is withdrawn before the part is ejected 
or prior to the mold opening. Also called side draw pin or 
cain pin action. See mold side action. 
mold corner Corners should be as generous as possible. 
Sharp corners (radii and fillets) can interfere with smooth 
melt flow and create possibilities for melt turbulence. Ex- 
amples of problenis that can develop include surface de- 
fects and stress concentrations. 
mold corrosion See mold-cavity coating. 
mold cost 

See scale; water, magnetic. 

Up to about 12 to 20% of mold cost is for 
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the (raw) material used to manufacturer the mold; mold 
design is about 5 to 10%; mold building hours are about 
40 to 60%; and profit is about 5 to 10%. See mold-cavity 
cost; product. 
mold cut-off The part of the mold land that isolates 
the molding. Also called shut-off orflash lund. 
mold decorating, fill and wipe See decorating, fill- 
and-wipe. 
mold decorating, in-mold See in-mold decorat- 
ing; molded lettering and surface decoration. 
mold, deep-draw A mold’s core cavity is much longer 
than its wall thickness. 
mold deformation After the molding pressure stroke 
and during any after-fill, pressure is built up in the mold 
cavity. During injection molding this pressure is generally 
one-third to one-half of the pressure in the IM machine 
plasticator. Such pressure can cause elastic deformation, 
such as bending of the cavity retainer plates and cores, 
ejector, and guide pins. T o  reduce this action, sturdy con- 
struction of the mold is required. However, the goal is to 
minimize the amount of mold material since light con- 
struction is usually desired for efficient cooling. See de- 
formation. 
mold degating See mold-gate degating. 
mold dehumidification When chilled water is used as 
a heat-transfer medium during high humidity periods, 
condensation may form on the surface of the mold and 
cause imperfections on the molded part. Chilled water can 
reduce cycle time, so alternate methods can be used to 
eliminate condensation, such as enclosing the mold with 
dehumidified dry air and high-velocity dry airstream. See 
condensation; dehumidifier; desiccant drier; mold 
cooling time. 
mold dowel A metal pin that is located in one-half of 
a mold and that enters a corresponding hole in the other 
half so that, on closure of the mold, the two halves become 
correctly aligned. Also called mold pin or retaining pin. 
mold dowel bushing A hardened steel bushing that 
lines a dowel hole. See mold pin. 
mold draft See mold-cavity draft. 
molded air lock A surface depression on a molded part 
that is caused by trapped air between the mold surface and 
the plastic material during processing. See air entrap- 
ment. 
molded, dry as (DAM) The condition ofa part imme- 
diately after it is removed from a mold and allowed to 
cool. 
molded edge An edge that is not physically altered afier 
molding for use in its final forni. 
molded ejection mark A surface mark on the part that 
is caused by the ejector pin when it pushes the part out 
of the mold cavity. See mold ejector. 
molded flash line A raised line that appears on the sur- 
face of a molded parting line. 
molded gate mark A surface discontinuity on a 
molded part that is caused by the gate. See mold gate. 
molded gate splay A fanlike surface defect near the 

gate on a part that is usually due to turbulent melt flow. 
Also called silver streaking. 
molded-in insert See fastener, mechanical; insert 
molding. 
molded-in thread A mechanical assembly method in 
which internal or external threads are molded into plastic 
parts. See insert. 
molded lettering and surface decoration Lettering 
and other raised or depressed surface decorations and tex- 
tures are easily incorporated on plastic products. The mold 
cavities can be machined, hubbed, or cast. See in-mold 
decorating. 
molded material surface measurement The Na- 
tional Research Council of Canada’s Industrial Materials 
Institute uses computerized ultrasonic technology for ac- 
curate, nonintrusive, and nondestructive measurement of 
the surface and interior of molding materials during the 
filling, packing, holding, and cooling phases of injection 
molding. The system uses pulse-echo ultrasonic tech- 
niques similar in principle to those used for an expectant 
mother’s sonogram to listen through tool steel and see 
parts as they are being molded. For example, when the 
ultrasonic waves meet the acoustic-resistance boundary 
between the two different media of the mold and plastic, 
an air gap is formed when the cooling part shrinks and 
some of the energy is transmitted through the boundary. 
The rest of the energy is reflected back to an ultrasonic 
transmitter. No mold modification is needed. See accu- 
racy; deviation; measurement. 
molded, net A molded part that does not require addi- 
tional processing to meet dimensional requirements. 
molded part coring The removal of excess plastic 
from the cross-section of a molded part to obtain a more 
uniform wall thickness. 
molded part cosmetics The Molders Division of SPI 
publishes a bulletin entitled Cosmetic Specijications of Injec- 
tion Molded Parts that provides quantitative definitions and 
recommended methods of inspection and measurement of 
cosmetic attributes in the absence of customer-provided 
specifications. It provides guidelines for defects such as 
black specks and flow lines. See defect. 
molded part ejection Ejection is through a mechanical 
knock-out device. See mold ejector. T o  aid the removal 
of certain parts, particularly if they are large, air is forced 
between the molded part and cavity wall. 
molded part, milligram See injection molding, 
micro-. 
molded part separator A machine or system that is 
used to separate parts from the runner system. 
molded part setting-up The hardening of material in 
the mold prior to removal of the molding. Also called set- 
up. See annealing. 
molded part shape, complex A molded part with 
undercuts that prevent the part from being released in the 
direction of the mold opening. It  requires a mold with 
side actions/cores, rotating cores, loose cores or inserts, 
more than one parting line, wedges, or other devices. The 
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choice of method, or a combination of these methods, 
depends on the shape and the properties of the plastic 
(flexible to rigd, shrinkage, etc.) and also the standard of 
quality required, such as not having a parting line at a cer- 
tain location. 
molded-part shrinkage See design, melt-flow 
Cauchy-Riemann differential equation; shrinkage. 
molded part surface See molded material surface 
measurement. 
molded part thickness See optical monitoring. 
molded screw thread Three basic methods are used to 
mold screw threads: (1) use a core that is rotated after the 
molding cycle has been completed thus unscrewing the 
part; (2) put the axis of the screw (only for external threads) 
at  the mold parting line where potential flash can occur 
and a parting line could exist; and (3)  make the threads 
few, shallow, and of rounded form so that the part can be 
stripped from the mold without unscrewing. See insert 
molding. 
molded surface See orange peel. 
molded taper, back The reverse draft or undercut 
used in a mold to prevent molded parts from being re- 
moved from the mold freely. 
molded threaded fastener A fastener or insert, usually 
metal, that is molded into the part during the molding 
process. See insert molding. 
molded undercut They are used but may require slid- 
ing cores or split molds. External undercuts can be placed 
at the parting line to obviate the need for core pins. Shal- 
low undercuts often niay be stripped froni the mold with- 
out need for core pulls. If the undercut is strippable, the 
other half of the mold must be removed first. Then the 
mold ejector pins can act to strip the part. 
mold ejector An attached mold assembly for operating 
ejection pins or pads to eject the molded part from the 
cavity. It niay operate mechanically, hydraulically, pneu- 
matically, or electronically. See clamping close-posi- 
tion ejector mechanism; molded-part ejection. 
mold-ejector mark A surface mark on the part that is 
caused by the ejector, such as pins, when the part is pushed 
out of the mold. See molded gate mark. 
mold-ejector pin The pin (as well as other mechanical 
devices, such as a rod, sleeve, or stripper plate, that are 
attached to a plate or bar) pushes the molded part out of 
the mold after the mold starts opening. Also called knockout 

mold-ejector ram A controllable, small, mechanically, 
hydraulically or electrically operated ram that is fitted to 
the molding press for the purpose of operating the ejection 
mechanism. 
mold-ejector return pin It  is a projection that pushes 
the ejector assembly back as the niold closes. Also called 
suface pin, sa& pin,  or position pushhark. 
mold, elastomeric An elastic or stretchable mold that 
is made ofrubber (elastomer), rather than the usual steel, 
so that complex shaped parts can be removed without 
mold side actions. Usually it is used for casting plastics. It 

pin.  

can be stretched-for example, to remove cured parts 
having undercuts. See elastomeric mold; latex; rein- 
forced plastic. 
mold, electroformed See electroforming. 
molder 
ing services to a customer. 
molder, captive See processor, captive. 
molder certification See processor certification. 
molder contractional obligation 
mold contractional obligation. 
molder, custom See processor, custom. 
molder, proprietary See processor, proprietary. 
mold eyebolt and hole A hole that is located in a mold 
and used to lift and move molds (also dies and other tools). 
Balanced lifting occurs with proper use of eyebolts; safety 
devices are incorporated to ensure that no accidental drop- 
ping occurs to protect personnel and the mold. The vari- 
ous bolts have different safety load-carrying capacities. 
mold, expandable polystyrene See expandable poly- 
styrene. 
mold, family 1. A niulticavity mold where each forms 
a part that often has a direct relationship in usage to the 
other parts in the mold. 2. Mold in which parts froni dif- 
ferent customers are grouped together in one mold for 
economy of production. 
mold-feed pushing Hardened steel bushing in an in- 
jection mold that forins a seal between the mold and injec- 
tion unit. 
mold, female 
mold, ferris wheel Mold halves that are attached to a 
rotating platen. When the platens close, each mold cavity 
receives melt in a sequence pattern. For example, an auto- 
mobile acrylic taillight requires three molds. The first mold 
receives the amber color, the second receives the yellow 
color, and the third receives the transparent that not only 
fills its respective cavity opening but also can cover the 
complete light plate to ensure that no nioisture or rain 
leakage enters when in service. See Velcro strip. 
mold filling, foam 
mold filling hesitation To understand the “hesitation 
effect” consider the flow patterns throughout injection- 
molding filling. The melt first enters from the gate, and 
the flow front reaches the first thin wall section. There is 
insufficient pressure to fill this thin section because the 
melt has an alternate route along the thick section. Melt 
that just entered the thin section sits losing heat until the 
rest of the mold is filled. When the mold is alinost coin- 
pletely filled, the full injection pressure is available to try 
to fill the thin section. However, the melt in the thin sec- 
tion has frozen, and the thin section is not filled. This 
problem is caused by the fast/slow/fast (hesitation) filling 
speed that is used. If the melt continues to flow at a rela- 
tively steady or uniform rate, there is no difficulty in filling 
the thin section. See melt. 
mold filling monitoring Flow-front speed during fill- 
ing is commonly inferred either from screw position or 
cavity-pressure sensors. The quality of the final molded 

A company that is capable of providing mold- 

See legal matter: 

See mold cavity, female. 

See test, foam-pressure. 
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part, however, is determined by the actual flows of molten 
plastic into the cavity to pack the melt. Ultrasonic tech- 
nique is an example of monitoring the filling action. This 
technology includes the use of ultrasonic transducers and 
software to verify mold-filling patterns and measure flow- 
front speeds. It  identifies exactly when mold cavities are 
filled and allows switching from injection pressure to 
packing pressure to save energy. Ultrasonic beams are 
emitted from transducers that are installed at  the external 
surfaces of a steel mold cavity. The beams propagate in 
the steel mold cavity interface. Before the melt arrives at 
the transducer’s position, ultrasonic energy is totally re- 
flected at this interface. After the melt’s arrival, part of the 
beam energy is transmitted into the melt, indicating that 
the melt front has amved. The sensor can monitor the gap 
caused by the shrinkage of the part away from the mold 
wall, as well as measure the speed of the gap’s develop- 
ment. Ultrasonic waveforms show echoes in the solidify- 
ing parts, which can be used to obtain temperature profiles 
across the melt and to study cooling efficiency. See cush- 
ion; energy conservation; injection molding melt 
flow; mold-cavity melt flow analysis; mold-gate 
size; packing factor. 
mold finish See mold cavity surface. 
mold flash 1. A type mold that has a land surface that 
permits the escape of excess molding material and has no 
trimming action. Such a molding material relies on back- 
pressure to seal the mold and put the part under pressure. 
See back pressure; material, biscuit. 2. The portion 
of material that protrudes beyond the edge of the finished 
molding. It is attached to a molding along the mold’s part- 
ing line, holes, or openings. It principally occurs with ther- 
moset plastics. With most parts it is objectionable and must 
be removed manually or deflashed by barreling or tuni- 
bling, buffing, grinding, and blasting. See compression 
molding; deflashing; flash; mold-gate size; molding 
flash line; operation, secondary; spin trimming; 
trim; tumbling. 
mold flash ring See mold, compression flash ring. 
mold, flash trap A molded-in lip or blind recess on a 
part that is used for trapping excess melt (flash). 
mold, flexible See mold, elastomeric. 
mold flooding 
mold flow analysis 
mold force plug See mold compression force. 
mold, French A two-piece mold for irregular shapes 
that are tall, top heavy, leaning to one side, or extremely 
detailed. 
mold gate The orifice through which the melt flows 
and enters a mold cavity. Single gate or multigates can be 
used for a single cavity. The gate can have a variety of 
configurations to meet different melt-flow requirements 
and cavity configurations. See design mold; injection- 
molding mold; mold-gate size. 
mold-gate blush A blemish or disturbance in the gate 
area that is associated with melt fracture around the gate 
from stresses caused by process conditions and mold ge- 

See mold cooling, flood. 
See design mold. 

ometry. This problem, can be eliminated or reduced by 
raising the melt temperature, reducing injection speed, 
checking the gate for sharp edges, enlarging the gate, and 
checking that the runner system has a cold-slug well. See 
blush; melt fracture; mold-ejector mark; mold-gate 
mark; molding cold slug. 
mold-gate center The gated mold has the cavity filled 
through a sprue or gate directly into the center of the part. 
mold-gate cosmetic See mold gate, valve. 
mold-gate degating The removal of the gate from the 
molding by automatic or manual means within the mold 
during molding or after the part is removed from the 
mold. 
mold gate, diaphragm A gate that is used in molding 
annular or tubular parts. The gate forms a solid web across 
the opening of the part. Also called a disc or web fate. 

mold gate, direct A gate that has the same cross-sec- 
tion as that of the runner. See mold runner. 
mold gate, edge A gate that uses a heater coil or rod 
and single- or multiple-edge gate openings. 
mold-gate fan The opening between the runner and 
the mold cavity that has a shape of a fan. This shape helps 
to reduce stress concentrations in the gate area by spread- 
ing the opening over a wider range. 
mold-gate flash Usually a long, shallow, rectangular 
gate that extends from a runner that runs parallel to an 
edge of a molded part along the flash or mold parting line. 
mold-gate location The gate should be located at  the 
thickest part of the molding, preferably at a spot where 
the function and appearance of the molding are not impor- 
tant. The location of the gate affects mold construction 
and the properties and appearance of the molding. The 
gate must be located in a way that ensures rapid and uni- 
form mold filling and allows the air present in the cavity to 
escape during injection. If this requirement is not fulfilled, 
either short shots or burnt spots in or on the molding will 
be produced. See mold filling monitoring; mold-gate 
size. 
mold-gate mark A surface discontinuity on a molded 
part that is caused by the gate through which material en- 
ters the cavity. See mold-ejector mark; mold-gate 
blush; mold-gate scar. 
mold-gate nozzle A nozzle whose tip is part of the 
mold cavity and thus feeds the injection-molding melt di- 
rectly into the cavity, eliminating the need for sprue and 
runner systems. The nozzle becomes the mold gate. See 
injection molding. 
mold gate, pinpoint A restricted opening/orifice of 
0.03 in. (3.3 mm) or less in diameter through which melt 
flows. This small gate minimizes the size of the mark left 
on a molded part. The gate breaks clean when the part is 
ejected. Also called restricted gate. 
mold gate, ring A gate that encircles the core to permit 
the melt to move around the core symmetrically before 
filling the cavity and thus prevent a weld. It is used on 
cylindrical shapes. There are external and internal (with 
respect to the cavity) ring gates. 



mold-gate scar A scar in the gate area that occurs if 
the gate is too large. Larger sizes permit faster fill and cycle 
times. See mold-gate mark. 
mold-gate size The gate size has a tremendous effect 
on the success or failure of attempts to produce high-qual- 
ity parts economically. The cooler the melt, the more vis- 
cous it becomes; the more viscous it becomes, the more 
difficult it is to move the melt through very small gate 
orifices. High injection pressure is then needed to move 
the melt through the gate. The higher the pressure, the 
smaller the total area of the mold must be, otherwise high 
pressure will result in flash when processing thermoplastics 
or thermoset plastics. Another approach to reducing melt 
viscosity is to raise the melt temperature, which results in 
an increase in cycle time. Gate size is usually the critical 
factor that dictates the final mold-filling speed. See cycle; 
mold flash; mold-gate location. 
mold gate, spider The niultigating through a system 
of radial runners from the sprue. 
mold-gate strain A strain that develops in the plastic 
at the part location of the gate. If the cooling rate of the 
melt is reduced to relieve this strain, cycle time increases. 
See die spider; mold gate, tab. 
mold gate, submarine A type of edge gating where 
the opening from the runner into the mold is located be- 
low the parting line or mold surface. In conventional-edge 
and other gates, the opening is machined into the surface 
of the mold on the mold-parting line. With submarine 
gates, the molded part is cut by the mold from the runner 
system on ejection of the part. Also called tunnel gate. 
mold gate, tab A small removable tab that is approxi- 
mately the same thickness as the molded part and is usually 
located perpendicular to the part. It  is used as a site for 
the edge gating location on parts with large flat sections. 
It also can be used as a site for gating so that if any unac- 
ceptable blemishes appear, they will be on the tab that is 
cut off. See mold-gate strain. 
mold-gate tip, reverse With reverse gating, the gate 
mark is hidden. The mold is designed so that the gate loca- 
tion is on the core side or opposite the cosmetic surface. 
mold gate, valve (VG) A valve gate is used in injection 
molds to provide a wider processing window of operation, 
provide better product quality, eliminate gate freezing, and 
be cost effective. The valve usually has a pin to mechani- 
cally open and close the gate orifice. An actuating mecha- 
nism (spring, adjustable air cushion, mechanical cam, 
pneumatic or hydraulic pistons, etc.) coordinates the 
movement of the pin with the molding cycle. This tech- 
nique is considered when meeting demanding cavity-melt 
packing requirements where precise part weight or di- 
mensions are required. 
mold gate, valve feed control In hot runner molds 
valves can be controlled in a closed-loop. For example, the 
dynamic valve made by the Dynisco /Kona Hot Runner 
Group can be adjusted to partially open or close to elim- 
nate unbalanced cavity fill. The conventional system re- 

quires tweaking and adjustments of the transfer position, 
injection pressures, and pack hold times and pressures until 
the defects in the part are minimized or eliminated. With 
dynamic feed, the valve can be individually adjusted (set) 
to deliver less melt at  individually controlled lower pres- 
sure to eliminate flash, increase hold pressure, eliminate 
sink, and position weld. A transducer between each valve 
and gate is used to measure melt pressure as it enters the 
cavity. The user programs into a controller the time and 
pressure profile that is desired to fill the part properly. In 
doing so, variations in viscosity are negated. See injec- 
tion-molding melt flow. 
mold gel coating See mold-cavity coating. 
mold grid The construction of channel-shaped sup- 
porting members within a mold. 
mold guide pin See mold-leader pin and bushing. 
mold half Each part of a mold is called a mold half, 
which usually does not mean that the mold is divided di- 
mensionally into two equal halves. See mold-parting 
line. 
mold, hand A small mold that is removed by hand from 
the press for the purpose of stripping molded parts or re- 
loading (plastic or inserts). The operator manually removes 
a mold and removes the part. Also called portable or loore 
mold. 
mold heating Controlled heating of the mold for ther- 
moset plastics is an essential mold feature and requires spe- 
cial attention in mold design. See design, die; design, 
basics-of-flow die; mold cooling; temperature con- 
troller; thermoset plastic. 
mold heat-transfer device A device that transfers lo- 
calized heat to a heat sink to improve mold cooling or 
transfer heat from the source to a localized area such as hot 
sprue bushings. See chill; heat pipe; thermodynamic 
properties. 
mold height The vertical distance of a closed mold that 
is located on a table so that the parting line is in a horizon- 
tal position. Most molds are put in horizontally operating 
machines (injection molding, blow molding, etc.), so the 
height actually is the horizontal distance from platen to 
platen with the mold closed. 
mold hobbing See mold-cavity hobbing. 
mold hold-down groove A small groove that is cut in- 
to the side wall of the mold cavity surface to assist in hold- 
ing the molded part in the cavity while the mold opens. 
mold, hollow A mold that permits melted plastic to be 
applied to its inside surface to form hollow shaped parts. 
See blow molding; casting; rotational molding. 
mold, hot runner 
mold impression The part of a mold that imparts shape 
to the molding. See mold cavity. 
mold inching The reduction in rate of mold closing 
travel just before the mating mold surfaces touch each 
other. See compression molding inching. 
molding The forming or shaping of a material by a 
molding process. See blow molding; casting; com- 

See mold, runner. 
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pression molding; encapsulation; fabricating pro- 
cess type; injection molding; reaction-injection mold- 
ing; rotational molding. 
molding and blending plastic 
molding area diagram (MAD) A diagram that plots 
at  least injection pressure (rani pressure) with mold tem- 
perature to provide the best combination of pressure and 
mold temperature necessary to produce quality parts. The 
MAD is a dramatic and easily comprehensive visual aid for 
analyzing these variables. Within the diagram area, all parts 
meet performance requirements, but rejects can occur at 
the edges since material and machine capability are not 
perfect. Other controllable parameters can be added to tar- 
get for improved quality, such as melt temperatures (in the 
plasticator, nozzle, and in the cavity) and rate of injection. 
See computer processing control automation; fabri- 
cating time; molding volume diagram; process con- 
trol; processing window. 
molding, autoclave See autoclave molding opera- 
tion; autoclave thermal expansion molding; mold- 
ing, thermal expansion. 
molding, back See injection molding, back-mold- 
ing. 
molding, bag See reinforced plastic-bag molding. 
molding basics See World of Plastics Reviews: Ba- 
sics and Overviews of Fabricating Processes. 
molding, carousel style See clamping platen, ro- 
tary. 
molding centrifugal See casting, centrifugal. 
molding certification See processor certification. 
molding, clamshell See thermoforming, clam- 
shell. 
molding, coating in-mold A melt-processable paint 
coating that forms a skin layer within the mold. See coat- 
ing; coating, in-mold decorating, labeling; injection 
molding, in-mold. 
molding, cold Properly prepared compound is shaped 
at room temperature in a mold and subsequently cured by 
heating or baking in an oven. See bituminous plastic; 
thermoforming, comoform cold forming/molding. 
molding cold shot See injection-molding cold shot. 
molding cold slug The first plastic melt that enters an 
injection-molding machine cold runner mold. It  passes 
through the sprue orifice and is cooled below the effective 
molding temperature. Usually a well in the runner system 
is used to unload this cold slug. See extruder cold shot. 
molding cold slug well The space or cut-out in the 
runner system (such as opposite the sprue travel of the melt 
in the mold) that traps the cold slug so that it does not 
enter the cavity. 
molding, computer-integrated See computer- 
integrated manufacturing. 
molding, contact See reinforced plastic molding, 
contact. 
molding, continuous See blow molding, extruder 
(continuous); injection molding, continuous. 

See blender. 

molding, die-slide (DSM) A patented process from 
Japan Steel Works for injection molding two halves of a 
hollow part in cavities on opposite sides of a single niold. 
After the mold opens, a slide plate on the stationary platen 
aligns the two parts with a second injection joining the 
parts. 
molding, dip See forming, dip. 
molding, dished 
molding, double-daylight See injection molding, 
double-daylight. 
molding, double-shot A method for producing two- 
color or two different plastics in a part using an injection- 
molding machine with two plasticators. The part molded 
first beconies an insert for the second shot. Other processes 
can be used, such as injection blow molding and conipres- 
sion molding. See blow molding, injection; coinjec- 
tion molding. 
molding draft See mold-cavity draft. 
molding dwell 1. A pause in pressure just prior to the 
mold completely closing. See mold breathing. 2. The 
time between when the injection-screw ram action is fully 
forward holding pressure on the plastic in the cavity and 
the time the ram action retracts. 
molding fiber shrinkage See reinforced plastic 
molding fiber shrinkage. 
molding, film-insert (FIM) A cut film that is decor- 
ated or labeled, thermoformed to shape, and then inserted 
in the mold. See inlay or overlay. 
molding flash line A raised line that is evident on the 
surface of a molding and formed a t  the junction of the 
mold faces such as at the parting line after the removal of 
the excess flash. It  is usually removed by high-speed 
buffing or grinding. See mold flash; sanding. 
molding, flow Leatherlike (plastic) materials are made 
by placing a die-cut plastic blank (usually solid or ex- 
panded vinyl with or without a coated substrate) in a mold 
cavity (usually silicone rubber mold) and applying heat 
with a high-frequency radio generator. Melted plastic fills 
up the mold cavity and reproduces the texture in the mold 
cavity. Modifications to step up production are used, such 
as a rotating arm with the mold-cavity pattern facing out- 
ward and vertical to the arm. See poromeric plastic; 
texturizing. 
molding, formed See forming; thermoforming. 
molding, hand lay up See molding, open-mold. 
molding holding pressure 
holding pressure. 
molding hollow part 
tion molding. 
molding, hot 
molding, impression See forging; mold-cavity 
hobbing. 
molding index 
molding, infusion See reinforced plastic resin 
transfer molding. 
molding, in-mold See injection molding, in-mold. 

A depression in a molded surface. 

See injection molding 

See molding, die-slide; injec- 

See vacuum hot pressing. 

See test, molding index. 
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molding, intermittent See blow molding, ex- 
truder (intermittent); extruder; injection molding. 
molding, isotactic The compressing or pressing of a 
powder material (plastic, etc.) under a gas or liquid so the 
pressure is transmitted equally in all directions. Examples 
include autoclave, sintering, injection-compression mold- 
ing, elastomeric mold using hydrostatic pressure, and un- 
derwater sintering. Also called isotacticpressing or hot irotactic 
pressing (HIP). See injection molding, nonplastic; sin- 
tering. 
molding, jet 
molding, lagging A process that involves the wrapping 
of plastic-impregnated tape (prepreg) around a cylindrical 
mandrel and applying pressure on the tape by shrink tape. 
The prestretched shrink tape Tedlar is the most commonly 
used; it shrinks on application of heat. Also called tape lay- 
ing. See tape. 
molding, laminated A molded product that is pro- 
duced by bonding together layers of plastic-impregnated 
material (prepreg) using heat and pressure. The layers are 
often cut to particular shapes prior to being placed in the 
mold. See laminate; reinforced plastic prepreg. 
molding lift A complete set of moldings that are pro- 
duced in a single operation of a press. Output rate may be 
expressed in ternis of number of lifts per hour. 
molding loading tray A tray that automatically moves 
over the cavity and feeds the mold by “dropping” material 
or inserts into a single or multicavity by the withdrawal 
of a sliding bottom to the trays. Also called clzarging tray. 
molding, low-pressure See reinforced plastic, 
low-pressure. 
molding, match-metal See reinforced plastic 
molding, match-metal. 
molding material The various types and forms of plas- 
tic materials or compounds that are used including pellets, 
powders, flakes, and liquids. See plastic material; pre- 
heating. 
molding metal See blow molding metal; injection 
molding, nonplastic. 
molding, micro- See injection molding, micro-. 
molding, multilive feed See injection-molding 
melt-flow oscillation. 
molding, multimaterial See clamping platen, ro- 
tary; coinjection molding; injection molding, two- 
shot molding. 
molding, open-mold 1. Pouring or placing a plastic 
into a mold cavity with or without a lid and permitting 
it to cure or polymerize into the solid shape of the cavity. 
See casting; reinforced plastic molding, contact; 
reinforced plastic hand lay-up; rotational molding. 
molding operation See operation, automatic; op- 
eration, manual; operation, secondary; operation, 
semiautomatic. 
molding, over- See injection molding, two-shot. 
molding parting film See reinforced plastic bag 
molding. 
molding, powder A technique for producing products 

See injection molding, jet. 

of varying sizes and shapes with hollow sections. The hot 
melt is forced against the inside wall of the mold, which 
is either stationary or rotating. See casting, slush-mold- 
ing; powder molding; rotational molding. 
molding pot See transfer molding. 
molding, prepolymer See foamed, prepolymer. 
molding, prepreg See reinforced plastic layup, wet. 
molding pressure 1. The pressure that is developed by 
a screw or rain to push melt into a mold cavity. 2. The 
pressure that is maintained on the melt after the cavity is 
filled until the gate freeze-off allows the complete transfor- 
mation to a solid state. 3. The pressure that is applied on 
the material after it fills the closed injection or compression 
mold cavity. 
molding, pressure bag See reinforced plastic pres- 
sure-bag molding. 
molding pressure, contact Molding or laminate un- 
reinforced or usually reinforced thermoset plastic under 
no or very little pressure-usually less than 10 psi 
(70kPa)-to obtain the desired shape followed by curing 
outside the mold. Cure can be either at room temperature 
using a catalyst-promoter system or in an oven with or 
without additional pressure. Also called open molding or 
contact pressure molding. See casting; molding, open- 
mold; reinforced plastic bag molding. 
molding pressure, high In reinforced thermoset plas- 
tics, a molding or laminating process in which the pressure 
used is greater than 200 psi (1,400 kPa) but commonly 1 
to 2 psi (7 to 13.8 kPa). See caul plate; laminate, high- 
pressure formable. 
molding pressure, low In general plastics processing, 
molding in the range ofpressures around 400 psi (2760 kPa). 
molding pressure pad A metallic reinforcing device 
that is designed to absorb pressure on the land areas of the 
mold when the mold is closed. 
molding pressure, required The unit of pressure that 
is applied to the molding material in the mold cavity, such 
as during injection molding. The area is calculated froin 
the projected area taken at right angles under pressure dur- 
ing complete closing of the mold, including areas of run- 
ners that solidify. The unit pressure is calculated by divid- 
ing the total force applied by this projected area. I t  is 
expressed in psi (Pa). To  determine pressure required for 
a specific material, the melt pressure used is based on past 
experience or the material supplier’s guideline. The pres- 
sure is multiplied by the projected area and results in the 
total clamping pressure required. To ensure that proper 
pressure is applied, a safety factor (SF) of having available 
another 10% more pressure is recommended. With experi- 
ence this SF can be reduced or even eliminated. See injec- 
tion molding melt cushion; mold-cavity pressure. 
molding process 
molding-process control The melt entering the mold 
cavity is controlled by melt pressure. Obtaining the desired 
molding filling target requires providing the required pres- 
sure at each gate or valve gate. Types of pressure controls 
include the injection unit, sequential valve gating, and 

See fabricating process type. 
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independently controlling each valve. See injection 
molding process control; mold gate; process con- 
trol. 
molding, pulp Plastic-impregnated pulp material is 
preformed, usually by the application of a vacuum, dried, 
and subsequently molded, usually by compression. See 
wood pulp. 
molding, quenched A method of rapidly cooling ther- 
moplastic molded parts as soon as they are removed from 
the mold. This is generally done by submerging the parts 
in water. 
molding, ram See injection-molding machine, ram. 
molding, resin transfer See reinforced plastic, 
resin-transfer molding. 
molding, rock-and-roll A method that is similar in 
some respects to rotational molding, except that the 
mold rotates only on the horizontal axis while the 
mold ends are rocked up and down. See rotational 
molding. 
molding, rotary A type of injection molding, blow 
molding, or compression molding that utilizes a plurality 
of mold cavities mounted 011 a rotating platen or table. 
This process is not to be confused with rotational molding. 
Also called votary presr. See clamping platen, rotary. 
molding, rotational See blow molding, injection- 
with-rotation; rotational molding. 
molding, rubber See forming, rubber-pad. 
molding, screw-transfer See compression mold- 
ing, screw preplasticator; transfer molding. 
molding, SCRIMP See reinforced-plastic SCRIMP 
process. 
molding, shell 
molding, sheet-molding compound and vacuum- 
press (VPM) A method that uses vacuum assist to pro- 
cess at a low molding pressures. With a molding corn- 
pound such as shect-molding compound that incorporates 
a physical thickening agent rather than a conventional 
chemical thickening agent, low clamping pressures of only 
100 to 200 psi (0.69 to 1.38 MPa) are used. This type of 
SMC is called LPSMC. See reinforced-plastic sheet- 
molding compound; sheet-molding compound; 
vacuum press. 
molding, short shot See short. 
molding shrinkage The difference in dimensions be- 
tween a plastic molding and the mold cavity in which it 
was molded, both being at room temperature when mea- 
sured. It is expressed in./in. (cm/cm). Shrinkage usually 
occurs in the mold while it is solidifying or curing; how- 
ever, certain plastics may take up to 24 hours before they 
have completed shrinkage. In designing a product and its 
mold, it is important to make allowance for shrinkage. See 
design shrinkage; shrinkage. 
molding, slush See casting, slush-molding; mold- 
ing, powder; rotational molding. 
molding snap fit See design, snap-fit. 
molding, solvent A process for forming thermoplastics 
by dipping a male mold into a solution or by dispersing 

See foundry shell molding. 

the plastic and drawing off the solvent, leaving a layer of 
plastic film adhering to the mold and later removed. 
molding, sprayup See reinforced plastic spray-up. 
molding, squeeze See reinforced plastic squeeze 
molding. 
molding, steam See expandable plastic steam mold- 
ing. 
molding, structural-web A low pressure foam mold- 
ing method that applies to the gap between structural foam 
molding and injection molding. Its surface does not have 
the usual SF characteristic swirl pattern. It can produce 
very large, lightweight parts with smooth surfaces like 
conventional injection-molded parts. See foam; injec- 
tion molding, foamed. 
molding suckback See injection molding screw 
suckback. 
molding, thermal expansion The process in which 
elastomeric tooling are constrained within a rigid fraine to 
generate consolidation pressure by theriiial expansion 
while curing in an autoclave and other processes. During 
curing, the plastic expands. See autoclave thermal 
expansion molding. 
molding thread 
molding time 
molding, two-color See injection molding, two- 
shot. 
molding, two-shell A technique that produces hollow 
parts by molding (injection, compression, blow molding, 
rotational molding, etc.) two halves with mating flanges 
or the equivalent and in turn assembled by different tech- 
niques. See joining-and-bonding method; thermo- 
forming, clamshell; welding. 
molding, two-shot See injection molding, two- 
shot. 
molding unscrewing device See molded screw 
thread. 
molding, vacuum bag See reinforced plastic vac- 
uum-bag molding. 
molding volume diagram (MVD) A diagram that 
can be analyzed to find the best process settings of three 
combinations evaluated during start-up, such as melt tern- 
perature, mold temperature, and injection or ram pressure. 
See computer processing control automation; fabri- 
cating time; molding area diagram; processing 
window. 
molding wall thickness See radioisotope. 
molding weld-line overflow tab A small, localized 
extension of a part at a weld line junction that allows a 
longer melt-flow path for the purpose of obtaining a better 
fusion bond of the meeting melt fronts. See weld line. 
molding with rotation See blow molding, injec- 
tion-with-rotation. 
molding witness line A line on a molded part that is 
due to poor alignment or fit of metal mating actions, such 
as sliding cores. 
molding XTC 
molding, zero-defect 

See molded screw thread. 
Curing time. See cure; cycle. 

See reinforced plastic, XTC. 
Statistical process control and 
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statistical quality control in the injection-molding process 
has helped processors to achieve zero defects. See statisti- 
cal assessment; zero defect. 
mold knife edge A projection from the mold surface 
that has a narrow included angle. It is undesirable because 
it is susceptible to breakage under molding pressures. 
mold land The area of those faces of a closed niold that 
come into contact with one another. 
mold latch A device that holds together two nienibers 
of a mold that are usually held together mechanically. 
mold-latch plate A removable core that holds insert 
carrying pins on the upper part of the mold. 
mold lay-up See reinforced-plastic lay-up. 
mold-leader pin and bushing Pins, usually four, 
maintain the proper alignment of the male plug and feniale 
cavity as the mold closes. One of the pins is not symmetri- 
cally placed so that the inold halves can be aligned only 
one way, eliminating misalignment. Hardened steel pins 
fit closely into hardened steel bushings. Also called guide 
pins. 
mold life The number of acceptable parts that can be 
produced in a particular mold. Molds can run a few hun- 
dreds to many niillions. Design, construction, and cost of 
a niold depend on the life time required. 
mold loading well The top volume of a cavity that is 
usually for compression molding bulky compounds. Its 
size is dependent on the materials bulk factor. See bulk 
factor. 
mold locating ring A device that aligns the nozzle of 
an injection cylinder with the entrance of the mold's sprue 
bushing. Also called register ring. 
mold locking ring A slotted plate that locks the parts 
of a mold together while the material is being injected or 
placed. 
mold, loose-punch The male part of the mold when 
it functions in such a way that it remains attached to the 
molding when the press opens and molding is removed. 
It  ic coinnionly used for moldings that possess threads or 
undercuts, when the punch cannot be removed from the 
molding nierely by opening the press. 
mold lubricant A substance that is applied on or into 
molds to eliminate or reduce friction or prevent adhesion 
of its component parts. See butyl stearate; lubricant. 
mold maintenance A mold usually represents an ini- 
portant and costly part of the production line. Any pro- 
truding parts should be protected against damage in trans- 
fer. The inold surfaces, especially cavities and cores, should 
be covered with a protective, easy-to-remove coating 
against surface corrosion when the mold is not operating. 
For special protection, vacuum containers are used after 
the mold is properly dried. Records should be kept to en- 
sure that required maintenance is accomplished on a regu- 
lar schedule. See maintenance, preventive; trouble- 
shooting. 
moldmaker directory 
moldmaking See electrical-discharge machine; ma- 
chining; prototype; tooling. 

The SPI issues the directory. 

mold, male See mold cavity, male. 
mold manifold A runner system in a mold that has its 
own heating or cooling insulated section to control the 
melt and be ready for injection into the cavity. See mold 
runner. 
mold material Molds are constructed of various mate- 
rials, including different grades of steels; berylliuni copper 
alloy, brass, aluminum, kirksite, sintered metal, steel-filled 
epoxy plastic, and flexible plastic. The most coninionly 
used is P20 steel, a high grade of forged tool steel that is 
relatively free of defects and is a prehardened steel. It can 
be textured or polished to alniost any desired finish and 
is a tough mold material. H-13 is the next most popular 
mold steel used. Stainless steel, such as 420 SS, is the best 
choice for optimum polishing and corrosion resistance. 
Other steels and materials are used to meet specific re- 
quirements, such as copper alloys for fast cooling. See alu- 
minum; automobile, composite; beryllium copper; 
brass; bronze; chrome plating; die material; electro- 
forming; hardening, case; iron; kirksite; machining; 
metal; plaster of Paris; photoetching tool; thermo- 
forming mold; tooling, coat; zinc. 
mold material, carbonizing A low-carbon steel sur- 
face hardening process that resists wear and abrasion. I t  is 
used in molds, dies, and other machine parts. The steel is 
heat treated in a box that is packed with carbonizing mate- 
rial, such as wood charcoal, heated to 2,000'F (1,093OC) 
for several hours, and allowed to cool slowly. 
mold material, silicone See adhesive, room-tem- 
perature cure. 
mold material, sprayed-metal Molds made by spray- 
ing molten metal onto a master until a shell of predeter- 
mined thickness is obtained. The shell is then removed and 
backed with plaster, cement, casting plastic, or reinforced 
plastic. Its use includes as a mold for thermoforniing. See 
thermoforming. 
mold melt flow analysis See injection molding 
process control; melt-flow analysis. 
mold modeling See prototyping modeling mold. 
mold, multicavity A mold that has two or more cavi- 
ties to mold two or more parts. See compression mold- 
ing charging tray. 
mold, multi-impression A inold that has two or more 
cavities. 
mold multiple See blow molding, extruder-mold 
multiple, Siamese. 
mold parallel to draw The axis of the cored position 
(hole) or insert that is parallel to the up-and-down move- 
ment of the mold as it opens and closes. 
mold parting agent 
mold-parting line A line that is established on a three- 
dimensional niodel from which a mold is to be prepared 
that indicates where the mold is to be split into two halves 
(sections) by representing where they meet on closing. 
Also called cutoJor spew. See blow molding, extruder- 
mold; die-parting line; injection molding process- 
control parting line; mold half. 

See mold release agent. 
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mold parting-line sensor An instrunient that moni- 
tors relative movements of the mold halves in response to 
plastic melt pressure. See sensor. 
mold patent See legal matter: mold contractional 
obligation. 
mold pattern 
mold, perforated See expandable plastic steam 
molding. 
mold pillar support The construction of a mold base 
usually incorporates an ejection housing. If the span in the 
housing is long, the forces during molding can cause a 
sizable deflection in the plates that are supported by the 
ejector housing which in turn causes flashing. To over- 
come this problem, pillar supports are included so that de- 
flection does not occur. 
mold pin Various pins, including dowel pin, ejector 
pin, leader pin, return pin, side draw pin, and sprue draw 
pin. See mold dowel bushing. 
mold pinch-off See blow molding, extruder, pinch- 
Off.  

mold, polishing See surface finish; surface treat- 
ment. 
mold, porous A inaterial that is made of bonded or 
fused aggregate (powdered metal, coarse pellets, etc.) that 
contains numerous open interstices of regular or irregular 
size that allow air or liquid to pass through the mass of 
the mold. It is used in different processes, particularly in 
thermoforming. See porous metal; thermoforming 
mold. 
mold, portable See mold, hand. 
mold, positive A compression mold that is designed to 
have total applied pressure on the part being molded, the 
thickness of the part being determined by the amount of 
charge. The mold is designed to trap all the molding mate- 
rial when it closes. 
mold pot 1. T o  embed a component or assembly in 
liquid plastic using a shell, can, or case that remains an 
integral part ofthe product after the plastic cures. See em- 
bedding. 2. A chamber that holds and heats plastic mate- 
rial for transfer to fabricating equipment, such as for injec- 
tion molding, extrusion, transfer molding, compression 
molding, and rotational molding. 
mold, preengineered Standardized mold components 
have been available at least since 1943. They provide for 
exceptional quality control, quick delivery, interchange- 
ability, and lower cost. These available preengineered 
molds and mold parts provide high-quality manufacturing 
techniques that result in consistent quality and reduced 
mold cost. The different manufacturers of these preengi- 
neered mold bases and components provide variations that 
include unique approaches to meeting complex product 
designs. A major advantage to the molder is saving time 
and money should a component ever need replacement. 
Most often these components serve the function of the 
mold and are not designed for use as plastic-forming mold 
members. 
mold-pressure pad The reinforced hardened steel that 

See modeling; plaster of Paris. 

is distributed around the dead or open area in the faces of 
a inold to help the mold land absorb the final pressure of 
closing without collapsing. 
mold-pressure transducer An instrument that is 
mounted in different parts of a mold (cavity, knock-out 
pin, etc.) to measure melt pressure. See transducer, 
pressure. 
mold protection See mold maintenance. 
mold-release agent A substance such as silicone, that 
is put on an interior mold-cavity surface or added to a 
molding compound to facilitate removal of the molded 
product from the mold. Using silicone can cause problems 
if parts are to be decorated in a secondary operation or 
may interfere with electrical circuits. Also called parting 
agent. See abherent; additive, surface modifying; bu- 
tyl stearate; decorating, removing mold-release res- 
idue; mold-cavity coating; mold-cavity draft; sili- 
cone plastic; wax. 
mold, rotary See clamping platen, rotary. 
mold, RTV See adhesive, room-temperature cure. 
mold runner A mold manifold runner system involves 
all the sprues, runners, and gates through which melt flows 
from the nozzle of an injection-molding machine (the pot 
of a transfer molding machine, etc.) through the mold and 
into the mold cavity. Primary, secondary, and tertiary 
(sometimes more) runners provide melt flow into one or 
more cavities. Their diameters are based on the melt-flow 
requirements of the plastic being processed that are easy 
to determine. See injection-molding-machine char- 
acteristic; mold manifold. 
mold runner, balanced In a multicavity mold, a run- 
ner whose linear distance of the melt flow from the sprue 
to the cavity gates is the same as that of other runners. 
mold runner, cold (for thermoplastic) A inold in 
which the melt within the mold (sprue to gates) solidifies 
by the cooling action of the mold, requiring its removal 
and usually recycling. See thermoplastic. 
mold runner, cold (for thermoset plastic) Mold in 
which the melt within the mold (sprue to gates) is cooled 
in the mold, maintaining its free melt-flowing characteris- 
tic so that the next shot starts from the gate rather than 
the nozzle. The cavity and core plates are heated to solidify 
the plastic, but the runner system is kept insulated from the 
cooler manifold section. This action eliminates thernioset 
scrap that is similar to a hot runner system for thermoplas- 
tics. See thermoset plastic. 
mold runner, hot (for thermoplastic) A mold in 
which the melt within the mold (sprue to gates) is insu- 
lated from the chilled cavity and core. I t  remains hot, pro- 
ducing no scrap, and the next shot starts from the gate 
rather than the nozzle. 
mold runner, hot (for thermoset plastic) A mold in 
which the melt within the mold (sprue to gates) is hot as 
in the cavity and core; all solidify by the heating action. 
The solid sprue to gate can be recycled at least as filler. 
mold runner, insulated A mold that has oversized 
runner passages like a conventional cold runner system, 
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and is used for certain thermoplastics. The passages in the 
heated mold-runner system are of sufficient diameter that, 
under conditions of operation, an insulated surface occurs 
on the plastic melt runner wall, with hot melt flowing in 
the center of the runner. The next shot starts from the 
gate. 
mold, runnerless Identifies a thermoplastic hot runner 
or a thermoset cold runner even though runners are used. 
See mold runner cold (for thermoset plastic); mold 
runner hot (for thermoplastic). 
mold sales See blow molding market; injection- 
molding machine sales. 
mold, semipositive A combination of the positive and 
flash (vertical or horizontal flash) compression molds. It  
operates as a flash mold until within a short distance of the 
final closure, when the force plug telescopes within the 
chase to exert a positive pressure on the charge during the 
final closing of the mold. See mold, compression. 
mold shape See molded part shape, complex. 
mold shear edge 
mold, shell See plastic, foundry. 
mold, shuttle 
mold, Siamese blow See blow molding, extruder- 
mold multiple mold, Siamese. 
mold side action A mold that operates at an angle to 
the normal open-closed action, permitting the removal of 
a part that would not otherwise clear a cavity or core. It 
may have a pin to core a hole that has to be withdrawn 
prior to opening the mold. See mold coring, side. 
mold, silicone See molding, flow. 
mold, single-impression A mold with only one cavity. 
mold, split-ring A mold in which a split-cavity block 
is assembled in a chase to pennit the forming of undercuts 
in a molded part. These parts are ejected from the mold 
and then separated from the part. Also called split mold. 
See mold chase. 
mold sprue A feed opening in a mold that is directing 
melt into the mold from an injection-molding machine 
nozzle. Also called stalk. See injection-molding ma- 
chine locating ring. 
mold sprue bushing A part of the mold that provides 
an interface between the injection-molding machine noz- 
zle and runner system in the mold. 
mold sprue picker A device that removes solidified 
plastic sprue from an open mold. Also called sprue puller. 
mold spew groove The groove in a mold that permits 
the escape of excess or surplus plastics. 
mold, stack Rather than handling a single mold with 
the usual two plates, a third or intermediate movable plate 
makes possible center or offset gating of each of the cavities 
on two levels. Thus it is a two-level mold or two sets of 
cavities stacked one on top of the other for molding more 
parts per cycle. These molds generally usc a hot-runner 
manifold that is located in the center plate (platen). There 
are also four-stack molds in use. Also called three-plate mold. 
See clamping platen, floating. 
mold standard and practice The SPI regularly up- 

The cut-off edge of the mold. 

See clamping platen, shuttle. 

dates its publication on designing plastic molded parts enti- 
tled Standards and Practices (If Plastics Molders. It  is useful to 
designers, purchasing agents, custom molders and proces- 
sors. It includes engineering and technical guidelines that 
are commonly used by molders for injection, compression, 
and transfer molding processes; lists tolerance specifica- 
tions for plastic materials in metric and English units; and 
offers a glossary of terms. It reviews important coniniercial 
and administrative practices for purchasers to consider 
when specifying and purchasing molded parts. These cus- 
toms of the trade include mold type, safety considerations, 
maintenance requirements, contract obligations, charges 
and costs, inspection limitations, storage, disposals, proper 
packing and shipping, and claims for defects. 
mold, steam chest See expandable plastic steam 
molding. 
mold stop A device such as steel blocks that separates 
the compression mold to limit the amount of closure. I t  
governs the thickness of the part. Since the plastic could 
receive less pressure, the part could contain voids. 
mold storage During both short- and long-term stor- 
age from hours to months or longer, steel molds must be 
protected from water and humidity. Unprotected steel can 
almost immediately begin to corrode, resulting in damaged 
molds that will require repolishing, regrinding, or repair 
of at least the surface of the mold, which is costly in both 
labor and machine downtime. It is most cost-effective to 
protect the molds. Excellent rust protectants are on the 
market that operate for different time periods. However, 
most of these anticorrosion treatments muyt be completely 
removed before using the molds. Some may require spe- 
cial cleaners, including toxic solvents. Some operations 
dry-off the mold and enclose it in an air evacuated con- 
tainer for storage. See cleaning; desiccator; storage. 
mold stripper-plate A plate that strips a molded part 
from a cavity with or without air support. 
mold surface 
mold sweating Sweating and moisture condensation 
on a chilled mold surface, particularly during the summer 
months. This can lead to corrosion, rust, poor finishes, and 
inferior-quality parts. In addition, rust on guide pins can 
cause damage to the mold. Keeping the air in the plant or 
around the mold dry improves part quality and increases 
production rate. See desiccant. 
mold temperature See pyrometer; temperature 
measurement. 
mold tray A tray under the mold onto which moldings 
fall during automatic cycling. 
mold undercut A reverse or negative draft, such as a 
protuberance or indentation in molding of a rigid plastic, 
that necessitates inserts or a split mold for removal of the 
part. If a flexible mold can be used, it will provide for the 
rigid part ejection. A flexible plastic mold with a slight 
undercut usually can be ejected intact. See mold back 
draft. 
mold unit A mold that is designed for quick-changng 
interchangeable cavities. See mold cavity. 

See polish; surface finish. 
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mold, unscrewing device See molded screw 
thread. 
mold venting See mold-cavity venting. 
mold venting, water-transfer This technique is based 
on negative pressure-coolant technology. Mold coolant is 
pulled by a negative pressure instead of by the more con- 
ventional pushing by positive water pressure. This system 
permits venting into the coolant water via the knockout 
pins or difficult locations in a cavity (such as long, thin 
cores) that entrap air during molding. They require that 
the pin or cavity (through a porous metal media) run 
through the water line. The coolant does not leak into 
the cavity because it is under atmospheric pressure. In an 
emergency it could elinllnate water leak in a cracked mold 
that extends into the water line. 
mold water channel A channel through which water 
circulates to cool the melt in the cavity and extract heat. 
See mold cooling; water, magnetic. 
mold well In processes such as transfer or compression 
molding, the space that is provided to take care of the 
difference in volume between loose pre-molding material 
and the same weight of material after molding. See bulk 
factor; molding. 
mold yoke In a large single-cavity mold, the entire cav- 
ity and core plates usually form the mold cavity. In a 
smaller and multicavity mold, core and cavity blocks (in- 
serts) are mounted on or in the various plates of the mold 
base. When various components are niounted in the 
plates, the plates are called a yoke. 
mole An amount of substance of a system that contains 
as many elenientary units as there are atoms of carbon in 
0.012 kg of the pure nuclide carbon-12. The elementary 
unit must be specified and may be an atom, molecule, ion, 
electron, photon, or even a specified group of units. Syn- 
bolized it is a mol. See carbon; Raoult’s law. 
molecular activation See activation; energy. 
molecular adhesion A particular manifestation of in- 
termolecular forces that causes solids or liquids to adhere 
to each other. It  usually is used with reference to adhesion 
of two different materials, in contrast to cohesion. 
molecular-arrangement structure The size and 
flexibility of polymer niolecules explains how an individ- 
ual molecule would behave if it were completely isolated 
from its neighbors. Such a condition is obtainable only in 
theoretical studies on dilute solutions. In actual practice, 
molecules always occur in a mass, and the behavior of each 
individual molecule is greatly affected by its relationship 
to adjacent molecules in a mass. When they are arranged 
in completely random, intertwined coils, the plastic is in 
an amorphous state. When neatly arranged and packed, a 
crystalline state exists. When molecules are stretched, they 
are in the stretched state. These states relate to their melt- 
flow characteristics and temperature behaviors during pro- 
cessing and product in service. See amorphous plastic; 
chemical and physical characteristics; crystalline 
plastic; fastener, nonmechanical; molecular micro- 
structure; molecular structure; orientation; rheol- 

ogy; Staudinger, Hermann; stereoregular, plastic; 
testing and classification; x-ray microscopy. 
molecular asymmetry A molecular arrangement in 
which a particular carbon atom is joined to four different 
groups. 
molecular atactic stereoisomerism A chain of mole- 
cules in which the position of the side chains or side atoms 
is more or less random. 
molecular atecticity The degree of molecular random 
location that the side chains exhibit of the backbone chain 
of the plastic. 
molecular attraction A force that pulls molecules to- 
ward each other. See polarity. 
molecular beam See electrospray mass spectrom- 
etry. 
molecular bonding Within the different niolecular 
entanglements, there exists intermolecular bonding that 
relates to the mechanical and thermal properties of many 
plastics. These forces, in the order of the weakest to the 
strongest, include London dispersion force or van der 
Waals attraction, polarity, hydrogen bonding, orientation 
and crystallinity, ionic bonding, and permanent primary 
covalent cross-linking. See chemical composition and 
properties of plastic; chemical conjugate; molecular 
double bond; molecular force; valence; van der 
Waals force. 
molecular bonding force See temperature and 
molecular bonding force. 
molecular branched chain A side chain that is 
attached to the main original chain. 
molecular branched short-chain The dominant 
form of molecular branching in addition polymers that is 
usually formed by a “backbiting” transfer reaction and pri- 
marily results in different side chains. Such branching re- 
sults m reduced levels of crystallinity. 
molecular chain length A length of stretched linear 
macromolecule that is most often expressed by the nuniber 
of identical links. 
molecular chain scission The breaking of a molecular 
bond that causes the loss of a side group or shortening of 
the overall chain. 
molecular chemical reaction See polymerization. 
molecular cleavage 
molecular colligative property A property that is 
based on the nuniber of niolecules present. Certain solu- 
tion properties are extensively used in molecular-weight 
characterization. 
molecular conductivity The conductivity of a vol- 
ume of electrolyte containing 1 mole of dissolved sub- 
stance. 
molecular conformation The niorphological disposi- 
tion of a molecule in its environment. Different shapes 
of polymer niolecules result from rotation around single 
covalent bonds in the polymer chain-for example, the 
coiling of a macromolecular chain in a poor solvent and 
the uncoiling in a good solvent. 
molecular decomposition The breaking down of a 

Breakage of covalent bonds. 
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niolecule into simpler molecules or atoms. See decom- 
position. 
molecular diffusion A process of spontaneous inter- 
mixing of different substances that is attributable to niolec- 
ular motion and tends to produce uniformity of concen- 
trations. 
molecular dimer A substance that is formed from two 
molecules of a monomer. 
molecular dispersion force An attractive intermolec- 
ular force that arises as a result of temporary dipoles in- 
duced in the molecules. Also called London d ipmion  force. 
See molecular force. 
molecular dispersion, macro- A liquid mixture in 
which molecular aggregates form the solid or liquid parti- 
cles of a phase dispersed into a liquid continuous phase 
where they are generally visible. 
molecular distillation A process by which substances 
are distilled in high vacuum at the lowest possible temper- 
ature and with least damage to their coniposition. 
molecular double bond A type of structure in the 
molecules of organic compounds in which a pair of va- 
lence bonds joins a pair of carbon or other atoms. See 
molecular bonding; pi; valence. 
molecular fingerprint See x-ray spectroscopy. 
molecular flexibility See molecular properties’ af- 
fect on product properties; molecular bonding. 
molecular force The London dispersion forces are 
weak intermolecular forces that are based on transient 
dipole-dipole interactions. 
molecular fractionation The different molecular 
weights of plastics. 
molecular gas A gas that is coniposed of a single spe- 
cies, such as oxygen, chlorine, or hydrogen. 
molecular graphic See computer-aided molecular 
graphic. 
molecular heat capacity See molar heat capacity. 
molecular homologous series A series of organic 
compounds, each member of which differs from its neigh- 
bor by the addition of a -CH2- group in the molecule. 
Such a series shows a regular and gradual change of proper- 
ties as the molecular weight increases. 
molecularity In a chemical reaction, the number of 
molecules that come together and forni the activated coni- 
plex. See chemical reaction. 
molecular-level electron microscope A technique 
for the observation of individual polymer molecules by 
electron microscopy. A very dilute polymer solution is 
sprayed onto a substrate, the solvent is evaporated, and the 
specimen is shadowed. Individual molecules niay then be 
observed, their dimensions can be measured utilizing the 
shadow length, and the molecular weight can be deter- 
mined. 
molecular long-chain branching A forni of niolecu- 
lar branching that is found in addition polymers as a result 
of an internal transfer reaction. It primarily influences the 
melt-flow properties. 
molecular, macro- A substance that consists of niacro- 

molecules or of macroions, together with small ions suffi- 
cient to balance the charges on the large ones. See mole- 
cule, macro. 
molecular mass The sum of the atoniic mass of all 
atoms in a molecule. In plastics, the molecular masses of 
individual molecules vary widely and are expressed as av- 
erages. The average molecular inass of polymers niay be 
expressed as a number-averaging molecular mass or mass- 
average molecular map. Molecular mass measurement 
methods include osniotic pressure, light scattering, and 
sedimentation equilibrium. See molecular weight de- 
termination; radius of gyration. 
molecular mesh See aerogel. 
molecular microstructure The possible atomic ar- 
rangements within the molecular chains are determined 
by the polymer production procedures and cannot be 
modified by further processing. Excessive heat or pressure 
during product fabrication may produce some degradation 
and scission of molecules; this is normally negligible. See 
molecular arrangement structure. 
molecular mobility See orientation and mobility. 
molecular motion See heat. 
molecular nucleation The process of including a new 
high-polymer molecule in a crystalline phase by the start 
of a new crystal. 
molecular orientation See coefficient of optical 
stress; orientation. 
molecular properties’ effect on product proper- 
ties Three molecular properties of density, average nio- 
lecular weight, and molecular-weight distribution affect 
most of the mechanical and thermal properties that are 
essential for processing plastics and obtaining required per- 
formance of fabricated parts that range from flexible to 
rigid. In general, increasing M W  will increase properties 
such as tensile and compressive strengths. See chemical 
composition and properties; molecular weight. 
molecular, reaction, uni- An elementary step that in- 
volves one reactant molecule. 
molecular reactivity See polymer reactivity. 
molecular sieve A microporous structure that is com- 
posed of either crystalline aluminosilicates (which are 
chemically similar to clays or feldspars and belong to a class 
of materials known as zeolites) or crystalline aluminophos- 
phates that are derived from mixtures containing an or- 
ganic aniine or quaternary ammonia. Pore size ranges from 
5 to 10 A. Its outstanding characteristic is its ability to u ~ i -  
dergo dehydration with little or no change in crystalline 
structure. Its many uses include catalyst, blowing agent, 
and drying of liquids and gases. See zeolite. 
molecular size Size can be expressed as molecular 
weight or degree of polymerization (DP), hydrodynamic 
volume, radius of gyration, or some other measure of mo- 
lecular dimension. Unlike simple compounds where the 
molecular weight in the sample is uniform, plastic samples 
are coniposed of polymer chains of varying length. Thus, 
a distribution of molecular weights is present. With co- 
polymers, chemical composition and length of polymer 
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chain often vary. Therefore, in expressing polynier mo- 
lecular weights various average expressions are used. See 
viscosity, K-value. 
molecular solution See chemical introfier; molec- 
ular mass; polarity. 
molecular spectroscopy The production, nieasure- 
ment, and interpretation of molecular spectra. See spec- 
troscopy. 
molecular structure The arrangement or type of mo- 
nomeric units in a polymer chain. Many chemical and 
spectroscopic techniques are available for characterizing 
primary molecular structure. Other structural information 
is usually sought as part of the primary molecular descrip- 
tion regarding the sequence of monomer units and the 
type and amount of configurational or geometric iso- 
nierism present. That information is obtained using tech- 
niques similar to those used for determination of low- 
molecular-weight organic conipounds. However, a criti- 
cal problem in polynier characterization is that many of 
these techniques require the analysis be performed in solu- 
tion. This requirement is sometimes difficult to meet, par- 
ticularly for very-high-molecular weight or cross-linked 
polymers, and a number of supplemental approaches are 
necessary. See atactic plastic; atomic structure; Avo- 
gadro’s law; crystal structure; designing with plastic 
tailor-made models; fiber material, plastic; molecu- 
lar structure; neutron scattering; optical isomerism; 
optically active plastic; polarity; radiation-resistant 
plastic; rheology; spectrometry, mass; stereospecific 
plastic. 
molecular structure and gene See design, biotech- 
nology. 
molecular-structure configuration In a linear poly- 
mer, which generally has a niolecular weight greater than 
10,000 and contains 1,000 or more atoms, the carbon 
atonis are bound to one another by covalent bonds. How- 
ever, the carbon atoms that are linked with a regular fixed 
distance from one another do not result in a rigid material. 
Rotation around the axis of the carbon-carbon bond 
within the hydrocarbon chain allow? the atonis to take up 
all sorts of positions. This action results in the mobility of 
the entire polymer molecule, which can assume a variety 
of configurations. The most probable configuration is the 
loose tangle. Polymer niolecules twist and turn on account 
of their thermal mobility in a way that does not occur with 
many other shorter molecules. See chemical composi- 
tion and plastic properties; covalent bonding; de- 
signing with plastic-chemical models; rheological 
mechanical spectrometer. 
molecular structure, isotactic A plastic’s molecular 
structure that contains a sequence of regularly spaced 
asymmetric atonis arranged in like configuration in the 
plastic chain. See chemistry, stereo-; isotactic plastic. 
molecular structure, nonpolar In molecular struc- 
ture, a molecule in which positive and negative electrical 
charges coincide. Most hydrocarbons, such as polyolefins 
and polystyrenes, are nonpolar. See polarity. 

molecular structure, stereoisomer An isonier in 
which atoms are linked in the same order but differ in 
their arrangement. See atom, isomer. 
molecular structure, stereoisomer, trans- A stereo- 
isonier in which atoms or groups of atonis are arranged 
011 opposite sides of a chain of atonis. 
molecular structure, tailor-made See designing 
with plastic tailor-made models. 
molecular symmetry The geometrical design of a 
molecule, atom, or ion that cannot be divided into like 
portions by one or more hypothetical planes. 
molecular, ter- An elementary step that involves three 
reactant molecules. See chemical reactant. 
molecular volume The volume occupied by 1 mole, 
which is numerically equal to the molecular weight di- 
vided by the density. 
molecular weight (MW) The sum of the atomic 
weights of all the atoms in a molecule. It represents a mea- 
sure of the chain length for the molecules that make up the 
polymer. Also calledfovvnula weight. See atomic weight; 
centrifuge, ultra-; designing with plastic tailor- 
made models; light scattering; molecular properties 
effect on product properties; molecular-level elec- 
tron microscope; polymer reactivity; rheology; 
thermal stability; viscosity, dilute-solution. 
molecular weight and aging Reactivity with oxygen, 
ozone, moisture, and ultraviolet light sensitization via out- 
door weathering or high temperature all become inipor- 
tant with aging, particularly with the neat plastics. Differ- 
ent additives are used with different plastics to provide 
slower aging. Certain plastics will improve with aging 
based on actual service tests and extensive creep tests, but 
others have limited endurance. Low-MW materials tend 
to degrade, and higher MWs become stronger through 
cross-linking. See aging; plastic, neat. 
molecular weight and melt flow Adequate molecular 
weight is a fundamental requirement to meeting desired 
properties of plastics. With M W  differences of incoming 
material, the molded-part performance can be altered; the 
more the difference, the more dramatic change occurs in 
the part. Melt flow rate (MFR) tests are used to detect 
degradation in molded parts where comparisons, for ex- 
ample, are made of the MFR of pellets to the MFR of 
parts. MFR has a reciprocal relationship to melt viscosity. 
This relationship of M W  to MFR is an inverse one; as the 
MFR increases, the M W  drops. M W  and melt viscosity 
are also related; as one increases, the other increases. See 
melt flow. 
molecular weight and structure See molecular- 
structure configuration. 
molecular weight and thermal mechanical proper- 
ties See chemical composition and properties of 
plastic. 
molecular weight, average The sum of the atomic 
masses of the elements that forin the molecule, indicating 
the relative size of the typical chain length of the polymer 
molecule. Many techniques are available for its deterniina- 



tion. The choice ofmethod is often coniplicated by limita- 
tions of the techniques as well as by the nature of the poly- 
mer because most techniques require a sample in solution. 
See molecular weight distribution. 
molecular weight centrifugation equilibrium A 
method for determining the distribution of molecular 
weights by spinning a solution of the specimen at a speed 
such that the molecules are not removed from the solvent 
but are held at a point where the centrifugal force tending 
to remove thein is balanced by the dispersive forces caused 
by the thermal agitation. See centrifuge, ultra-. 
molecular-weight characterization See colligative 
property. 
molecular-weight determination Most plastics are 
composed of mixtures of molecules of various sizes. This 
distribution ofmolecular weights is caused by the statistical 
nature of the polymerization process. A complete descrip- 
tion of the molecular-weight distribution of a plastic is 
necessary to understand its physical, rheological, and me- 
chanical properties. See molecular mass; molecular- 
weight distribution; rheology. 
molecular-weight distribution (MWD) The amount 
of coniponent polymers that makes up a polymer. Conipo- 
nent polymers is a convenient term that recognizes the fact 
that all polymeric materials comprise a nlixture of different 
polymers of differing molecular weights. The ratio of the 
weight average molecular weight to the number average 
molecular weight gives an indication of the MWD. Average 
molecular-weight information is useful; however, charac- 
terization of the breadth of the distribution is ~ i ~ ~ a l l y  more 
valuable. For example, two plastics niay have exactly the 
same or similar average MWs but very different MWDs. 
There are several ways to measure MWD, such as frac- 
tionation of a polymer with broad MWD into narrower 
MWD fractions and MWD of the narrow fractions. Size- 
exclusion chromatography is used for the study of MWD. 
See centrifuge, ultra-; chromatography, gel per- 
meation; equilibrium centrifugation; chromatogra- 
phy, gel permeation; melt elasticity; melt fracture; 
melt-pressure sensitivity; temperature sensitivity; 
testing and classification. 
molecular weight distribution resinography A 
method for determining the MWD that involves spinning 
a solution of the specimen at a speed such that the mole- 
cules are not removed from the solvent. See equilibrium 
centrifugation; resinography. 
molecular weight, equivalent The molecular weight 
of a chemical divided by the number of functional groups. 
molecular weight measurement See spectrometer, 
mass. 
molecular weight processing, high See detonation. 
molecular weight reduction See ultrasonic degra- 
dation. 
molecular weight, toughness, and tempera- 
ture With certain plastics, such as polycarbonate, the 
ductile-to-brittle transition temperature is an important 
transition. It is the temperature where the plastic suddenly 

changes to failure mode in an impact test. Koom-tempera- 
ture effects of M W  in plastics with different nielt-flow 
rates are relatively small; however, the effect on DBTT is 
dramatic and causes a shift of 45'F (7°C) in the glass-transi- 
tion temperature as the viscosity changes from high- to 
low-viscosity plastic. See glass transition temperature; 
toughness; viscosity. 
molecular weight vapor-pressure osometer An in- 
strunient that determines molecular weights by the de- 
crease of vapor pressure of a solvent on addition of a solu- 
ble sample. 
molecular weight versus property The MW of plas- 
tics influences their properties. For example, with increas- 
ing MW, physical properties increase for abrasion 
resistance, brittleness, chemical resistance, elongation, 
hardness, melt viscosity, tensile strength, toughness, and 
yield strength. Decreases occur for adhesion, melt index, 
solubility, and solution viscosity. 
molecule The sniallest particle of a substance that is ca- 
pable of independent existence while still retaining its 
chemical properties. It is a group of atoms held together 
by chemical forces; the atoms in the molecule niay be 
identical (H2, S2, etc.) or different (H,O, COz, etc.). A 
molecule is the smallest unit of matter that can exist 
by itself. See atom; Avogadro's law; chemical poly- 
mer; complex ion; iso-; polymer chemistry termi- 
nology; solid; solution, colloidal; Staudinger, Her- 
mann. 
molecule, activated complex The species that is teni- 
porarily formed by reactant molecules in the process of 
product forniation. 
molecule alignment Plastics can form by aligning 
themselves into different connections or shapes providing 
plastics with different characteristics. See molecular- 
arrangement structure; polymer, ladder. 
molecule, aliphatic Organic compounds such as pe- 
troleum and propane whose niolecules do not have their 
carbon atoms arranged in a ring structure. 
molecule, atactic stereoisomerism A chain of mole- 
cules in which the position of the side chains or side atoms 
are more or less random as contrasted to isotactic. See 
molecule, isotactic stereoisomerism. 
molecule, atecticity The degree of random location 
that the chemical niolecular qide chains exhibit off the 
back-bone chain. See molecular-arrangement struc- 
ture. 
molecule, bifunctional A molecule with two reaction 
sites for joining with adjacent niolecules. 
molecule, branched In the molecular structure of 
plastics, the side chains attached to the main chain. I t  con- 
trasts with linear molecules. Also called side rhuins. 
molecule cell See cell unit. 
molecule, chain-folded The conformation of a flexi- 
ble polymer molecule when present in a crystal. The niol- 
ecule exists and reenters the same crystal, frequently gener- 
ating folds. See melt flow. 
molecule chain length Of  a chain molecule, the total 
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length measured from atom to atom along the chain. The 
term should not be used to indicate the direct distance 
between the ends of the molecule. 
molecule chain-length distribution The length of 
the stretched linear macromolecule. The nuniber of iden- 
tical links-that is, the degree of polymerization-usually 
expresses it. 
molecule-chain scission The breaking of a molecule 
chain as a result of a cheniical or photochemical reaction, 
such as degradation or photolysis. 
molecule-chain transfer agent A molecule from 
which an atom, such as hydrogen, may be readily ab- 
stracted by a free radical. 
molecule, chromophore A molecule or portion of 
molecule that can absorb light. 
molecule, diamagnetic susceptible A relative mea- 
sure of the degree to which a molecule or atom is repelled 
by a magnetic field. 
molecule, dimer A substance that is comprised of mol- 
ecules formed from two molecules of a monomer. 
molecule, dipole-dipole force Forces between mole- 
cules that have permanent dipole moments. 
molecule, dipole, induced A dipole that is induced 
when an ion or polar molecule approaches a nonpolar 
molecule. 
molecule, dipole moment The product of an elec- 
tronic charge and a charge separation distance. 
molecule, disproportion The termination by chain 
transfer between macroradicals to produce a saturated 
and unsaturated plastic molecule; a reaction in which 
a species undergoes oxidation and reduction simulta- 
neously. 
molecule enantiomer An optical active molecule and 
its mirror image. 
molecule, folded-chain The conformation of a flexi- 
ble polymer molecule when present in a crystal. The mol- 
ecule exists and reenters the same crystal frequently gener- 
ating folds. 
molecule, impure See crystallization, secondary. 
molecule, isotactic stereoisomerism A type of poly- 
meric molecular structure that contains a sequence of reg- 
ularly cpaced asymmetric groups arranged in like confip- 
ration in a polymer chain. Isotactic and syndiotactic 
polymers are crystallizable. See molecule, atactic stereo- 
isomerism. 
molecule, large See chemical composition and 
properties of plastic. 
molecule, linear A long chain molecule as distinct 
from one having many side chains or branches. 
molecule, macro- A very large molecule that contains 
hundreds to thousands of atoms. It  is a molecule that has 
at  least 1,000 atoms. Natural substances such as cellulose, 
proteins, and rubber are classificd as macromolecules, as 
are all synthetic polymers (plastics). See designing with 
plastic tailor-made models; molecule, macro-; plas- 
tic material type; Staudinger, Hermann. 
molecule mean free path The average distance that a 

molecule travels between successive collisions with other 
molecules. See mean. 
molecule, optical active See molecule enantiomer. 
molecule photolysis The splitting of a molecule 
through the action of light. There is decomposition into 
simpler units as a result of absorbing one or inore quanta 
of radiation. 
molecule, polar A niolecule in which positive and 
negative electrical charges are permanently separated, as 
opposed to nonpolar molecules in which the charges coin- 
cide. Polar niolecules ionize in solution and impart electri- 
cal conductivity. The formation of emulsions and the ac- 
tion of detergents are dependent on this behavior. See 
dielectric property; electrical conductivity; emul- 
sion; plastic solvation. 
molecule, polar attraction In molecular structure, a 
molecule in which positive and negative electrical charges 
are permanently separated. Polar molecules ionize in solu- 
tion and impart electrical conductivity to the solution. 
Water, alcohol, and sulfuric acid are polar molecules; car- 
boxyl and hydroxyl are polar functional groups. See di- 
electric property; emulsion; molecular structure, 
nonpolar; polarity. 
molecule, reactive See aerogel. 
molecule, root-mean-square end-to-end distance 
A nieasure of the average size of a coiled polymer mole- 
cule, usually determined by light scattering. See light 
scattering. 
molecule separation See polyacrylamide plastic. 
molecule, stereospecific A specific or definite order 
of arrangement of molecules in space. This ordered regu- 
larity of the molecules in contrast to the branched or ran- 
dom arrangement found in other plastics permits close 
packing of the molecules and leads to high crystallinity. 
molecule, syndiotactic stereoisomerism A plastic 
molecule in which pendant groups and a tom attached to 
the main chain are arranged in a symmetrical and recurring 
fashion relative to it in a single plane. 
molecule, telomer A molecule that has terminal 
groups that are incapable of reacting with additional 
monomers, under the conditions of the synthesis, to form 
larger molecules of the same chemical type. Also called 

molecule, tetramer A molecule that is formed by unit- 
ing four different simple molecules. 
molecule, unimeric A single molecule that is not mo- 
nomeric, oligomeric, or polymeric, such as saturated hy- 
drocarbons. 
molecule volume See Avogadro's law. 
moment of inertia The sun1 of the products formed 
by niultiplying the mass (or sometimes the area) of each 
element of a figure by the square of its distance from a 
specified line. Also called rotufioriul inertiu. See design, E1 
theory; design, sandwich-construction; inertia; 
modulus and stiffness; torque-shear stress. 
monitoring The continuing sampling, measuring, re- 
cording, or signaling of a material or product. 

Ul@11"'Y molccr4le. 
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monitoring, process 
formation. 
monochromatic See radiation, monochromatic. 
monocoque structure See design monocoque 
structure. 
monofilament See filament, mono-. 
monolayer 1. A single layer of atonis or molecules that 
is adsorbed on or applied to a surface. 2. The basic lanii- 
nate or layered reinforced plastic unit from which cross- 
plied or other types are constructed. See laminate; rein- 
forced plastic. 
monomer A low-~iiolecular-weight reactive chemical 
that consists of niolecules that are capable of reacting with 
like or unlike niolecules to form a polymer or plastic. Mer 
is the smallest repeating structure of a polymer. For addi- 
tional polymers, this represents the original unpolyrnerized 
compound. It is the small molecule that forms the units 
in the polymer chain. See acetylene; acrylic acid; 
chemical composition and properties of plastic; 
ethyl alcohol, oligomer. 
monomer building block See Staudinger, Her- 
mann. 
monomeric Pertaining to a monomer. 
monomer, isotactic Having the asyninietric carbon 
atoms of successive monomer units in the same steric con- 
figuration. See polymer, isomeric. 
monomer, reactive A low-molecular-weight inono- 
mer that has a solventlike consistency. 
monomolecular weight An absorbed film that is 1 
molecule thick. 
morphology The study of the physical forni or struc- 
ture of a material; the overall physical structure of a bulk 
polymer. Common units are lamellae, spherulites, and do- 
mains. See amorphous plastic; crystalline plastic; 
light microscopy; semicrystalline plastic. 
morphology, micro- The shape of structural units 
whose dimensions are such that they can be observed by 
electron microscopy but not by optical microscopy. 
motion control adjustment See cut, kerf, and reg- 
istration. 
motion control, mechanical and electronic See 
design, motion-control, mechanical and electronic 
effects. 
motion-control system (MCS) A method of con- 
verting electrical energy to mechanical energy in a series 
of controlled-motion activities, such as those in fabricating 
equipment. There are constant-speed, variable-speed, and 
positioning motion-control systems. Although there are 
many good tuning methods and self-tuning algorithms 
available to properly tune a motor, most of them are keyed 
to specific brands of motion controllers or specific types 
of operations. A very popular style of gain algorithm in 
use is the proportional-integral-derivative. 

MCSs are typically used to coordinate motion between 
two or niore axes, to coordinate or regulate speeds be- 
tween axes or other machine members, to stimulate nie- 
chanical motions, or to make rapid moves with high accel- 

See computer monitoring in- eration or deceleration rates. This precise control of 
position, speed, acceleration, and deceleration is typically 
achieved with a motor, drive, feedback device, motion 
controller, and control system or prograinniable logic con- 
troller. The niotor provides the actual motion. The feed- 
back device provides position information from the mo- 
tion device to the controller that can close the loop 
between the motion required and the actual motion made 
by the motor. The drive turns the command signal from 
the controller into usable current to drive the motor. The 
motion controller is responsible for closing the loop to the 
servo and accepting positioning requests from the control 
system or PLC. 

MCSs are able to provide positioning of a load, speed 
regulation, and acceleration-rate control of servomotors, 
stepper motors, or hydraulic actuators. Along with these 
control variables, motion-control systems must provide 
axis data back to the controller through networking, syn- 
chronization of multiple moving machine members (axes), 
and processing of discrete or analog inputs or outputs. See 
accuracy; analog; automation; control, closed-loop; 
control drive, optimized; controlled motion; design 
energy and motion control; design, motion-con- 
trol, mechanical and electronic effects; drive-system 
control; electric motor, adjustable-speed-drive; Eu- 
ler equation; machining; piezoelectric effect; poten- 
tiometer; repeatability; servo control; temperature 
proportional-integral-derivative; tooling. 
motion-control system type The four priniary types 
of niotion-control systems are bus-based systems, stand- 
alone motion controllers, hybrid controllers, and pro- 
grammable logic controllers. O n  the horizon are more de- 
velopments with changes in this important area for the 
fabricator. The following information provides a guide 
into the basic systems. 

(1) Bus-based systenis use generic off-the-shelf hard- 
ware components and operating systems. They combine 
with proprietary custoni-developed niotion control appli- 
cations. Typical use includes simple, repeatable motion 
control. In general, these systems offer lower hardware 

(2) Stand-alone niotion controllers have the controller, 
i n p d o u t p u t  data, operator interface, and conimunica- 
tions built into a single package. This integral system 
allows niiiiimuni time and cost for typical machine appli- 
cations. While the initial hardware cost may be more ex- 
pensive than bus-based systems, the total application cost 
niay be lower due to decreased software, development, 
and iriaintenarice investment. However, they do not offer 
the same flexibility for coniniunications and operators in- 
terfaces as a bus-based systeni and are sonietinies difficult 
to integrate into large-scale processes. Stand-alone systems 
are often used for highly precise niotion control with a 
specific integrated operator interface, where there is no 
need for connection to other plant-floor equipment. 

(3) Hybrid niotion controllers have a motion controller 
and servo drives controller packaged together and are de- 

costs. 
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signed for niultiple controller/drive axes. They offer the 
same advantages as stand-alone systenis with a reduced cost 
for niultiple axes. They can also present decreased flexibil- 
ity with 1 / 0  and operator interface as well as handle diffi- 
cult integration for large-scale processes. 

(4) Programmable logic controllers are acceptable for a 
wide range of motion applications. They are used as a 
module in the PLC rack. Coarse motion planning along 
with I/O, operator interface, and communications are in- 
tegrated into the PLC and comniunicated into a motion 
module plugged into the PLC. The motion controller 
then only needs to close the servo loop. The dedicated 
motion modules use a separate microprocessor for im- 
proved response time. Multiaxis control can be synchro- 
nized off a common system clock in the PLC backplane. 
Because there is a fairly large installed base of PLCs, mo- 
tion-control integration into large-scale processec can be 
a low-cost, high-performance option for many fabricators. 
See control, closed-loop; servo control. 
motionless mixer See static mixer. 
motor drive 
trol-drive reliability. 

See electric-motor drive; servo-con- 

mottling 
muffle furnace 
marily used to burn off cured plastics. 
Mullen effect See stress softening. 
multicolor See colorant; injection molding, two- 
shot. 
multilayer film A thermoplastic film that consists of 
two or more different or similar filnis joined together to 
attain special properties. See coextrusion; film; lami- 
nate. 
multilive feed process See injection-molding melt- 
flow oscillation. 
multiple molding 
multiscrew See extruder, multiple-screw; ex- 
truder, twin-screw; extruder, single-screw. 
multishot molding See injection molding, two- 
color. 
Mylar A thermoplastic film that is produced from the 
polyester of ethylene glycol and terephthalic acid. The fi- 
ber made by this method is called Ilacron. Mylar and Da- 
cron are DuPont trade mines. 

See color, mottle; screw marbleizing. 
A high-temperature furnace that is pri- 

See clamping platen, rotary. 
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nail As plastics continue to show up in applications orig- 
inally intended for wood, such as furniture, shoe heels, 
and building sidings, conventional nails are increasingly 
used as an assenibly device. Polystyrene structural foams 
used in furniture, for example, liave been specially formu- 
lated to accept and hold nails. For ABS plastics used in 
heels, conventional woodworking equipment (nailing ina- 
chines) has been successfully used to attach the heels to 
the shoes. The stresses involved and the nail-holding abil- 
ity of the plastic must be taken into consideration. See 
acrylonitrile-butadiene-styrene plastic; load sup- 
port; stress. 
nanometer (nm) A unit of length that is equal to one 
billionth (lO-") of a meter. It  is often used to denote the 
wavelength of radiation, especially in the ultraviolet and 
visible-spectral region. 
nanoparticle See composite, nano-. 
nanosecond One-billionth (lo-') second. Computer 
data, even log segments, are coiiinionly transmitted in 
nanoseconds. 
nanotechnology The practice and description of mi- 
croscopic devices. Plastics and its special processing tech- 
niques are important in fabricating and advancing certain 
type devices. See electronic microminiaturization. 
nap See fabric nap. 
naphtha A volatile, flammable liquid that is used as a 
solvent. 
naphthotriazolylstilbene See optical brightener 
agent. 
National Certification in Plastics See processor 
certification. 
National Fire Protection Association See fire re- 
tardance. 
National Institute of Standards and Technology 
(NIST) An agency of the U.S. Departiiient of Coni- 
nierce's Techiiology Administration. NIST's primary mis- 
sion is to promote U.S. econoniic growth by working 
with industry to develop and apply technology, measure- 
ments, arid standards. Located in C;aithersburg, MD, it was 
previously called the National Bureau of Standards. See 
measurement. 
National Plastics Center and Museum (NPCM) A 
U.S. plastics center and museum that includes the Plastics 
Hall of Fame. It is located in the plastics pioneer city of 
Leominster, MA, which is where the plastics industrial 
revolution began. 
Natta catalyst See catalyst, Ziegler-Natta. 
natural A substance or mixture that occurs in nature, 
such as polysaccharide. It is the opposite of a synthetic 
material, such as practically all plastics. See organic; or- 
ganic, in-polysaccharide plastic; synthetic. 

natural plastic A mixture of large inolecules of variable 
sizes that results from a natural polymerization (rubber) or 
polycondensation (gum, lacquer). See polyhydroxybu- 
tyrate plastic. 
neck-in The localized reduction in cross-section that 
usually occurs in a material under tensile or compression 
stress. During fabrication of products, necking occurs, 
such as when the width of extrudate filin leaving the die 
is necked-in as it moves downstream. Also called neck-douw 
or necking. See design sealant joint shape; extruder 
neck-in and beading; extruder pipe and tubing; ten- 
sile analysis; tensile stress necking. 
needle blow pin See blow molding, extruder 
blow-action. 
neodymium boron iron See plastic, magnetic. 
neoprene elastomer A generic name for synthetic rub- 
bers that are made froin polymers of chloroprene and are 
noted for their good resistance to oil, solvents, heat, sun- 
light, ozone, and weathering. Most types may be vulcan- 
ized to tough products without the use of sulfur. Also 
called polyclzloropvene or chloroprene rubber. 

Chloroprene rubber (CR) is perhaps the niost natural 
rubberlike of all synthetic plastics or elastomers, particu- 
larly with regard to its dynamic response. CRs are a family 
of elastomers with a property profile that approaches that 
of natural rubber (NR)  but that has better resistance to 
oils, ozone, oxidation, flame, aging, and heat. CKs are 
about 25%) heavier than N K  and do not have the low 
temperature flexibility of NRs. See dynamic; elonga- 
tion; polychloroprene rubber/elastomer; rubber. 

Neoprene rubber processing considerations usually start 
with the choice of the grade of neoprene, and frequently 
two or more grades are used to obtain the proper combi- 
nation of processing and vulcanizate properties. All types 
can be mixed in internal mixers or mill mixed. When the 
mix is completed, the batch is dropped on a sheet-off mill, 
quickly cooled, and prepared for storage. Compounds can 
be extruded using either cold-feed (long-barrcl) or warin- 
feed (short-barrel) equipment, calendered, and vulcanized 
in batch processes like press and steam autoclave or coiitin- 
uous operations like a continuous-vulcanization steam 
tunnel, hot-air oven, microwave, and liquid-curing- 
niediuin equipment. See extruder, liquid-curing- 
medium process; extruder wire and cable process, 
continuous-vulcanization; litharge; mixer. 
nest See fixture. 
nested fabric See reinforced-plastic nesting. 
netting analysis 
ysis. 
network See intelligence, natural. 
neutron 

See filament winding netting anal- 

An uncharged elementary particle that has a 
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mass nearly equal to that of the proton. It is present in all 
known atoms except the hydrogen nucleus. See radia- 
tion activation. 
neutron scattering Small-angle neutron scattering 
(SANS) that gives information related to the average mo- 
lecular structure. It  has been used in numerous applica- 
tions, such as the fields of polymer science, physical chem- 
istry, materials science, and colloidal. See electromag- 
netic radiation; molecular structure. 
newspaper, recycling See paper; recycling com- 
mingled plastic; waste. 
Newton The force that, when applied to a body having 
a mass of 1 kg, gives it an acceleration of 1 meter per 
second squared (kg m/s2). This is the SI unit of force. 
Newtonian flow See viscosity, Newtonian flow. 
Newtonian viscosity An alternate name for cogficient 
.f viscosity. See viscosity, Newton's law. 
nickel (Ni) A inalleable, silvery metal that is readily fab- 
ricated by hot or cold working, takes high polish, and has 
excellent resistance to corrosion. It i5 used in electroplated 
protective coatings and electroformed coatings on plastics. 
From a structural standpoint, some Ni alloys are among 
the toughest known materials. See coating, electrode- 
position; screw coating. 
night-to-day light switching See plastic, light- 
switchable. 
nip The radial distance or V that is formed between rolls 
such as a calender, extruder, or mill on a line of centers. 
In-going safety devices in the nip areas are built into these 
niachines. They protect the hands of operators. An enier- 
gency stop device is placed in an accessible location on 
the upstream side. If a problem develops, the machines 
immediately stop. See calendering, control nip pres- 
sure; calendering safety; extruder roll; safety. 
nip distance The radial clearance between rolls. 
nitrate plastic See cellulose nitrate plastic. 
nitration The introduction of the nitro group (NO?) 
into an organic compound. 
nitriding A process that is commonly used on screws, 
barrels, and valves to create hard wear resistant surfaces to 
a slightly greater and more uniform depth than gas nitrid- 
ing with less distortion or contamination of the work- 
piece. In this process of surface hardening, certain alloy 
steels are heated to about 315°C (600'F) in an atmosphere 
of hydrogen gas, adding an electrical charge to the nitro- 
gen and steel and allowing a bombardment of the posi- 
tively charged steel by hydrogen and nitrogen atoms. See 
barrel composition; screw coating. 
nitrile rubber (NBR) A synthetic rubber that is niade 
by random polymerization of acrylonitrile with butadiene 
by free radical catalysis. The copolymers vary basically in 
butadiene-acrylonitrile ratios, Mooney viscosities, and 
staining properties. They have low temperature resistance 
and are resistant to oils, solvents, greases, heat, and abra- 
sion. They are used in oil-resistant applications, shoe soles, 
gaskets, fuel hose, packing oil seals, hydraulic equipment, 

and adhesives. Also called acrylonitrile elastomer or butadiene 
rubber. See test, Mooney viscosity. 
nitrile rubber, hydrogenated elastomer (H-NBR) 
A synthetic rubber that has considerably better heat 
resistance than NRR,  some reduced swelling resistance, 
and more resistance to chemicals and ozone. It is cross- 
linked by the peroxide process. 
nitrile-silicone elastomer (NSR) A rubber that com- 
bines the characteristic properties of silicones with the oil 
resistance of nitrile rubber and provides improved solvent 
resistance. 
nitrocellulose plastic See lacquer. 
nitrogen (N,) A diatomic gas that is colorless, odorless, 
noncorrosive, nonflammable, nondiscoloring of plastic, 
and tasteless that constitutes about four-fifths of earth's air. 
Its uses industrially are extremely diverse, including the 
production of nitric acid and ammonia, which are impor- 
tant raw materials in the manufacture of plastics. See am- 
monia; autoclave nitrogen atmosphere; devolatiza- 
tion; polishing, cold-gas. Gas or liquid N 2  is used in 
different processes (blow molding, gas-assist injection 
molding, foam molding, etc.) and competes with other 
cooling gases or liquids (oxygen, carbon dioxide, water, 
etc.). It  is available in cylinders or produced using an in- 
plant system when quantity requirements exist, to reduce 
cost to at  least half. The membrane system includes a com- 
pressor and storage cylinder bank. A compressor/control- 
ler provides gas-pressure adjustments such as froin 70 to 
3,000 psi (% to 21 MPa). See blow molding; foam and 
blowing agent; injection molding, gas-assist. 
nitrogen autoclave curing See autoclave nitrogen 
atmosphere. 
nitrogen cured See cross-linking, radiation; ex- 
truder wire and cable cross-linking PE with perox- 
ide; extruder wire and cable process, dry cure. 
nitrogen liquid See deflashing, cryogenic; recycl- 
ing, cryogenic. 
noble gas core The particularly stable electron con- 
figurations of noble gases (ns2 for helium and ns' npo for 
other noble gases). See krypton. 
noise 1. In flaw detection, an undesired response to di- 
mensional and physical variables in the test piece that is 
called part m i s e .  2. Any undesired signal, acoustic or elec- 
trical, that interferes with normal reception, such as pro- 
cessing. Noise interference is often misunderstood or mis- 
diagnosed because it seems mysterious and complex, but 
the problem is easy to solve by following well-known and 
proven procedures. For example, noise problems caused 
by electrical interference are usually traceable to inade- 
quate or insufficient electroinagnetic protection in the 
readout instrument and poor grounding. See sensor, 
noise-effect. 3. The intensity, or loudness, of sound is 
measured on a logarithmic scale in units of dB (decibel). 
The human ear does not respond equally to sounds of dif- 
ferent frequencies. Typical dB noise levels are 140 thresh- 
old pain, 118 jet aircraft at 500 ft (150 ni), 112 unmumed 
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motorcycle, 104 loud lawninower, 100 rock ‘n’ roll band, 
95 subway train at 20 ft (6 m), 82 heavy traffic at 25 to 
50 ft (8 to 15 m), 72 vacuum cleaner, 66 dishwasher, 60 
conversational speech at 3 ft (1 m), 50 business office, and 
42 home. 
nonaxisymmetric blow molding See blow mold- 
ing, extruder, three-dimensional. 
nonchromatic light See photoelasticity. 
nonconductive See plastic conductivity. 
noncrystalline plastic See amorphous plastic. 
nondestructive inspection See test, nondestructive 
acoustic-holography. 
nondestructive testing A test that does not change or 
destroy a part. Destructive tests are often performed to de- 
termine how much abuse the part can tolerate without 
failing, thus ultimately resulting in a nondestructive test. 
See testing; test, nondestructive. 
nondestructive test, proof load Any loading that is 
less than that required for ultimately breaking down the 
material. 
nondurable goods Products with a relatively short use- 
ful life, such as newspapers or disposable packaging. See 
durable goods. 
nonelectrolyte A substance that gves a solution that is 
not electrically conducting when it is dissolved in water 
or some other polar solvent. See electrolyte. 
nonene See propylene tetramer. 
nonflammable material A solid, liquid, or gas that 
does not burn under normal conditions. See combus- 
tible. 
nonhygroscopic See drying operation, nonhygro- 
scopic plastic. 
nonionic See emulsifying agent. 
nonisotropic See directional property, isotropic, 
non-. 
nonlaminar flow 
nonlinear function See linearization. 
nowNewtonian flow See viscosity, non-Newton- 
ian flow. 
nonplastic molding See injection molding, non- 
plastic. 
nonpolar See molecular structure, nonpolar. 
nonresonant forced vibration technique A tech- 
nique for performing dynamic mechanical measurements 
in which the sample is oscillated mechanically at a fixed 
frequency. Storage modulus and damping are calculated 
from the applied strain and the resultant stress and shift in 
phase angle. See damping; dynamic mechanical mea- 
surement; resonant forced vibration; vibration. 
nonreturn valve 
nonshrink concrete See plastic-concrete com- 
posite. 
nontoxic Not poisonous. See toxicity. 
nonwoven See fabric, nonwoven. 
Noryl 
ylene oxide plastics. 

See melt flow, nonlaminar. 

See screw tip, injection. 

GE Plastics’ tradenarne for its family ofpolyphen- 

notch effect The effect of the presence of specimen 
notch or its geometry on the outcome of a test, such as 
an Izod impact strength test. Notching results in local 
stresses and accelerates failure in both static and cycling 
testing (mechanical, ozone, cracking, etc.). See test, im- 
pact. 
notch sensitive Breakable when scratched, cracked, or 
notched. In general, low notch sensitivity is associated 
with ductile materials, and high notch sensitivity with brit- 
tle material. See test, impact notch-factor. 
novolak plastic A thermoplastic phenolaldehyde plas- 
tic that in the presence of a cross-linking agent reacts to 
form a thermoset phenolic plastic. It is characterized by 
the absence of reactive methylol groups in the molecule, 
which makes them incapable of condensing with other 
novolak niolecules on heating without the addition of 
hardeners. See resole plastic. 
nozzle The hollow-cored metal that is screwed into 
the end of a plasticating barrel or mixing device and 
that directs a nielt or mix into a device such as a mold 
cavity. See blow molding, injection; injection mold- 
ing nozzle-dispersion disc mixer; injection molding 
nozzle-plate dispersion plug; injection molding 
nozzle-pressure control; sonic nozzle. 
nuclear disintegration See radioactive. 
nuclear gauge See sensor, nuclear. 
nucleating agent An additive, often crystalline, that is 
usually added to a crystallizing polymer to increase its rate 
of solidification during processing. See transparency, 
improvement. 
nucleating agent, cell-control An agent that pro- 
motes symmetrical, cohesive expansion of cells within 
foamed polyurethane and polystyrene plastics and to a lini- 
ited extent in polyethylene and polypropylene plastics. 
See foamed cell. 
nucleation, heterogeneous In the crystallization of 
polymers, the growth of crystals on vessel surfaces, dust, 
or added nucleating agents. See equilibrium, hetero- 
geneous; mixture, heterogeneous; plastic material, 
heterogeneous. 
nucleation/nucleator 1. With polymers, any foreign 
additive that assists or acts as a starting site for crystallinity 
within the plastic. These initiators can reduce cycle time 
by speeding up the crystalline formations. 2. The addition 
of a gas, such as nitrogen, to the poly01 in many small 
bubbles to assist in forming better cell structures during 
reaction injection molding. 
nucleation, primary The iiiechanisiii by which crys- 
tallization is initiated, often by an added nucleation agent. 
nucleation, row 
nucleation, secondary The mechanism by which 
crystals grow. See crystal growth habit. 
nucleus The central core of an atom. Although the nu- 
cleus occupies only a tiny fraction of an atom, it contains 
all the mass. Protons and neutrons are present in the nu- 
cleus. See proton. 

See fiber processing, spinning. 
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number marker The recommended U.S. decimal 
marker is a dot on the line. When writing numbers less 
than one, a zero should be written before the decimal 
marker. Outside the United States the comma may be used 
for a decimal marker. Recommended international prac- 
tice calls for separating the digts in groups of three, count- 
ing fiom the decimal point toward the left and right and 
using a space to separate the groups; space is recommended 
to be the width of the letter I. In numbers of four digits 
the space is usually not needed except for uniformity in 
tables-for example, 9 876 543. and 95 432. and 9876 
and 98. and 0.12 and 0.1234 and 0.123 45 and 0.123 456 
7 and so on. See decimal number system; meter, SI. 
numerical control (NC) Prerecorded information or 
progranis that provide instructions for the automatic coni- 
puter control of machine tools and other operations 
throughout the plastics (and other) industries. See auxil- 
iary equipment; computer software. 
nylon plastic A group of crystalline thermoplastics that 
is mostly aliphatic polyamides prepared usually either by 
polymerization of dicarboxylic acid with diamine, poly- 
merization of amino acid, or ring-opening polymerization 
of lactam. They have good resistance to solvents/bases/ 
oils, good surface lubricity, impact, abrasion, creep, high 
tensile strength and barrier properties with a low coef- 
ficient of friction. The different nylons, such as nylons 
6/6,  6/10, and 6/12, provide different properties and 
processing characteristics. They are used in auto parts, 
electrical and electronic devices such as plugs, gears, 
pumps, appliance and power tool housings, wire and cable 

jacketing, pipes, films, and fibers. Also called PA or poly- 
amide. See adhesive, iodine treatment; canopy; grass, 
synthetic; polycaprolactam plastic. 

Various types of nylons provide different properties. For 
example, nylon 6 has good wettability. Nylon 11 includes 
high dimensional stability and relatively low melting point, 
allowing ease of coating and rotational molding. Nylon 12 
has the lowest water absorption and specific gravity among 
nylons. Nylon 66 has good mechanical properties up to 
150OC (300"F), and moisture acts as a plasticizer. Nylon 610 
tends to retain stiffness and mechanical properties when wet. 
Nylon 612 retains physical and mechanical properties 
through a wide humidity range. Its high strength and tough- 
ness characterize nylon 66 with good abrasion and fatigue 
resistance. See nylon plastic, amorphous; polyamide- 
imide plastic; polycaprolactam plastic. 
nylon plastic, amorphous An exception for crystal- 
line nylons (PAS) is amorphous PAS that are transparent. 
Thermoplastic aniorphous nylons can be made by rapid 
quenching of the usual crystalline nylons in the melt stage 
or by chemical niodifications. These nylons are transpar- 
ent. See transparency, improving. 
nylon plastic nucleation It is possible to increase crys- 
tallinity by nucleation. The result is increased tensile 
strength, flexural modulus, hardness and creep resistance, 
decreased elongation, impact strength, and setup time dur- 
ing processing. 
nylon plastic recycled 
nylon plastic, transparent 
phous. 

See recycled carpet. 
See nylon plastic, amor- 
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octet rule 
odor A property of many substances that is manifested 
by a physiological sensation due to contact of the sub- 
stance’s molecules with the human olfactory nervous sys- 
tem. Odor and flavor are closely related, and both are pro- 
foundly affected by submicrograni amounts of volatile 
compounds. Many conipounds have a characteristic odor 
that is an effective means of identification. See alumina, 
activated; automotive interior, low-emission plas- 
tic; test, organoleptic; waste rasp. 
odorant agent An additive that may be incorporated 
into a plastic to give a product specific odors (odorant or 
fragrance agent) or to control or mask an objectionable 
odor (deodorant or sanitizer agent). Sanitizers may have an 
antiniicrobial role. See antimicrobial agent; deodorant 
additive; fragrance concentrate. 
ohm See insulation resistance. 
oil A wide range of substances that are quite different 
in chemical nature and result in different physical charac- 
teristics. About 90wt% is used for fuel. Also calledpetroleum 
or crude oil. See feedstock; oil, cracking; oil, crude; oil 
resources, limited; petrochemicals; plastic material 
refining; waste, refuse-derived fuel. 
oil and gas Two of the most important natural re- 
sources in use throughout the world, which satisfy more 
than two-thirds of the world’s energy demand. Both 
are important feedstocks for the chemical and plastic in- 
dustries; about 2 to 3% is consumed for plastics. See 
coal; energy consumption; feedstock; gas; hydro- 
carbon; ore; petrochemicals; plastic products, raw 
material. 
oil canning The property of a panel that flexes past a 
theoretical equilibrium point and then returns to the origi- 
nal position. This motion is analogous to the bottom of a 
metal oilcan when pressed and released. Part flexing can 
cause stress, fracturing, or undesirable melting of thin- 
sectioned, flat parts. See blow molding, extruder, flat- 
surface. 
oil consumption See energy consumption. 
oil, cracking A process of decomposing, by heat, the 
heavy petroleum fractions to obtain lower-boiling materi- 
als, such as petrol. Many of the raw materials that are used 
in the manufacture of plastics are obtained this way. See 
cracking; feedstock; fluid-bed process; oil and gas; 
plastic products, raw material to. 
oil, crude A viscous dark-colored fluid that is found in 
the earth’s crust worldwide and is often accompanied by 
natural gas and salt water. Oil is a complex and valuable 
mixture of a range of hydrocarbons. See gas; hydro- 
carbon. 
oil, pine See tall. 

See chemical octet rule. oil-reactive plastic A plastic, used in paints and var- 
nishes, which reacts chemically with a drying oil during 
the process of solution. 
oil resistance The ability of a material to withstand 
contact with an oil without deterioration of properties or 
geometrical change to a degree that impairs part perfor- 
mance. Different conditions of exposure can exist, such as 
temperature, complete immersion, or partial immersion 
with air. 
oil soluble plastic 
oil resources, limited In 1885, a U.S. government of- 
ficial in Pennsylvania (where oil was discovered 30 years 
earlier) claimed that “oil was a temporary and vanishing 
phenomenon, one which young nien will live to see 
come to its natural end.” In 1919, a U.S. government of- 
ficial stated that “within the next two to five years, the 
U.S. oil fields would reach their rnaxiniuni production.” 
Experts in the 1940s again cautioned that the end of U.S. 
production was in sight. And during the energy crisis of 
the 1970s, inany of the rationales for government controls 
were based on the premise that no new supplies of oil and 
natural gas were to be found. Events have proved these 
predictions wrong, and new technology developnients 
have allowed production to continue. See steel re- 
sources, limited. 
oil, stand A drying oil that has been thickened by heat- 
ing in an inert atmosphere and without the addition of 
dryers. 
oil wells, undersea Underwater equipment as deep as 
330 ni (1,080 fi), such as oil wells and pipelines, must be 
protected against damage due to corrosion, the impact of 
up to 7,400 ft-lb (1OkJ) of falling debris froin offshore 
platforms or supply ships, and cold temperatures, which 
lead to environmental and economic loss. Protection is 
achieved with reinforced-plastic sandwich covers using 
glass-fabric, isopolyester-plastic layers with a PVC foam 
core. They range in size from 11 ni length X 12 in wide 
X 6 in high (36 X 39.4 X 19.7 ft) to an interconnected 
cover systeni that is 850 in (2,790 ft) long. These R P  cov- 
ers replaced the fornierly conventional steel and concrete 
covers. The Norwegian engineering firni ABB Offshore 
Technology reports that the higher cost of R P  is offset by 
significant savings in shipment due to factors such as lighter 
weight (by at least 40%1), easier installation, easier niainte- 
nance, and much longer life (RP does not corrode). See 
reinforced plastic. 
olefin See polyolefin plastic. 
olefinic polymerization See polymerization, addi- 
tion. 
olefinic TPE See elastomer; thermoplastic elas- 
tomer. 

See paint, oil-reactive plastic. 



300 Coricice Bzcyclopedia .f Plastics 

olefin plastic See polyolefin plastic. 
olefin-styrene-acrylonitrile plastic (OSA) A SAN 
polyalloy with an olefinic thermoplastic elastomer. 
oleophilic A substance that likes oil or is wettable with 
oils. 
oleo plastic A semisolid mixture of plastic and essential 
oil of an agricultural plant and sometimes referred to as 
balsam. The group consists of drying oils and natural or 
synthetic plastics. See balsam plastic. 
oligomer A plastic that consists of only a few monomer 
units, such as dimer, trimer, or tetramer or their mixtures. 
See thermoflow plastic. 
one-shot molding 
one-stage plastic See resole plastic. 
opalescence The limited clarity of vision through a 
sheet of transparent plastic at any angle because of diffusion 
within or on the surface of the plastic. 
opaque A inaterial that will not transmit light and is not 
transparent. Materials that are neither opaque nor transpar- 
ent are sometimes described as semiopaque but are more 
properly classified as translucent. 
open cell 
open-loop control See injection molding process- 
control optimized; control, open-loop; process con- 
trol. 
open system A system that can exchange both mass and 
energy with its surrounding. 
operation, automatic A machine that operates auto- 
matically to perform a complete in-line extrusion opera- 
tion or molding cycle where programmed functions re- 
peat. It stops only in the event of a malfunction or if it is 
manually interrupted. See automation; fabricating 
process. 
operation, manual An operation in which each func- 
tion and the timing of each function is controlled manually 
by an operator. 
operation, primary The main equipment that is used 
to fabricate products, such as the blow-molding machine, 
extruder, or injection-molding machine. 
operation, secondary After fabricating (primary) 
products, secondary operations may be required to pro- 
duce the final finished product. These operations can oc- 
cur in-line or off-line. They include any one or a combi- 
nation of operations such as the following: annealing (to 
relieve or remove residual stresses and strains), postcuring 
(to improve performance), plating, joining and assembling 
(adhesive, ultrasonic welding, vibration welding, heat 
welding, etc.), drilling, cutting, finishing, polishing, label- 
ing, and decorating/printing. The type of operation to be 
used depends on the type of plastic used. For example, 
with decorating or bonding certain plastics can be easily 
handled while others require special surface treatments to 
produce acceptable products. See auxiliary equipment; 
processor certification; product, semifinished; tum- 
bling. 
operation, semiautomatic Performing a complete 

See foamed, one-shot system. 

See foamed cell, open. 

cycle of programmed molding functions automatically and 
then requiring an operator to manually start another cycle. 
operator’s station The position where an operator 
normally stands to operate or observe the machine. See 
machine reach point. 
optical analysis See light schlieren system; stress 
analysis; test, microtoming optical-analysis; test, 
nondestructive photoelastic stress-analysis. 
optical, bottle sorter See bottle sorter, optical; re- 
cycling, automatic-sorting; sensor, inductive and 
capacitive proximity; sensor, nuclear. 
optical brightener agent One of a special class of es- 
sentially colorless fluorescent organic substances that ab- 
sorb ultraviolet radiation above 3,000 A and enlit this as 
visible radiation below 5,500 A. Brighteners are useful in 
correcting discoloration and enhancing whiteness and 
brightness, particularly in plastics. For such purposes, the 
absorption and emission properties are designed to account 
for the properties of the human visual system, the spectral 
properties of sunlight, and the nature of the discoloration. 
Unlike bluing agents, which act by removing yellow light, 
optical brighteners absorb the visible UV rays and correct 
their energy into visible blue-violet light. They are used 
to increase the luminance factor of a white material. They 
cannot be used in materials that also contain UV-absorbing 
agents. They are used in PVC sheet and filni, fluorescent 
lighting fixtures, vinyl flooring, nylon fishing lines, and 
polyethylene bottles. Examples of agents include couma- 
rins, naphthotriazolylstibenes, and benzimidazolyls. Also 
called bvightenev, whitener,  j horescen f  whitener, colorless dye,  
or optical bleach. See bluing agent; fluorescent; lumi- 
nance; pigment, fluorescent; ultraviolet absorber. 
optical character recognition (OCR) Using opti- 
cal means to identify graphic characters. See design, 
graphic; graphic character. 
optical comparator An inspection machine that uses 
optics to compare the outline of a part to its required di- 
niensions on a graphic or coniputer screen. See com- 
puter batch processing; control drive, optimized; 
controller; device, smart; motion-control system; 
process control; processing, intelligent; quality- 
system regulation; rheometer. 
optical conjugate plane Two planes of an optical sys- 
tem such that one is the image of the other. 
optical data storage See computer optical data 
storage. 
optical density A measure of image intensity by re- 
luctance densitometer based on logarithm to the base of 
10 reciprocal of transmittance. See density; logarithm; 
quality indicator, image. 
optical distortion See distortion; wave. 
optical distortion value The minimum distance in 
inches (an) between the specimen and screen at which a 
nonuniform image is produced. 
optical fiber See extruder wire coating, optical- 
fiber; fiber optic. 



Rorato, Rorato, and  Rosato 39 1 

optical image spectroscopy A method of characteriz- 
ing most of the metallic ions, in addition to certain non- 
metals, in terms of the emission spectra produced when 
electrons are excited by an arc or by other means. 
optical isomerism A form of isomerism in which two 
molecules differ only in their geometry. See atom, 
asymmetric carbon; atom, isomer; molecular struc- 
ture. 
optical light scattering See atom, isomer; light 
scattering; molecular structure. 
optically active plastic Only those molecules in a plas- 
tic with no symmetric or spiral structures, those without 
inversion and reflection-symmetry elements, possess opti- 
cal activity. Both low-molecular-weight compounds and 
macromolecules must obey the same symmetry rules, and 
the preparation of optically active plastics present problems 
similar to those encountered in traditional organic chemis- 
try. Optical activity is used as an analytical tool to relate 
molecular structures to optical properties. See plastic 
properties. 
optically isotropic See birefringence. 
optically reflective film See extruder-blown film 
die, coextruded-reflective. 
optical memory See photochemical hole-burning 
spectroscopy. 
optical microscopy See chemistry, analytical. 
optical monitoring A method of measuring different 
products such as blown-film bubble diameter, film thick- 
ness, and molded dimension. See die, film and sheet 
thickness. 
optical property The effects of a material or medium 
on light or other electromagnetic radiation that passes 
through it, such as absorption or reflection. See lens cen- 
tering; light index of refraction; light transmission; 
molecule enantiomer; opalescence; transmittance 
of light; transparent; wave. 
optical sheet, troubleshooting See troubleshoot- 
ing optical sheet. 
optical vibration See wave. 
optimization goal See design, optimized; quality 
optimization goal. 
orange peel 1. A blemish on a finished molded product 
that is an undesirable, uneven surface resembling orange 
peel. (Sometimes melt fracture is erroneously referred to 
as orange peel.) It is usually caused by moisture in the mold 
cavity that can be removed. For example, during injection 
molding the problem can be eliminated by changing con- 
trol settings such as using a faster fill rate, increasing first- 
stage pressure, increasing sprue or gate opening, or in- 
creasing temperature. 2. An uneven leveling of coating 
on reinforced-plastic surfaces, usually because of high- 
viscosity plastic melts. Adding a high-boiling-point solvent 
to the coating for a wetter surface is helpful, particularly 
when spraying. 3. A roughened film surface that is caused 
by too rapid drying. See applesauce surface; defect; 
reinforced plastic; surface finish. 

order, blanket 
order, hold 
order of magnitude See value, order of magni- 
tude. 
ore An aggregate of valuable minerals and gangue from 
which one or more metals can be extracted at a profit 
and used in different industries including plastic (fillers, 
additives, plastic chemical compositions, etc.). See feed- 
stock; oil and gas; tailing. 
organic Referring to the chemistry of carbon com- 
pounds or to a chemical substance that is based on carbon 
and its derivatives or to a material originating in plant or 
animal life or for chemicals composed of hydrocarbon ori- 
gin, either natural or synthetic. See chemical composi- 
tion and properties of plastic; chemistry, organic; 
ether; gum; natural; organic, in-; plastic; synthetic. 
organic compound See atom; atom, alpha; com- 
pound, organic. 
organic, in- Pertaining to or coniposed of chemical 
compounds that do not contain carbon as the principal 
element, except carbonates, cyanides, and cyanates-that 
is, material other than plant or animal. 
organic loss See ignition loss. 
organoleptic See test, organoleptic. 
organometallic stabilizer See deodorant additive; 
stabilizer. 
organosol A suspension of a finely divided vinyl plastic 
in a plasticizer (diluent) together with a volatile organic 
liquid. The plastic does not dissolve appreciably in the liq- 
uid at room temperature but does at  elevated tempera- 
tures, at  which time the liquid evaporates. O n  cooling a 
homogeneous plastic mass is produced. See aerogel; 
plastic dispersion; plastisol; polyvinyl chloride dis- 
persion plastic; volatile. 
organosol diluent In an organosol, a liquid component 
that has little or no solvating action on the plastic. Its pur- 
pose is to modify the action of the dispersant. The term 
diltrcizt is commonly used in place of the term plasficizer. 
See diluent; solvating action. 
organosol dispersant A liquid component that has a 
solvation action on the plastic that aids in dispersing and 
suspending it. I t  prevents coalescing. 
organosol nonaqueous dispersion Bulk or bead-type 
plastic that has been ground to a relatively fine powder 
that can be dispersed in a nonaqueous media. The low 
practical limit for particle size is 10 pm. See coating, wa- 
terborne system; polymerization, aqueous. 
organosol stabilizer One of the dioctyl-tin mercap- 
tides, sulphides and oxides of tin-alkyd or aryl, organotin 
mercaptides, or maleate compounds. These provide high 
stabilizing efficiency, compatibility, and impartation of 
clarity for vinyl. 
organotin catalyst See catalyst; foamed polyure- 
thane. 
orientation A controlled system of stretching thermo- 
plastic molecules in unioriented unidirection (UD) or bi- 

See purchase order, blanket. 
See purchase order hold. 
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oriented biaxial direction (BU) to improve their strength, 
stiffness, optics, electrical, or other properties and thereby 
improve product performance-to-cost. This technique is 
used during the processing ofmany different products such 
as films, sheets, pipes, and fibers. Depending on the prop- 
erties of a specific plastic, the stretch ratio may vary froni 
2'/2: 1 to as high as 10: 1. Some specialty films may have 
an even higher stretch ratio. Used for al~nost a century, 
orientation became prominent during the 1930s for 
stretching fibers up to 10 times. Later it was adapted prin- 
cipally to films and other products such as stretched blow- 
molded bottles taking advantage of this feature. Practically 
all TPs can undergo orientation, although certain types 
find it particularly advantageous (PET, PP, PVC, PE, PS, 
PVDC, PVA, PC, etc.). The largest market for plastics 
worldwide, consuming about 20wt'% of the total, is ori- 
ented plastic film. Stretching can take place in-line or off- 
line with or without tenter frames using the appropriate 
temperature-pull rates. During extrusion of blown films, 
flat films, sheets, and fibers, their in-line rate of travel can 
be increased. Off-line tenter franies are predominantly 
used. Extruded stretched-blown bottles use niechanical 
devices. See blow molding, injection-with-rotation; 
blow molding, stretched; concrete reinforced; di- 
rectional property; extruder-blown film orienta- 
tion; extruder flat-film orientation; fiber drawing; 
forming, cold-drawing; molecular-arrangement 
structure; orientation, shrink-film; orientation, ten- 
ter frame and roll; packaging, contour; packag- 
ing, shrink-wrap; plastic memory; stress, normal; 
thermoforming, blister package; thermoforming, 
shrink wrapping. 
orientation, accidental An accident that occurs during 
the processing of thernioplastics that may be acceptable. 
With the usual proper process control, there is no acciden- 
tal orientation. Frozen-in stresses, caused by accidental ori- 
entation, can be extremely damaging if parts are subjected 
to environmental stress cracking or crazing in the presence 
of heat or chemicals. Initially, the molecules are relaxed. 
Molecules in the amorphous regions are in random coils; 
those in crystalline regions are relatively straight and 
folded. During processing (injection, extrusion, etc.) the 
niolecules tend to be more oriented than relaxed, particu- 
larly when the melt is subjected to excessive shearing ac- 
tion. After temperature, time, and pressure are applied and 
the melt goes through restrictions (mold, die, etc.), the 
molecules tend to be stretched and aligned in a parallel 
form. The result can be undesirable changes in the direc- 
tional properties and dimensions immediately when pro- 
cessed or thereafter when in use if stress relaxation occurs. 
See adhesive, solvent; amorphous plastic; cracking; 
crazing; crystalline plastic; engineering plastic; injec- 
tion-molding melt-shear behavior; melt-shear rate. 
orientation and chemical property Simple orienta- 
tion alone increases sorption aiid solubility, but when it 
induces crystallization, the overall net effect is a decrease in 
these properties. Similarly, residual stresses in the structural 

foamed plastics make them more susceptible to chemical 
attack. Orientation of amorphous plastics affects molecular 
mobility and permeability in similar ways; permeability 
decreases in the direction of orientation arid increases per- 
pendicular to it. Orientation of crystallizable or crystalline 
plastics decreases permeability. Many properties signifi- 
cantly increase such as stiffness, strength, and toughness as 
well as resistance to liquid and gas permeation, crazing, 
microcracks, aiid others in the direction or plane of orien- 
tation. Orientation provides a means of tailoring and im- 
proving the properties of plastics. See amorphous plas- 
tic; crystalline plastic. 
orientation and cost The process of orientation is 
fairly expensive, and increases the cost per unit weight of 
the product. However, it also increases the yield consider- 
ably and improves quality greatly. Many products (film, 
sheet, fiber, pipe, etc.) are made much stronger, more 
flexible, and tougher, which results in significant cost ad- 
vantages. The niaxiiiium ultimate econoniic value de- 
pends on the relative cost of stretching versus the increase 
in yield and properties. 
orientation and crystallization When crystallizable 
plastics have been melted and quenched into the ainor- 
phous state and then are oriented by mechanical stress, 
such orientation may make the molecules parallel enough 
to induce crystallization. This is the main reason for the 
possible confusion between crystallinity aiid orientation. 
When crystallites already exist in the amorphous matrix, 
orientation will make these crystallites parallel. If a plastic 
crystallizes too far in the melt, it may not contain enough 
amorphous matrix to permit orientation and will break 
during stretching. (Most partially crystalline plastics can be 
drawn four to five times.) The degree of crystallinity is 
influenced by the rate at which the melt is cooled. This 
is utilized in the fabrication operations to help control the 
degree of crystallinity. The balance of properties can be 
slightly altered in this manner, allowing some control over 
such parameters as container volume, stiffness, warpage, 
and brittleness. Nucleating agents are available that can 
promote more rapid crystallization resulting in faster cycle 
times. See amorphous plastic; crystalline plastic; 
crystallization. 
orientation and electrical property Orientation de- 
creases the dissipation factor in the direction of the orieii- 
tation, and increases occur perpendicular to orientation. 
Since modulus changes in the opposite way, this indicates 
that polar vibrations along a stretched plastic molecule are 
decreased, while transverse vibrations between the 
stretched molecules are increased. See electrical dissipa- 
tion factor; vibration. 
orientation and fiber reinforced See directional 
property; reinforced plastic. 
orientation and glassy state An important transition 
occurs in the structure of both crystalline and noncrystal- 
line plastics. This is the point at which they transition out 
of the so-called glassy state. Rigidity and brittleness char- 
acterize the glassy state because the iiiolecules are too close 



Kosato, Kosato, avid Rosato 393 

together to allow extensive slipping motion between each 
other. When the glass transition (T,) is above the range 
of the norinal temperatures to which the part is expected 
to be subjected, it is possible to blend in materials that can 
produce the T, of the desired mix. This action yields more 
flexible, tougher plastics. See glassy state; glass transi- 
tion temperature. 
orientation and heat-shrinkability Oriented heat- 
shrinkable plastic products are found in flat, tubular filni, 
and tubular sheet. The usual orientation is terminated (fro- 
zen) downstream of a stretching operation when a cold 
enough temperature is achieved. Reversing this operation 
occurs when the product is subjected to a sufficiently high 
temperature. This reheating results in the product shrink- 
ing and is used in part asseniblies, tubular or flat coniniuni- 
cation cable wraps, furniture webbing, medical devices, 
and wire and pipe fitting connections or joints. See elec- 
trical connector; joining-and-bonding method; ori- 
entation, thermal characteristic; pipe; shrinkage; 
sterilization radiation; tubing, heat-shrinkable. 
orientation and mechanical property Mechanical 
properties depend directly on the relationship between the 
axis of orientation of the plastic molecules and the axis of 
mechanical stress on the molecules. Modulus and strength 
increase in the direction of stretch and decrease in the 
perpendicular direction. This is the mechanism of pseudo- 
plastic and thixotropic rheoloby that is typical of non- 
Newtonian plastic-flow behavior. After processing, some 
loss in properties may occur when subjected to heat during 
further processing, such as thermoforming, heat sealing, 
and solvent sealing. See directional property; orienta- 
tion and heat-shrinkability; rheology; thixotropy; 
viscosity, non-Newtonian. 
orientation and mobility Orientation requires con- 
siderable mobility of large segments of the plastic niole- 
cules. It cannot occur below the glass transition tempera- 
ture (TJ. The plastic temperature is taken just above T,. 
See glass transition temperature. 
orientation and optical property Biaxial orientation 
of crystalline plastics generally improves clarity of films. 
This occurs because stretching breaks up large crystalline 
structures into smaller than the wavelength of visible light. 
With uniaxial orientation, the result is an anisotropic re- 
fractive index and thus birefringence, especially in crys- 
talline plastics. See birefringence; crystalline plastic; 
directional property, anisotropic; light index of re- 
fraction. 
orientation and processability See orientation; 
orientation and crystallization; orientation, tenter 
frame and roll. 
orientation, balance Uniform stretch in the machine 
and transverse directions. See directional property, 
machine; directional property, transverse. 
orientation, biaxial (BO) The stretching of material 
in two directions (biaxially) at right angles-along ma- 
chine direction and across or transverse direction. The 
amount of stretch in both directions varies, depending on 

product requirements. If both are equal, then it is a bal- 
anced orientation. Small to large lines are used. For exam- 
ple, one of the largest cast-oriented PET film lines in the 
world (DuPont’s plant in Duniphries, Scotland, built by 
Kanipf GinbH & Co., Germany) produces film that is 9 
ni wide after MD and TI1 stretching. The film is wound 
in one piece at up to 480 ni/min. A take-up roll weight 
is 13 T using a high-stiffiiess reinforced-plastic carbon fiber 
or epoxy core. A very large oriented polypropylene-plastic 
coextruded-film line (Applied Extrusion Technologies, 
Inc., New Castle, DE) uses a massive tenter oven and tur- 
ret winder built by Bruckner (Maschinenbau, Germany) 
and produces 10 m wide film at up to 400 m/inin or 50 
million lb/yr. See directional property, biaxial; form- 
ing, scrapless. 
orientation, blow-molding See blow molding, in- 
jection-with-rotation; blow molding, stretched. 
orientation, blown-film See extruder blown-film 
orientation. 
orientation, characteristic Some general rules for ori- 
enting by stretching are that (1) the lowest temperature 
will give the greatest orientation (tensile strength, etc.), 
(2) the highest rate of stretching will give the greatest ori- 
entation at a given temperature and percent stretch, (3) the 
highest percent stretch will give the greatest orientation at 
a given temperature and rate of stretching, and (4) the 
greatest quench rate will preserve the most orientation un- 
der any stretching condition. With orientation, the thick- 
ness is reduced, and the surface enlarged. If film is longitu- 
dinally stretched, its thickness and width are reduced in the 
same ratio. If lateral or transverse contraction is prevented, 
stretching reduces the thickness only. 
orientation, cold-stretching Orienting plastics by 
cold stretching-that is, below its glasc transition tempera- 
ture (TJ. There has to be sufficient internal friction to 
convert mechanical into thermal enerby, thus producing 
local heating above T,. This occurs characteristically in the 
necking of fibers during cold drawing. See glass transi- 
tion temperature. 
orientation, electrical See dielectric property. 
orientation, film See extruder flat-film orienta- 
tion. 
orientation, injection with rotation See blow mold- 
ing, injection-with-rotation. 
orientation, molecular The alignnierit of the polymer 
crystalline structure to produce a highly aligned structure. 
See crystalline plastic; light scattering. 
orientation, random A condition of a crystalline ag- 
gregate in which the constituent crystals have orientation 
completely random with respect to one another. See 
crystalline plastic. 
orientation, shrink-film Stretching or orienting film 
during manufacture. See orientation; packaging, con- 
tour; packaging, shrink-wrap tunnel. 
orientation stretch forming See thermoforming, 
stretch. 
orientation temperature It is normally 60 to 75%) of 
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the range between the plastic’s glass transition temperature 
and melting point. See glass transition temperature; 
temperature, softening range. 
orientation, tenter frame and roll Equipment can be 
used in-line or off-line to gain output yield and properties. 
For example, ordinary blown- or cast-film lines use a 
machine-direction orienter on the front end of biaxially 
oriented film-extrusion lines. Another conimon use is 
casting lines for nonbiaxial strapping. If only the machine 
direction is to be stretched, a series of precision-controlled 
heated rolls are used. Film is fed through a series of rolls 
where it is sequentially heated, drawn around rolls that 
increase in rotational speed providing the stretching ac- 
tion, annealed around larger diameter roll(s), arid cooled 
on a final roll. Generally, the orientation temperature is 
60 to 75% between the plastic’s glass transition tempera- 
ture and melting point. Amount of orientation is depen- 
dent on the speed of the rolls. For biorientation or bal- 
anced orientation to be produced, basically a tenter frame 
follows the series of rolls. The frame is located inside a 
closely controlled temperature airflow oven. Some type of 
mechanical gripping clamps will hold the edges, both sides, 
of the film or sheet. These steel clamps that may be about 
4 in. (10 cm) long, one after another as close as possible, 
fit on a steel conveyor belt that follows a flat path. The 
flat path for both conveyors goes through the oven at a 
required angle that relates to the amount of stretch that 
will occur in the transverse direction. Prior to leaving the 
oven, temperature is reduced retaining the orientation de- 
veloped. See calender; directional property, ma- 
chine; directional property, transverse; extruder flat 
film; extruder sheet. 
orientation tenter mark A visible deformation on the 
side edge of a material that is due to the pressure from the 
clips and clamps; this trim is cut. See cutter. 
orientation, thermal characteristic These oriented 
plastics are considered permanent, heat-stable materials. 
However, the stretching decreases dimensional stability at 
higher temperatures. This situation is not a problem since 
these types of materials are not exposed to the higher teni- 
peratures in service. For the heat-shrink applications, the 
high heat provides the shrinkage capability. See orienta- 
tion and heat-shrinkability; thermal analysis. 
orientation, transverse See directional property, 
transverse. 
orientation, uniaxial (UO) Stretching in only one di- 
rection, which is usually in the machine direction. Also 
called axial orientation or rnonoaxinl orientation. See direc- 
tional property, machine; directional property, 
transverse. 
orientation, wet-stretching For plastics whose glass 
transition temperature ( Tt) is above their decomposition 
temperature, orientation can be accomplished by swelling 
them temporarily with plasticizing liquids to lower their 
T, of the total mass, particularly in solution processing. For 
example, cellulose viscous films and fibers can be drawn 

during coagulation. Final removal of the solvent makes the 
orientation permanent. 
orientation with rotation See blow molding, injec- 
tion-with-rotation. 
orifice An opening, such as that in an extrusion die or 
pultrusion die. See die; reinforced-plastic pultrusion. 
orifice bushing 
O-ring See sealing, O-ring. 
ornamental encapsulation See casting; casting, 
liquid; encapsulation. 
orthotropic property See directional property, or- 
thotropic. 
oscillating rheometer See rheometer, dynamic. 
osmosis The diffusion of a substance through a senii- 
permeable membrane (includes plastics) that typically sep- 
arates a solvent and a solution that tend to equalize their 
concentrations. An example is the passage of a solvent 
from a mass of pure solvent into solution or from a less 
to a more concentrated solution through a membrane that 
is permeable to the solvent but not the solute. See dial- 
ysis. 
osmosis, electro- See electrophoresis. 
osmosis, reverse An osmosis system that is used as a 
method to desalt sea water, recover waste in pollution 
control, or treat industrial water. See waste; water, de- 
salination of. 
outgassing The release of a volatile substance from a 
plastic during heat processing (injection, casting, etc.) or 
from a plastic part during vacuuni metallizing. Each pro- 
cessing method has techniques for removal of the solvents 
such as venting and bumping. See mold breathing; 
plastic material outgassing; venting; volatile. 
out-of-round Nonuniforin radius or diameter. 
output See fabricating output. 
output transient response The output of a system that 
is related to the natural response of a system and eventually 
disappears if the external force continues unchanged. 
outsourcing See fabricating outsourcing. 
oven, tunnel 
overmolding See injection molding, two-shot. 
overrun See production overrun analysis. 
oxidation 1. The addition of oxygen to a compound. 
2. A chemical reaction that involves a combination with 
oxygen to form new compounds or prepare a plastic sur- 
face. See transcrystalline growth; Wacker process; 
waste, pressure cooking. 3. The degradation of a niate- 
rial through contact with air. See antioxidant agent; ox- 
ygen; ozone; reactor, vapor-phase. 4. See calcining. 
oxidation degradation, thermal Additive agents are 
commonly used to protect plastics against thermal oxida- 
tion degradation, although some plastics literally cannot 
degrade. With certain plastics a chemical structural niodi- 
fication is made to resist degradation. See antioxidant 
agent; antiozonant agent; light stabilizer; oxidizing 
agent; recycling steel with vinyl scrap; ultraviolet 
absorber; ultraviolet stabilizer. 

See die orifice bushing. 

See packaging, shrink-wrap tunnel. 
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oxide The product of the combination of oxygen with 
an element, such as zinc oxide. 
oxidizing agent A substance that is used to inhibit 
aging that is caused by natural oxidation. See chlorine. 
oxygen (0,) A colorless, tasteless, odorless gas that con- 
stitutes approximately one-fifth of the atmosphere. It is 
found in almost all the carbon compounds used in the pro- 
duction of plastics. 
oxygen barrier See barrier; coating, oxygen-bar- 
rier removable. 
oxygen gas transmission rate See test, oxygen gas 
transmission rate. 
oxygen index 
oxygen, liquid See polyarylene ether phosphine 
oxide plastic. 
oxygen scavenger See packaging, oxygen-scaven- 
ger food; scavenger. 

See limiting index oxygen. 

ozone (0,) An almost colorless gaseous form of oxygen 
(02) that has an odor similar to weak chlorine. Ozone is 
generated by electrical discharge, but a more important 
source is the photolysis of oxygen on sunny days. It is also 
the chemical by-product of a chemical reaction that takes 
place between volatile organic compounds and nitrogen 
oxides when heated by the sun. It is among the priniary 
emissions of combustion (exhaust from auto, truck, facto- 
ries, etc.) and the processing of petroleum products. In 
the atmosphere, there is ground-level ozone or smog. See 
antioxidant agent; antiozonant agent; electrical 
corona; Petlite; polychlorofluorocarbon; protocol, 
Kyoto; protocol, Montreal. 
ozone depletion potential See protocol, Montreal. 
ozonolysis 1. The oxidation of an organic material by 
means of ozone. 2. The use of ozone in analytical chernis- 
try studies. 



P 
packaging The packaging industry and its technology 
is the major outlet for plastics where it consumes about 
25wt% of all plastics with building and construction in sec- 
ond place consuming about 20wt%. If plastic packaging 
were not used, the amount of packaging contents (food, 
etc.) discarded from USA households would niore than 
double. Plastics are the most efficient packaging materials 
due to their higher product-to-package ratio as compared 
to other materials. One ounce of plastic packaging can 
hold about 34 ounces of product. A comparison of prod- 
uct delivered per ounce of packaging material shows 34.0 
plastics, 21.7 aluminum, 6.9 paper, 5.6 steel, and 1.8 glass. 
See bottle; container; landfill and degradation; Pet- 
lite; plastic growth; plastic markets, product and 
material; plastic myth and fact; waste and plastic 
packaging. 
packaging, aseptic In food processing, a process con- 
dition that renders a processed food product essentially free 
of niicroorganisms capable ofgrowing in the food in unre- 
frigerated distribution and storage conditions. In aseptic 
food packaging, presterilized containers are filled with 
aseptic foods and then hermetically sealed in a commer- 
cially sterile atmosphere. See packaging, retortable- 
pouch; sterilization. 
packaging bag See packaging, grocery-bag; slip 
additive; test, bag drop; waste and plastic bag. 
packaging, bag-in-box (BIB) A sealed, sprouted 
(small to large, with or without dispensing valves) plastic 
bag inside a rigid container, generally for packaging liquid 
products. The outer box may be made of disposable corru- 
gated cardboard or disposable or reusable plastic or wood. 
BIBs offer space and cost efficiencies. The empty BIBs in 
a warehouse may occupy as little as 20% of the space re- 
quired for the equivalent volume in glass or rigid plastic 
and may reduce shipping weight. See material han- 
dling. 
packaging, beverage-can Aluminum cans dominate 
the U.S. market for soft drink containers with about 70% 
of the market, but PET and glass compete for second 
place. See blow molding; bottle; market. 
packaging biological substances Many biological 
substances are classified as hazardous and require specialty 
packaging in which plastics play an important role to meet 
strict requirements. See biological activity; hazard. 
packaging, blister A package in which a thin plastic 
film or sheet is formed so that a product is placed in the 
blister, backed up by a material (plastic, paper, aluminum, 
etc.), and sealed. Also called hlistcv-carded packa@ng. See 
thermoforming, blister package. 
packaging, breathable-film A breathable film that is 
identified as controlled-atmospheric packaging (CAP) and 

substantially extends the shelf life of perishables by regulat- 
ing oxygen, carbon dioxide, and moisture permeability. 
This type packaging has extended global trade. One type 
is used in horticulture and medicine packaging and was 
introduced in 1994 by researchers in Brunel University, 
Oxbridge, UK. It  has a two-plastic layer structure that 
contains sniall holes that open and close as the temperature 
changes. The principle is the same as that used in binietallic 
strips (thermocouples, etc.) and takes advantage of differ- 
ences in coefficients of linear thermal expansion; as the 
temperature rises, the edges of the holes peel away. Typi- 
cally, PE laminated to thernioplastic polyester with an 
acrylic adhesive is ideal for packaging vegetables and fruits. 
Its structure can be modified to meet a wide range ofrespi- 
ratory rates. Other applications include medical dressings 
for burns, drug-controlled release-delivery systems, vari- 
able vapor barriers for shoes and clothing, and tempera- 
ture-sensitive warning labels. See barrier plastic; coef- 
ficient of linear thermal expansion; packaging, 
modified-atmosphere; porous, micro-. 
packaging, bubble-pack A plastic cushioning material 
that is used in packapig, usually laminated thernioplastic 
films that incorporate air bubble pockets. See packaging, 
loose-fill plastic. 
packaging cap, tamper-proof See mold, collaps- 
ible-core. 
packaging, clamshell See thermoforming, clam- 
shell. 
packaging clasp A device that is comnionly used to 
secure tops and lids on different type packages. Their hold- 
ing power can be obtained from simple friction between 
the joint surfaces or from positive mechanical engagement. 
Plastic flexing capability is important because the parts 
must flex to release the clasp and spring back to their origi- 
nal position. 
packaging container See bottle; coating, oxygen- 
barrier removable; container. 
packaging container content misrepresentation Un- 
witting errors with upper- and lowercase letters can dramati- 
cally misrepresent package contents. For example, there is a 
drastic difference between 100 ML and 100 mnl or 100 11111- 
lion liters and 100 milliliters. Some designers prefer using 
capital letters for contents designations on the label. Thus, 
with metric usage fluid ounces are replaced by milliliters, 
quarts are replaced by liters, pounds or dry ounces are re- 
placed by grams or kilograms, and s o  on. Metric unit short 
fonns are symbols, not abbreviations and are never followed 
by a period unless the symbol is the last word in a sentence. 
Metric symbols are always used in singular form, without 
adding an s to indicate quantity. See measurement. 
packaging, contour A thin plastic film or sheet that is 
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formed over a product and usually simultaneously sealed 
to a paperboard or plastic backing. The product serves 
as a mold. Also called skin packaging. See orientation; 
thermoforming, blister-package; thermoforming, 
shrink-wrapping. 
packaging, dual-ovenable tray (DOT) In the past 
thermoset plastic materials were used for DOTs, but nearly 
all now are thermoplastics such as CPET. DOTs for frozen 
foods have been a major outlet for plastics. 
packaging, edge-bowing The inward bowing that is 
characteristic of the edges of open boxes. 
packaging, electronic The size reduction of electronic 
components and the higher-density packing of compo- 
nents on computer chips make the devices susceptible to 
static damage. In many cases, the environment can be ad- 
justed through increased humidity, antistatic mats, or ion- 
izing sprays to control the problem. During transportation 
and storage, static protection is critical. Coniponents must 
be protected from stray electric fields such as electric mo- 
tors and discharges that can destroy microcircuits. One 
method of protection is to pack them in antistatic plastic- 
film bags. See antistatic agent; design, biomedical- 
product; electromagnetic interference; electronic 
microminiaturization; integrated circuit, plastic; 
printed circuit board; static charge. 
packaging film 
packaging, flexible See packaging, retortable- 
pouch. 
packaging, food Most packaged foods require a barrier 
against gases, flavors, or odors to maintain product quality 
and provide acceptable shelf life. Baked foods usually need 
moisture protection, while fresh meats and vegetables re- 
quire low or controlled exposure to oxygen to maximize 
shelf life and consumer appeal. Polyethylene films, both 
single and multilayer, are widely used to package such 
products. Certain key properties and processing conditions 
affect the permeability of PE. For example, with blown 
film, factors such as the blow-up ratio, frost-line height, 
and die-gap width can be used to control permeability. At 
least 10wt'X of the U.S. food supply is packaged in plastics. 
See adulterant; barrier plastic; closure; extruder- 
blown film; extruder flat film; mayonnaise jar; pack- 
aging, aseptic; packaging, dual-ovenable tray; pack- 
aging, breathable-film; Petlite; plastic and food; 
scavenger; test, organoleptic; test, oxygen gas trans- 
mission rate; test, water-vapor transmission rate; 
waste; waste, solid food. 
packaging form, fill, and seal See thermoforming, 
form, fill, and seal. 
packaging, grocery-bag Polyethylene sack or T-shirt 
bags are stronger than paper bags, take up 30% less storage 
space, provide water and puncture resistance, and are recy- 
clable. See additive, slip; environment and public 
opinion; extruder blown film-bag manufacturing; 
test, bag-drop impact; waste, plastic-bag. 
packaging, hot-fill Thin-wall plastics are used to hot 
fill @low-molded bottles, thermoforined containers, etc.) 

See extruder flat or blown film. 

without saggmg during filling and to maintain mechanical 
properties such as impact strength and stiffness in tempera- 
tures from at least - 4 O T  to 120'C. The plastics that are 
used include special grades of PEN, PET, PP, PS, and 
PVC. See plastic material selection. 
packaging identification See barcode; label; laser 
marking; printing, screen. 
packaging, loose-fill plastic Principally polyethylene 
and polystyrene foam in different shapes, such as peanuts 
and pretzels. See packaging, bubble-pack; recycling. 
packaging market The largest U.S. market for plastics 
is in packaging products, where about 30wt% is consumed 
with sales at  about $40 billion. Saleswise about 30% is 
HDPE, 16% LLDPE, 24%) TP  polyester, 13% PP, 12% 
LDPE, and 16% others. See market; packaging; plastic 
markets, product and material. 
packaging, modified-atmosphere (MAT) A pack- 
aging method that uses special mixtures of gases (carbon 
dioxide, nitrogen, oxygen, or their conibinations) and 
polyolefin blown- or cast-barrier films to change the ani- 
bient atmosphere influencing its food content. Film con- 
struction included polyolefin plastomers (POP), EVOH/ 
PVDC, ULDPE, LLDPE, PP, SB, LDPE/PA/EVOH, 
and PVDC/coated PET/LDPE. The hermetically sealed 
MAT extends the shelf life of red meat, skinless turkey 
breast, chicken, half-baked bread, pizza crust, and bagels 
and allows them to be presented in a palatable manner. 
For example, the microbial growth of red meat is retarded 
and maintains a deoxygenated blue or gray color until the 
meat is placed on display. Ground beef normally may last 
three to four days but with MAT can go to 14 days before 
the sell-by date. This gas-flushed MAT perniits grocers to 
sell uncooked fresh meats, marinated varieties, arid ready- 
made meals for quick preparation for round-the-clock 
sales. This more expensive (but with reduced costs in ser- 
vice) and sophisticated packaging concept of using a gas- 
flushed barrier film is not new compared to the traditional 
multilayer method. See barrier plastic; packaging, 
film-breathable; polyolefin plastomer plastic; seal; 
Appendix A, List of Abbreviations. 
packaging, oxygen-scavenger food An impregnated 
plastic that has chemically reactive additives that absorb 
oxygen, ethyl, and other agents of spoilage inside the 
package once it has been sealed. Food-package types in- 
clude flexible pouches, PET bottles, microwave trays, and 
cartons (coated plastic and paper). When such filrns are 
combined with conventional rigid- or flexible-barrier sys- 
tems, they can allow food packagers to greatly retard spoil- 
age and prolong shelf life. See scavenger. 
packaging, peelable-film Peelable film in case-ready 
ground-beef packages adds color and shelf life. The Cryo- 
vac Division of W.  K. Grace & Co. uses a peelable barrier 
lid and foam tray system. An oxygen barrier structure is 
peeled off, leaving an oxygen-permeable film over the 
meat. 
packaging, pouch heat-sealed wraps and reusable 
containers These packaging systems help keep food 
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fresh and free of Contamination and conserve the resources 
that went into producing the food. It has been estimated 
that each pound of plastic packaging can reduce up to 1.7 
pounds of food waste. See contamination. 
packaging, retortable-pouch Superior flavor reten- 
tion and longer shelf life are principal advantages of single 
or laminated plastic (such as PP, PC, PEI, CPET, and 
EVOH), with or without aluminum foil or paper. They 
are made impervious to light, air, most other gases, micro- 
bial organisms, water, and most other liquids. Many appli- 
cations require them to be capable of withstanding tem- 
peratures of at least 250°F (121OC) for at least 20 minutes. 
Different processing methods are used, such as blow mold- 
ing and thermoforming. The U.S. converted flexible- 
packagng industry consumes about 7 billion lb, of which 
75% is plastics, 22% is paper, and 3% is aluminum foil. 
Also called retortable container orflexible packagirzg. See bar- 
rier; blow molding; packaging, aseptic; thermo- 
forming, form, fill, and seal. 
packaging seal See seal; sterilization. 
packaging, shrink-wrap See orientation, shrink- 
film; packaging, contour; thermoforming, blister- 
package. 
packaging, shrink-wrap tunnel An oven in the form 
of a tunnel that is mounted over or contains a continuous 
conveyor belt and that is used to shrink oriented films in 
the shrink packaging process. A hot-air blower is used to 
provide the heat required. See orientation, shrink-film. 
packaging static charge 
packaging type Various types of plastic packages pro- 
vide high visibility for the products they contain and pro- 
tect. Examples include carded blister packs, windowed, 
clamshell, and skin packages. See bottle; container; 
packaging; thermoforming. 
packaging unitization The assembled group of con- 
tainers or parts in a single load that can be handled as a 
unit throughout a distribution system. See material han- 
dling. 
packaging zipper See thermoforming, form, fill, 
and seal. 
packing 1. The operation of placing solid materials or 
products in shipping containers in such a way as to secure 
maximum space economy and freedom from damage. See 
foam. 2. An inert material that is used in chemical-dis- 
tillation columns. 3.  Molecular packing during the synthe- 
sis of polymers. See chemical synthesis. 4. A collar or 
gasket that is used to seal mechanical devices and is often 
made of plastic elastomers. See elastomer. 5. See cush- 
ion; injection-molding melt cushion; mold-filling 
monitoring. 
packing factor The ratio of occupied volume to bulk 
volume; occupied volume per unit of total volume. See 
bulk factor; cushion. 
PACT See design, medical-device. 
pad See cushion. 
paddle agitator See mixer, paddle-agitator. 
paint 

See antistatic agent. 

A material that is designed to adhere to a substrate 

and act as a thin, plasticlike layer. A liquid mixture is ap- 
plied to a surface to form, on drying, a protective or deco- 
rative film. Paints consist of pigments dispersed in liquid 
vehicles, most of which include different types of plastics 
to meet different performance or cost requirements. There 
are aqueous and solventborne paints. Also called coating 
or finish. See aluminum stearate; antimony trioxide; 
bitumen; calcium sulfide; carbon disulfide; Chinese 
white; coating; crocking; decorating; linseed oil; 
powder coating; primer; varnish. 
paint baking See finish, baking. 
paint coating, in-mold The injected-paint technology 
from Battenfeld paints injection-molding parts in the mold. 
The process takes place in a coinjection molding machine 
with modifications to the nozzle and the screw. See co- 
injection molding; injection molding, in-mold. 
paint dryer See aluminum stearate. 
paint emulsion A latex paint that is composed of two 
dispersions-dry powders (colorants, fillers, extenders) 
and plastic dispersions. They are characterized by a water- 
dispersed binder. The principal types are styrene-butadi- 
ene, polyvinyl acetate, and acrylic plastics. The percentage 
composition generally is 25 to 30~01% dry ingredients, 
40% latex, and 20 to 30% water, plus a small amount of 
stabilizer. Their unique properties are ease of application, 
absence of disagreeable odor, and nonflammability, and 
they are used indoors and outdoors. See emulsion. 
paint, fill and wipe See decorating, fill and wipe. 
paint framing defect A paint defect that consists of ex- 
cessive film buildup that is caused by the surface tension 
near a sharp radius. Visually it is perceived as a hump that 
runs parallel to the radius. See defect. 
painting See coating; colorant; decorating. 
painting plastic Certain plastic products that require 
painting may need special considerations in terms of wet- 
tability and paint adhesion because they may lack the re- 
quired high surface tension. Different pretreatments are 
used, such as solvent etching, flame treatment, plasma 
treatment, and sulphonation. Some plastics may be sensi- 
tive to certain solvents, so care has to be taken not to dam- 
age the plastic. See solvent; stress-cracking failure; 
surface pretreatment. 
paint line A line where two paints meet. 
paint, luminous See calcium sulfide. 
paint, maintenance See coating, air-drying alkyd 
plastic. 
paint, oil-reactive plastic A synthetic plastic that is 
used in the manufacture of a paint and varnish that reacts 
chemically with a drying oil during the process of solution. 
At moderate temperature it will dissolve in, disperse in, or 
react with drying oils to give a homogeneous film of mod- 
ified characteristics. 
paint remover See carbon disulfide. 
paint, solventless See powder coating. 
paint, spray See air atomization; spray-paint 
coating. 
paint spray and wipe See decorating, fill-and-wipe. 
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paint surface 
paint, water-base See latex. 
pallet A portable platform that is used to store products. 
The industrialized countries have more pallets than peo- 
ple. The United States has about 1.6 billion, and Europe 
has at least 0.5 billion. Virtually all are wood. Plastic pallets 
weigh about 20 kg (44 lb), and typical sizes are 1.0 X 1.2 
m or 1.1 X 1.3 m. High-density polyethylene plastics are 
predominantly used. Plastic pallets have a 4:l price disad- 
vantage (wood cost is about $17) but more are being put 
into use because of the savings generated by longer reuse, 
use of recycled plastics, greater use of robots requiring uni- 
form size/weight, closed-loop in-plant shipping, long life, 
reduced load damage, easy cleaning, reduced worker in- 
jury, chemical inertness, moisture-proof nature, no harbor 
for pests, lack of splinters and exposed nails, nestability, 
plant sanitation, and, with fire-retardant agent, fire resis- 
tance. An important criterion for pallets, where plastics 
have had limitations based on past performances, concerns 
taking at least a load of one ton in racking. See recycling. 
paper A thin, fibrous, nonwoven sheet material that is 
produced from cotton, wood pulp, plastic fibers, or asbestos 
and that uses established paper-making processes such as the 
fourdrinier wet process and carding dry process. It is used, 
for example, as a decorative surfacing sheet for laminated 
plastics. See cellulose, alpha; fabric, nonwoven; fabric, 
nonwoven mechanical; fiber carding; fourdrinier; 
kraft paper; plastic paper; wood pulp, paper. 
paper, bogus A paper or paperboard that is manufac- 
tured principally from old or inferior papers or low-grade 
stock in imitation of grades using a higher quality of raw 
materials. 
paper, deinked A paper that uses fibers that are made 
from preconsuiner and postconsumer waste. This material 
would otherwise be dumped in a landfill. See landfill and 
degradation. 
paper, rag An exceptionally tough paper that can be 
used in the fabrication of industrial laminated plastics. See 
laminate. 
paper recycled 
paraffin wax A white, translucent solid that consists of 
a mixture of solid hydrocarbons, chiefly of the methane 
series, and is obtained from crude oil. It is used as a parting 
agent for plastics. See wax. 
parallax See light aberration. 
parallel property 
parameter An arbitrary constant, as distinguished from 
a fixed or absolute constant. Any desired numerical value 
may be given a parameter. 
parametric Dynamically linked to a list of specific pa- 
rameters, where changes to them result in changes to a 
geometric drawing. See modeling parametric. 
parison 
Parkesine plastic A plastic that was introduced coni- 
mercially in 1862 by the Englishman Alexander Parkes. 
Chloroform and caster oil were mixed to produce a sub- 
stance as hard as horn but as flexible as leather and capable 

See defect; surface finish. 

See recycled paper; waste. 

See directional property, parallel. 

See blow molding, extruder, parison. 

of being cast, carved, or stamped and painted. It could be 
produced at a lower cost than the popular gutta percha. 
Unfortunately the material never went into production 
because the factory that was formed in 1866 was liquidated 
in 1868. No further action was taken with this material. 
park, recycled See landfill, recycled. 
part handling Although the finished part can be re- 
moved in many different ways from the priniary produc- 
tion equipment, special consideration should be given to 
flexibility in output rate, method of handling secondary 
operations, packaging or storage, product identification, 
and quality-control procedures. See conveyor; material 
handling; quality control; robot. 
part-handling equipment (PHE) The logic and ap- 
proach used in materials handling also applies to the use 
of PHE to move processed products. Since decorating, 
machining, assembly, packaging, and many other postfab- 
ricatiiig operations tend to be simple, repetitive tasks, they 
often lend themselves to PHE automation. See auxiliary 
equipment; extractor; mold eyebolt and hole. 
particle Any discrete unit ofmaterial structure. See an- 
tiparticle. 
particleboard A generic term for a panel that is fabri- 
cated from lignocellulose materials (wood) primarily in the 
form of discrete pieces or particles, as distinguished from 
fibers, that are combined with a plastic such as phenolic 
or urea plastic. It is bonded together under heat and pres- 
sure either in a press or extruder. See extruder; phenolic 
plastic; press; urea. 
particulate filler An additive, such as calciuni carbon- 
ate, talc, short fibers (wood, glass, etc.), or carbon black, 
that reduces formulation costs. See filler; mill, tube. 
parting agent See mold-release agent. 
parting line See mold-parting line. 
parting-line control See injection molding pro- 
cess-control parting line. 
part per hundred (phr) A relative unit of concentra- 
tion of parts of one substance per 100 parts of another. 
Weight, volume, count, or other suitable unit of measure 
can measure the parts. It is used often to denote the coni- 
position of a blend or mixture in terms of parts of a minor 
ingredient, such as plasticizer or per 100 parts of the plas- 
tics. See material-blending letdown ratio. 
part per hundred million (pphm) A relative unit of 
concentration, similar to parts per hundred. It is used often 
to denote a very small concentration of a substance, wch 
as impurity in a plastic or in air. 
part per million (ppm) A relative unit of small con- 
centrations of material or substance as the number of its 
parts (arbitrary quantity) per million parts of medium con- 
sisting of another material or substance. 
part treatment See surface treatment. 
parylene plastic A thermoplastic that is made by vapor- 
phase polymerization of p-xylene. Hot p-xylene vapors 
are cooled to condense the niononier and deposit it as a 
plastic in the form of a thin, uniform coating on a substrate, 
such as fabric or an electronic device. Its melting point 
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ranges from 290 to 40OOC (554 to 752"F), and the glass 
transition temperature ranges from 60 to 100°C (140 to 
212°F). Their physical properties are unaffected by ther- 
mal cycles from 2°K (-271OC) to room temperature. 
They are generally insoluble up to 150°C (302°F). Their 
first significant commercial application was as dielectric 
film in high-performance precision electrical capacitors, 
followed by use in circuit boards and electronic module 
coatings. Freestanding film can be produced ultrathin to 
350A (3 micron); they are called pellicles and are used as 
beam splitters in optical instruments, windows for nuclear 
radiation measuring devices, dielectric supports for planar 
capacitors, and extremely fast-responding, low-mass 
thermistors and thermocouples. See dielectric; glass 
transition temperature; melting temperature; tem- 
perature. 
Pascal 1. A SI unit of measurement of pressure equal 
to the pressure resulting from a force of 1 Newton acting 
uniforndy over an area of 1 square meter. It  is used to 
denote the pressure of mechanical behavior of materials 
under pressure. 2. See computer Pascal. 
paste A material compound and adhesive coinposition 
of semisolid consistency, usually dispersed in water. See 
mixer, double-arm; mixer, paddle agitator; ex- 
truder paste. 
paste metering blade 
pastel See color, pastel. 
patent See legal matter: patent. 
patent pooling with competitor 
patent pooling with competitor. 
pattern surface waviness 
pearlescent See color, special-effect; pigment, 
pearlescent. 
pectin See gel, pectin. 
peel ply 
peel strength 
peel torque 
peening 1. Hammering on plastics for shaping, bend- 
ing, cutting, or decorating material. See swaging. 2. The 
service life of certain plastics can be extended by shot 
peening. In shot peening, parts are bombarded with an 
intense stream of tiny metal, ceramic, or plastic balls, pro- 
ducing a highly shocked and compressed material on their 
surface. Overlapping layers of the material provide a thin, 
uniform layer that becomes resistant to cracks and fatigue. 
Work in this technique has also included the use of a high- 
powered laser beam. See surface finish. 
pegging See production pegging. 
pellet In the production of thermoplastic finished prod- 
ucts, a primary form of dry material to be processed. Pellets 
offer the following advantages, particularly when they are 
uniform in shape and size: (1) more accurate distribution 
of plastics into a process, (2) simpler feeding system with 
fewer feeders, (3) dust-free handling, (4) easier cltaning 
between changes in feedstock, (5) fewer unsatisfactory 
finished products, (6) greater extrusion (injection molding, 
etc.) capacity, and (7) lower shipping costs as a result of 

See doctor blade. 

See legal matter: 

See plastic, low-profile. 

See reinforced-plastic peel ply. 
See adhesive peel strength. 

See sandwich peel torque. 

higher feed-bulk dcnsity. The disadvantages of pellets are 
the plastic's additional heating cycle (extending residence 
time) and the additional cost. See concentrate; dicer; 
die-face pelletizer; drying; fine; material blocking; 
material, cutting burr-free; plastic feed form; plastic 
material; preform. 
pellet color sorter A system that detects and separates 
off-color or contaminated pelletized or granular materials 
from acceptable materials. Separation can be light from 
dark, dark from light, transparent from opaque, or by color 
differences. The system detects and automatically rejects 
particles as small as of at  least 0.5 mm. The operating prin- 
ciple is based on the photoelectric eye-sensor light reflec- 
tance of the material's different brightness or color. Defec- 
tive material is ejected within milliseconds. Sorters can 
accommodate throughputs of at  least up to 1,000 
lb/h (450 kg/h). See colorant; postconsumer plastic. 
pelletizing Producing pellets. Conipounding extrusion 
lines usually produce pellets using dry-face dicers or the 
more popular strand pelletizer that uses underwater, 
water-ring, and water centrifugal pelletizers. Thc strand 
pelletizers use two basic methods. One niethod produces 
strands usually 0.125 in. (3.2 miii) in diameter and is called 
the s t m d  pelletizer. The hot extruded strands are cooled 
in a water trough and cut in lengths of about 0.125 in. 
During this process some degree of fines and longs are 
produced. They can cause conveying and feeding prob- 
lems for the processor. Fines caused by the cutter may re- 
sult in dusting problems. Longs are pieces of strands up to 
4 in. (100 mm) long that go through the cutter. 

The other niethod is called underwater pelletizing. The 
die openings are actually underwater or in a moisture at- 
niosphere. A fast-rotating knife almost touching the die 
face cuts the strands of melt into alniost spherical shapes 
as the strands exit the die openings. The underwater pel- 
letizers were developed to eliniinate handling a large nun-  
her of strands as well as to eliininate fines and longs. When 
you study these systems, recognize that major challenges 
exist. There is a die with the very hot melt on one side 
and cool water on the other side of the die with a pressure 
drop in the die going back to the breaker plate and screen 
pack of the extruder. With improper operation the die is 
frozen solid by the water, resulting in the line's downtime 
and a time-consuming clean-up mess. Operating proce- 
dures have to be prepared and strictly followed. Pelletizers 
have low to high output rates such as 20 to 15,000 lb (9 
to 6,800 kg). See compounding, shear roll; dicer; die- 
face pelletizer; fine; melt vibration; mill, roll; plastic 
material. 
pellet, micro- The usual pellet size is 0.125 by 0.125 
in. (0.3 by 0.3 cm). Micropellet diameters range from 
0.020 to 0.060 in. (0.051 by 0.153 cm) and are used for 
applications froin rotational molding to color and additive 
concentrates. They are used in processes such as injection 
molding and extrusion, where productivity gains occur 
when compared to the conventional-size larger pellets. 
The smaller pellets have proportionately niore surface area 
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exposed to frictional heating in the plasticator, which leads 
to faster melting and in turn more uniform niixing and 
nielt flow. See concentrate. 
Peltier coefficient See coefficient, Peltier. 
penetrant An agent that is used to increase the speed 
and ease with which a bath or liquid permeates a material 
being processed by effectively reducing the interfacial ten- 
sion between the solid and liquid. See barrier plastic; 
permeability. 
pentadiene plastic A plastic that contains pentadiene 
and is used for adhesives and for liquid rubbers. 
pentane gas A gas that is used as a blowing agent in 
various products, such as expandable plastics, and in foam, 
such as rigid polyurethane foam insulation and reaction 
injection molding. This chlorine-free liquid that forms gas 
requires careful handling since it is flammable; in a plastic 
it is safe to use. See expandable polystyrene; foam and 
blowing agent; polychlorofluorocarbon. 
people and machines As John North Willys, president 
of Willys-Overland Co. (Compressed Air Mugazine, Jan- 
uary 1919) stated: “I ani as adverse to scientific nianage- 
ment as I am to scientific employment. The whole theory 
of scientific management is essentially foreign to the hu- 
man element and is destructive of individualism and there- 
fore of progress. Pride of work, not pressure, keeps pro- 
duction at top speed. I hold it inhuman to work men as 
though they were machines; in addition to being inhuman 
it is bad business.” 
people’s challenge A competition that requires people 
to meet a target with specific requirements such as size, 
shape, strength, chemical resistance, aesthetics, and cost. 
See computer-aided; cost reduction; definition, art 
of; design analysis; design technology; processor 
and competition; risk, acceptable. 
peptide A low-molecular-weight plastic of amino acids. 
It is arbitrarily designated as having a molecular weight 
under 10,000. Higher MW species are called polypeptides. 
See zein plastic. 
peptizer A compounding material that is used in sniall 
proportions to accelerate by chemical action the softening 
of an elastomer (rubber, plastic elastomer) under the in- 
fluence of mechanical action, heat, or both. The molecular 
weight of the plastic is reduced. Peptization of an elasto- 
mer allows the compounder to achieve a workable com- 
pound viscosity at a high filler loading without reduction 
in vulcanizate hardness and strength. See compounding; 
latex, natural rubber; xylyl mercaptan. 
percentage point A difference of 1% of a base quantity. 
percolation The action of a solvent passing through a 
permeable substance for extracting a soluble constituent. 
See leach. 
perfluoroalkoxy plastic A thermoplastic that has a 
higher temperature limit (260°C or 500’F) than fluori- 
nated ethylene-propylene plastic and is similar to polytet- 
rafluoroethylene in chemical resistance. It is easily pro- 
cessed. It  is used in films, coatings, pipes, containers, and 
linings for chemical apparatus. 

perfluorocarbon plastic A plastic whose thermal 
properties below their melting point of 32O’C (60XOF) are 
very similar or soniewhat superior to polytetrafluoroethy- 
lene (PTFE). It has no room-temperature transition, as 
does PTFE; thus dimensional changes are niuch less sensi- 
tive to small changes in temperature. It  is essentially pro- 
duces water-clear film in contrast to PTFE. 
perfluoromethylvinyl ether elastomer An elastomer 
that contains about 72wt% of fluorine, resulting in elasto- 
mers that are very resistant to alcohol and when cross- 
linked with peroxide, very resistant to high-performance 
oils. 
performance prediction Avoiding product failures 
depends, in part, on prediction of the performance ofplas- 
tic materials and their shapes. A product laboratory or 
field-testing provides useful and reliable performance data. 
Engineers and designers continue to develop sophisticated 
coniputer methods for calculating stresses in complex 
structures while using different materials. Coniputational 
methods have replaced the oversimplified niodels of mate- 
rial behavior that were formerly relied on. However, for 
the new and coniplex product structures that are being 
designed to significantly reduce the volume of materials 
used and, in turn, the product cost, coniputer analysis is 
conducted on prototypes already fabricated and undergo- 
ing testing. This computer approach can result in early and 
comprehensive analysis of the effects of conditions such 
as temperature, loading rate, environment, and material 
defects on nonstructural or structural reliability. This in- 
formation is supported by stress-strain behavior that is col- 
lected in actual material evaluations. 

The finite-element analysis method has greatly en- 
hanced the structural analyst’s ability to calculate displace- 
ment and strain-stress values in complicated structures that 
are subjected to arbitrary loading conditions. In its funda- 
mental form, the FEA technique is limited to static, linear 
elastic analysis. However, advanced FEA coniputer pro- 
grams can treat highly nonlinear dynamic problems effi- 
ciently. Iniportant features of these programs include their 
ability to handle sliding interfaces between contacting 
bodies and the ability to niodel elastic-plastic material 
properties. These program features have made possible the 
analysis of impact problenis that in the past had to be han- 
dled with very approximate techniques. FEAs have made 
these analyses much more precise, providing better di- 
rection in locating high-stress areas. Final verification of 
load-carrying capability niay require actual testing of the 
fabricated product based on computational analysis. See 
design; finite-element analysis; production perfor- 
mance. 
perfume odor. See deodorant additive; dichloro- 
ethylene; test, organoleptic. 
period The length of time between consecutively re- 
curring conditions; the reciprocal of frequency. See fre- 
quency; measurement. 
periodic 
periodic table 

Having repeated beginnings and endings. 
A table of the elements that is written 



Rosato, Rosato, and Rosato 403 

in sequence in the order of atomic number or atomic 
weight. It  is arranged in horizontal rows (periods) and ver- 
tical columns (groups) to illustrate the occurrence of sinii- 
larities in properties of elements as a periodic function of 
the sequence. Its significance is that the names and chenii- 
cal symbols for the elements are the building blocks for all 
engineering materials. In the table the elements exhibit a 
steady trend in properties and are listed in groups. Within 
each group the elements are quite similar. A given element 
can be predicted on the basis of its position in the table 
to resemble the other elements of its group and be inter- 
mediate in properties between its adjacent materials, The 
chief function of the periodic table is to serve as a funda- 
mental framework for the systematic organization of 
chemistry. Given an understanding of this table with little 
information, one can predict the properties of many sub- 
stances, including elements in compounds. See alkali 
metal and derivative; atomic number; electron; ele- 
ment; isotope. 
perlite See building material, perlite. 
perm See water-vapor transmission. 
permanence Resistance to appreciable change in char- 
acteristics with time and environment. 
permanent set See deformation, permanent set. 
permeability The ability of a barrier to allow the pas- 
sage or diffusion of a gas, vapor, liquid, or solid through 
it without affecting it physically or chemically. See ab- 
sorption; aluminum foil; barrier plastic; chroma- 
tography, gel; coefficient of gas permeability; coef- 
ficient of permeability; diffusion; gasoline tanks; 
penetrant; surface preparation; test, oxygen gas 
transmission rate; water-vapor transmission. 
permeation See chromatography; percolation; 
specific gravity, apparent. 
permittivity, dielectric See electrical permittivity. 
permittivity loss factor See dielectric dissipation 
factor. 
permittivity, relative The ratio of the electrical capac- 
itance of a material to the capacitance of air. The relative 
permittivity of most insulating niaterials varies from 2 to 
10 with air having 1. Higher values indicate greater insu- 
lating quality. See electrical capacitance; electrical 
permittivity; insulation resistance. 
permselectivity, resistance See membrane; water- 
vapor transmission. 
peroxide cured XLPE See extruder wire and cable 
cross-linking PE with peroxide. 
personal computer (PC) A computer that is low cost, 
portable, personally controllable, and easy to use. See 
computer software; control-system reliability; reli- 
ability. 
persorption The adsorption of a substance in pores 
only slightly wider than the diameter of absorbed niole- 
cules of the substance. See adsorption. 
PET See polyethylene terephthalate plastic. 
Petlite A Goodyear Tire & Rubber Co. system that is 
both a plastic and a process for producing foam single- 

use containers used for food preparation, transportation, 
storage, and heating. The process closely relates to the 
crystalline PET method of producing trays and other con- 
tainers. The system uses inert gas found naturally in the 
environment as blowing agents, making it ozone friendly. 
See foam and blowing agent; ozone; packaging; 
polychlorofluorocarbon. 
petrochemicals The chemicals made from feedstocks 
derived from petroleum oil or natural gas. Examples are 
ethylene, butadiene, most large-scale plastics, and sulfur. 
Also calledpetvolewn chemicals or petrochemistry. See chemi- 
cal composition and properties of plastic; design, 
biotechnology; energy and plastic; feedstock; oil 
and gas; oil, cracking; oil resources limited; plastic; 
plastic products, raw material to; steel resources, 
limited. 
petroleum distillation See pitch. 
petroleum plastic A thermoplastic that is obtained 
from a variable mixture of unsaturated mononiers recov- 
ered as byproducts from cracked or distilled petroleum 
streams. Typical applications include adhesives, printing 
inks, rubber compounding, and surface coatings. 
pH The degree of acidity or alkalinity of a substance. 
Neutrality is pH 7; acid solutions are less than 7, and alka- 
line solutions are more than 7. See acid gas; pH indi- 
cator. 
pharmaceutical See coating, microencapsulation; 
drug application; medical-device packaging clarity; 
medical seal and closure. 
phase A particular visible appearance or state that is not 
necessarily a separable portion of a system but occurs in a 
regularly recurring cycle of changes. It  implies a change 
that is either literal or figurative. 
phase angle See dielectric-phase angle. 
phase change The transition from one physical state to 
another, such as gas to liquid, liquid to solid, gas to solid, 
or vice versa. See chemical reaction; exotherm. 
phase transformation See thermodynamic phase 
transformation. 
pH buffer action The resistance of a solution to change 
PH. 
phenol A class ofaroniatic organic compounds in which 
one or more hydroxy groups are attached directly to the 
benzene ring. It  is used in producing plastics such as epoxy 
(bisphenol-A), phenolic, and nylon-6. See chemical 
benzene ring; test, phenol Gibbs indophenol. 
phenol formaldehyde plastic See phenolic plastic; 
resitol; test, phenol Gibbs indophenol. 
phenolic cement A phenolic-based adhesive. See ad- 
hesive. 
phenolic plastic A plastic that is produced by the con- 
densation of phenol with forinaldehyde. These thermosets 
can be used in high-temperature products that include var- 
ious fillers and reinforcements providing a very broad 
range of properties as well as a wide range of cost. Forniu- 
lations can be prepared that do or do not let o f f  gases dur- 
ing curing. The PF plastics are soluble and heat curable. 
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Novolak plastics require a bifunctional cross-linking agent, 
usually diamine, to cure. Uncured or partially cured plas- 
tics are used as coatings, adhesives, potting compounds, 
and binders. They have good dielectric properties, hard- 
ness, thermal stability, rigidity, and compressive strength 
but poor resistance to bases and oxidizers and dark colors 
after curing. Also called plzrnol formaldehyde plastir- or PF. 
See A-B-C stages; asbestos; Baekeland, Leo Hen- 
drik; coating material; cresol; laminate; mold 
breathing; reinforced plastic; resitol. 
phenolic plastic foam See foamed ground aircraft 
arrester. 
phenolic plastic, resorcinol modified A phenolic 
plastic that has been niodified by the addition of resor- 
cinol. This thermoset is commonly used in applications 
such as those requiring good heat resistance, dimensional 
stability, and creep resistance. 
phenolsilane plastic A thermoset copolynier of sili- 
cone and phenolic plastics in solution form. 
phenoxy plastic A thermoplastic polyester plastic that 
is based on bisphenol-A and epichlorohydrin and provides 
special high-performance properties. It  is used in mold- 
ings, adhesives, and coatings. 
pH indicator A substance, usually in sheet form, that 
changes color when the pH of the liquid medium is 
changed. See pH. 
phlogopite See reinforcement, disk. 
phonographic record Since the early part of the twen- 
tieth century, various manufacturing coinpression- 
type techniques have been used to prepare the vinyl coni- 
pound for molding records into a finished vinyl disc. 
Extruders or inj ection-molding systems produce approxi- 
mate 5 in. (13 cm) squares called biscuits. They are stored 
until used by heating them and in turn put into a stamping 
press. Systems also have the hot melted biscuit from a 
plasticator going directly to the press. This niarket has been 
dropping while cassette tapes have somewhat leveled off, 
and compact disc sales are rising extremely fast in the re- 
cording industry as well as others. See compact disc; 
recording media. 
phosgene A hazardous gas of carbon monoxide plus 
chlorine gas. See carbon tetrachloride; hazard. 
phosphorescence 1. The luminescence that persists 
after removal of the exciting source. Also called aftevglozu. 
See afterglow; color, special-effect; fluorescence; 
luminescent pigment; zinc sulphide. 2. A lumines- 
cence whose decay, on removal of the exciting source, is 
temperature-sensitive. 
phosphorous-base flame retardant A substance that 
reduces smoke obscuration and corrosiveness to create op- 
portunities for phosphorous additives as alternatives or 
complements to the more standard halogenated com- 
pounds. New-generation products are designed to over- 
come some of their previous drawbacks. Smoke-toxicity 
concerns about brominated and chlorinated flame-re- 
tardants emerged in the 1980s as one of the key factors 
driving the development of nonhalogenated flanie-re- 

tardants, including phosphorous types. In many ways, 
smoke toxicity is the least important issue, as everything 
burned releases some toxics. Instead, two other issues are 
more important: acid corrosivity in smoke that results 
fi-om halogenated flame retardants and can affect electrical 
systems, and smoke density that obscures vision, as smoke 
with halogens is much heavier than that with phosphorus- 
based materials. 

Phosphorous-based flame-retardants are not without 
their drawbacks, which depend on the type of additive 
and the application in which it is used. Most coninion 
problems are with thermal stability, plasticization, large 
particle size, blooming, and migration problems (that can 
cause cracking and crazing in parts under stress), and cost. 
A key limiting factor is that niany phosphorous flame re- 
tardants decompose or volatilize above 230°C (450°F). An 
exception is red phosphorous, which can be processed 
above 230°C. Although thermal stability is not necessarily 
a problem in PE, PP, or TSs like epoxies or polyesters, it 
is a problem with higher-temperature plastics. However, 
there is a realm of phosphorous technology that has not 
been touched that allows retardants to operate above at 
least 250°C (480°F). See additive; bloom; cracking; 
crazing; flame retardant; migration; plasticizer; 
smoke. 
photochemical hole-burning spectroscopy (PHB) 
A tool for ultra-high-density optical memory and a fruitful 
spectroscopic method of detecting properties of matrix 
plastics. Various kinds of materials have been used for es- 
tablishing the relationship between PHB phenomena and 
properties of materials. As an example, dye molecules in 
amorphous plastic systems have been used because of their 
high-quantum yield and good processability. See amor- 
phous plastic. 
photochemical reciprocity law The statement that in 
a photochemical reaction a constant effect is produced if 
the product of tinie and radiant power is a constant. 
photochemistry The absorption of light by plastics can 
produce noticeable physical, mechanical, and chemical 
changes. Photodegradation and photoxidation can sever- 
ally liniit the usefulness of certain plastics that are not 
treated. See antioxidant agent; biodegradable versus 
photodegradable; degradation. 
photochromic Reversible light sensitivity; darkening 
with increased intensity and fading with decreased inten- 
sity. 
photoconductive plastic A plastic that has an increase 
of conductivity caused by radiation. See plastic conduc- 

photodegradable Able to deconipose in an environ- 
ment of ultraviolet radiation within a tinie period, such as 
one year, through physical processes into nontoxic car- 
bonaceous soil, water, and carbon dioxide. See biode- 
gradable versus photodegradable; decomposition; 
degradable. 
photodegradation See biodegradable versus pho- 
todegradable; decomposition; photooxidation. 

tivity. 
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photoelasticity The birefringence that occurs in a 
transparent material when it is subjected to stress. The hi- 
refriiigeiice occurs when the niaterial beconies anisotropic 
due to the niicroorientation of the molecules under stress. 
The photoelastic effect is especially useful in the analysis 
of residual stress and orientation of transparent plastic 
products by observing them in polarized light. If white 
light is used, then a series of colored fringes is observed, 
whose density depends on the amount of stress or orienta- 
tion, which interferes with two out-of-phase propagating 
light rays. For nonchromatic light, a series oflight and dark 
fringes are observed. See birefringence; polariscope; 
stroboscope; test, nondestructive stress-strain mea- 
surement, brittle lacquer technique. 
photoelastic stress analysis See test, nondestruc- 
tive photoelastic stress-analysis. 
photoengraving See printing, photoengraving. 
photoetching tool A tool used to surface treat molds 
that in turn produce products with a pattern or textured 
surface. Patterns range from leather or wood graiii to line 
patterns with varying directions and depths. The required 
pattern is transferred to the rnold by a photographic pro- 
cess. The pattern is then etched to the required depth by 
the application of an appropriate acid, under closely con- 
trolled conditions. It can be performed either on complete 
tools or molds or on any specific areas. Factors that influ- 
ence results on the different tool steels (H13, 420, etc.) 
are (1) grades and annealing and hardening conditions; (2) 
flame hardening, welding, or EDM; (3) grain flow direc- 
tion of the tool steel; (4) variations in tool steel and cleanli- 
ness; and (5) material size. If nitriding is to be used, it must 
be done after etching. Flame hardening prior to etching 
should be avoided since the pattern will be etched differ- 
ently in the flame-hardened zone. Welded steel can usually 
be etched if the same steel is used in the weld. Poor etching 
results in surfaces that are marred by residual traces of spark 
machining, grind, or polish surfaces. Steels with a clean mi- 
crostructure and low sulfur content give the most accurate 
and consistent pattern. See chemical etching; iron; ma- 
chining; machining, photochemical; metal; mold 
cavity, etched; steel; surface treatment; texturizing. 
photolysis See molecule photolysis. 
photooxidation See biodegradable versus photo- 
degradable; degradable; ultraviolet absorber. 
photon See radiation, photon. 
photooxidation The photodegradation that occurs in 
the presence of oxygen. Since photodegradation is fre- 
quently a free-radical process, oxygen will also participate, 
accelerating the degradation process (mainly chain scis- 
sions) by promoting chain branching via hydroperoxide 
group forniation and causing the incorporation of oxygen- 
containing groups into the plastic. It is a main source of 
weathering problems with plactics and is alleviated by the 
use of ultraviolet stabilizers. See degradation; ultravio- 
let absorber. 
photoplotter See artwork, photoplotter. 
photopolymer Any of a class of light-sensitive plastics 

that undergo a spontaneous and pernianerit change in 
physical properties on exposure to light. It is used in print- 
ing, creating lithography plates for photographic prints, 
and niicrofilni copying. Light causes further polynieriza- 
tion and cross-linking, resulting in degradation and in pro- 
viding the printed matter. For example, esters of polyvinyl 
alcohol when cross-linked become insoluble, whereas the 
unexposed portions of the plastic reniain soluble. See la- 
ser sintering, selective; printing, lithographic resist; 
prototype. 
photopolymerization See polymerization, photo-. 
phthalate ester 
phthalic See plasticizer, phthalic. 
phthalic anhydride The most important of the com- 
niercially available aroriiatic anhydrides. Its largest end use 
is in the manufacture of phthalate ester plasticizers used 
primarily in PVC plastic; its next largest is for unsaturated 
polyester plastic; and its third is for alkyd plastic. See alkyd 
plastic; polyester plastic, unsaturated; polyvinyl 
chloride plastic. 
physical property A characteristic of iiiaterials that 
pertains to the interaction of materials with various forins 
of energy and with other forms of matter. In essence, they 
pertain to the science of physics. They can usually be mea- 
sured without destroying or changing the material’s color 
or density. See chemical property; electrical prop- 
erty; mechanical property; periodic table; plastic 
dopant; testing and classification. 
pi 1. A inathematical term that is usually identified by 
the Greek letter TC and equals 3.141593. 2. A state that is 
formed when two electrons are placed in a pi-bonding 
molecular orbital. See mathematical equation. 
pica See printing pica. 
pick See fiber pick. 
picture framing 
PID See temperature proportional-integral deriv- 
ative control algorithm. 
piezoelectric effect The slight deformation that soine 
crystals experience when voltage gradients are applied in 
particular directions and, conversely, the electrical change 
that appears when some crystals are deformed. Certain ilia- 
terials change dimensions when voltage is applied or pro- 
duce voltage (electrical potential) when deformed. It is 
used to convert inechariical energy into electrical energy 
and vice versa. This principle is used to control systenis in 
extruder dies, gauges, transducers, and acoustical sensors. 

A piezoelectric plastic spontaneously produces an elec- 
tric discharge when inechanically stressed or develops a 
mechanical respoiise when an electric field is applied. For 
example, polyvinylidene fluoride plastic spontaiieously 
gives an electric charge when inechanically stressed or de- 
velops a mechanical response when an electric field is ap- 
plied. The material’s structures are symmetrical so that 
their centers ofpositive and negative changes are not coin- 
cident. As a result the polarity is sensitive to pressure 
changes that change the dipole distance aiid the polariza- 
tion. See electrical conductivity; polyvinylidene 

See plasticizer, phthalate ester. 

See paint framing defect. 
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fluoride plastic; sensor, piezoelectric; transducer; 
welding, ultrasonic. 
pigment An additive that alters the appearance of a ma- 
terial by selective absorption or scattering of light. Pig- 
ments retain a crystal or particle structure throughout the 
coloration process and are essentially physically and cheni- 
ically unaffected by the vehicle or substance in which they 
are incorporated. Usually they are insoluble compounds 
and are dispersed in vehicles or substances for application. 
Hundreds of natural organic or synthetic inorganic color- 
ing agents include pigments of metallic oxides, sulfides, 
and other salts that impart heat and light stability, weather 
resistance, color, and migration resistance. Other func- 
tional applications of pigments include imparting corro- 
sion or heat resistance, antifouling capability, rubber accel- 
eration activation, and reinforcement. Over $7 billion or 
4.6 million metric tons of pigments are used worldwide 
in paints and coatings, plastics, and construction materials. 
Other markets include paper, ceramics, inks, textiles, glass, 
food, and cosmetics. Major change is occurring to meet 
environmental requirements where heavy-metal-con- 
taining pigments are being phased out. Examples of the 
more acceptable types include waterborne coatings, pow- 
der coatings, and radiation curable inks and coatings. See 
antimony trioxide; bronzing; cadmium; calcium 
carbonate; carbon black, animal; channel black; 
Chinese white; coating, antifouling; colorant; color, 
special-effect; crocking; cuprous oxide; dye; ex- 
tender; fixing agent; iron oxide pigment; lamp 
black; titanium dioxide; zinc gray; zinc oxide. 
pigmented A plastic that has colored organic or inor- 
ganic pigments added to it after it has been fabricated into 
a product. 
pigmented color dispersion Coloring materials that 
have been ground and mixed in a thick liquid that is coni- 
patible with the plastic system in which it will be used. 
When added to the plastic, the pigmented dispersions give 
it color. 
pigment, electrical-grade See zirconium oxide. 
pigment, extended An organic pigment that has been 
diluted with an extender, such as alunlina trihydrate or 
calciuni carbonate. See alumina trihydrate; calcium 
carbonate; extender. 
pigment, fluorescent A colorant additive that seenis 
to possess a glow of its own. By absorbing unwanted 
wavelengths of light and converting them into light of de- 
sired wavelengths, colors seem to possess an actual glow 
of their own. Fluorescent whitening agents absorb near 
ultraviolet and reeinits the power as visible light (violet- 
blue), thereby causing a whiter appearance when added 
to a yellowish-white plastic. See color, special-effect; 
fluorescence; optical brightener agent; yellowing. 
pigment, inert An additive that does not react with any 
coniponent of materials. See additive. 
pigment, inorganic A pignient that is a naturally oc- 
curring or synthetically produced inorganic material. In- 
cluded are titanium dioxides, iron oxides, lead chromes, 

and cadmiums. See organic; organic, in-; pigment, 
organic. 
pigment, luminous A phosphorous pigment that 
causes finished products to glow in the dark. See lumi- 
nance. 
pigment, metal chelate A metallic pigment that is 
based on a chelated metal. It gives heat and solvent resis- 
tance. 
pigment, metal-free A monoazo (toluidine red, ary- 
lamide, etc.), disazo (dichlor benzidene etc.), or polyazo 
organic pigment that is free of metals, sulphonic, and car- 
boxylic acid groups. 
pigment, metallic A type of pigment that generally is 
made of thin opaque flakes of aluniinuni or copper alloy 
flakes known as bronze pigments. They produce unusual 
metallic effects. They are made by ball niilling either a 
disintegrated foil or a rough metal powder and then pol- 
ishing to obtain a flat, brilliant surface on each particle. 
Added to plastics, they produce unusual silvery and other 
attractive nietallike effects. See color, special-effect; 
mill, ball. 
pigment, metal-toner An organic pigment that is 
made from heavy-metal salts of sparingly water-soluble azo 
dyes prepared without a substrate. Because of their low 
solvent solubility, toners do not migrate or chalk and have 
the added advantage of low cost. They are used in both 
thermoplastic and thermoset plastics. 
pigment, mineral-black A pigment that is made by 
grinding or heating slate, shale, or coal. 
pigment, organic A pigment that is synthesized from 
organic raw materials but that does not occur in nature. 
These pigments provide an extensive range of bright and 
often transparent colors of high tinctorial strength and are 
generally more resistant to chemicals but less heat and sol- 
vent stable than inorganic pigments. See inorganic; or- 
ganic; pigment, inorganic. 
pigment, pearlescent A class of pigments with trans- 
parent crystals of high refractive index. Depending on 
their coniposition, such pigments improve the surface 
gloss of a plastic or add brilliant highlights. See color, 
special-effect. 
pigment, reinforcing A dual-purpose pigment that 
besides coloring, improves properties. Carbon black is a 
typical example. See carbon black. 
pigment, rouge A powder consisting of red oxide that 
is used as a pigment and for polishing. See polish. 
pigment undertone The color of a thin layer of pig- 
ment-vehicle mixture applied on a white background. 
pigment, UV absorber See carbon black; zinc 
oxide. 
pigment, Venetian red A pigment with a true red hue 
that contains 15 to 40% ferric oxide and 60 to 80% calcium 
sulfate. 
pigment, white 
pilot plant A trial assenibly of a small-scale processing 
operation that is an intermediate between a laboratory ex- 
periment and full-scale production plant operation. 

See bottle, opaque milk. 
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pimple An imperfection, such as a sinall protuberance 
of varied shape, on the surface of a product. See defect. 
pinch-draw See roller, pinch-draw. 
pinch-off A device that seals a melt structure. It usually 
refers to the excess material that can form during pinch- 
off requiring separation of the excess plastic from the pro- 
cessed part. See blow molding, extruder, pinch-oE, 
re cycling. 
pinch roll See nip. 
pin ejection See mold ejector. 
pin hole An undesirable, very small hole or cavity that 
penetrates the surface of a molded product, plastic coating, 
or film. See paint; powder coating. 
pinhole-free coating See parylene plastic; xylylene 
plastic. 
pipe A hollow cylinder in which the wall thickness is 
usually small when compared to the diameter and in which 
the inside and outside walls are essentially concentric. 
Thermoplastic (usually unreinforced) and thermoset rein- 
forced-plastic products are produced. See design pipe; 
extruded pipe and tubing design; extruder post- 
forming; extruder pipe and tubing; extruder profile; 
joining, butt-fusion; reinforced plastic pipe; sewer 
rehabilitation; underground pipe. 
pipe bell end The enlarged portion of a pipe that re- 
sembles the socket portion of a fitting and that is intended 
to be used to make a joint by heat or adhesion. 
pipe connection See orientation and heat-shrink- 
ability. 
pipe conveying See conveying, pneumatic; energy 
conservation; material handling. 
pipe, corrugated See design, corrugated. 
pipe, deteriorating Groundwater contamination from 
deteriorating steel sewer pipes poses a risk to a clean water 
supply. An efficient way to solve this problem is to insert 
PVC coiled pipe inside the steel pipe. Rigid PVC pipe is 
heated and coiled like a fire hose so that it can be trans- 
ported to an installation site. On site, the pipe is heated, 
unrolled, and guided through a inanhole (pulled by a ca- 
ble, etc.) and through the interior of the damaged pipe. 
Pressure and steam are then used to expand the pipe so 
that it hugs the interior of the deteriorated pipe, sealing 
any cracks and proving a new, corrosion-free transport for 
sewage. Even though soil conditions and earth movements 
continue to damage the steel pipe, the “fold and form” 
PVC interior layer remains intact. See polyvinyl chlo- 
ride plastic; safety; sewer rehabilitation; under- 
ground pipe. 
pipe diameter standard See deviation ratio, stan- 
dard. 
pipe, geothermal Underground heating and cooling 
pipe systems, when cornpared to conventional systems, are 
more than three times as efficient and have about 20% 
lower maintenance costs. Annual heating and cooling in 
homes can be reduced up to 40%. The system consists of 
an indoor heat pump and a buried pipe network, often 
over 150 m of HDPE. The pump transfers heat from the 

geothermal underground wells to a building (home, etc.) 
in the winter and removes the heat froin the building in 
summer. One-piece U-bends made from HDPE are 
attached at the plastic fabricating plant providing high- 
quality welds and reduced costs for labor. A special fitting 
made from HDPE allows the installer to provide mono- 
lithic material throughout without fusing the pipe lengths. 
HDPE’s durability, chemical resistance, stress-cracking re- 
sistance, and other characteristics pernlit a typical life of 
over 50 years. See extruder pipe and tubing; polyeth- 
ylene plastic, high-density; underground pipe. 
pipe, liquid oxygen compatibility See polyarylene 
ether phosphine oxide plastic. 
pipe market Thermoplastic pipe has been used since 
the 1930s and now respresents at  least 30% of the dollar 
share of the pipe market compared to other materials 
(iron/steel at 45%, copper at 1296, concrete at 8%, alunii- 
num at 4%). The major plastics used are HDPE, PVC, 
and PP. The main application for plastic pipes is for gas 
distribution and they also are used in industrial mining, oil 
and gas production, and water transport. Although ther- 
moset plastic pipe represents a small portion of the market, 
it is a product of choice for inany special applications. Cor- 
rosion resistance, toughness, arid strength contribute to its 
growing acceptance. See extruder pipe and tubing; re- 
inforced plastic pipe. 
pipe toe-in A sinall reduction of the outside diameter 
at  the cut end of a length of pipe. 
pit The formation of open-faced craters, air bubbles, or 
voids on a parts surface. See mold-cavity coating; 
spalling. 
pitch 1. The high-molecular-weight residue froin the 
destructive distillation of petroleum and coal products. It  
is used as a base material for the manufacture of high- 
modulus carbon fibers. See fiber, carbon; graphitiza- 
tion; mesophase; polyacrylonitrile plastic. 2. See 
screw flight pitch. 
planar See directional property, planar. 
plane angle See radian. 
planned obsolescence A design that ensures that 
within a certain period a product will require repair or 
replacement. 
planning See computer-aided process planning. 
plant certification See ISO-14000 certification. 
plant control Modern central control and nianageinent 
systems are called by different names, such as supervisory 
control, distributed control, CAD, CAM, CAE, CIM, and 
so on. These systems can maximize plant layout efficiency 
by monitoring and controlling all operating parameters for 
basic machines as well as all upstream through downstream 
equipment. The systems receive inputs on all parameters 
and can issue instructions to each machine to ensure effi- 
cient and profitable operation. 

For these systems to operate efficiently, they must be 
completely integrated into all plant operations. Start-up 
through shut-down procedures for all equipment, limits, 
and control instructions must be suited to meeting product 
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performance requirements at the lowest processing cost. 
Training is essential to operating and setting up the equip- 
ment and establishing and following safety procedures. 
See computer control; control actuator; data-man- 
agement system; designing plant layout via com- 
puter; fabricating process; productivity. 
plant cost See economic efficiency and profit- 
ability. 
plant environment Plants can have hostile processing 
environments for equipment and particularly instrumenta- 
tioii. High process temperatures, abrasive and corrosive 
materials, and the mishandling of equipment are examples 
that can present problems. See noise; transducer cali- 
bration. 
plant operation Plant design varies according to the 
type and magnitude of production, space available, avail- 
ability of labor, and marketing conditions. Proper planning 
is required to set up and operate the production line, 
which starts with receiving and handling plastic material, 
ends with the product’s proper packaging, and interrelates 
materials, process, and products. See barcode; com- 
puter electronic document and retrieval system; 
fabricating process type; processing; production 
data acquisition. 
plant safety Safety requirements are available from 
equipment suppliers who understand how to handle plas- 
tics. They include safe start-ups and the location of safety 
devices. Processing plastics usually generates significant 
force and heat, and its equipment must be treated with 
understanding and respect. See safety. 
plasma A high-temperature ionized gas that is coni- 
posed of electrons and positive ions. It  is a partially or to- 
tally ionized gas or vapor. See electron; ion. 
plasma arc treatment In adhesive and solvent bonding 
and printing, a method for treating the surfaces of parts 
prior to bonding, in which an electrical current between 
two electrodes in a gas at low pressure excites the gas parti- 
cles, producing free radicals. Contaminants are stripped 
from the surfaces of the parts, and wettability is increased 
by reduction of the contact angle. See adhesive, solvent; 
printing; surface treatment. 
plasma treatment A process for modifying plastic sur- 
faces that is more stable and reliable than conventional co- 
rona discharge processes. See adhesive; electrical co- 
rona discharge treatment; electronic treatment; 
joining; plasma arc treatment; surface treatment. 
plaster of Paris A material that is made by the complete 
or partial dehydration of LTpsurn. It is used as a plastic filler 
and in the production of patterns and molds. Alto called 
calcined gypsum. See modeling. 
plastic One of a large and varied group of about 17,000 
materials. Plastics usually consist oE, or contain as an essen- 
tial ingredient, an organic substance of high molecular 
weight. Most are produced synthetically; very few occur 
in nature. Some plastics contain inorganic material. The 
term plastic comes from the Greek word “to form,” and 
plastics provide all kinds of (simple to extremely complex) 

shapes. Practically all plastics at some stage in their manu- 
facture or fabrication can be formed into various shapes 
that can range from being extremely flexible (rubbery/ 
elastomeric) to extremely hard (high performance proper- 
ties). Plastics are broadly integrated into almost all market 
areas. The use of a virtually endless array of additives, col- 
orants, reinforcements, and fillers permits compounding, 
and raw-material suppliers and fabricators can impart spe- 
cific qualities to raw materials that expand their opportuni- 
ties. Compounding relies on the polymerization chemistry 
to combine a base plastic with modifiers, additives. and 
other plastics to develop new plastics. See additive; de- 
sign shape; extender; filler; molecular weight; plas- 
tic products, raw material to; recycling and sense; 
reinforcement; stabilizer. 

The terms plasticr, resins, and polymers are somewhat syn- 
onymous. Polymers and resiris usually denote the basic nia- 
terial. The term plastics pertains to those containing addi- 
tives, fillers, or reinforcements as well as the basic 
materials. Total sales for plastic products and plastic niateri- 
als are now well over $275 billion per year, making plastics 
the fourth largest industry in the United States. Machinery 
sales (all types) in the plastic industry are estimated to be 
above $3 billion per year. See composite; design, ma- 
terial optimization; plastic industry size; polymer; 
reinforced plastic. 

Polymers are high-inolecular-weight organic con- 
pounds of synthetic or natural origin that consist of mole- 
cules characterized by the repetition (neglecting ends, 
branch junctions, and other minor irregularities) of one or 
more types of monomeric units. A repeated small unit, the 
rizer, such as ethylene, represents its structure. Practically all 
of these polymers use certain types of additives to perform 
properly during fabrication and in service. Plastics can be 
either thermoplastic or thermoset plastics. See amor- 
phous plastic; chemistry, inorganic; chemistry, or- 
ganic; crystalline plastic; mer; semicrystalline plas- 
tic; synthetic; thermoplastic; thermoset plastic. 

The term plastic also refers to a material that har the 
physical characteristics of plasticity and toughness. See 
ductility; plasticity; toughness. 
plastic, advanced A high-performance material. Also 
called advaticed veinforced plastic or ndvarrced plastic composite. 
See engineering plastic; reinforced plastic, ad- 
vanced. 
plastic, air-inhibited A plastic that is inhibited or tacky 
in the presence of air. 
plastic, air-noninhibited A plastic that is not inhibited 
or tacky in the presence of air. A surface coating can be 
used to make a plastic air noninhibited. 
plastic, amorphous See amorphous plastic; crys- 
talline plastic; semicrystalline plastic. 
plastic and die-cast metal Plastics have several advan- 
tages over die cast metals in many applications, including 
light weight, resistance to corrosion and chemicals, design 
flexibility, and lower finishing costs. Die-cast metals, how- 
ever, have superior temperature and creep resistance when 
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compared to certain commodity-type plastics, although 
some engineering plastics outperform them. See die- 
casting alloy. 
plastic and feedstock Most plastics are produced froni 
petroleum, natural gas, or coal. The resulting plastics have 
various properties, depending on the manufacturing pro- 
cess and additives, fillers, and reinforcements included. In 
turn, these plastics are fabricated into niany different vari- 
eties of products. See design, biotechnology; feed- 
stock; oil and gas; oil, cracking; ore; petrochemi- 
cals; plastic; plastic products, raw material to; 
polymerization. 
plastic and food Plastics play an iniportant role in food 
production. For example, (1) filni helps protect crops, pro- 
duce early harvests, increase yields, and proniote energy 
conservation in greenhouses; (2) weather-resistant plastic 
coatings and linings for silos and bins permit safe storage 
of foodstuff; (3) irrigation using plastic tubing can provide 
water savings of 33 to 50% over other systems, while re- 
ducing herbicide use a i d  increasing yields; (4) safe, conve- 
nient plastic packaging maintains product freshness and 
protects against contamination; and (5) plastic packaging 
increasingly is being called on to provide shelf-stable food 
supplies in the industrial world and relief efforts. See 
packaging, food. 
plastic and forensic science See legal matter: fo- 
rensic science and plastic. 
plastic and lumber Recycled plastics are processed as 
commingled plastic, polyethylene plastic, and polypropyl- 
ene plastic to produce products that are competitive to 
wood lumber on land and in the water. They are princi- 
pally extruded but also injection molded. HOUX decks and 
boat docks are product exaniples. Plastic lumber is niainte- 
nance-free for at least half a century, as opposed to 15 
years for treated wood and 5 years for untreated wood. 
See extruder; fire and plastic; injection molding, 
nonplastic; recycling; recycling commingled plas- 
tic; waste; wood, compreg; wood-plastic impreg- 
nated. 
plastic and milk 
plastic and pollution Plastics are generally not natu- 
rally biodegradable, which is considered an important ad- 
vantage. Although postconsumer waste is a visual annoy- 
ance, plastics contribute only about Iwt‘X of the solid- 
waste stream. See chemical reclamation; incineration; 
plastic, long-life; pollution; recycling; recycling and 
sense; recycling waste; waste. 
plastic and the future Plastics, a little over a century 
old (IX~OS), are the first new connnercial material that has 
become available in more than 3,000 years. Few, if any, 
other materials worldwide have had such a lasting impact 
on virtually all spheres of life for over a century, and new 
developments continue to evolve in materials, processes, 
and products. The process science and technology area in- 
volves factors such as fabricating processes, niaterials, pro- 
cess controls, production tools, energy reductions, and 
waste reduction. The fabricating and operations area in- 

See casein plastic. 

volves factors such as the focus on customers, production 
capabilities, building new plants, supplier relations, and 
global operations with interrelationships. See design, 
biotechnology; design success; designing with plas- 
tic tailor-made models; integrated circuit, plastic; 
Japanese workmanship; military market; plastic 
consumption; plastic failure or success; plastic 
growth; plastic history; plastic industry size; plastic, 
long-life; plastic myth and fact; plastics and elec- 
tronics toys; recycling and sense; structure; ther- 
moflow plastic. 
plastic and water conservation Population growth 
and exploitation of resources have made water increasingly 
scarce, costly, or contaminated in many parts of the world, 
including the United States. Some solutions to these prob- 
lems involve plastics: (1) plastic reservoir covers and liners 
help prevent water loss by evaporation or leakage in large- 
volume storage or delivery systems; (2) plastic piping and 
fittings make irrigation systems lower cost, simpler, and 
inore efficient; (3) plastic pipe is steadily replacing metal 
in plumbing applications; lead-free plastic plumbing now 
distributes potable water in over 35%) of U.S. households 
and businesses and is used in over 95% of irrigation sys- 
tems; (4) “slip-in” plastic liners have brought new life to 
aging aqueducts arid water niains since the 1960s using 
T P  (PVC, PE, etc.); liners are installed without service 
interruptions; (5) plastics are increasingly the material of 
choice for storage tanks to protect groundwater from 
chemicals or corrosive liquids (gasoline, etc.); and (6) ma- 
jor tree-planting programs in developing nations use plas- 
tics to aid in growing and transporting millions of seeds. 
The amount of water on earth has basically remained the 
same for centuries. It recycles itself from earth, into the 
sky, and back to earth. The real change is that more people 
live on earth. See ecology; vinyl seagoing bag; water. 
plasticate To impart flexibility in a plastic through the 
input of heat or mechanical work as in the plasticatiiig in 
extruders or injectioii-molding machines. 
plastication The condition of a plastic niaterial when 
it has been softened for use in a melt-processing operation. 
See plasticizer; screw plasticator frictional heat. 
plastication, pre- Prcinelting molding material in a 
separate plasticator (chamber) and then transferring 
the melt to the iliain processing machine, such as the 
feeder on a cylinder (injection-molding or extruder 
machine). See compression molding, screw preplas- 
ticator. 
plasticator An iniportant component in a nielting pro- 
cess that uses a screw and barrel in different machines (ex- 
truders, injection molding, blow molding, etc.). If the 
proper screw design is not wed, products may not meet 
or maximize their performance or meet their Cost require- 
merits. The hard steel shaft screws have helical flights, 
which rotate within a barrel to mechanically process and 
advance (pump) the plastic. General-purpose and dedi- 
cated screws are used. The type of screw used depends on 
the plastic material to be processed. See barrel; barrel, 



extruder and injection-molding; concentricity; ex- 
truder barrel; screw; screw length-to-diameter ra- 
tio; screw plasticator; shear heating. 
plasticator safety If you pack plastic into a steel pipe 
without air, plug both ends of the pipe, and heat it, you 
have made a bomb. The daniage it can cause depends on 
the amount of heat applied, which produces internal pres- 
sure prior to the pipe or plugs letting go. This situation 
relates to a plasticator, even though it is extremely rare that 
an explosion occurs. To eliminate any potential problem, 
proper startup procedures are used. If all the plastic be- 
tween the screw and barrel is not melted, a frozen plastic 
plug could form. Safety devices used include a release plug 
in the barrel wall or bolts attached to coniponents and the 
barrel. These devices are designed to be released when 
pressures reach specified amounts depending on the pres- 
sure a particular piece of processing equipment is operating 
under. See barrel fail-safe rupture disc; barrel-vent- 
ing safety; safety. 
plasticator wobble A barrel of a plasticator that wob- 
bles when the screw is rotating is misaligned. It  could be 
an alignment deficiency between the transmission, feed 
block, or barrel. This should be investigated immediately 
as it can result in a high-wear situation, screw breakage, 
heater creep, or shutdown of the machine. 
plastic bag See packaging, grocery-bag; vinyl sea- 
going bag. 
plastic chemical structure See amorphous plastic; 
crystalline plastic; fastener, nonmechanical; molec- 
ular-arrangement structure; molecular microstruc- 
ture; orientation; semicrystalline plastic; x-ray mi- 
croscope. 
plastic-concrete composite A composite that has 
been used since at least the 1940s to improve the mechani- 
cal and durability properties of concrete, usually using 
portland cement. Techniques used include (1) inipregnat- 
ing concrete with plastic using a liquid mononier that is 
polymerized in situ, (2) adding latex in the niix of cement 
aggregate and water, usually called polymer portland con- 
crete, and (3) adding water-soluble plastic in a cement- 
water mix to eliminate microscopic defects owing to poor 
particle packing and entrapped air. When compared to 
concrete, the composite provides reduced weight, in- 
creased comprehensive strength (tensile, flexural, coin- 
pression, modulus, etc.), reduced water permeability and 
absorption, increased abrasion resistance, dampened vibra- 
tion (of presses and other machine tools), color retention, 
and resistance to aggressive/corrosive environments such 
as rain water, freeze-thaw cycles, or seawater. However, 
cost increases. Plastics used include thermoset polyester, 
acrylic, phenolic, epoxy, and PE. Processes include cast- 
ing, impregnation, extrusion, and compression molding. 
Plastic contents range from 5 to 30wt% depending on 
type, application, and ability to meet coefficient of expan- 
sion requirement. Mixes can be produced with nonshrink 
characteristics. Filling cracks in cement constructions, such 
as building basement wall and foundation support, elimi- 

nates water seepage. Other applications include patching 
and repairing bridges, surface drain systems, utility boxes, 
and poles. See coating, steel-rod; composite; con- 
crete, reinforced; impregnation. 
plastic conductivity Most plastics do not conduct 
thermal or electrical energy, but some are conductive or 
can be made conductive by adding appropriate additives or 
fillers. See conduction, heat; electrical conductivity; 
electromagnetic interference; molecular conductiv- 
ity; photoconductive plastic; plastic dopant; plastic, 
electrically conductive; test, conductivity; thermal 
conductivity. 
plastic consumption Worldwide total plastics con- 
sumption is a t  least 150 million tons (340 billion Ib) with 
about 90% thermoplastics and 10'X thernioset plastics. U.S. 
consumption is about one-third of the world total. There 
are about 17,000 different type plastic niaterials world- 
wide, but most are not used in large quantities. A couple 
dozen types represent certain families of plastics. Within 
those families are the five major thermoplastic types that 
consunie about 80wt% of all thermoplastics (18%) low- 
density polyethylene, 17% polyvinyl chloride, 12% high- 
density polyethylene, 16% polypropylene, 8% polysty- 
rene). Each family has literally thousands of different 
formulated conipounds. It is estimated that 36wt% is used 
by extruders, 32% in injection molding, 10% in blow 
molding, 8%) in calendering, 5% in coating, 3% in coni- 
pression molding, and others at 3%. Thermoforming, 
which is the fourth major process used, consumes about 
30% of the extruded sheet and film that principally goes 
into packaging. At least 65wt% of all plastics require some 
type of conipounding and go through conipounding ex- 
truders before going through equipment to produce prod- 
ucts, usually twin-screw extruders. It  is estimated that in 
the United States there are about 18,000 extruders, 80,000 
injection-molding machines, and 6,000 blow-molding 
machines, which produce about one-third of the world's 
plastic products. The plastic industry is the United States's 
fourth-largest industry and is growing at three to four 
tinies faster than that of other industries. Total sales for all 
fabricated products are estimated to be approaching $275 
billion per year. See blow-molding market; building 
and construction; calender; coating; compounding; 
compression molding; energy consumption; ex- 
truder; fabricating employment; fabricating process 
type; foamed plastic market; gross domestic prod- 
uct; injection-molding machine sales; market; ma- 
terial handling; packaging; plastic growth; plastic 
industry size; plastic, long-life; plastic markets, 
product and material; plastic material type; plastic 
processing; plastic products, raw material to; ther- 
moforming; wood. 
plastic consumption worldwide by type See Table 
1, World Consumption of Plastics in the year 2000. 
plastic consumption by volume/weight. See Fig- 
ure 6, World Consumption of  Plastics by Volume; 
Figure 7, World Consumption of  Plastics by Weight. 
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plastic, contact-pressure A liquid plastic, such as a 
thermoset polyester, that thickens or initiates polynieriza- 
tion on heating and that when used during certain pro- 
cesses, such as reinforced-plastic bag molding, requires lit- 
tle or no fabricating pressure. Also called ~ ~ n t a c t  resins or 
contact plastics. See polyester plastic, thermoset; rein- 
forced-plastic bag molding. 
plastic content The amount of plastic in a compound, 
reinforced plastic, laminate, or any other material con- 
taining additives, fillers, or reinforcenients expressed as a 
percentage of total weight or volume. 
plastic dispersion Finely divided particles in suspen- 
sion or distribution in another substance. See colloidal; 
equilibrium centrifugation; organosol; plastisol; 
plastisol, modified; polyvinyl chloride dispersion 
plastic. 
plastic dopant 1. A material that is added to a plastic 
to change a physical property. 2 .  A chemical element that 
is added in trace amounts in a semiconductor crystal to 
establish its conductivity type and resistivity. See dopant; 
plastic conductivity; plastic, electrically conductive. 
plastic drying Plastic materials, either in virgin forms 
(such as pellets and granules) or regrind materials, are sub- 
ject to contamination by moisture. When moisture is pres- 
ent during molding, it tends to cause defects in the molded 
part, such as irregular moldings, splay marks, brittleness, 
lower physical and mechanical properties, nozzle drool be- 
tween molding shots, foamy melt, bubbles in parts, poor 
shot control, and sinks. See drying operation, hygro- 
scopic plastic; plastic, hygroscopic; venting, feeder. 
plastic, electrically conductive 1. Two distinct 
groups of ionically conductive and electronically conduc- 
tive plastics. An example of an ionical type is polyethylene 
oxide containing LiClO,, which is used as a solid-phase 
electrolyte in batteries. Electronic types can be further di- 
vided into intrinsically conductive plastic? (ICP), inher- 
ently dissipative plastic (IDP), and filled plastics that are 
extensively used in electroinagnetic interference shielding 
meeting different electrical requirements. As the name im- 
plies, the conductivity of ICPs arises without an addition 
of conductive fillers. They are plastics with strong electri- 
cal conductivity. The IDPs exhibit weaker electrical prop- 
erties than ICPs. When compounded with other plastics, 
they can impart antistatic properties to molded products. 
The IDP compounds generally have lower ionic and me- 
tallic contaminant levels than conductive compounds con- 
taining traditional additives. They are preferred for static 
protective packaging of sensitive products. See conduc- 
tivity, electrical; electromagnetic interference; pi- 
ezoelectric plastic; plastic conductivity; test, con- 
ductivity. 2. A plastic with certain chemical structures 
that display unusual electronic conductivity properties, 
such as low-energy optical transitions, low ionization po- 
tentials, and high electron affinities. The result is a class of 
plastics that can be oxidized and reduced more easily and 
more reversibly than conventional plastics. Charged trans- 
fer agents (dopants) affect this oxidation or reduction and 

in doing so convert an insulating plastic to a conductive 
plastic with near metallic conductivity in many cases. See 
dopant; plastic conductivity. 
plastic employment See fabricating employment; 
plastic consumption. 
plastic, engineering See commodity plastic; engi- 
neering plastic. 
plastic equipment See auxiliary equipment; fabri- 
cating processing type; plastic consumption. 
plastic, ethnic A Limily of plastics with a basic mono- 
nier structure. A series of plastics with greatly different 
characteristics can be obtained by altering a inononier 
structure by removing a hydrogen atom and substituting 
another functional atom or group of atoms. 
plastic failure or success It  is determined by three fun- 
damental factors: material, design, and processing. Con- 
bined they determine how a product responds to service 
conditions. See defect; design-failure theory; design 
success; fabricating; plastic material selection; plas- 
tic processing; plastic product failure; problems and 
solutions. 
plastic feed form Forms such as pellets, granules, pow- 
ders, flakes, and recycled plastics. The usual types are in 
solid form, but liquid forms are available for certain plastics 
and processes. If material is fed as different forms or differ- 
ent shapes of the sanie product, then feeding and pro- 
cessing problems could easily develop. In ternis of output 
efficiency, generally spherical granules of about 3 inin 
(0.1 18 in. diameter) are the most efficient, with the worst 
being fine powder, except with certain additives or pro- 
cesses. Safety precautions are to be taken to eliminate fires 
or explosions. Uniformity in size and shape is a target to 
meet; recycled inaterials can reduce efficiency or increase 
cost due to size and shape differentials in addition to their 
residence time. See blending; feeder; material; mate- 
rial feeding and blending; plastic types; plastic mar- 
riage; plastic material; recycling; residence time; 
safety. 
plastic finishing See material tumbling; surface 
finish; surface treatment. 
plastic foam clamshell See environment and pub- 
lic opinion. 
plastic form, fill, and seal See blow molding, ex- 
truder blow, fill, and seal; medical packaging; ther- 
moforming, form, fill, and seal. 
plastic, foundry Plastic used in the production of shell 
molds and foundry cores. See foundry plastic; foundry 
shell molding. 
plastic, general-purpose (GP) A material that is suit- 
able for a wide range of processes and applications. 
plastic-glass alloy A material developed by Corning, 
Inc., Corning, NY, with components that have the sanie 
glass transition temperature (T?). These materials consist 
of special low-melting or “softened” glass with LCP or 
PEEK plastics. Because the glass phase actually flows along 
with the plastic during processing, the alloy displays a 
finely dispersed morphology with isotropic properties. See 
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alloy/blend; directional property, isotropic; glass 
transition temperature; morphology. 
plastic, granite A material that gives solid durable sur- 
faces with beauty. One class is a mixture of thermoset 
polyester plastic with alumina trihydrate fillers for installa- 
tions subjected to uninterrupted usage. Another has acrylic 
plastic with alumina trihydrate fillers that provide resil- 
iency. 
plastic green strength Even though the cure is not 
coi-nplete, the niechanical strength of certain materials 
allows reinoval from the mold and handling without tear- 
ing or permanent distortion. This characteristic is referred 
to as the plastic’s green strength. See tensile green 
strength. 
plastic grout A plastic compound that is used as a filler. 
It is used to fill or finish a surface or hole. See closure. 
plastic growth Plastics are among the world’s most 
widely used inaterials compared with steel, aluminum, 
rubber, copper, and zinc. Plastic materials surpassed steel 
and iron on a volunie basis in 1983. By about the start of 
the twenty-first century, plastics are expected to surpass 
steel on a weight basis. However, these inaterials represent 
only up to possibly 3~01% of all niaterials consumed world- 
wide. They do not include the two major categories of 
wood (building, paper, etc.) and construction inaterial 
(concrete, stone, etc.), which represent about 45~01% 
worldwide. How about a probable speculation that if 
wood had never been used in buildings and elsewhere, 
our regulations on fire and contamination would outlaw 
its use? See building and construction; building and 
construction market; design, biotechnology; plastic 
and the future; plastic consumption; wood; world- 
wide population; World of Plastics Reviews: Mak- 
ing Marketing Work. 
plastic, halocarbon A plastic that is based on materials 
made by the polymerization of monomers coniposed only 
of carbon and halogen. See polymerization. 
plastic handling See conservation of matter, law 
of; material handling. 
plastic, heat resistant See ablative plastic; insula- 
tion resistance; temperature properties of plastic. 
plastic, heat-shrinkable See orientation and heat- 
shrinkability . 
plastic heat staging The heating of a thermoset plastic 
premixed compound, such as a prepreg, until the chemical 
reaction (curing) starts but before the gel point is reached. 
Staging is often used to reduce plastic flow iii subsequent 
press-molding operations. See prepreg; reinforced- 
plastic prepreg; thermoset plastic. 
plastic history The origin of plastics can be dated back 
many centuries to when natural materials were used as fil- 
lers, adhesives, and coatings. Goodyear discovered how to 
vulcanize (thernioset cross-link curing with sulfur) natural 
rubber in 1836. In 1851 the first thermoset material, ebo- 
nite or hard rubber, was discovered. During the 1850s in 
England, Parkesine material, a hard, elastic, and water- 
proof cellulose solution mixture, was developed. By 1868 

in the United States, John Wesley Hyatt developed cellu- 
lose nitrate plastic. In the United States in 1907, Leo Hen- 
drik Baekeland discovered techniques to produce phenolic 
plastic. I n  1‘920, Herniann Staudinger developed the the- 
ory of the chemical nature of plastic niolecules as we now 
know it. The period from 1930 to 1940 saw the initial 
commercial development and expansion of today’s major 
thermoplastics (polyethylene, polystyrene, polyviiiyl chlo- 
ride, etc.). There continue to be all kinds of new plastic 
discoveries and developnients. Some of the historical 
highlights regarding plastics and other related products that 
influenced the growth of plastics that are included in this 
book are listed. See aircraft; aircraft, Gossamer Alba- 
tross; aircraft, Solar Challenger; American Stan- 
dards for Testing; automotive market; Baekeland, 
Leo Hendrik; barrel history; Boltzmann, Ludwig; 
casting, acrylic-sheet; cavitation erosion; cellulose 
nitrate plastic; cement construction; clamping 
platen, book-opening; Coca-Cola bottle; Coor’s 
beer bottle; composite; concrete; dental amalgam; 
design, basics-of-flow die; design, pipe; energy and 
bottles; extruder wire and cable, ram; fiber, boron; 
gasoline tanks; gear pump; grass, synthetic; heat ef- 
fect, Gough-Joule; Hyatt, John Wesley; ice, syn- 
thetic; injection-molding aircraft canopy; ISO; 
ketchup bottle; laminate; lens, contact; melamine 
formaldehyde; mold, preengineered; oil resources, 
limited; orientation; Parkesine plastic; phono- 
graphic record; plastic growth; plastic house; plastic 
product failure; plastic, smart; Plastics Pioneer As- 
sociation; polymerization history; printing, Acro- 
bot; radome; rain; rail car; recycling history; rein- 
forced plastic; reinforced-plastic Macro process; 
Reynold’s number; rubber, natural; sampling plan; 
screw, barrier; screw mixing, pin; sewer rehabilita- 
tion; SI; test, NOL ring; shellac; spray-paint coat- 
ing; Staudinger, Hermann; styrol; tanker truck, 
reinforced-plastic; telcothene plastic; testing and 
classification; transducer, magnetostrictive; trans- 
fer-molding Shaw pot; triallyl cyanurate; trucks and 
plastic; tubing; Unipol; Velcro strip; vinyl chloride 
monomer; vinyl ester plastic; vinyl plastic; vulcan- 
ized fiber; wood-plastic impregnated; zipper. 
plastic house For over a century plastic houses, with or 
without other materials, have been designed and fabricated 
worldwide in the industrial nations and particularly in the 
nonindustrial nations. Plastic materials have included rein- 
forced plastics, foamed plastics, extruded plastics, and ther- 
moforiied plastics. A few of these houses are reviewed. 
(1) One of the first relatively all plastic houses was the 
Monsanto House erected in Disneyland, CA, in 1957. I t  
used U-shaped cantilever (monocoque box girders) glass 
fiber-thermoset polyester reinforced plastic designed at 
MIT. After two decades ofservice subjected to the equiva- 
lent of a century of high winds, earthquakes, and family 
use, it suffered almost no damage or deflection. Conven- 
tional techniques for destruction (wrecking ball, etc.) were 
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impossible, so it was sawed into sections for dismantling. 
(2) The GE living environmental house in Pittsfield, MA, 
with 3,000 ft’ (280 m’) offloor space was opened to the 
public on October 23, 1989. It features advanced design 
and building methods, processes, and materials to serve as 
a laboratory for the entire building industry. It explores 
the feasibility of widespread use of plastics in construction. 
The two interior floors reflect the daily living environ- 
ment of a family of four. The basement contains a 2,500 
ft’ business center, offices, and a display area for prototype 
models, such as factories to produce highly automated 
housing systems. (3) n o w  Chemical’s domed-shaped all- 
plastic PS foamed-board buildings in Lafayette, IN (1966) 
used their patented spiral generation technique. Self-sup- 
porting domes provided insulation and allowed sections 
to be cut for doors and windows. (4) Koyal Building Sys- 
tems Ltd., Weston, Ontario, Canada, has been producing 
PVC extruded walls and erecting homes in different parts 
of the world. See building and construction market. 
plastic, hydrocarbon A brittle or gunxny material that 
is prepared by the polymerization of several unsaturated 
constituents of coal tar, rosin, or petroleum that are coni- 
posed of carbon and hydrogen only. They are inexpensive 
and find use in rubber and asphalt formulations and in 
coating and caulking compositions. See caulking com- 
pound. 
plastic, hygroscopic A material that tends to absorb 
moisture from the air. These plastics require extra pro- 
cessing steps of drying to produce high-quality parts. Con- 
ventional dryers waste energy due to heat losses and the 
use of cooling water. Innovative dryer designs provide ini- 
proved efficiency and energy savings by actions such as 
using heat exchangers and using the energy contents of the 
warm air that returns from the hopper. See dehydration; 
drying operation, hygroscopic plastic; drying oper- 
ation, nonhygroscopic plastic; hydrolysis; hy- 
drolytic stability; injection-molding venting; vent- 
ing; water. 
plastic industry Plastic products can be characterized 
in many different ways, such as impact or tear resistance, 
flexibility, performance in all kinds of environments, dec- 
oration, short (throwaway) to long service life, degradabil- 
ity to nondegradability, virgin or recycled, simple to coni- 
plex shapes, breathable film, and many other market 
requirements. See fabricating employment; plastic 
consumption; standard industrial classification. 
plastic industry machine sales Worldwide machinery 
sales (primary and secondary/auxiliary all types) in the 
plastic industry are estimated to be above $9.0 billion / 
year. See blow-molding market; fabricating process 
type; gross domestic product; injection-molding 
machine sales; market; World of Plastics Reviews: 
The Plastics Industry. 
plastic industry size Plastic products are the fourth- 
largest U.S. manufacturing industry, behind motor vehi- 
cles in first place, petroleum refining in second place, and 
automotive parts in third place. Plastics are followed by 

computers and their peripherals, ineat products, drugs, air- 
craft and parts, industrial organic chemicals, blast furnaces 
and basic steel products, beverages, communications 
equipment, conimercial printing, fabricated structural 
metal products, grain mill products, and dairy products. 
Plastic niaterials are in twenty-fourth place. Total salec for 
the category of plastic products and plastic materials is now 
well over $275 billion per year. Machinery sales (all types) 
in the plastic industry are estimated to be above $3 billion 
per year. See gross domestic product; plastic con- 
sumption; plastic markets, product and material; 
research and development. 
plastic innovation See blow-molding innovation; 
design, biotechnology; design, innovative. 
plastic, inorganic In broad ternis, any substance co~i- 
taining a large number of repeated units that involve ele- 
ments other than carbon connected by any type of chenii- 
cal bond. See chemistry, inorganic; chemistry, 
organic. 
plastic, ion-exchange A cross-linked plastic that forms 
salts with ions from aqueous solutions. These plastics are 
used in water softening. See cross-linking; water soft- 
ening. 
plastic intermediate load behavior See creep 
loading. 
plastic interrelation See plastic processing. 
plasticity The characteristic of an elastomer nianifested 
by retention of deformation after removal of the de- 
forming stress. See ductility; plastic; thermoplasticity. 
plasticize 1. To soften a plastic and makc it processable. 
Some plastics require additives s o  they can be plasticized. 
2. It is to soften a material usually through the use of heat. 
plasticizer A compounding material that is used to en- 
hance the deformability of a plastic. It can increase a mate- 
rial’s softness, flexibility, and processability by a solvent or 
lubricant or by lowering its niolecular weight. Plasticizers 
can lower melt viscosity, iniprove flow, and increase the 
low temperature resilience of the material. Most are non- 
volatile organic liquids or low-melting-point solids, such 
as dioctyl phthalate or stearic acid. They have to be non- 
bleeding, nontoxic, and compatible with the material. 
Sometimes they provide a dual role as stabilizers or cross- 
linkers. They are classified in chemical groups such as 
phthalates, phosphates, glycols, and epoxies. Different 
plasticizers can be used for different plastics. For example, 
phthalate plasticizers (dioctyl phthalate, etc.) are exten- 
sively used in PVC. Controversies have developed over 
the environmental impact of plasticizers, but there is little 
evidence to indicate that phthalates negatively affect the 
environment. Also called jlexibilizcr, pvivnauy plasticizer, or 
s~wwzdary plasticizer. See butyl diglycol carbonate; butyl 
epoxy stearate; butyl stearate; camphor; chlorinated 
diphenyl; chlorinated hydrocarbon; citrate plasti- 
cizer; coumarone-indene plastic; diluent; dimethyl 
phthalate; dioctyl phthalate; dioctyl sebacate; epox- 
ide plasticizer; flexibilizer additive; impact mod- 
ifier; organosol diluent; phosphorous-base flame 
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retardant; plastication; plasticizer, phosphate; plasti- 
cizer, phthalate ester; plasticizer, phthalic; plasti- 
cizer, primary; plasticizer, secondary. 
plasticizer and lubricant See butyl diglycol car- 
bonate. 
plasticizer and migration See migration and plas- 
ticizes; plasticizer, nonmigratory; plasticizer, non- 
toxic. 
plasticizer and molecular weight See solubility 
and molecular weight. 
plasticizer extender A substance that is incompatible 
with plastics (only slightly miscible) and is used in con- 
junction with a primary plasticizer as a lower-cost diluent. 
Also called secondury plasticizer. See extender. 
plasticizer exudation The migration in liquid form of 
a plasticizer to the surface of a plasticized plastic product. 
plasticizer, internal An agent that is incorporated in a 
plastic during polymerization, as opposed to a plasticizer 
added to the plastic during compounding. See com- 
pounding; plasticizer. 
plasticizer, iodine value The number (value) of grams 
of iodine that 100 g of an unsaturated coinpound will ab- 
sorb in a given time under certain conditions. It  is used 
to indicate the residual unsaturation in epoxy plasticizers; 
a low value implies a high degree of saturation. See satu- 
ration. 
plasticizer, nonmigratory A plasticizer that does not 
pass readily from the elastomeric compound of which it 
is a part. See migration and plasticizers. 
plasticizer, nontoxic The U.S. Food and Drug Ad- 
ministration has published in the Fc~derul Rcgirter a list of 
plasticizers that are sanctioned, including acetyl tributyl ci- 
trate, butyl stearate, dibutyl stearate, diethyl phthalate, and 
triethyl citrate. 
plasticizer, phosphate A main group of plasticizers 
that are prepared by the action of phosphorous oxychlor- 
ide and alcohol. 
plasticizer, phthalate ester A plasticizer that is pro- 
duced by the direct action of alcohol on phthalic anhy- 
dride. They are a widely used plasticizer; generally char- 
acterized by moderate cost, good stability, and good 
all-around properties. 
plasticizer, phthalic A term that was coined from 
naphthalene, from which phthalic anhydride is made and 
used principally as a plasticizer for vinyls aiid cellulose plas- 
tics. 
plasticizer, polyester A plasticizer that is noted for its 
permanence and resistance to extraction. 
plasticizer, primary A plasticizer that has sufficient af- 
finity to the plastic to be used as the sole plasticizer. Using 
the secondary plasticizer, when material requirements per- 
mit, reduces costs. 
plasticizer release See automotive interior, low- 
emission plastic. 
plasticizer, secondary A plasticizer that is insuffi- 
ciently compatible with the plastic material to act on its 
own and iiiust be mixed with the primary plasticizer. Such 

secondary materials act as dilutents to the primary plasti- 
cizer and are generally used to reduce cost. See chlori- 
nated hydrocarbon. 
plastic, light-switchable A film that is laminated with 
plastic interlayers so that when electrical voltage ir applied, 
the liquid-crystal droplets that coat the film align to trans- 
mit light, and the window looks like a nornial window. 
Switching off the voltage, the liquid crystals realign ran- 
dondy, scattering light and turning the window translu- 
cent. The window can consist of a lamination of two layers 
of GE’s Lexan sheet (strong, mar- and ultraviolet-resistant 
polycarbonate) protecting an inner thermoplastic polyester 
film. The product’s technology is based on the film’s abil- 
ity to electrically switch between a high translucent state 
(providing privacy, glare control, and shading) to a clear 
state (providing excellent visibility). See liquid crystal 
polymer or plastic. 
plastic, liquid A liquid that becomes a solid when con- 
verted to its final product use. Depending on its constit- 
uents, it can be solidified or cured from room to high tem- 
peratures and from vacuum to high pressure. 
plastic, long-life The generation of waste is minimized 
by choosing materials and products that have long lives 
aiid optimal recyclability. The design stage needs to con- 
sider the effects of later use. Many plastic products have 
been in service for well over a half century. Most of the 
plastics in service today were put into production within 
the past half century. See aging; energy consumption; 
incineration; life-cycle analysis; plastics cradle-to- 
grave; recycling; recycling and lifecycle analysis; vi- 
nyl composition tile. 
plastic long-term load behavior See creep loading. 
plastic, low-profile A thermoset polyester plastic that 
is used for reinforced plastics and is a combination of ther- 
nioset and thernioplastic materials. Although the term low- 
p j i l c  and low-shr-irk are sometimes used interchangeably, 
there is a difference. Low-shrink plastics contain up to 
30wt% TP, while low-profile plastics contain from 30 to 
50wt% TP. Low-shrink offers minimum surface waviness 
on molded parts, as low as 25 pin (1 mil) per in inold 
shrinkage; whereas low-profile offers no surface waviness 
of 0 to 12.7 p m  (0-0.5 in) per in mold shrinkage. See 
polyester plastic, thermoset; reinforced plastic; 
shrinkage; surface finish; tolerance. 
plastic, magnetic Neodymium boron iron that is in- 
jection molded with a plastic matrix. Expensive secondary 
processes are eliminated and more flexible design shapes 
can be introduced. Ferromagnetism is used in metallic and 
inorganic materials, but a few are (organic) plastics. See 
temperature conductivity, super-. 
plastic manufacture See fabricating. 
plastic markets, product and material The major 
U S .  inarkets for plastics (in u&) are 25% packaging, 20%) 
building and coiistruction, 12% consunier and institu- 
tional, 7% transportation, 6% furniture and furnishings, 5% 
electrical and electronics, 3% adhesives/iiiks/coatings, 2%) 
iiidustrial machinery, lo‘%, exports, and 10‘%1 other mar- 
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kets. In the United States about 80wt% is thermoplastics 
and 20wt% is thermoset plastics. See building and con- 
struction; market; packaging; plastic consumption; 
plastic industry size. 
plastic marriage An undesirable processirig situation in 
which poorly cut pellets become too hot, bond together 
in strings or clumps, and manage to pass screening. See 
plastic types; plastic feed form. 
plastic material Plastic materials for processing are 
available in different forms and shapes (pellets, flakes, pow- 
ders, cubes, granular, etc.) with each having certain advan- 
tages, such as ease of use in a certain process, ease in coni- 
pounding, or low cost. They can be delivered in small to 
large amounts from all kinds of material suppliers world- 
wide. They can be delivered in 55 Ib (25 kg) sacks, gay- 
lords of 1,000 lb (455 kg), seinibulk containers (half to a 
full ton), or in truck or rail car tanks of up to at least 25 
tons. See additive; bulk factor; commodity plastic; 
compound, premix; computerized database, plas- 
tic; concentrate; contamination; design, biotech- 
nology; dicer; die-face pelletizer; engineering plas- 
tic; filler; fine; flake; granular material; material 
blocking; material handling; pellet; pellet, micro-; 
plastic types; plastic feed form; plastic green 
strength; plastic, virgin; polymerization, Spheripol 
process; preform; recycling commingled plastic; re- 
inforcement; storage. 
plastic material drying See drying operation, hy- 
groscopic plastic; plastic, hygroscopic; venting, 
feeder. 
plastic material efficiency 
plastic material, heterogeneous A material consisting 
of dissimilar constituents separately identifiable arid co~i -  
sisting of regons of unlike properties separated by internal 
boundaries. See equilibrium, heterogeneous; mix- 
ture, heterogeneous; nucleation, heterogeneous. 
plastic material, kerf See cut, kerf, and registra- 
tion. 
plastic material optimization See design, material 
optimization. 
plastic material outgassing During the processing of 
certain thermoplastic and thermoset plastic compounds, 
particularly TSs, gas forins and has to be renioved so that 
the gas does not damage the part internally or externally 
with voids, thin sections, or poor mechanical perfor- 
mance. Release procedures include providing vents and 
bumping. When applying coatings on plastic, such as niet- 
allizing, gas release after coating can cause the coating to be 
stripped or blistered. See mold breathing; mold-cavity 
venting; outgassing; screw venting; venting. 
plastic material process See fabricating process 
type- 
plastic material refining The purification and ini- 
proveriient of natural and synthetic products, including 
petroleum. 
plastic material selection To  arrive at  the optimum 
material for a given use with sonie degree of efficiency 

See energy efficiency. 

and reliability, a systematic approach has to identify and 
list the product requirements, including factors such as aes- 
thetics, tolerances, fabricating process to be used, and sur- 
face finish. Publications, seminars, and software can be 
helpful. In addition to selecting the plastic material, the 
form that the material is received in-such as pellets, 
flakes, powder, or liquids-must be selected. Certain pro- 
cesses require certain forins to operate efficiently at the 
lowest costs. See CAMPUS database; computer data- 
base; computerized database, plastic; computer 
modeling; computer software; design, material op- 
timization; design, optimized; mixing evaluation; 
plastics, theoretical versus actual values of; plastic, 
long-life; plastic material; plastic, virgin; pyrrone 
plastic; quality and control; recycled-plastic proper- 
ties; recycling; reinforced plastic; statistical assess- 
ment; statistical material selection, reliability of; sta- 
tistical material selection, uncertainty in; test data 
and uniform standards; testing and classification; 
tolerance, molding; training; value analysis. 
plastic material selection, worldwide See plastic 
consumption; Table 1, World Consumption of Plas- 
tics in the Year 2000 (million lb). 
plastic material, tailor-made See designing with 
plastic tailor-made models. 
plastic material to product See Figure 1, Plastics 
Simplified Flowchart Guide from Raw Materials to 
Products. 
plastic material type With 17,000 plastics available 
worldwide, it is best to recognize that all niaterials (plastics, 
metals, etc.) fit into systematic group categories or classi- 
fications. Examples of various groupings are thermoplas- 
tics, therniosets, reinforced plastics, foams, electrically 
conductive and nonconductive, weather resistant, high 
strength, and high stiffness as well as by performance, envi- 
ronments, and products or applications. In  spite of the 
diversity of plastic materials, the basic principle of their 
construction is always the same. All plastics are 
macromolecular. Throughout this book a few of the dif- 
ferent plastics are reviewed. Many have the prefix “poly” 
and are not listed here. Others include those listed here. 
See acetal plastic; acrolein plastic; acrylamide plas- 
tic; acrylate plastic; acrylglass plastic; acrylic plastic; 
acryloid plastic; acrylonitrile; acrylonitrile-butadi- 
ene-styrene plastic; acrylonitrile styrene plastic; alkyd 
plastic; alloprene plastic; allyl ester plastic; allyl digly- 
col carbonate plastic; amber plastic; amino plastic; 
anilene-formaldehyde plastic; carboxymethylcellu- 
lose plastic; chloroprene plastic; cyanate plastic; den- 
drimer plastic; dendritic plastic; diallyl phthalate 
plastic; diene plastic; epoxy plastic; eraser; ether- 
oxide plastic; ethylene acrylic elastomer; ethylene 
chlorotrifluoroethylene copolymer plastic; ethylene 
methyl acrylate copolymer plastic; ethylene n-butyl 
acrylate copolymer plastic; ethylene plastic; ethy- 
lene-propylene plastic; ethylene propylene-diene 
monomer plastic; ethylene-styrene interpolymer 
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plastic; ethylene-vinyl acetate plastic; fluorinated 
ethylene propylene plastic; fluoroplastic; fluorosili- 
cone plastic; furan plastic; furfural plastic; generic; 
halocarbon plastic; ionomer; isocyanate; isotactic 
plastic; ketone; lacquer melamine formaldehyde plas- 
tic; methylcellulose plastic; methylfluorosilicone 
plastic; methylphenylsilicone plastic; methylsilicone 
plastic; methylvinylfluorosilicone plastic; molecule, 
macro-; neoprene elastomer; nitrile rubber; nitrile- 
silicone elastomer; novolak plastic; nylon plastic; ole- 
fin-styrene-acrylonitrile; parkesine plastic; parylene 
plastic; pentadiene plastic; perfluoroalkoxy plastic; 
perfluorocarbon plastic; perfluoromethylvinyl ether 
elastomer; phenolic plastic; phenoxy plastic; phe- 
nolsilane plastic; plastic, magnetic; polyimide plastic, 
bismaleimide; polyimide plastic; diadic; propylenox- 
ide rubber/elastomer; propylene plastic; pyrrone 
plastic; recycling; redox; reinforced plastic material; 
resole plastic; resorcinol-formaldehyde plastic; rosin; 
rubber hydrochloride plastic; rubber, natural; rub- 
ber, synthetic; safety glass; styrene-acrylonitrile plas- 
tic; styrene-butadiene elastomer; styrene-maleic an- 
hydride plastic; styrene-methylmethacrylate plastic; 
styrene-oligablock elastomer; styrene-paramethyl- 
styrene plastic; styrene-rubber plastic; styrenic plas- 
tic; sulfone plastic; thermoflow plastic; zein plastic. 
plastic matrix The base plastic that is used during pro- 
cessing, such as the essentially homogeneous thernioplastic 
or thermoset plastic in which fiber reinforcements are im- 
bedded. See photochemical hole-burning spectros- 
COPY- 
plastic memory A phenonieiion of thermoplastics that 
has been stretched while hot to return to its original pro- 
cessed or niolded form. Different plastics have varying de- 
grees of this characteristic. See elastic memory; orien- 
tation. 
plastic minimization See design consolidation and 
minimizing material. 
plastic, modified A plastic that contains ingredients 
such as fillers, pigments, or other additives that help to 
vary the physical and other properties of plastics. 
plastic money See legal matter; patent plastic 
money. 
plastic myth and fact Opponents of plastics object to 
the fact that plastics are made from petroleuni, a nonre- 
newable resource. A by-product of the distillatior] of pe- 
troleum is ethane, which many years ago was burned as 
waste. This waste gas has become the building block for 
most plastics. Reports show that in tlie United States, from 
2 to 3%) of all total annual petroleum production is cor- 
suined by the plastic industry. Other feedstock materials 
are used in different parts of the world, but petroleuni is 
the primary feedstock. See Coca-Cola bottle; Coor’s 
beer bottle; design, experiment; fire and plastic; oil 
resources, limited; plastic and the future; recycling 
fact and myth; waste. 

plastic, natural A substance or mixture that occurs in 
nature; the opposite of synthetic substances, such as practi- 
cally all plastics. See amber plastic; balsam plastic; 
chicle; copal; coumarone-indene plastic; gel, pec- 
tin; oleo plastic; plastic, soybean-based; plastic, syn- 
thetic; polyhydroxybutyrate plastic; polysaccharide 
plastic; rubber, natural; sandarac; shellac; synthetic, 
natural; vulcanized fiber; zein plastic. 
plastic, neat A plastic with Nothing Else Added T o  it. 
I t  is a true virgin polymer since it does not contain addi- 
tives or fillers. See biocide; molecular weight and 
aging. 
plastic, nonpolar A plastic that does not have concen- 
trations of electrical charge 011 a molecular scale and there- 
fore is incapable of not having significant dielectric loss. 
Exaniples are polyethylene and polystyrene plastics. See 
dielectric loss. 
plastic, nonrigid A plastic that has a modulus of elastic- 
ity of not over 10,000 psi (70 MPa) at 23’C (73°F) and 
50% relative humidity. See plastic, rigid; plastic, semi- 
rigid. 
plastic, oil reactive 
plastic, oil soluble See oil-paint, reactive plastic. 
plastic, oligomer A plastic consisting of only a few 
monomer units-for example, a dimer, trinier, or their 
mixtures. 
plastic, organic See chemistry, inorganic; chemis- 
try, organic. 
plastic, organometallic A plastic that contailis inetals 
either in the backbone chains or pendent to them. The 
iiietals may be connected to the plastic by bonds to carbon. 
See chemical configuration. 
plastic paper To date most plastic papers are biaxial 
oriented and film-based. Pulp can be made in a poly- 
nierization reactor by vigorous stirring HDPE and other 
plastics, which forms fibers. Some coiiibinations have 
been made with wood pulp. Fibrous spun-bonded plas- 
tics such as DuPont’s Tyvek can be considered a plastic 
paper. Nonfibrous plastic films are paperized by internal 
or external methods. Internal involves cavitation dur- 
ing orientation, generally with fine particle fillers as the 
sites of cavitation using combinations such as HDPE/ 
calcium carbonate and PP/clay/ titanium dioxide. Other 
methods are used, such as employing incompatible plastics. 
External paperized products include certain coated 
films and those conibining fillers and coatings. The 
packaging filln that best fits tlie definition of a syn- 
thetic paper is opaque EOPP (bioriented PP) film. 
Higher cost to date has restricted the expansion in the 
use of plastic paper. However, growth has been occur- 
ring as a replacement for conventional high quality 
paper where it is scarce such as in the Middle East, 
Asia, and possibly North Africa. See fabric, nonwoven 
spun-bonded; fiber processing, spinning; legal 
matter: patent plastic money; orientation; paper; 
Tyvek. 

See oil-reactive plastic. 



Kosato, Rosato,  arid Rosato 417 

plastic performance, mechanical Mechanical behav- 
ior determines the strength and endurance of a plastic un- 
der stress. Modulus, strain, strength, and toughness are 
typically measured. These paranieters are useful for raw- 
material inspection as well as process and product evalua- 
tion. See creep; mechanical market; modulus; strain; 
stress; testing; toughness. 
plastic, porous Plastic with different degrees of open- 
ings that can range from 5 to 20,000 micron, and that are 
created by mechanical, chemical, or spark methods. It is 
used for controlled venting, aeration, filtration, and muf- 
fling in different environments (chemical corrosion, abra- 
sion, sound, etc.). See aerogel. 
plastic, preceramic The extremely high softening 
temperature of ceramics precludes their being shaped into 
films, fibers, or other complex shapes through the melt 
processing that is common to plastics. The use of prece- 
raiiiic plastics (ceramic precursors), which are processed as 
ordinary plastics to the desired shape and then pyrolyzed 
to ceramics, can overcome the high-temperature shaping 
situation. Most ceramics derived from preceramic plastics 
are silicone-based. 
plastic processing The best processing melts for any 
plastics start with the plastic manufacturer’s recommended 
heat profile or one’s own experience. Various types of 
plastics have different starting points that have to be inter- 
faced with the equipment to be used. The time and effort 
on startup make it possible to achieve maximum efficiency 
of performance versus cost for the processed plastics. By 
the application of logic with available control systems, the 
information gained can be stored and applied to future 
setups. See fabricating process; fabricating pro- 
cessing repeatability; fabricating processing type; 
fabricating startup and shutdown. 

T o  understand potential problems and their solutions, 
it is helpful to consider the relationships of niachine capa- 
bilities, plastics processing variables, and product perfor- 
mances. A distinction has to be made between machine 
conditions and processing variables. For example, niachine 
conditions include operating temperature and pressure, 
mold or die temperature, and machine output rate. Pro- 
cessing variables are more specific, such as the melt condi- 
tion in the mold or die and the flow rate versus tempera- 
ture. See FALL0 approach; morphology; polymer, 
reactive; profit and technology. 
plastic product failure Practically all incidences of 
malfunctions are caused by a lack of knowledge of the 
characteristics and potentials of the plastics, with a resultant 
misapplication, rather than from any shortcomings in the 
material itself. In other words, the correct design, correct 
material, and proper fabrication can meet cost-property 
efficiency. Unfortunately, lower-cost materials and pro- 
cessing techniques sometimes are assumed to be equal to 
the more expensive parts that do not fail. Industry stan- 
dards arid specifications are always being developed to 
make the public aware of inferior parts but usually are is- 

sued after the problem or failure develops. See crazing; 
design-failure theory; design-failure theory, Grif- 
fith; design safety factor; failure fault tree analysis; 
plastic failure or success; plastic, long-life; plastic 
material and equipment variable; problems and so- 
lutions; quality-system regulation. 
plastic products, raw material to Raw materials are 
the precursor of a processed (virgin) plastic that combines 
with additives, fillers, or reinforcements to become a plas- 
tic. The following steps are involved: (1) the raw material 
or energy source (petroleum, natural gas, coal, agriculture, 
etc.) produces (2) feedstock (ethane, propane, benzene, 
etc.), which produces (3) monomer (ethylene, propylene, 
styrene, etc.), which produces (4) polymer, which pro- 
duces (5) plastic (additive, filler, reinforcement), which is 
fabricated according to a (6) process (extrusion, injection 
molding, blow molding, etc.), to produce (7) marketable 
products (packaging, building and construction, electron- 
ics, etc.). See coal; feedstock; oil and gas; oil, crack- 
ing; petrochemicals; plastic consumption; plastic 
material; plastic processing; plastic, virgin; poly- 
merization; supply chain; Figure 1, Plastics Simpli- 
fied Flow Chart Guide from Raw Materials to Prod- 
ucts. 
plastic properties Molecular weight, molecular weight 
distribution, structure, composition, and other molecular 
parameters govern the physical, mechanical, and chemical 
properties of plastics. Also involved are the nonplastic ad- 
ditives, such as stabilizers, antioxidants, plasticizers, flame 
retardants, colors, calcium carbonate, wood fiberc, and 
milled glass. These additives and fillers are used in the plas- 
tic compounds to enhance certain processing or product 
performance characteristics as well as reduce costs. For ex- 
ample, graphite powder filler can change shrinkage perfor- 
mances, such as significantly reducing or expanding plas- 
tics. The properties of plastics directly depend on 
temperature, pressure, time, and enviroiimeiital or service 
conditions. In turn, these properties can be related to raw 
material, processing, and product performance. Testing is 
done 011 the finished product as well as on the plastic mate- 
rials prior to and during processing. See chemical and 
physical characteristics; designing with plastic tai- 
lor-made models; market; optically active plastic; 
plastics, theoretical versus actual values ofi 
shrinkage. 
plastic property and understanding polymer struc- 
ture See Staudinger, Hermann. 
plastic, pseu- See viscosity, non-Newtonian flow. 
plastic, reactive See polymer, reactive. 
plastic received See material received, checking. 
plastic, reclaim PET See coating, oxygen-barrier 
removable. 
plastic, reformulated Recycled plastic that has been 
upgraded to alter or improve performance capability or to 
change characteristics through use of additives. See recy- 
clable. 
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plastic, renewable See resource, renewable. 
plastic, reprocessed A thermoplastic that is prepared 
from melt-processed scrap, rejected parts, or nonstandard 
or nonuniform virgin plastic. The term srvup does not nec- 
essarily connote feedstock that is less than desirable than 
the material from which it may have been generated. The 
reprocessed plastic may be refomiulated with additives. 
See plastic, reformulated; recycling. 
plastic-rich A localized area that is filled with plastic 
and lacks reinforcenients or fillers. See reinforced plas- 
tic, resin-rich; starved area. 
plastic, rigid A general classification where a plastic has 
a modulus of elasticity either in tension or flexure greater 
than 100 ksi (690 MPa) at 70'F (21°C) and 50% relative 
humidity. See modulus; plastic, nonrigid; plastic 
semirigid. 
plastics and electronic toys Microprocessor-based 
toys use technolog in innovative ways. MIT's Media 
Laboratory's Toys of Tomorrow (TOT) is a consortium 
that was organized in April 1998 to explain the toy tech- 
nology. Members include Acer, Bandai America, 
Deutsche Telekom, Energizer, Intel, Ilisney, LEGO, 
Mattel, Motorola, Polar Electro Oy, TOMY, and the 
International Olympic Committee. Toys will be the 
first devices to deliver a networking technology infrastruc- 
ture to the honie and may be precursors of technologies 
that eventually end up in the workplace. See computers; 
toy. 
plastics cradle-to-grave In cradle-to-grave analyses, 
plastic far outperfornis the other materials. The studies 
compared the inaterials based on energy consuniption, air 
emissions, waterborne wastes, and solid-waste products. 
Life-cycle assessment is a comprehensive means of coiii- 
paring the impact that different materials, product designs, 
fabrication processes, and waste-disposal methods have on 
the environment. This technique sets plastics in a favorable 
light versus competitive materials. See ISO-14000 certi- 
fication; life-cycle analysis; plastic, long-life; profit 
and time; time. 
plastic, crystalline See amorphous plastic; crystal- 
line plastic; semicrystalline plastic. 
plastic scrap 
plastic segregation The separation thermoplastic 
molded surface part as in wavy lines or color striations. 
With thermoset plastic, usually a separation of plastic and 
filler occurs on the surface. 
plastic, self-reinforcing A plastic with densely packed, 
fibrous polymer chains, such as a liquid crystal polymer. 
See liquid crystal polymer or plastic. 
plastic, semirigid A plastic that has a modulus of elas- 
ticity in tension or flexure between 10 to 100 ksi (70 to 
690 MPa) at 70°F (21 "C)  and 50% relative humidity. See 
modulus; plastic, nonrigid; plastic, rigid. 
Plastics Institute of America (PIA) An educational 
and research group that was established in 3 961 and dedi- 
cated to education and research in the plastics industry. 

See cut, kerf, and registration. 

See education; training; Appendix Cy Worldwide 
Plastics Industry Associations. 
plastic, semicrystalline See amorphous plastic; 
crystalline plastic; semicrystalline plastic. 
plastic, smart The ability of smart plastics to respond 
to a stimulus such as stress, heat, light, or electricity enables 
them to be used as the intelligent components of sophisti- 
cated systems. An early example was using birefringence 
to monitor stresses in plastic components. Designs have 
emerged from the integration of sensing, information pro- 
cessing, and actuating functionalities within plastics. Con- 
tinuous reinforcement in reinforced plastics offers special 
opportunities for online evaluation of both stress exposure 
and life expectancy. See birefringence; device, smart; 
reinforced plastic; sensor; stress. 
plastic softening range The range of temperatures 
within which a plastic changes from a rigid to a soft state. 
Actual values depend on the test method and material 
used. Sometimes it is incorrectly referred to as the softtet7ing 
point. See test. 
plastic solidification During melt processing of amor- 
phous and crystalline plastics, changes in plastic volume 
and temperature differ. With crystalline plastic the volume 
change increases very fast at its melt temperature (T,,,), but 
with amorphous plastic it is gradual. Thus, during pro- 
cessing thew two types of plastics require different heating 
profiles. See amorphous plastic; crystalline plastic; 
melt flow; solidification point. 
plastic solvation The process of swelling, gelling, or 
dissolving a plastic by a solvent or plasticizer. In this pro- 
cess an ion or polar molecule is held strongly to solvent 
molecules in a solution. See ion; molecule, polar; solu- 
tion. 
plastic sorting See recycling, automatic-sorting. 
plastic, soybean-based A University of Delaware pro- 
gram has produced an all-natural, high-performance plas- 
tic that includes the use of renewable soybean oil. 
Plastics Pioneer Association (PPA) An associa- 
tion that was established in 1942 to recognize members 
of the plastics community with a long record of service. 
See Appendix C, Worldwide Plastics Industry Asso- 
ciations. 
plastics, theoretical versus actual values of In 1944, 
based on the laws of physics, cheniistry, and mechanics, 
theoretical property values were determined for various 
materials. Since that time steel, aluminum, and glass theo- 
retical and actual values have remained practically the 
same, but values for plastics have greatly improved (as 
was predicted in 1944). Since that date, plastic proper- 
ties (strength, modulus, etc.) have significantly increased 
from 10 to 50% but have not reached the theoretical po- 
tential that was predicted during 1944. See datum; de- 
sign theory and strength of  material; fiber pro- 
cessing, spinning; fiber, spider-silk; plastic material 
selection; plastic properties; reinforced plastic; rein- 
forcement. 



Rosato,  Rorato, and Rosato 429 

Comparison of 1944 Theoretical to Actual Properties 

Modulus of Elasticity Tenrile Strength 

Experimental Experimental 

Normal Normal 
Polymer, 

N/nim' N/nim' N/mm' N / inm ' N/nini' N/mni' 
Theoretical Fiber, Polymer Theoretical, Fiber, 

Type of Material (kpsi) &Psi) ( k P 4  (kpsi) ( k P 4  &Psi) 

Polyethylene 300,000 

(43,500) 
Polypropylene 50,000 

(7,250) 
Polyamide 66 160,000 

(23,200) 
Class 80,000 

(1 1,600) 
Steel 2 10,000 

(30,400) 
Aluminum 76,000 

(1 1,000) 

200,000 
(33%) 

(14,500) 
20,000 
(40%) 
(2,900) 
5,000 
(3%) 
(725) 

80,000 
(1 00%) 

(1 1,600) 
2 1 0,000 

(1 00%) 
(30,400) 
76,000 
( 1 00'Xl) 

(1 1,000) 

1,000 

(145) 
1,600 

(3.2%) 
(232) 

2,000 

(290) 
70,000 
(87.5%) 
(10,100) 
210,000 

(1 00%) 

(0.33%) 

(1.3%) 

(30,400) 
76,000 
(1 00%) 

(1 1,000) 

27,000 

(3,900) 
16,000 

(2,300) 
27,000 

(3,900) 
1 1,000 

(1,600) 
22,000 

(3,050) 
7,600 

(1,100) 

1,500 
(5.5%) 
(2  18) 

(8.1%) 
(1 89) 

1,300 

1,700 
(6.3%) 
(246) 

4,000 

(380) 
4,000 

(580) 

(1 0 So/;,) 

(116) 

(36%) 

(1 9%1) 

xi10 

30 
(0.1%) 
(4.4) 
38 

(0.24%) 

5 0 
(5.5) 

(0.18%) 
(7.2) 

(0. 5%) 
(8.0) 

1,400 
(6.67%) 
(203) 
600 

(7.8%) 

55 

(87) 

* For the experiinental values the percentage of the theoretically calculated value? 15 given in parentheses 

plastic, stir-in 
plastic, strengthened See design theory and 
strength of material; strengthening plastic mecha- 
nism. 
plastic structural form See amorphous plastic; 
crystalline plastic; semicrystalline plastic. 
plastic structure See molecular-arrangement 
structure. 
plastic, super- A plastic (polymer) of very high inolec- 
ular weight. See engineering plastic; plastics, theoret- 
ical versus actual values; reinforced plastic. 
plastic, syntactic cellular See reinforced plastic 
syntactic cellular plastic. 
plastic, synthetic A plastic that is produced from the 
polymerization of its niononier or monomers by a chenii- 
cal reaction controlled by people, as opposed to a natural 
plastic that is produced by biosynthesis. Natural plastics 
that have been chemically modified to produce different 
materials are also called synthetic plastics. See plastic; 
synthetic, natural; vulcanizate. 
plastic system A mixture or compound of plastics and 
other ingredients, such as catalysts, initiators, dilutents, ad- 
ditives, fillers, and reinforcements, that is required to pro- 
duce products meeting specific properties. 
plastic, tailor-made See designing with plastic tai- 
lor-made models. 
plastic-to-metal bond See metal adsorption calo- 
rimetry; metal-to-plastic bond. 

See vinyl plastic, stir-in. plastic transfer molding See reinforced-plastic 
resin transfer molding. 
plastic types Plastics are usually obtained in the form 
of granules, powders, flakes, arid pellets and sometimes in 
liquid form. They are classified as thermoplastic (TP) or 
thermoset (TS). TPs represent 90wt% of all plastics con- 
sumed. TPs become soft and extrudable on heating with- 
out undergoing significant chemical or performance 
changes. O n  cooling they harden. This cycle can be re- 
peated. TS plastics are rigid and undergo cross-linking or 
chemical change during processing and after curing cannot 
normally be resoftened or reprocessed. There are TI-' and 
TS elastomers (rubberlike). 

O f  the 17,000 plastics available worldwide, about 200 
basic types are coimiiercially recognized, and fewer than 
20 are popularly used. About two-thirds of all plastics con- 
sumed are LDPE, HDPE, PP, PVC, and PS. The relatively 
new generation of high-performalice metallocene and 
elastomeric plastics are in this group. The basic types, with 
their many different additives, fillers, grafts, a i d  alloys pro- 
vide different processing capabilities and product perfor- 
mances. See catalyst, metallocene; commodity plas- 
tic; engineering plastic; plastic; plastic feed form; 
plastic, long-life; plastic marriage; plastic material; 
plastic products, raw material to; reliability; ther- 
moplastic; thermoset plastic. 
plastic, unstable See metastable. 
plastic, virgin A plastic material in the form of pellets, 
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granules, powder, flock, or liquid that has not been sub- 
jected to use or processing other than what was required 
for its initial manufacture. See plastic material; recy- 
cled-plastic properties; recycling. 
plastic void content See reinforced plastic void 
content; void. 
plastic waste See design packaging; recycle; waste; 
waste, plastic. 
plastic, water condensation See storage and con- 
densation. 
plastic, water-soluble Any plastic of high molecular 
weight that swells or dissolves in water at normal rooni 
temperature. The principal members of this class are cer- 
tain polyvinyl alcohols, ethylene oxides, polyvinyl pyrroli- 
dones, and polyethyleneimides. Also called tuatcr soluble ad-  
hesive. See acrylate plastic; carboxymethylcellulose; 
methylcellulose plastic; polyvinyl pyrroldone plas- 
tic; solubility. 
plastic wood See wood-plastic composite process; 
wood-plastic impregnated. 
plastic worker See fabricating employment. 
plastic, XT Cyro Industries' tradename for its faiiiily of 
impact acrylics that permit a wide range of transparent or 
opaque colors. 
plastify See plasticate. 
plastigel A plastisol that exhibits gellike flow or put- 
tylike consistency properties. It is a plastic to which a 
thickening agent has been applied. See gel; thickening 
agent. 
plastisol A mixture of vinyl plastic and plasticizers 
that is heated and can be processed by different methods, 
mch as casting, coating, dipping, rotational molding, 
arid spreading, to produce flexible to hard parts. It is a 
liquid suspension of a finely divided plastic (about 1 
p i )  in a plasticizer. With heat, the plasticizer is absorbed 
into the particles and solvates them so that they fuse 
together to produce a homogeneous plastic mass. See 
coating, coil; coating, dip; forming, dip; fusion; 
gel; gelation; organosol; plastic dispersion; plasti- 
cizer; plastigel; polyvinyl chloride dispersion plas- 
tic; rigidsol; solvating action; vinyl; viscosity, de- 
pressant. 
plastisol blending extender plastic A blending plastic 
that is used with vinyl plastisols and orgaiiosols and that 
has larger particle size and lower cost than the dispersion 
plastics normally used. It can be used as a partial replace- 
ment for the priniary plastic. In addition to cost reduction, 
it sometimes changes properties. See blending; ex- 
tender. 
plastisol, fused A plastisol that has been heated to the 
temperature at which it beconies a single homogeneous 
phase; related to cure. 
plastisol hardened See rigidsol. 
plastisol, modified A plastisol that contains additional 
ingredients such as blowing agents to produce foanied 
plastic. See foam and blowing agent; plastic disper- 
sion; polyvinyl chloride dispersion plastic plastisol. 

plastometer 
flow. 
platelet See reinforcement, disk. 
platen The plates on which a mold is fastened. In coin- 
pression-molding machines, it is some times referred to as 
the dcrk. See clamping platen; die platen. 
platen, floating A platen that is situated between the 
main two platens in a multidaylight press, such as in injec- 
tion-molding and compression-molding machines. There 
can be inore than one floating platen. Total clamping pres- 
sure is applied on each platen. 
platen, multidaylight A machine that has two or more 
movable platens. 
platen press The basic conipression press has two plat- 
ens. The basic injection-molding machine used to have 
three platens-two to operate the closing and opening of 
a inold and one to provide support to a pressure claniping 
system applied to the mold. Since the 196Os, two-platen 
IMMs have become more popular to operate the mold. 
Technical devices usually located in the back of a platen 
or tiebars operate the pressure-clamping system. The two- 
platen press niay provide improved technical performances 
and cost advantages such as reduced weight, reduced floor 
space, significantly reduced clamp speed, resulting in 
shortened cycle time, and reduced tonnage when compared 
to a hydraulic press. See clamping, hydraulic; press. 
plate-out An objectionable coating that gradually forms 
on the metal surfaces of molds, dies, calendering rolls, and 
embossing rolls. It is caused by the extraction and deposi- 
tion of certain components in the plastic, such as pigments, 
lubricants, plasticizers, stabilizers. See defect. 
plating See coating, sputtered; coating vacuum; 
electroless plating; electrophoretic deposition; elec- 
troplating; metallizing plastic; metallizing, vac- 
uum; polish; surface finish; surface treatment. 
plating, silver-spray A chernical spray metallizing pro- 
cess that is based on the glass mirror art. The plastic part 
is prepared by cleaning and lacquering as in vacuum met- 
allizing and then the lacquer coat is sensitized in an acidic 
salt bath. A silver-forming solution (silver nitrate and an 
aldehyde) is sprayed on the part, usually with a two-nozzle 
spray gun so that the components are separated until they 
reach the surface. A final topcoat of protective lacquer is 
applied over the silver. See iridescence; metallizing, 
vacuum. 
plexifilament See fabric, nonwoven flash-spun. 
plug forming See hermoforming, plug. 
plunger 1. The male portion of a mold. See mold cav- 
ity, male. 2. In compression molding, a device (also 
called cow) that pushes or forces material into the opening 
of the fernale mold. See compression molding. 3. The 
part of an injection- or transfer-molding machine that ap- 
plies pressure to the niaterial being processed. With the 
usual screw-injection machine, when pressure is applied 
to the nielted shot, the screw ~is~ially stops rotating and 
acts as a plunger. See extruder ram; injection molding 
machine ram; transfer molding. 

See rheometer; test, plastometer melt- 
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ply 1. In general, a layer in a fabric or felt (laminates, 
reinforced plastic, coextruded film, etc.). See fabric. 2. 
In filament winding, a single pass where two plies form 
one layer. See filament winding. 3. A yarn that results 
from twisting operations. See yarn. 
plywood A form of bonded laminated wood in which 
successful layers of wood veneers (thin wood) are usually 
cross-laminated. Its core can be a veneer, saw lumber in 
one piece, or lumber in several pieces under heat and pres- 
sure, using usually phenolic and urea plastics. See adhe- 
sive, plywood; laminate wood; veneer. 
pneumatic Air-powered, operated, or controlled sys- 
tem in which energy is transferred by compression flow 
and expansion of air. See conservation of matter, law 
oc hydraulic. 
pneumatic control See thermoforming, pneumatic 
control. 
pneumatic loader/conveyer See material han- 
dling, pneumatic loader and conveyer. 
pocket, plastic An accumulation of excess plastic in a 
small, localized section that is visible on cut edges of prod- 
ucts or internal to the product and not visible. Also called 
wsh? pocket. See defect. 
pock mark See blow molding, extruder, pock 
mark. 
poise (P) The metric system unit of viscosity, exprcssed 
as 1 dyne per second per square centimeter. A cP is 0.01 
of a poise. See viscosity; viscosity, stoke. 
Poiseuille’s equation See flow, Poiseuille. 
poison See toxicity. 
Poisson’s ratio 
polar See molecule, polar. 
polarimeter An instrument that is used to determine 
the aniount of rotation of the direction of vibration of 
polarized light by the test specimen. It determines the 
amount of polarization of light by the specimen or in the 
illuminating beam. 
polariscope An optical (polarizing) niicroscope in 
which the incident light passes through a pair of polarizing 
filters (analyzers). The polarizer polarizes the beam that 
illuminates the test specimen, and the analyzer analyzes the 
effect, if any, on the polarized light. With a birefringent 
specimen (crystalline thermoplastic) light passes through 
and forms an image. This technique is used to observe the 
orientation of spherulites and crystallites. See birefrin- 
gence; crystallite; photoelasticity. 
polarity The sign of the charge on a molecule or side 
chain. When plastics contain other atoms in addition to 
carbon and hydrogen, they are generally inore negative 
than carbon and hydrogen. The resulting polarity pro- 
duces electrical attractions between the molecules. These 
attractions pull and hold iiiolecules close together. They 
are often measured by solubility in different solvents, 
quantified as the “solubility” parameter. These polar at- 
tractions improve many end-use properties. They gener- 
ally require more heat to overcome them and permit melt 
processing, as melting points and processing temperatures 

See design, Poisson’s ratio in. 

are generally higher than for less polar plastics. When the 
chemist uses too much polar attraction action, the plastic 
will not melt or flow until it reaches the decomposition 
temperature. See chemical synthesis; solubility pa- 
rameter. 
polarizability The extent to which a dipole moment 
can be introduced. 
polarized light Light waves that are selectively oriented 
by passing through a filter. Under polarized light, ainor- 
phous areas appear black, while crystalline areas are clear and 
have multicolored patterns. This occurs because crystalline 
plastics have niolecules that crystallize and fold together in 
a uniformly orderly manner, whereas amorphous plastics do 
not produce crystallites and their molecules are in a random 
pattern. See amorphous plastic; birefringence; chemi- 
cal analysis; crystal; crystalline plastic; haze; polarim- 
eter; polariscope; stress, residual; test, microtoming 
optical-analysis; test, nondestructive photoelastic 
stress-analysis; transparent plastic. 
polarizing lens A lens that is used to qualitively evalu- 
ate birefringence in clear, transparent products. 
polarizing light plane Light in which the electric field and 
magnetic field coniponents are confined to specific planes. 
polarizing microscope See polariscope. 
polar winding 
polish A solid powder, liquid, or semiliquid mixture 
that imparts smoothness, surface protection, or decorative 
finish. See ash, bone; buffing; carnauba wax; coco- 
nut shell; finishing, ashing and lapping; plating; sur- 
face finish; water beading. 
polishing agent 
polishing, cold-gas Because the appeal of exterior sur- 
Gces is so important, major efforts are made at  assembly 
plants handling plastic parts to fix surface imperfections 
caused by dust, dirt, and dings. Conventional buffing and 
polishing do not always work because friction-induced 
heat can damage irreversibly the highly flexible plastic 
paints and plastics. The cold-gas technique (originally from 
Gerniany) uses liquid nitrogen arid conibines nitrogen gas 
with a 3M Co. polishing compound called Finesse-It to 
eliminate frictional damage. Nitrogen gas flows through a 
flexible, heat-insulated hose to a polishing tool driven by 
coinpressed air. The gas emerges at the center of the pol- 
ishing pad at  temperatures between -40’ to -76’F (-40’ 
to -6OOC). 
polishing, solvent A method of improving the gloss of 
thernioplastic parts by inimersion or spraying with a sol- 
vent, dissolving surface irregularities, followed by evapora- 
tion of the solvent. See surface finish. 
pollution Substances in any environment (atmosphere, 
land, water, etc.) that are not normally present therein 
and that are potentially toxic or otherwise objectionable. 
The most serious atmospheric contaminants have been 
sulfur dioxide (burning fuel in plants) and automobile 
exhaust gases rich in carbon dioxide. Certain plastics 
can introduce pollutants if not properly handled using 
devices such as scrubbers. See energy consumption; 

See filament winding, polar. 

See ash, bone; pigment, rouge. 
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plastic and pollution; polychlorofluorocarbon; re- 
cyclable; recycling energy consumption; scrubber; 
toxicity. 
pollution, air Air pollutants can be classified by their 
physical and chemical characteristics. The more common 
type include dust, entrained liquids, entrained particles, 
fumes, mists, and noxious gases. The removal of these con- 
taminants usually requires special equipment or scrubbers, 
such as carbon absorbers, catalytic equipment, cyclones, 
electrostatic precipitators, fine-fabric filters, gas absorbers, 
ion-exchange columns, venturis, and scrubbers (wet, dry, 
venturi). See atmosphere, dry deposition; contami- 
nation; dust; powder coating; scrubber; venturi. 
pollution and marine standard See bottle standard 
reference material. 
pollution control See biodegrading microorgan- 
isms. 
pollution, thermal The release of heat into rivers and 
lakes, thus raising the temperature to levels that are harni- 
fill to various fornis of life. 
pollution, water Water-quality objectives call for ef- 
fective design and operation of wastewater treatment facil- 
ities, using the continually better available, practical, or 
demonstrated technologies. Accurate measurement of pol- 
lutants is the critical factor in operating or maintaining the 
systems that include filtration and aeration capabilities. See 
acid rain; adsorption; pollution. 
polomeric See polyester reinforced urethane 
plastic. 
poly- A prefix denoting “many.” Thus, the term poly- 
nicr nieans “many mers.” See polymer mer. 
polyacetal plastic See acetal plastic. 
polyacrylamide plastic (PAM) A strongly polar, wa- 
ter-soluble plastic. When cross-linked, it forms a network 
structure. When lightly cross-linked PAM can be swollen 
with water to form rubberlike gels that are widely used to 
separate small molecules. See chromatography, gel; 
gel; plastic, water-soluble. 
polyacrylate plastic See acrylate plastic. 
polyacrylonitrile plastic (PAN) A base material or 
precursor in the manufacture of carbon fibers. See chro- 
matography, gel; fiber, carbon; pitch. 
polyalkoxythiophene plastic See moisture, hu- 
mectant agent. 
polyallomer plastic A crystalline thermoplastic block 
copolymer that is made of ethylene, propylene, and sonie- 
times other unsaturated inoiioniers. It  is produced by an- 
ionic coordination polymerization. It  has high-impact 
strength, low density, long flexural life, and excellent stress 
cracking resistance. See ethylene-propylene copoly- 
mer plastic; polymerization. 
polyamide-imide plastic (PAI) An engineering ther- 
moplastic that is characterized by excellent dimensional 
stability, high strength and modulus, and good impact a t  
continuous high temperatures of 260°C (450°F). In the 
uncured form it is soluble in polar organic solvents. The 
imide linkage is formed by heating and producing an in- 

fusible plastic with thermal stability up to 290°C (550°F). 
See imide; polyimide plastic. 
polyamide plastic (PA) Also called nylon. See nylon 
plastic. 
polyaniline plastic See welding, microwave. 
polariscope See photoelasticity. 
polyarylamide plastic See fiber, aramid; fiber, ny- 
lon; Kevlar. 
polyarylate plastic A thermoplastic that is tough, dura- 
ble, and heat resistant and has excellent ultraviolet stability 
and electrical properties, flame resistance, and wear resis- 
tance. It’s major use is in outdoor lighting. 
polyarylene ether phosphine oxide plastic (PAEPO) 
A plastic that, in different thermoplastic fornis, such as films 
and as matrix or coating materials for reinforced plastics, is 
highly compatible both physically and chemically with liq- 
uid oxygen (LOX). Some PAEPOs are a clear, colorless 
material called i-olorlesr oxygen resistunt (COR). The films 
have passed the Marshall Space Flight Center LOX me- 
chanical-impact-sensitivity test at  the niaxiniuni required 
energy level of 72 ft-lb (98 J). They are soluble in a nuni- 
ber ofpolar solvents and can therefore be applied from solu- 
tion onto complexly shaped surfaces with relative ease, such 
as with dip coating or brushing. These filins can be very 
thin if necessary, and they adhere well to composites 
made of other component materials. See adhesive; pipe; 
tank. 

These PAEPOs can be used as matrix materials in 
reinforced plastics, along with graphite fiber, using 
different reinforced-plastic fabricating processes that 
range from bag to autoclave molding. Tanks and 
pipes using this RP construction are used to handle 
and contain LOX for NASA. They are compatible 
with other component materials, such as toughened 
epoxies and graphite fibers and other constructions. 
However, poor adhesion or the need to process them 
at temperatures high enough to damage other com- 
ponent materials can inhibit their use. With epoxy- 
graphite RP structure, the film (solventless) becomes 
intimately bonded with the underlying RP by use of 
the RP cocure process. This method has a thin film 
applied on the side of the RP prepreg layup prior to 
curing. During the cure, the film forms a strong bond 
with the epoxy matrix. See fiber; reinforced plastic. 
polyaryletherketone plastic (PAEK) A high-perfor- 
mance thermoplastic. For example, in reinforced plastics 
they may have a continuous-use temperature as high as 
250°C (480°F). 
polyaryl sulfone plastic (PAS) An easy-to-process 
thermoplastic. A very important characteristic is resistance 
to low and high temperatures from -240 to +26OoC 
(-400 to f500”F) .  It also has resistance to chemicals, oils, 
and most solvents and has good impact resistance and elec- 
trical insulating properties. 
polybenzimidazole plastic (PBI) A dark-brown 
thermoplastic with a high degree of thermal and chemical 
stability. It is used in fibers for resistance to very high tem- 



Rorato, Rosato, and  Rornto 423 

peratures and flame, aerospace applications, protective 
coatings, and reinforced plastics. See triallyl cyanurate. 
polybutylene terephthalate plastic (PBT) A satu- 
rated thermoplastic polyester that is prepared by transester- 
ification of dimethyl terephthalate with butanediol during 
melt polycondensation. It has heat resistance, good tensile 
strength, dimensional stability, low moisture absorption, 
dielectric properties, and chemical resistance, except for 
resistance to strong bases and halogenated solvents. Water 
absorption is very low. The plastic has a relatively low 
impact strength and thermal stability, but these can be eas- 
ily overcome by proper modification. 
polycaprolactam plastic A cyclic amide-type coni- 
pound containing six carbon atoms. It is polymerized into 
nylon 6. Also known as caprolactam plastic. See chemical 
reclamation; nylon plastic. 
polycarbonate plastic (PC) A thermoplastic that is 
prepared by either phosgenation of dihydric phenols wch 
as bisphenol A or by ester exchange between diary1 phe- 
nol. It  has the highest impact resistance of any transparent 
plastic, good mechanical properties, especially impact 
strength, high heat-deflection temperature, and low rnois- 
ture absorption and exhibits clarity and good thermal and 
oxidative stability. They are self-extinguishing, and some 
grades are transparent. See aromatic polyester ester 
carbonate plastic. 
polycarbonate polyurethane plastic, medical An 
implantable plastic that was developed for medical use after 
polyether-based plastics could not be used. This material 
was developed and patented by Cardio Tech International 
Inc. of Woburii, MA. See medical application. 
polychlorinated tetrafluoroethylene plastic An 
aqueous dispersion that provides extremely low flamma- 
bility with an oxygen index of 93%, high light transniission 
of over 90%, and excellent barrier properties. It has higher 
nioisture barrier than PTFE or PVDF and processes at 
lower temperatures of 90" to 200°C (194" to 392'F) versus 
400°C (723°F). Processing includes injection and coni- 
pression molding, extrusion, and coating. 
polychlorofluorocarbon (PCFC) Any of a family of 
inert, nontoxic, nonflammable, and easily produced liqui- 
fied chemicals, principally used in refrigeration, air condi- 
tioning, packaging, cleaning solvent, aerosol propellant, 
and certain plastic foams. Based on the Montreal protocol 
and Kyoto protocol, worldwide concerns about the possi- 
bility of depleting the ozone layer in the upper atmosphere 
have forced industry to find alternatives to PCFCs. As a 
cleaner, it has becn used in niedical devices and electronic 
devices to clean and degrease stainless steel, titanium, sili- 
cone, PE, PTFE, gold-ribbon conductors that are to be 
spot welded, and polybags that used to hold parts. An alter- 
native to CFC is the hydrochlorofluorocarbon and a sin- 
gle-fluid vapor degreasing process using 3M's HFE-7 100. 
The hydrofluoroether (HFE) is listed in the U.S. Environ- 
mental Protection Agency's New Alternatives Policy as 
acceptable without restrictions for use as an alternative to 
ozone-depleting substances. Also called dilovqfluovocavbon 

or CFC. See carbon dioxide; chemical, fluoro-; envi- 
ronmentally friendly additive; fluoroplastic; foam 
and blowing agent; hazard; hydrochlorofluorocar- 
bon; ozone; pentane gas; Petite; protocol, Kyoto; 
protocol, Montreal. 
polychloroprene rubber/elastomer (CR) Neoprene 
was one of the first synthetic rubbers that had desirable 
properties in many applications, such as open-side drive 
belts. This family of elastomers includes some rubbers with 
high dynamic load-bearing capacity and good heat resis- 
tance. Also called neopvene. See neoprene rubber/elas- 
tomer. 
polychlorosulfonated polyethylene plastic See 
polyethylene plastic, polychlorosulfonated. 
polychlorotrifluoroethylene plastic (PCTFE) A 
tough, rigid thermoplastic of excellent thermal stability, 
outstanding electrical properties, and chemical inertness. 
polycondensate A product of condensation polymer- 
ization. See condensation agent. 
polycondensation See polymerization, condensa- 
tion. 
polyelectrolyte A substance that, on dissolving in water 
or other ionizing solvents, dissociates to give polyions 
(multiple charged ions) together with an equivalent 
amount of ions of small charge and opposite sign. 
polyester plastic A large class of plastics usually niade 
by condensation of poly01 with polycarboxylic acid or an- 
hydride, or polycondensation of hydroxycarboxylic acid. 
Some thermoset polyester consist of alkyd plastics and uii- 
saturated plastics. The thermoplastic polyesters include 
elastomers. The processing techniques, properties, and ap- 
plications of polyesters vary widely. See design, biotech- 
nology; copolyester elastomer; plastic, low-profile. 
polyester plastic, aromatic (ARP) A thermoplastic 
that is tough, durable, and heat re4stant and offers good 
dimensional stability, dielectric properties, ultraviolet sta- 
bility, and flame retardance. Chemical resistance is soine- 
what lower than other engineering plastics. Also called poly- 
arylate. See aromatic polyester ester carbonate plastic. 
polyester plastic, isophthalate A thermoset unsatu- 
rated polyester that is based 011 phthalic anhydride. Also 
called irophthakr pdycrtev. 
polyester plastic, liquid-crystal A thermoset that is 
comprised of highly aromatic copolyesters with a highly 
ordered structure in both melt and solid states. They have 
very high tensile and flexural strengths at elevated temper- 
atures and are resistant to all chemicals, weathering, radia- 
tion, and burning. They are processed by sintering and 
injection molding. See liquid crystal polymer or 
plastic. 
polyester plastic, thermoplastic Two important 
thermoplastics are polyethylene terephthalate (PET) and 
polybutylene terephthalate (PBT). The major use for the 
PETS is as film, fibers, and soda bottles. The PBTs are 
primarily used in molding compounds. See window. 
polyester plastic, thermoset An important use of 
thermoset polyester plastic is as a liquid that is cross-linked 
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with styrene and used as the matrix plastics in fabricating 
reinforced plastics. Types of molding compounds include 
sheet-molding conipounds, bulk molding conipounds, 
and thick-molding compounds. In liquid or solid forms 
different types of molding compounds are prepared, such 
as alkyd and diallyl phthalate plastics. The curing does not 
result in any byproduct, such as water (as with condensa- 
tion plastics). See alkyd plastic; allyl diglycol carbon- 
ate plastic; catalyst, benzoyl peroxide; diallyl 
phthalate plastic; maleic anhydride; plastic, low- 
profile; sewer rehabilitation; sheet-molding com- 
pound. 
polyester plastic, unsaturated A thermoset plastic 
that is commonly used in fabricating reinforced plastics and 
is characterized by vinyl unsaturation in the polyester 
backbone. This conipound enables subsequent hardening 
or curing by copolymerization with a reactive nionoiiier 
in which the polyester constituent has been dissolved. See 
phthalic anhydride. 
polyester plastic, water-extended A thermoset cast- 
ing plastic formulation in which water is suspended in the 
polyester plastic. 
polyester reinforced urethane plastic A poronieric, 
microporous material with urethane impregmation or sili- 
cone coating for shoe uppers and industrial leathers. See 
porous, micro-. 
polyether chlorinated plastic A family of thermoplas- 
tics with outstanding chemical resistance and possessing 
excellent heat resistance and electrical properties. 
polyether-imide plastic (PEI) A thermoplastic that 
has good thermal properties with continuous-use temper- 
ature of about 170°C (338°F). The T, is about 215°C 
(419°F). See imide. 
polyether sulfone plastic A high-teniperature ther- 
moplastic with good transparency and flame resistance. It 
is one of the lowest smoke-emitting plastics available. 
polyethylene naphthalate plastic (PEN) A high-bar- 
rier, heat-resistant thermoplastic polyester that is used in 
products such as bioriented stretched bottles and themio- 
formed packages. 
polyethylene oxide plastic See plastic, water-sol- 
uble. 
polyethylene plastic (PE) One of the olefin family 
with many different formulations. U.S. consumption is 
HDPE 42wt%, LLDPE 27%, LDPE 20%, EVA 4%, others 
(VLDPE, MDPE, UHMWPE, etc.) 7%. It is one of the 
niost versatile of plastics. In coninion usage these translu- 
cent, waxlike plastics have no less than 85% ethylene and 
no less than 95% total olefins. These thermoplastics can 
be cross-linked by irradiation or chemically resulting in 
thermosets with improved strength and dielectric proper- 
ties. They are normally translucent, tough, waxy solids that 
are unaffected by a large range of cheniicals. The usual TPs 
have good impact re5istance at low temperatures, chemical 
resistance, and moisture resistance with high thermal 
expansion. Food grades are available. Also called polythene. 
See fiber processing, gel-spinning; polybutylene 

terephthalate plastic; polyethylene terephthalate 
plastic; surface treatment; telcothene plastic; ter- 
ephthalate. 
polyethylene plastic, chlorinated (CPE) The mod- 
erate random chlorination of polyethylene suppresses crys- 
tallinity and yields CPE, a rubberlike material, going from 
soft to hard, that can be cross-linked with organic perox- 
ides. The chlorine content of this elastomer is in the range 
of 36 to 42% compared to about 56.8% in PVC. CPE 
has good to excellent heat, oil, oxygen, ozone, weather, 
chemical extraction, and tear strength resistance. It is used 
as a plasticizer for PVC. 
polyethylene plastic, chlorosulfonated See geo- 
membrane. 
polyethylene plastic, cross-linked See extruder 
wire and cable cross-linking PE with peroxide; ex- 
truder wire and cable cross-linking PE without per- 
oxide. 
polyethylene plastic fiber See fiber processing, gel- 
spinning; fiber processing, solution-spinning. 
polyethylene plastic, high-density (HDPE) A linear 
polyethylene with density of 0.94 to 0.97 g/cni', iiiolecu- 
lar weight of 50,000 to 250,000, and high crystallinity. It 
is produced by co- or h~~mopolyiiierizatioii in a slurry or 
gas phase at relatively low pressure and temperature, I t  has 
excellent low-temperature toughness, chemical resistance, 
good dielectric properties, and relatively high softening 
temperatures. The properties iniprove with decreasing 
polydispersity. See extruder, solid-state. 
polyethylene plastic, linear (LPE) A polyolefin with 
lincar carbon chains. LPEs are prepared by copolynieriza- 
tion of ethylene with small amounts of higher alfa-olefins 
such as I-butene. They are stiff, tough, and have good 
resistance to environmental cracking and low tempera- 
tures. 
polyethylene plastic, linear low-density (LLDPE) A 
linear carbon-chain copolynier of ethylene with higher 
alfa-olefins such as 1 butene and 1 hexane, having density 
of 0.91 to 0.94 g/cni3. LLDPEs are prepared by solution 
or gas-phase copolynierization. Compared to LDPE, they 
have better tensile, tear, and impact strength and crack re- 
sistance properties. 
polyethylene plastic, low density (LDPE) A 
branched carbon-chain polyethylene thermoplastic that is 
prepared by homopolymerization of ethylene under high 
pressure. Its density is 0.91 to 0.94 g/cm"; there is also very 
low-density polyethylene (VIDPE). It has high toughness, 
impact strength, flexibility, film transparency, chemical re- 
sistance, good dielectric properties, and low water perrne- 
ability and brittleness temperature. It is cross-linkable, pro- 
ducing a thermoset plastic. See ethylene-ethyl acrylate 
plastic. 
polyethylene plastic, polychlorosulfonated (PCSPE) A 
thennoset elastonier that provides excellent weather resistance 
even in light colors; excellent resistance to abrasion, crack 
growth, oil (skidar to neoprene), ozone, heat, weather, flame, 
oxidzing chemicals, and solvents; good dielectric properties; 
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low gas penneabhty for an elastomer; low nioisture absorp- 
tion; low temperature flexibhty at - 4 O O C  (-40°F); and good 
adhesion to substrates. It is used in hoses, tubing, roll covers, 
footwear, and bnildmg products. Also called cCz/ororu&bfonnted PE 
rubber, CSPE, or CSM. 
polyethylene plastic, terephthalate See polyethyl- 
ene terephthalate plastic. 
polyethylene plastic, terephthalate, glycol-modified 
(PETG) With the addition of glycol, PETG prevents 
plastic crystallization and provides a broader process win- 
dow than PET. PETG parts have good clarity, toughness, 
and ESCK performance, as well as good gas-barrier prop- 
erties. 
polyethylene plastic, ultrahigh-molecular-weight 
(UHMWPE) A linear carbon-chain polyethylene that 
is specially prepared by a process such as the Ziegler poly- 
merization of ethylene. UHMWPEs have very high wear 
resistance, chemical resistance, and low coefficient of fric- 
tion and are self-lubricating; however, they do not melt 
in the conventional way. In powder form, they are pro- 
cessed by sintering, compression molding, and rani extru- 
sion, resulting in molecular weights of 4 to 6 million. See 
detonation; extruder, ram; fiber processing, gel- 
spinning; injection molding ultrahigh-molecular- 
weight polyethylene. 
polyethylene plastic, vulcanizable A grade of poly- 
ethylene that lends itself to cross-linking producing plastics 
that are thermoset plastics, thereby acquiring improved 
properties, such as increased strength and heat distortion. 
polyethylene terephthalate plastic (PET) A satu- 
rated thernioplastic polyester that is prepared by polycoii- 
densation of ethylene glycol with terephthalic acid or its 
dimethyl ester. PETS are extreniely hard, wear resistant, 
dimensionally stable, and resistant to chemicals and have 
excellent gas barrier properties (used in stretched-iiijectiol1~ii 
blow-molded carbonated beverage bottles) and good di- 
electric properties and clarity. Its tensile strength and ther- 
mal stability improve dramatically with increasing crys- 
tallinity and orientation. See bottle, cryogenically 
cooled filling; coating, oxygen-barrier removable; 
reinforced plastic, XTC. 
polyethylene-vinyl alcohol plastic (EVOH) A ther- 
moplastic that has excellent gas and vapor barrier proper- 
ties and high mechanical strength, gloss, elasticity, weath- 
erability, and resistance to solvents and oils. Clarity, surface 
hardness, and abrasion resistance are high. They absorb 
moisture, which affects their performance as vapor barri- 
ers. Other plastics are used to barrier cover them and elini- 
inate the moisture problem. Their processability improves 
and the absorption of moisture decreases with increasing 
content of ethylene. They are used extensively in packag- 
ing. Also called ethy/erze-oinyl alcolzol pla.ctic- or EVAL. 
polyhydroxybutyrate plastic (PHB) A natural plant- 
grown plastic. Genetics have been used to create a plant 
that makes this PHB plastic. See biodegradable. 
polyimide plastic There are thernioplastic and ther- 
moset plastic types. Thermoplastics (TPIs) have superior 

tensile and compressive strengths at temperatures up to 
315°C (600°F) with good dimensional stability, creep, ini- 
pact, and chemical resistance. There are polyamide-imides 
with high thermal stability, low flammability, and good 
adhesive, dielectric, and barrier properties. However, they 
have rather poor processability due to the highly viscoelas- 
tic behavior of the melt. Processing is by compression and 
injection molding and various powder sintering, film cast- 
ing, and solution coating techniques. The therniosets 
(TSIs) require curing at elevated temperatures. Their 
properties are similar to the T P  types; however, they have 
good processability due to their low melt viscosity. TPs 
have exceptionally good therniomechanical performance 
characteristics. See imide; polyamide-imide plastic; 
polyimide plastic, bismaleimide. 
polyimide plastic, bismaleimide (BMI) A type of 
polyiniide that cures by an addition rather than a conden- 
sation reaction, thus avoiding problenis with volatiles for- 
mation. It is prepared by a vinyl-type polymerization of a 
prepolylner terminated with two nialeiniide groups. It is 
intermediate in temperature capability between epoxy and 
polyimide. 
polyimide plastic, diadic A polyiniide plastic that is 
produced by the condensation of a diamine and a dicar- 
boxylic acid. 
polyimide plastic, polymerization of monomer re- 
actants (PMR) A class of high teniperature-resistant 
plastics. 
polyion A multiple-charged ion. 
polyisobutylene butyl rubber (PIB) A reniarkably 
different rubber. It has very low gas permeability and very 
high damping properties. See damping; rubber. 
polyisoprene rubber/plastic The basis for natural 
rubber (thermoset), gutta-percha, and other rubberlike 
materials. It is also made synthetically by producing ther- 
moplastic elastomers. See latex, natural rubber. 
polyketone plastic (PK) A class of thermoplastics, 
such as polyetherketones and polyetheretherketones. See 
Carilon. 
polylactic plastic (PLA) A biodegradable thernioplas- 
tic polyester made froni polylactic acid that is produced 
by bacterial fermentation of cornstarch or sugar beets. PLA 
can be fully conipostable and is recyclable. They have 
strength, stiffness, chemical and impact resistance, good 
wear and friction characteristics, wide temperature range, 
and wide processing window. This elastic plastic is used 
to produce tough, water-resistant coatings. See biode- 
gradable. 
polyliner 1. A plastic bag that is placed inside a tori- 

tainer to prevent its contents from being contaminated. 
2. A perforated, longitudinally ribbed sleeve that fits inside 
the cylinder of a rani (not screw) of an injection-molding 
machine. 
polymer A substance consisting of large niolecules 
formed by the joining together of simple molecules that 
are known as tnotzorncrs. The term comes from the Greek 
poly  (“many”) and meros (“parts”). Where two or more 
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monomers are involved, the resultant product is known 
as a copolymer. For example, polymerization of ethylene 
forms a polyethylene plastic or condensation of phenol and 
formaldehyde (with production of water) forms phenol- 
formaldehyde plastics. See chemical composition and 
properties of plastic; chemical polymer; molecular 
structure; plastic; plastic, neat. 
polymer, addition A plastic that is formed by the addi- 
tion of unsaturated monomer molecules, such as olefins, 
with one another, without the forniation of a by-product 
such as water. Examples are polyethylene, polypropylene, 
and polystyrene plastics. Also called addition plastic. See 
plastic material type. 
polymer, block A polymer whose molecule is made 
up of alternating sections of one chemical coniposition 
separated by sections ofa different chemical structure or by 
a coupling group of low molecular weight. For example, 
blocks of PVC may be interspersed with blocks of PVAC. 
See copolymer, block. 
polymer, branched A polymer that is composed of 
molecules having a branch structure, chainlike between 
branch junctions and between each chain end and a branch 
junction. See temperature sensitivity. 
polymer chain stiffening A polymer strengthening 
mechanism that is significantly different from linear, 
branched, or cross-linked. It has a monomer that is 
physically large and unsymmetrical. The ability of a 
chain to flex is impaired. A typical example is polystyrene 
plastic. 
polymer chain transfer (CT) The termination of a 
growing polymer chain and the start of a new one. The 
process is mediated by a change-transfer agent, which niay 
be a monomer, initiator, solvent, or some species added 
deliberately to effect the chain transfer. Because CT occurs 
in all radical polymerization, it must be taken into account 
in any quantitative considerations of these reactions. CT 
always decreases the molecular weight. See molecular 
weight. 
polymer chain-transfer agent A niolecule from which 
an atom, such as hydrogen, may be readily attracted by a free 
radical. 
polymer characterization Polymers are categorized as 
natural or synthetic and as homopolymers or copolymers. 
Copolymers and terpolymers are further classified ac- 
cording to the method of production and the arrangement 
of the niononienc units. Other methods are used. The 
techniques niay not be uniformly applicable to all classes 
of polymers. 
polymer charge-transfer See polymerization charge- 
transfer. 
polymer, chemical See chemical polymer; design, 
biotechnology. 
polymer chemical reagent Polymer-supported cata- 
lysts are a particularly attractive type of polymer-support 
reactant because a relatively small amount is used to chem- 
ically transform a relatively large amount of substrate. After 
the reaction, the polymer-supported species can be sepa- 

rated without difficulty from low-molecular-weight spe- 
cies in solution. Separation is most readily achieved if the 
polymer is cross-linked since it is then insoluble in all sol- 
vents. 
polymer chemistry terminology Stated simply, poly- 
mers can be made up of carbon (C), hydrogen (H), chlo- 
rine (CI), fluorine (F), oxygen (0), and nitrogen (N). 
These six elements, either naturally or synthetically, first 
form simple molecules called nzonome~s. When these 
monomers are subjected to a catalyst, heat, and pressure, 
the double bonds (or connecting arms of the monomers) 
open up, and these individual monomer units join arms 
to form long chains called polymers. This process is called 
polymerization. Different chemical structures are fornied for 
the different polymers. The geometry (linear, branched, 
and cross-linked) of their chains is as important as their 
chemical makeup in determining properties. See amor- 
phous plastic; catalyst; chemical composition and 
properties of plastic; chemistry; cross-linking; crys- 
talline plastic; definition, art of; molecular bonding; 
molecular structure; molecule; monomer; poly- 
merization. 
polymer combination See interpenetrating net- 
work. 
polymer cross-linked density The fraction of a poly- 
nier chain unit, nornially the repeat units, that is cross- 
linked. If there is N such units (since each cross-link links 
two such units), the fraction number of cross-links will be 
N / 2 .  
polymer disproportionation A chain transfer be- 
tween niacroradicals to produce a saturated and unsatu- 
rated polymer molecule. 
polymer evolution In the pioneering age of polymeric 
evolution, new plastics were determined primarily via the 
selection of suitable monomer components. Today the 
number of new polymers or plastics that are developed 
primarily on the basis of known niononiers is on the in- 
crease. This also applies to new plastic blends and com- 
pounds based on known plastics. A similar situation exists 
with catalysts. See catalyst. 
polymer, full-contour length The length of a fully 
extended polymer chain. 
polymer, graft A polymer that is comprised of mole- 
cules in which the main backbone chain of atoms has 
attached to it at  various points side chains containing dif- 
ferent atoms or groups from those in the main chain. The 
main chain may be a copolymer or may be derived from 
a single monomer. See copolymer, graft; material, 
microphase structure. 
polymer, head-to-head A polymer chain configura- 
tion in which the functional groups are on adjacent carbon 
atoms. 
polymer, head-to-tail A polynier chain configuration 
in which the functional groups on adjacent polymers are 
as far apart as possible. 
polymer, high A macroniolecular substance that, as in- 
dicated by the term polymer, consists of niolecules that are 
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at least approximately multiples of the low molecular units. 
Molecular weight is greater than 10,000, usually composed 
of repeating units of low-molecular-weight species such 
as ethylene and propylene. 
polymer, high derived A polymer that has been pro- 
duced by chemical alteration of a primary high polymer 
or a natural high polymer. 
polymer, homo- A plastic or polymer that is formed 
from a single monomer species. 
polymer, inter- A particular type of copolymer in 
which two monomer units are so intimately distributed 
in the polymer molecule that the substance is essentially 
homogeneous in chemical coniposition. Also called true 
polymev. 
polymer, isomeric A polymer that has essentially the 
same percentage composition as another but differs with 
regard to molecular structure. See monomer, isotactic. 
polymer, isomerism Having the same molecular and 
chemical composition but different chemical properties 
and structure due to different positions of atoms or niole- 
cules. 
polymerization 1. The bonding of two or more 
monomers to produce polyniers or plastics. A chemical 
reaction, addition, or condensation in which the niole- 
cules of a monomer are linked together to form large mol- 
ecules whose molecular weight is a multiple of that of the 
original substance resulting in high-molecular-weight 
components. See alkali metals and derivatives; boron 
compound; dilatometer; morphology and mechan- 
ical property; plasticizer, internal; plastic products, 
raw material to; polymer chain transfer; poly- 
merization, co-; reactor technology. 2. Any chern- 
ical reaction that produces bonding. See alkali metals 
and derivatives; chemical reaction; reactor tech- 
nology. 
polymerization, addition A chemical reaction (poly- 
merization) in which simple molecules (monomers) arc 
added to each other to form long-chain molecules (poly- 
mers) and no byproducts are formed (water, gases, etc.). 
polymerization, aldehyde A process that proceeds by 
bond-opening, chain-reaction polymerization of carbonyl 
group of an aldehyde, and results in the formation of poly- 
aldehyde plastic (also called acetal plastics). 
polymerization, anionic Vinyl polymerization that 
proceeds by the addition of certain monomers to activate 
center-bearing whole or partial negative charges. See 
polymer living system. 
polymerization, aqueous Vinyl polymerization with 
water as the medium and with the monomer present 
within its inherent solubility limit. It includes suspension 
polymerization in an aqueous medium. This procedure is 
of technical importance in preparing special plastics such 
as emulsifier-free latex in which the size distribution 
among the dispersed particles is fairly sharp. See coating, 
waterborne system. 
polymerization, block A term that has been applied 
to both bulk polymerization (casting of polymerizing 

syrup) and sequence copolynierization (block copolynier- 
ization). Only the latter is recognized by IUPAC as true 
copolymerization. Confusion may be avoided to some ex- 
tent by the use of the prefix co, which implies the polymer- 
ization of more than one monomer. 
polymerization building block See Staudinger, 
Hermann. 
polymerization, bulk The simplest and oldest method 
for the synthesis of macromolecules. It  begins with undi- 
luted low-molecular-weight starting materials. This 
method has a reaction, which is relatively simple and rapid, 
plastics of high purity are formed, and the plastics obtained 
are immediately processable. The polymerization process 
involves only niononier and polymerization initiator or 
catalyst. It  is carried out in the absence of a solvent or 
other dispersion media. This technique is applicable to 
both addition and condensation polymerization. Also 
called mass polymerization or step-growth yolymerizafion. See 
polymerization, solution. 
polymerization, catalytic The polynierization of 
monomers to form high-molecular-weight molecules in 
the presence of catalysts. 
polymerization catalyst A catalyst that assists poly- 
merization. See catalyst. 
polymerization catalyst, metallocene See catalyst, 
metallocene. 
polymerization, cationic Polynierization in which 
the active end of the growing molecule is a positive ion. 
The ion may be the carbonium ion, in which case the 
process is frequently referred to as a carbonium ion p o l p e r -  
ization, or the ixoniuni ion. 
polymerization, chain The two basic types are step- 
wise (or step reaction) and chain reaction. Their kinetics 
are entirely different; their properties differ based on mo- 
lecular-weight distribution. The chain types are generally 
known as addition polymerization. See polymerization, 
addition. 
polymerization charge-transfer Charge-transfer poly- 
merization is initiated by means of charge-transfer interac- 
tions involving niononiers as one or both componciits of an 
electron donor-acceptor system. The term’s charge-transfer 
initiation and charge-transfer propagation distinpish poly- 
merizations that involve charge-transfer phenomena in the 
initiation process from those that involve charge-transfer 
complexes in the propagation process. Thermally and pho- 
tochemically induced charge-transfer polymerization in- 
volves novel types of initiation. 
polymerization chemistry See alkali metals and 
derivatives. 
polymerization, co- The polymerization of a mixture 
of two or more nionomers yields a copolymer with two 
different repeating units distributed along the polymer 
chain. Copolynierization has practical utility for altering 
the properties of a homopolymer (produced from a single 
monomer) in a desired reaction. Copolymer properties are 
determined by the identities of the two monomers and 
their relative amounts in the copolymer. Also called Iietev- 
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polymerization. See copolymer, block; copolymer, 
graft; polymerization. 
polymerization, condensation A chemical reaction 
in which two or more molecules combine, accompanied 
by the separation ofwater or some other simple substance. 
Also called polyrondensation. See chemical reaction, 
condensation. 
polymerization, condensation cloud point The 
temperature at which the first turbidity appears, caused by 
water separation when the reaction mixture is initiated. 
polymerization, cross-linked See interpenetrating 
network. 
polymerization, de- Breaking down into component 
parts of a polymerization reaction or reversing the reac- 
tion. Such reversals occur in certain plastics when exposed 
to very high temperaturec. See recycling, chemical. 
polymerization, degree of The number of structural 
units, or niers, in the average polymer inolecule in a sain- 
ple measure of molecular weight. Alternately, the average 
nuniber of iners (monomer units) per molecule if the mol- 
ecules have been (or could hypothetically be) produced 
from identical monomers. See viscosity, K-value. 
polymerization, electron-beam (EB) A slow irradi- 
ating process. Monomeric materials that have been irradi- 
ated to produce plastic filnis include silicone, butadiene, 
styrene, methyl methacrylate, and epoxy. However the 
lack of selectivity of this energy source can result in coii- 
tamination. Film properties can be tailored by varying the 
acceleration voltage. See coating, vacuum. 
polymerization, emulsion Polymerization of mono- 
mers dispersed in an aqueous emulsion. Polymerization is 
in a stabilized eniulsion, at least at the start of the reaction. 
See emulsion; film formation; micelle. 
polymerization, free-radical A type of polymeriza- 
tion where the propagating species is a long-chain free rad- 
ical initiated by the introduction of free radicals from the 
thermal or photochemical decomposition of an initiator 
molecule. 
polymerization, gas-phase A process for polyineriza- 
tion of polyolefins that was introduced in the late 1960s. 
It entails a gaseous monomer and catalyst going into a con- 
tinuous reactor, followed by removal of dry, free-flowing 
plastic powder ready to be pelletized and sold. 
polymerization heat See exotherm heat. 
polymerization history The polynierization of ethyl- 
ene under high pressure (about 2,000 bar) was discovered 
in 1933 by the English cheniists Fawcett and Gibson. The 
German scientist Ziegler discovered the alternative low- 
pressure process (near atmospheric pressure). See plastic 
history; Ziegler process. 
polymerization homopolymer A polymer that re- 
sults from polymerization of a single monomer. 
polymerization inhibitor A substance that, mixed 
with the monomer, retards the initiation of polynieri- 
zation. 
polymerization initiator In emulsion polymerization 

of a monomer, a material that is necessary to start the reac- 
tion. An example is the niaking of nylon thread from a 
beaker containing a lower layer of a solution of sebacyl 
chloride in carbon tetrachloride and upper layer of hexa- 
methylene diamine in aqueous solution. A pair of tweezers 
is gently lowered through the top layer, closed on the in- 
terfacial layer of plastic, then drawn upward to pull with 
it a continuous strand of nylon. 
polymerization, interfacial A reaction that occurs at 
the interfacial boundary of two solutions. 
polymerization, ion-beam Ion beanis can be used in 
a manner similar to electron beams to polymerize gaseous 
organic monomers. Also called ionic polymerization. See 
coating, vacuum. 
polymerization, ionic A process in which the mono- 
mer or a mixture of nioiioinerr is added to agents con- 
taining electrically charged ions, usually conducted in so- 
lution with a liquid diluent. Typical plastics produced 
include cumarone-idene, polyisobutylene, butyl rubber, 
and polyvinyl ether. Also called cationic polyinerization or 
anionic polymerization. 
polymerization, ionization A type of polymerization 
in which the active agent is an electrically charged atom 
or group of atoms called ioris. See ionization. 
polymerization, living plastic system The term liv- 
ingpolymcr is often used to describe systems in which active 
centers remain after complete polymerization, so that a 
new batch of inonoiner subsequently added to thc existing 
chains increases their degree of polymerization. 
polymerization, mass See polymerization, bulk. 
polymerization, photo- Photopolymerization ic the 
polynierization initiated by the interaction of light, usually 
ultraviolet wavelengths, with a photosensitive compound, 
producing free radicals. The coinpound may be a inono- 
mer itself (styrene, etc.) that absorbs a photon to give an 
excited state, which itself then disassociates to free radicals. 
Since the 1940s, reinforced plastics have been fabricated 
with thernioset polyester plastics compounded with pho- 
tosensitive agents. See radiation-induced reaction; ra- 
diation, photon; reinforced plastic. 
polymerization reaction See exotherm. 
polymerization regulator In a polymerization system, 
a substance that modifies the shapes and sizes of the iiiole- 
cules. It may hinder the fomiation of branches and crow 
links, for example, and s o  delay the formation of gels. Also 
called mod$&. See modifier. 
polymerization, short stopper An agent to a poly- 
merization reaction nllxture to inhibit or terminate poly- 
merization. 
polymerization, solution Similar to bulk polynieriza- 
tion except that the solvent in solution action is usually a 
chemically inert medium, whereas the solvent for forming 
the polymer in bulk is the monomer. The solvents used 
may be complete, partial, or lionsolvents for growing 
polymer chains. When the monomer and polymer are 
both soluble in the solvent, initiation and propagation of 
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the growing polynier chains take place in the niononier 
phase. Because of the mass-action law, rates ofpolynieriza- 
tion in solvents are slower than in bulk and the niolecular 
weight of the polymers formed is decreased. When the 
monomer is soluble in the solvent but the polymer is only 
partially soluble or conipletely insoluble in the solvent, ini- 
tiation of the polymerization takes place in the solvent 
phase. However, as the polymer niolecules grow, some of 
the propagation of polymers take place within the mono- 
mer-swollen molecules that are beginning to precipitate 
from the reaction. When this happens, it can become pos- 
sible to build up M W  because of the decreased dilution 
within the polymers. Thus, MWs as high as those possible 
with bulk can also be achieved. See polymerization, 
bulk; reactor technology; solution. 
polymerization, Spheripol process A patented Hi- 
niont Inc. process that produces PP plastic in beads, 
criinibs, or granular forms, eliminating any pelletizing fin- 
ishing operation. 
polymerization, step-reaction A mechanism in 
which the general reaction involves two molecules or mo- 
lecular fragments of arbitrary size. Their classes include 
condensation polymerization and rearrangement by skele- 
tal bond interchange. 
polymerization, stereochemistry See chemistry, 
stereo-. 
polymerization, stereo specific See Ziegler process. 
polymerization, suspension A technique that is nor- 
mally used only for catalyst-initiated or free-radical addi- 
tion polymerizations. The inononier and dissolved catalyst 
is mechanically dispersed in a liquid, usually water, that 
is a nonrolvent for the nionoiner as well as for polymer 
molecules that form during the reaction. The advantage 
of this system over bulk polymerization is that it allows 
the operator to effectively cool the exothermic polymer- 
ization reactions and thus maintain closer control over the 
chain-building process. Also called p e d  p lynwiza t ior i .  
See reactor technology. 
polymerization, thermal A thermal petroleuni-re- 
fining process that is used to convert light hydrocarbon 
gases into liquid fuels. Paraffinic hydrocarbons are cracked 
to produce olefinic material, which is concurrently poly- 
merized by heat and pressure to form liquids. The product 
is known as plastic gasoline. 
polymerization, vapor deposition See xylylene 
plastic. 
polymerization, Ziegler-Natta See Ziegler-Natta 
polymerization. 
polymer, ladder A polymer that has two polymer 
chains cross-linked at intervals. See molecule align- 
ment. 
polymer living system A system in which active cen- 
ters remain after complete polymerization, so that a new 
batch of monomer subsequently is added to the existing 
chains and increases their degree of polymerization. See 
monomer. 

polymer matrix See plastic matrix. 
polymer mer A repeating structural unit of any high 
polymer or plastic. See copolymer; monomer plastic; 
poly-; polymerization, degree of. 
polymer molecule See molecule, macro. 
polymer molecule building block See Staudinger, 
Hermann. 
polymer network A three-dimensional reticulate 
structure formed by chemical or physical linking of the 
polynier chains. See rubber elasticity. 
polymer, pre- A chemical intermediate with a molec- 
ular weight between that of the monomer or niononier~ 
and the final polymer or plastic. A reactive prepolyiner 
is a low- to medium-iriolecular-weight prepolyiner that 
provides versatility, ease of handling, low shrinkage, and 
gap filling ability. It is solvent free (100% solids) and 
chemically reactive. O n  cure it produces a cheniically 
cross-linked thermoset plastic. When used as an adhesive, 
a one-component system is generally heat or atmospheric 
moisture or oxygen cured, while two-component systems 
react with one another at  ambient temperature or elevated 
temperature. 
polymer, primary high One produced directly from 
sinall molecules, without chemical alteration subsequent 
to the polymerization. 
polymer, reactive A device that alloys different mate- 
rials by changing their molecular structure inside a nia- 
chine. True reactive alloying induces an interaction be- 
tween different phases of an incompatible mixture and 
ensures the stability of the mixture’s morphology. There 
are a variety of reactive alloying techniques available, and 
they typically require a reactive agent and coinpatibilizer 
to bring about a inolecular change in one or more of the 
blend components, thereby facilitating bonding. This con- 
cept produces thousands of new elastomeric to rigid con-  
pounds to meet specific product design requirements. See 
alloy /blend; compatibilizer agent; fabricating pro- 
cess. 
polymer, reactive elastomer Materials with very 
good elastomeric properties are produced in single-ctep 
reactive polymer systems from low-molecular reactive 
chemicals. For the thernioplastic elastoniers, the niecha- 
nisin is similar to thermoset elastoniers, but relatively infre- 
quent cross-linking is required; chain polynierization is fa- 
vored. Examples are certain types of polyurethane and 
silicone elastoiners. The starting chemicals are norinally in 
liquid form and easy to process into products. The reaction 
can be triggered by heat, catalyst, or mixing, as in the case 
of TS elastomers. 
polymer, reactive-processing Traditionally, nianu- 
facturing products made from plastics involved two dis- 
tinct operations-reaction and processing. Polymerization 
reactions make monomer molecules into polymer/plastic 
molecules, and fabricating processing equipment trans- 
fornis the plastic molecules into shapes. Keactive pro- 
cessing combines these two operations by conducting po- 
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lymerization and polymer/plastic modification reactions 
in a processing machine such as reactive extruder pro- 
cessing and reaction-injection molding. See extruder, 
reactive-processing; polymerization; reaction-in- 
jection molding. 
polymer reactivity The end group of a polymer is fre- 
quently the most reactive point in the entire n~olecule. 
The lower mobility of high-molecular-weight polymers 
makes them much less reactive to normal chemical reac- 
tions than similar functional groups would be in conven- 
tional low-molecular-weight monomeric structures. To 
this extent, increasing M W  would be expected to decrease 
reactivity quite rapidly and then taper off at the higher 
MWs. See molecular weight. 
polymer, renewable A material that is produced in the 
animal and plant kingdoms. Polymers from renewable re- 
sources refer to natural products that are polymeric as 
grown or can be polymerized. 
polymer stereochemistry See chemistry, stereo-. 
polymer structure See molecular-structure con- 
figuration. 
polymer synthesis See alkali metals and deriva- 
tives. 
polymer, tailor-made See designing with plastic 
tailor-made models. 
polymer, ter- A polymer that is formed from three 
monomer species or units such as ABS. 
polymethylmethacrylate plastic See acrylic plas- 
tic; casting, acrylic-sheet. 
polymethylpentane plastic (PMP) A thermoplastic 
polyolefin with very low density (0.83 g/cni'); high light 
transmission and melting point; and good rigidity, dielec- 
tric, tensile properties, and chemical resistance. It  is used 
in laboratory ware, extrusion coated paper, high-intensity 
light fixtures, auto parts such as radiator plugs, sight glasses, 
wire insulation, and small appliances. 
polymorphism The ability of an element or coni- 
pound capable of a stable existence in different tempera- 
ture and pressure ranges to exist in two or more crystalline 
phases. See temperature properties of plastic. 
poly01 1. A chemical conipound with more than one 
reactive hydroxyl group. With foamed plastics, the term 
includes conipounds containing alcohol hydroxyl groups 
such as polyethers, glycols, polyesters, and castor oil used 
in polyurethane foams, and other polyurethanes. 2. Also 
called polyhydric alcohol or polyalcohol. See foam; foamed 
polyurethane, reaction-injection molding. 
polyolefin plastic A very large class of carbon-chain 
thermoplastics and elastomers. The most important are 
polyethylenes and polypropylenes. They all are extensively 
used in many different fornis and applications. Also called 
olefin, ol&ic plastics, or ol<finic resins. See polyethylene 
plastic. 
polyolefin plastic, bonding See chromic acid 
etching. 
polyolefin plastomer plastic (POP) A plastic that is 

made using single-site catalysts and features narrow-mo- 
lecular-weight distribution and uniform incorporation of 
octene, butene, or hexene comonomer. POPS offer the 
highest to date oxygen transmission rate, lowest heat-seal 
initiation temperature, very high seal strength, low niois- 
ture transmission rate, excellent optics, and toughness. 
However, they are tacky, and have low modulus and 
rather high cost. See barrier plastic; catalyst; molecu- 
lar-weight distribution; packaging, modified-atmo- 
sphere. 
polyolefin, thermoplastic (TPO) A PP modified 
with a t  least 20wt0/;, olefinic rubber (EPDM,EPR, or met- 
allocene-catalyzed ethylene copolymer). It  is used in 
bumper guards, wheel well liners, and step pads. They of- 
fer a combination of low cost, low density, wide modulus 
range, high flexural strength, low temperature impact, and 
recyclability. See automobile bumper fascia. 
poly01 OH-number The number of nig of KOH that 
is cheniically equivalent to the activity of a specified 
weight (g) of the polyol. 
polyoxymethane plastic (POM) See acetal plastic. 
polyphenyleneether plastic A themioplastic poly- 
phenylene ether alloy with polystyrene, usually high im- 
pact PS. They have high-impact strength and iniproved 
resistance to heat, fire, and chemicals compared to polysty- 
rene. See ether-oxide plastic. 
polyphenylene oxide plastic (PPO) A thermoplastic 
that has a useful temperature range of -170 to f190"C 
(-275 to +375"F) with intermittent use up to 205°C 
(400'F). Other properties include excellent electrical and 
good resistance to acids and bases. Also called polyphenylene 
ether plastic (PPE). 
polyphenylene sulfide plastic (PPS) A thernioplastic 
with excellent chemical resistance, thermal stability, and 
fire resistance. I t  is used in electrical/electronic and auto- 
motive parts. 
polyphosphazene plastic An isophobic coating 
plastic/elastonier that offers more anti-icing effectiveness 
and durability than fluorocarbon and silicone elasto- 
mers. They can reduce the accumulation of ice on air- 
craft, ships, antennas, ground radomes, and power trans- 
mission lines. They reduce the adhesive forces between 
ice and a surface of any material because they combine low 
surface tension with a low modulus of elasticity (having a 
rubbery character), low glass transmission temperature, 
good environmental stability, curability, and moderate 
cost. The monomer or additive mixtures can cure by heat- 
ing or by use of such chemical initiators as Michier's 
ketone in the presence of ultraviolet light. In addition, 
an interpenetrating network plastic can be made from a 
blend of the phosphazene elastoiner with isocyanate pre- 
polymers. These compounds then cure on exposure to 
moisture, trapping and bonding the phosphazene to the 
coated surface. Physical properties can be varied over a 
wide range by use of either core-action or IPN-type cures 
and of silane coupling bonding agents. See aircraft; 
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icephobic coating; interpenetrating network; sur- 
face tension. 
polypropylene-butene plastic A family of PP random 
copolymers that uses butene as the comonomer and that 
was commercialized in 1993 by Shell Chemical Co. under 
the trademark Cefor. I t  was the first time butene, a C4 
hydrocarbon that contains four carbon atoms, had been 
used. (Typically, suppliers offer PP Copolymerized with 
ethylene, a C2 monomer, or terpolynierized with conibi- 
nations of propylene, ethylene, and butene.) Butene pro- 
vides an optimization to balance properties found in cast 
and biaxially oriented PP films. It  offers improved stiffness, 
clarity, and heat-seal initiation temperature as compared 
to traditional random copolymer PPs. The latter property 
is a key determinant of OPP line speeds. Butene has inher- 
ently better compatibility with PP and superior long-term 
retention of low-haze properties compared to ethylene. 
See atom carbon, asymmetric. 
polypropylene, multiple monomer An unusual pal- 
ette of alloyed PP copolymers and homopolymers made 
by the Hiinont Inc. Catalloy process. Catalloy is an in- 
reactor alloying process, not a plastic or product name. It 
is a way of introducing elastomers into the PP matrix and 
combining homopolymers to achieve different properties. 
Also called reactor grarzrrle technology. 
polypropylene plastic (PP) A thermoplastic that has 
low density, good flexibility, and resistance to chemicals, 
abrasion, moisture, and stress cracking. It  has excellent 
processing and performance-to-cost advantages. See 
polymerization, Spheripol process; stereospecific; 
plastic. Because of its good organoleptic properties, PP 
is ideal for food applications as well as other markets such 
as pharmaceutical and medical. See blow molding; bot- 
tle; medical-device packaging clarity; organoleptic. 
polypropylene plastic, crystallization control. See 
blow molding, stretched. 
polysaccharide plastic Naturally occurring polymers 
that consist ofsimple sugars. Examples are starch and cellu- 
lose. See cellulose, natural. 
polystyrene plastic (PS) A popular crystalline class of 
thernioplastic that is produced by homopolymerization of 
styrene. It  has good rigidity, high dimensional stability, 
low moisture absorption, optical clarity, high gloss, stain 
resistance, and outstanding electric properties. Because it 
is somewhat brittle, it is often copolymerized or blended 
with other plastics to obtain many different property ini- 
provements. 
polystyrene plastic, crystal This styrenic material is an 
amorphous homopolymer that offers improved stiffness, 
dimensional stability, good optical properties, and electri- 
cal insulation capabilities. It is different than the standard 
impact-resistant PS plastics. 
polystyrene plastic, expandable See expandable 
polystyrene. 
polystyrene plastic, general purpose (GPPS) An 
amorphous plastic that is prepared by homopolymerization 

of styrene. It has excellent clarity, gloss, good tensile and 
flexural strengths, high light transmission, and adequate re- 
sistance to water, detergents, and inorganic chemicals. 
Also called crystal polystyrene. 
polystyrene plastic, impact A thermoplastic that is 
produced by modifying PS with rubber, such as butadiene 
rubber or with butadiene copolymers. It has excellent ini- 
pact strength, good dimensional stability, high rigidity, and 
good low temperature impact/strength. Also called styrene 
rubber plastic or high-impact PS. See rubber, synthetic; 
syndiotactic. 
polystyrene plastic, syndiotactic (SPS) An engi- 
neered, crystalline styrene plastic created by metallocene 
catalyst technology and offering chemical resistance and a 
270°C (518°F) melting point for heat resistance compara- 
ble to that of PPS, LCP, and thermoplastic polyester. Its 
T, is 100°C (212°F). It also has good impact resistance, 
tensile and flexural strength, and low moisture absorption. 
See syndiotactic. 
polysulfide plastic A large class of thermoplastics con- 
taining repeating linkages in the aromatic, alicyclic, or ali- 
phatic backbone. The most important families are poly- 
thiophenylenes and sulfide rubber. The former resemble 
polyethers with sulfur substituting for oxygen; the latter 
has usually a series of connected sulfur atoms in the re- 
peating unit. The material is elastomeric in its natural 
form, resistant to light, oil, and solvents, and inipenneable 
to gases. 
polysulfone plastic (PSU) A class of thermoplastics 
that are characterized by the presence of sulfone linkages 
in their repeating units. Most are aromatic and also contain 
ether linkages to enhance oxidation resistance. As a class 
PSUs have high strengths and very high service tempera- 
ture and show excellent thermal stability, low creep, good 
dielectric properties, transparency, self-extinguishing, and 
resistance to chemicals. The most important and popular 
are the polyaryisulfone and polyethersulfone. 
polytetrafluoroethylene plastic (PTFE) A fluoro- 
carbon that is best known for its extreme inertness to 
chemicals, low friction, nonsticking, easy release proper- 
ties, extreme resistance to many environments (acids, al- 
kali, etc.), good electrical and thermal insulator, low 
flammability, high weatherability, and high impact 
strength. It is extensively used to coat and protect materials 
(steel, etc.). The permeability of these fluorocarbons are 
also high, whereas strength and creep resistance are rela- 
tively low. In the human body, it is very inert when in 
its bulk form. Its very high melt viscosity tends to restrict 
processing to sinter moldings and powder coatings. It is 
used in coatings for cooking utensils, chemical apparatus, 
electrical and nonstick items, bearings, and containers. As 
spheres it is used as fillers, and in oil form it is used as 
lubricants in various plastics. Also called TFE. See ex- 
truder wire and cable, ram; extruder paste; film, 
skived; tetrafluoroethylene. 
polythene plastic See polyethylene plastic. 
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polytrimethylene terephthalate plastic (PTT) Shell’s 
PTT combines the chemical resistance of PET with the 
elastic recovery of nylon. It also has inherent stain resistance, 
easy printability and dyeability, good colorfastness against 
ultraviolet light, low static generation, low water absorp- 
tion, and a melting point of 230°C (446’F). 
polyurethane plastic (PUR) A large class of thermo- 
plastics (TPUs) and thermosets (TSUs) with the backbone 
consisting of repeating units containing urethane groups. 
PURs are usually prepared by interfacial polycondensation 
of polyisocyanates with polyols. The latter niay be based 
on polyesters, polyethers, or both. Basic constituents in- 
clude toluene diisocyanate (TDI) and diphenylmethane 
diisocyanate (MDI). Important types are the urethane rub- 
bers, nonelastorneric TP, urethane T P  elastomers, and TS 
urethane plastics. They niay be rigid to soft and flexible 
or cellular or solid and offer a wide range of properties 
depending on composition and molecular structure. They 
can be tailored within very wide limits to meet different 
desired applications. In general, they have high abrasion 
resistance, good retention of properties at low ternpera- 
tures with ease of formability, outstanding toughness in 
both warm and cold environments, chemical resistance, 
flex fatigue resistance, vibration dampening, and a “soft 
touch” feel. Their major markets are in construction, 
transportation, carpet cushion, furniture, appliances, coat- 
ings, and adhesives. Also called PU or uwthuue plustic. See 
additive chain extender; fiber, spandex; foam; inter- 
penetrating network; isocyanate; polyester rein- 
forced urethane plastic; polyol; reaction-injection 
molding. 
polyurethane plastic, medical See polycarbonate 
polyurethane plastic, medical. 
polyurethane plastic, nonelastomeric thermoplas- 
tic Polyisocyanate poly01 plastics that are not chemically 
cross-linked. They have high abrasion resistance, good re- 
tention of properties at low temperatures, but poor heat 
resistance, weatherability, and resistance to solvents. PURs 
are flammable and are made with a toxic substance (isocya- 
nates) that is safe to handle and use. Also called TPU, rtjqid 
T P  polyurethunc, polyuretlzune, or RTPU. 
polyurethane plastic, nonelastomeric thermoset Poly- 
isocyanate poly01 prepolyniers or monomer mixtures that can 
be cured at moderate or ambient temperatures in the presence 
of catalysts. Cured plastics have a wide range of good properties 
that include high abrasion resistance, good retention of proper- 
ties at low teniperatures, but poor heat resistance, weatherabil- 
ity, and resistance to solvents. They are flammable and are 
nude h n i  toxic substances (isocyanates) that are safe to han- 
dle. Also called nrethanel?lusfic/uesin, uvethuize, PUR, PU, or igid 
RTSU. 
polyvinyl acetal plastic Part of the thermoplastic vinyl 
family that has three main groups-polyvinyl acetate 
(PVAC), polyvinyl alcohol (PVAL), and polyvinyl butyral 
(PVB). 
polyvinyl acetate plastic (PVAC) A colorless, odor- 
less, light-stable thermoplastic that is unaffected by water, 

gasoline, or oils. It is soluble in lower alcohols, benzene, 
and chlorinated hydrocarbons. PVAC can be cast, coated, 
extruded, or molded, but its main uses are in adhesives, 
lacquers, and films. See adhesive, polyvinyl acetate. 
polyvinyl alcohol plastic (PVAL) Normally a granu- 
lar, colorlesr, solid that is insoluble in most organic solvents 
and oils. They are soluble in water when the content of 
hydroxy groups in the plastic are sufficiently high. It is 
used mainly in adhesives and coatings. See plastic, wa- 
ter-soluble. 
polyvinyl butyral plastic (PVB) A colorless, flexible, 
tough solid. I t  is used as a coating, adhesive, and interlayer 
in safety glass. See safety glass. 
polyvinyl butyral plastic, transparent-to-translucent 
change See glass, switchable. 
polyvinyl carbazole plastic A thermoplastic that has 
excellent electrical properties and good heat and chemical 
resistance. It is used as an impregiiant for paper capacitors. 
See carbazole. 
polyvinyl chloride acetate plastic A copolymer that 
is a colorless solid with good resistance to water as well as 
concentrated acids and alkalies. Compounded with plasti- 
cizerc it yields flexible materials that are superior to natural 
rubbers in aging properties. 
polyvinyl chloride dispersion plastic A special vari- 
ety of PVC. About 10wt%) are used by dispersing directly 
into plasticizers and then fusing to provide dip and other 
coatings and molding. See coating, dip; organosol; 
plastisol; plastisol, modified. 
polyvinyl chloride plastic (PVC) A white powder 
plastic that can be formulated to be flexible to rigid. It is 
extensively used to fabricate many different products using 
many different fabricating processes. PVC is a thermoplas- 
tic prepared by free-radical polymerization of vinyl chlo- 
ride in dispersion (emulsion), bulk, or suspension pro- 
cesses. A small amount of coniononier is sometimes added 
to enhance adhesion or other properties. Unmodified 
PVCs are rigid and requires plasticizers to make them 
flexible. The manufacture of a wide range of plastics is 
possible because of PVC’s miscibility with a variety of plas- 
ticizers. The flexible PVC form is often made from plasti- 
sols, which are suspensions of PVC in liquid plasticizers. 
Extensive use is niade of PVC in building siding, piping, 
flooring, wall decorations, and water ducting. See anti- 
mony trioxide; butyl epoxy stearate; chlorine; coat- 
ing, water-borne system; dioxin; phonographic 
record; pipe, deteriorating; plasticizer, phthalic; 
polymerization, aqueous; rail-track protection; re- 
cycling steel with vinyl scrap; recycled carpet; test, 
Kling fusion; vinyl chloride monomer; vinyl com- 
position tile; vinyl plastic; vinyl seagoing bag. 
polyvinyl chloride plastic, alloy There are various 
classes of these polyalloys. One is used to improve the ini- 
pact resistance of PVC by blending with compatible rub- 
bery plastics such as ethylene-vinyl-acetate, nitrile rubber, 
or chlorinated PVC. 
polyvinyl chloride plastic, chlorinated By postchlo- 
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rination, this thermoplastic increases PVC’s glass transition 
temperature, heat-deflection temperature under load, 
chemical resistance, rigidity, flanie retardance, tensile 
strength, and weatherability and reduces flammability and 
smoke generation. It  is used in hot and cold water piping, 
chemical liquid piping and waste-disposal services. Also 
called CPVC or PVD. 
polyvinyl chloride plastic fusion See test, Kling 
fusion. 
polyvinyl chloride, plastic gelled PVC after the PVC 
particles have heen fused under the combined influence 
of heat and pressure. See gel. 
polyvinyl dichloride plastic (PVDC) A high- 
strength chlorinated PVC plastic. It is self-extinguishing 
and has superior chemical resistance. I t  can carry hot, cor- 
rosive niaterials. See polyvinylidene chloride plastic. 
polyvinyl ether plastic Any of a group of vinyl ether 
plastics producing polyvinyl methyl ether, polyvinyl ethyl 
ether, or polyvinyl butyl oxide. 
polyvinyl ethyl ether plastic A viscous gum to rub- 
bery solid that is soluble in organic solvents. It  is used as 
a pressure-sensitive adhesive tape. Also called polyvinyl  
etlzer. See adhesive, pressure-sensitive. 
polyvinyl fluoride plastic (PVF) A thermoplastic that 
is commercially available as a film. It is a highly crystalline 
material with high toughness and flexibility, outstanding 
weatherability, high strength chemicals, oils, stains, and 
good abrasion resistance. Its useful properties are main- 
tained over a temperature range of -70 to +llO°C (-94 
to +230”F). It is used in packaging (not for food) and 
electrical equipment. 
polyvinyl formal plastic (PVF) A plastic in the PVAC 
group with excellent resistance to greases and oils. 
polyvinylidene chloride plastic (PVDC) A thermo- 
plastic that is derived by the polymerization of vinylidene 
chloride with lesser amounts of other unsaturated coni- 
pounds, which results in a white powder that is used to 
produce products ranging from soft flexible to rigid plas- 
tics. Softening temperature is at 185 to 200°C (365 to 
392°F). It is resistant to abrasion and chemical attack, ini- 
permeable to flavor, and possesses low vapor-transmission 
properties. Also called, polyvinyl dic-kloridc or n o w  Cheiiii- 
cal’s tradename Saran. 
polyvinylidene fluoride plastic (PVDF) A member 
of the fluoroplastic family. Important properties include 
good tensile and compressive strength with high impact 
strength and chemical resistance. It is used in chemical 
equipment for gaskets, mixing impellers, and other pump 
parts; drum linings; and protective coatings. See piezo- 
electric effect. 
polyvinyl isobutyl ether plastic (PVIE) An odorless 
elastomer that is insoluble in water and soluble in hydro- 
carbons, esters, ethers, and ketones. It is used in adhesives, 
plasticizers, and surface coatings. 
polyvinyl pyrroldone plastic (PVPO) A highly polar 
and water-soluble plastic that is used in adhesives and as 
a water thickener. Water solutions can be used as blood 

plasma substitutes or artificial blood. See blood; plastic, 
water-soluble. 
polyxylylene plastic See xylylene plastic. 
population confidence interval The range of values 
of a population parameter computed so that the statement 
“the population parameter lies in this interval” will be true 
on the average, in a stated proportion of the times state- 
ments are made. See A-basis; B-basis; S-basis; typical 
basis. 
population confidence level The probability that the 
true value lies within a stated range (the confidence inter- 
val). See quality optimization goal. 
population confidence limit The liniits on either side 
of a mean value of a group of observations that will, in a 
stated fraction or percent ofthe cases, include the expected 
value. Thus the 95% confidence liniits are the layers be- 
tween which the population mean will be situated in 95 
out of 100 cases. 
population parameter See statistical population 
parameter. 
poromeric plastic A leatherlike structure that is per- 
meable to air and water vapor. It is usually resistant to 
water penetration and abrasion. See molding, flow; 
photoetching tool; polyester reinforced urethane 
plastic. 
porosity The formation of undesirable clusters of air 
bubbles and voids (trapped pockets of air, gas, or vacuum) 
within a solid material that includes on or near the surface 
of a fabricated product. For example, with film, numerous 
visible voids may be caused by open interstices into which 
either air or liquids may pass. See air pocket, trapped; 
cavitation; corrosion resistance; dye; void. 
porous gel See aerogel. 
porous metal A metal that is used in the manufacture 
of certain type molds or niold parts. For example, it can 
be used to permit removal of air from the mold cavities 
in injection molds or thernioformed molds. The material 
niay require sealing. See metal impregnation; mold 
porous; thermoforming mold. 
porous, micro- Having pores of microscopic dimen- 
sions. Some plastic films and fabric coatings are rendered 
microporous to permit breathing while retaining water- 
proofiiess. See packaging, breathable-film; polyester 
reinforced urethane plastic. 
portland cement See plastic-concrete composite. 
positron A positively charged particle having the same 
mass and magnitude of charge as the electron. Also called 
p i t i v c  cIeCtm7. See radioactive beta particle. 
postconsumer plastic Plastic products that are gener- 
ated by a business or consumer, have served their intended 
purpose, and have been separated or diverted from solid 
waste for the purposes of collection, recycling, and disposi- 
tion. See colorimeter; material, recovered; pellet 
color sorter; preconsumer; waste, postconsumer. 
postcuring See curing, post-. 
postforming 1. A process that is used to shape previ- 
ously fabricated products such as thermoplastic extruded 
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tubes, sheets, and films. Using the appropriate forming dies 
or molds, the forming is pedormed in-line after the ex- 
truder. Shapes include coils, twisted extrudates, embossing 
films or sheets, corrugated tubes, and decorative curved 
parts. See design, corrugated; extruder postforming; 
extruder-blown tube forming. 2. When forniing is off- 
line, the process is generally identified as thevmqforniing. See 
thermoforming. 3. The forming, bending, or shaping 
of fully cured, C-stage thernioset plastic laminates or rein- 
forced plastics that have been heated to make them flexi- 
ble. O n  cooling, the foniied laminates retain their con- 
tours and shape of the mold over which it was formed. 
Generally, only simple shapes are produced by this tech- 
nique. See bend, radius of; laminate, high-pressure 
formable. 
potentiometer An electrical control device that senses 
changes in voltage or a potential difference by coniparison 
to a standard voltage and can transmit a signal to a control 
switch. 
pot life The time that mixed plastics or plastic com- 
pounded with a catalyst, remains in a usable condition. It 
is measured at room temperature or the temperature to be 
encountered. This term should not be confused with shelf 
l$. Also called wovking life. See cure; shelf life. 
pot, molding See transfer molding. 
potting 1. Embedding a component or assembly in liq- 
uid plastic where the mold remains an integral part of the 
product after the plastic is cured. The mold can be a shell 
or any can shape case. It is similar to encapsulation, except 
that it can be said that steps are taken to ensure complete 
penetration of all the voids in the object before the plastic 
polymerizes. See casting; decorating; defoamer addi- 
tive; embossing; encapsulation; exotherm. 2. A 
method of imparting mechanical and insulating properties 
to a component such as electronic circuits, in which the 
component is deeply embedded and thoroughly inipreg- 
nated with a casting plastic such as an epoxy. The plastic 
is normally degassed under vacuum to avoid air pockets. 
See casting. 
pouch A type of container that is used to compete with 
blow-molded containers. Pouches are used to package 
products such as food, milk, water, and wine. See pack- 
aging, retortable-pouch. 
pour-out finish 
powder See material, powder. 
powder, black Blasting powder or dynamite composed 
of potassium nitrate, charcoal, and sulfur composite; a 
blasting explosive that is made of nitroglycerin absorbed 
in a porous material and that at tinies contains ainnionium 
nitrate or cellulose nitrate. This blasting powder has been 
compounded with plastics (injection molded, extruded, 
compression molded, etc.) to produce special devices used 
by the military and in commercial applications. See cellu- 
lose nitrate plastic. 
powder blend See compound, dry-blend. 
powder coating A solventless coating that is not de- 
pendent on a sacrificial medium such as a solvent but is 

See container, pour-out finish. 

based on the performance constituents of solid thermo- 
plastic or thermoset plastics. It can be a homogeneous 
blend of the plastic with additives and fillers in the form 
of a dry, fine-particle-size compound similar to flour. Ad- 
vantages of this process include its capability of niininiizing 
air pollution as well as water contamination and increased 
coated part performance, resulting in cost savings. This is 
basically a chemical coating, so it has many of the same 
problenis as solution coating or painting. If not properly 
formulated, the coating inay sag at high thickness, show 
poor performance when not completely cured, reveal im- 
perfections such as craters and pinholes, and have poor 
hiding with low film thickness. 

Textiles, paper, and other flexible substrates such as 
fusible interlining, interlinking drapery and upholstered 
fabric, and carpets are exaniples of large volume appli- 
cations. Another important market is with metals and 
other rigid materials. Included are plastics (pipes, tanks, 
screens, etc.) that can provide protective coatings using a 
variety of processing techniques. There are different coat- 
ing techniques. The woven and nonwoven fabrics nor- 
mally involve three steps as the cloth passes from the un- 
wind roll to the rewind roll. Powder is metered onto the 
fabric, heated in an oven (gas or electric) that is usually 
divided into several heating zones, and cooled by a chill 
roll. Coating (plastics and metals) steps generally involve 
surface preparation, preheating substrate, powder applica- 
tions, and postheating. Also calledfusion coating. See cast- 
ing, centrifugal; coating, electrostatic spray; coat- 
ing, flame spraying; coating, flood; coating, 
fluidized bed; coating, plasma; flocking; fluid-bed 
process; fusion; paint; pin hole; pollution, air; rota- 
tional molding; sag; solvent. 
powder compact See material, powder compact. 
powder injection molding See injection molding, 
nonplastic. 
powder metallurgy Powder is made by the atomiza- 
tion of liquid metals and is coiiipacted in a die by the sin- 
tering process. See metal; sintering. 
powder molding A general term that is used to denote 
several techniques for molding powders of varying sizes 
and shapes by melting plastic powders, usually against the 
inside of a mold cavity. The niolds can be stationary or 
in motion such as rotation. See casting; casting, slush- 
molding; compression molding; defoamer additive; 
density, apparent; encapsulation; injection mold- 
ing; molding powder; rotational molding; vacuum 
hot pressing. 
powder rolling See compacting. 
practice A procedure for performing one or more spe- 
cific operations or functions that does not produce a result 
as compared to a fabricating process or test method. See 
fabricating process; recommended practice; stan- 
dard; test method. 
prebillow See thermoforming, prebillow. 
precaution See control-system reliability; reliabil- 
ity; troubleshooting. 
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precipitate Material that is separated out of a solution 
in the form of a solid, by either physical or chemical 
means. See acid rain; graphitization; pyrolysis. 
precipitation The deposition of a solid from a solution. 
precision A concept of uniformity that is based on the 
magnitude of the random errors. The smaller the random 
errors, the higher is the precision. See accuracy; devia- 
tion; error, random. 
precompounded See compounded, pre-. 
preconditioning See conditioning, pre-. 
preconsumer Any material that has not made its way 
to the consumer. It includes scrap, waste, and rejected 
parts or products. See material, recovered; postcon- 
sumer plastic; waste. 
precursor The rayon, PAN, or pitch fibers from which 
carbon and graphite fibers are produced. See carboniza- 
tion; ceramic precursor, plastic; graphitization. 
preform 1. A preshaped fibrous reinforcement of mat 
or cloth that is formed to the desired shape that will fit in 
a mold cavity. See fiber mat; preform process. 2. A 
compressed tablet or biscuit of plastic composition that is 
used for efficiency in handling and accuracy by the weight 
of its components. See material handling. 3. A plastic 
molding powder that is made into pellets or tablets. See 
concentrate; pellet. 4. Plastic preform is used for injec- 
tion blow molding. See blow-molding injection. 
preform process Reshaped fibrous reinforcements are 
formed by (1) the distribution of chopped fibers, usually 
glass fibers, by air, water floatation, or vacuum over the 
surface of a perforated screen to the approximate contour 
and thickness desired in the finished cured molded part; 
(2) the forming of mat or cloth to the desired shape on a 
mandrel or mock-up prior to being placed in a mold cav- 
ity, or (3) the use of a compact “pill” formed by compress- 
ing premixed material to facilitate handling and control of 
uniformity of charges for mold loading. See felt; mat; 
reinforced plastic; reinforcement. 
preform process, plenum chamber Kovings or glass 
fibers are fed into a cutter and in turn into a plenum chain- 
ber. Deposits are made on a perforated screen as the air is 
exhausted from under the screen. A plastic binder of up to 
Swt% is applied and later cured. See fiberglass; roving. 
preform process, preform screen A screen that is 
used in the different preforming processes. 
preform process, water slurry This method employs 
techniques that are similar to those used in the paper in- 
dustry. Chopped strands, usually glass fibers, are slurried 
in water followed by a drying cycle. Cellulose fibers or 
plastic binders can be included to provide exceptionally 
strong structures. Fibers alone are tough and self-support- 
ing. See wet felting. 
pregel See reinforced-plastic pregel. 
preimpregnation See impregnation, pre-; rein- 
forced-plastic preimpregnation. 
preloaded Containing or combined with the full coni- 
pleinent of plastic before molding. 
premolding See reinforced plastic, premolded. 

preplastication See plastication, pre-; plasticize. 
preply See reinforced plastic preply. 
prepolymer See polymer, pre-. 
prepolymer molding See foam, prepolymer. 
prepreg A reinforcement containing or combined usu- 
ally with a thermoset liquid plastic (thermoplastics are also 
used) that can be stored under controlled conditions. Re- 
inforcement (such as fibers or rovings, woven or nonwo- 
ven fabrics, etc.) can be in different forms and patterns. 
The TSs are completely compounded with catalysts and 
partially cured to the required tack state in the B-state. 
The fabricator completes the cure with heat and pressure. 
See A-B-C stages; debulking; directional property; 
doctor blade; fabric; impregnation; plastic heat 
staging; reinforced plastic prepreg; sewer rehabilita- 
tion; tack. 
prepreg molding See reinforced plastic lay-up, 
wet. 
prepreg out time The time that a prepreg is exposed 
to ambient temperature, specifically the amount of time 
it is out of the freezer. The primary effects of too long an 
out time are a decrease in the drape and tack-free condi- 
tion, as well as absorption of moisture from the air. 
prepreg pucker See reinforced plastic prepreg 
pucker. 
prepreg shop life The length of time that the prepreg 
remains usable at ambient temperature. A prepreg that has 
a storage life of six months at 0°C (32°F) might have only 
a three-day shop life. 
prepreg solution process A solution (plastic and sol- 
vent) process that is used to provide a fast, continuous im- 
pregnation. The reinforcement goes through a solution 
tank that has a fixed or moving round bar to guide the 
reinforcement. The amount absorbed depends on factors 
such as the viscosity of the solution, thickness of the mate- 
rial, and line speed. After impregnation, it goes through 
a dryer to reniove the solvent. See reinforced plastic 
pultrusion; solution. 
prepreg tack control Tack is the adhesion characteris- 
tic that is controlled to facilitate lay-up operations. It  is 
affected by type of plastic and inert volatile contents, pre- 
preg cure advancement, and the lay-up room temperature 
and humidity. Prepregs with no tack are either excessively 
advanced or have exceeded their normal storage life, ren- 
dering the material useless. Certain plastics, such as sili- 
cones and some polyiniides, can only be prepared with no 
tack. 
prepreg tack primer A device that is used to hold dry 
or nontack prepreg together during a molding operation. 
prepreg tape Unidirectional prepreg tapes are used in 
lay-ups or around a mold such as in filament winding. See 
filament winding. 
prepreg terminology See sheet-molding com- 
pound. 
prepreg, thermoplastic From the 1940s to about the 
198Os, the only commercial prepregs were with thermoset 
plastics, and most TS polyesters continue to be the major 
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type used now. Thermoplastic prepregs are available and 
primarily used in stamping operations. See stamping. 
prepreg volatile content Quality control tests do not 
distinguish inert from reactive volatiles, but they establish 
volatile content values that are important in processing 
prepregs. They provide qualitative evaluations of prepreg 
advancements, degree of volatilization of the solvents, and 
degree of degradation due to aging. Volatile contents mea- 
sured prior to lay-up are compared against values when 
the prepreg was first received to detect any aging. See 
quality control; volatile content. 
preprinting See thermoforming, preprinting. 
preservative An agent that prolongs the useful life of a 
material. See aging; antioxidant agent. 
press Presses range from parallel platens to book-open- 
ing platens. They can be used to provide pressure on molds 
or to laininate plastic materials, such as in injection mold- 
ing, compression molding, and forming. See clamping; 
clamping, hydraulic; platen. 
press, angle Horizontal and vertical hydraulic rains 
apply pressure for loading on  a mold in a biaxial pattern. 
press, automatic A hydraulic, electrical, or hybrid 
clamping press with controls so that it operates completely 
automatically, repeating fabricating cycles for injection, 
reaction injection, and compression molding machines. 
press, block 1. A press that is used to mold very large 
blocks, such as 8 ft3 (0.2 m') of polystyrene plastic foam. 
See foamed block. 2. A press that is used for the agglom- 
eration of laminate squares. See laminate. 
press carousel See press, rotary. 
press clave See reinforced-plastic press clave. 
press, cold A bonding operation where an assembly is 
subjected to pressure without the application of heat. See 
adhesive, cold-setting. 
press, double ram A press for injection and transfer 
molding in which two distinct systems create a different 
melt-flow pattern that differs from the usual independently 
operating machines. See injection molding; melt flow; 
transfer molding. 
press, downstroke A press in which the operating 
main rain applies its pressure in a downward movement. 
press fit See fit, interference. 
press, floating punch A male mold nieniber that is 
attached to the head of a press in such a way that it is free 
to align itself in the fernale part of the mold when the 
mold is closed. 
press, gravity-closing In a down-stroke press, the 
closing motion is actuated by the weight of the rani and 
its associated parts only. 
press, hydraulic A press in which force is created by 
the pressure exerted by fluids. 
press, hydromechanical A press in which force is cre- 
ated by the combination of a mechanical system, such as 
a toggle mechanism, and a hydraulic system. 
pressing, isostatic See molding, isotactic; sin- 
tering. 
press, mechanical A press that is operated by mechani- 

cal power as opposed to hydraulic or electric power. Load 
is usually applied through a crank or toggle mechanism. 
See clamping, toggle-action. 
press, molding A process that is used in different pro- 
cesses, such as compression molding, injection molding, 
and blow molding, utilizing a plurality of molds mounted 
on a rotating table. It  is not to be confused with rotational 
molding. See molding. 
press platen, book opening See clamping platen, 
book-opening. 
press, punching A method of producing parts, such as 
electrical components and decorative dicplays, from mate- 
rials, such as flat sheets or laminates, by punching out 
shapes using a die to provide the shape. 
press, rotary A press that has a rotary or carousel inove- 
ment. See clamping platen, rotary. 
press, sliding punch A punch mounted in a press on 
rails to permit its withdrawal from the press between 
molding operations. 
press stroke 
press table The lower table of a vertical press. In an 
upstroke press, it rests on the rim; in downstroke it is fixed 
in position and is attached to the basic casting or structure 
of the press. 
press, tilting head See clamping platen, book- 
opening. 
pressure A force or stress exerted on a particular area. 
The Pascal (Pa) is the pressure or stress of 1 Newton per 
square meter (N/in') or pounds per square inch (psi). 
There are different scales of pressure, such as absolute, 
gauge, and volume. 
pressure, absolute A force that is equal to gauge pres- 
sure added to atmospheric 14.7 psi pressure at sea level. 
See thermoforming, pneumatic control. 
pressure, ambient The pressure of a niediuni sur- 
rounding a product or object at ambient pressure. 
pressure and heat transfer See thermodynamic 
properties. 
pressure, atmospheric At various altitudes in feet, in 
approximate absolute pressure in psia (gauge: in. of Hg), 
they are sea level at 14.7 (O.O), 1,000 at 14.2 (l.O), 2,000 
at 33.7 (2.1), 2,000 at 13.2 (3.1), 4,000 at 12.7 (4.1), 5,000 
at 12.2 (5.0), and 6,000 at 11.7 (6.0). See atmosphere; 
torr; vacuum. 
pressure bag molding See reinforced plastic pres- 
sure bag molding. 
pressure, bar A metric unit of measurement of pres- 
sure. It has a dimension of unit of force per unit of area. 
It  is equal to 1.0E + 06 dynes/cm' or 1.0E + 05 Pascal. 
It  is used to denote the pressure of liquids (melts), gases, 
and vapors. 
pressure blasting See deflashing, pressure-blasting. 
pressure, blow See blow molding; thermo- 
forming. 
pressure, boiling At a specific temperature, the pres- 
sure at  which a liquid and its vapor are in equilibrium. 
pressure booster A device that uses a large volume of 

The length of ram travel on a press. 
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low-pressure air or liquid (oil, etc.) to produce a low vol- 
ume at high pressure. Also called intens$er. 
pressure break 
pressure, contact The force per unit area of physical 
contact between two surfaces. This term is frequently but 
improperly used when contactforce is meant. The area of 
physical contact is usually difficult to determine and quite 
different from the apparent area of contact. 
pressure control See injection-molding nozzle- 
pressure control; thermoforming, pneumatic con- 
trol. 
pressure, critical The pressure at which liquefaction 
occurs at the critical temperature. 
pressure-detecting film A film that is used to deter- 
mine compression magnitude and distribution between 
contact surfaces. When subjected to pressure, the film 
turns a shade of red, the intensity indicates actual applied 
stress. A calibrated color-density chart quickly provides the 
pressure magnitude. This technology is based on a con- 
trolled chemical reaction. Tiny, uniform microcapsules 
embedded in the film rupture at specific stress levels, de- 
pending on the film grade used. Applications include 
equipment using rolls, presses, or stamping. 
pressure differential See venturi. 
pressure flow Controlling and repeating melt-pressure 
flow in processing machines is critical to their operation. 
There are different factors to consider when operating the 
machines. See flow model; flow, Poiseuille; melt 
flow; venturi; viscosity, Hagen-Poiseuille law oc 
viscosity, Newtonian flow; viscosity, non-Newton- 
ian flow. 
pressure, foam 
pressure forming See forming, stretch and draw 
ratios for pressure; thermoforming, pressure. 
pressure, gauge The pressure measured from a pressure 
gauge that starts at zero (0) psi. The 0 pressure is equivalent 
to atmospheric pressure; at sea level it is 14.7 psi. 
pressure gas test 
pressure, holding See injection-molding holding 
pressure. 
pressure, hydrostatic 1. Pressure applied by means of 
a fluid. 2. A state of stress in which all the principal stresses 
are equal and there is no shear stress. See modulus, bulk. 
pressure, injection-molding See injection mold- 
ing mold-cavity pressure; molding pressure, re- 
quired. 
pressure intensifier See reinforced plastic pressure 
intensifier. 
pressure, Lave11 A ratio of the melt pressure and gas 
pressure that is less than 0.5, so that undesirable turbulence 
of the melt can be expected. See injection molding, 
gas-assist. 
pressure, line The pressure under which an air or hy- 
draulic system operates. 
pressure loader / conveyor See material handling, 
pneumatic loader and conveyer. 
pressure, locking In molding (injection, transfer, etc.), 

See laminate, pressure break. 

See test, foam pressure. 

See test, soap-bubble. 

the pressure that is applied to the mold to keep it closed, in 
opposition to the fluid pressure of the compressed molding 
material. See compression molding; injection mold- 
ing; reaction injection molding; transfer molding. 
pressure measurement See clamping pressure 
measured. 
pressure, negative See vacuum. 
pressure, partial 
mixture of gases. 
pressure, standard-state 
sphere of pressure. See atmosphere. 
pressure temperature See process control. 
pressure, vacuum Negative pressure, that is, below at- 
mospheric pressure. See thermoforming, pneumatic 
control; vacuum. 
pressure, vapor 
pressure, volume It is expressed in cubic feet per 
pound (ft3/lb) or m3/kg. However, volume riieasure- 
ments can differ because gas expands and contracts with 
changes in temperature and pressure. Volume is measured 
easily by using the inverse of specific volume, which is 
density (D). 
pretreatment, decorating See decorating pretreat- 
ment. 
preventing waste See recyclable. 
price See cost. 
primary equipment See fabricating processing 
type- 
primary processing equipment See fabricating 
process. 
primer A substance that is used for preparing surfaces 
for adhesives and coatings. For example, in adhesive bond- 
ing, a reactive chemical species is dispersed in a solvent 
that is applied to the part surface by spraying or brushing. 
After the solvent is flashed of6 the part surface may be 
bonded immediately, as iii polyolefiii primers for cyanoac- 
rylates, or may require time to react with atmospheric 
moisture, as in silane and isocyanate-based primers. Prini- 
ers usually contain a multifunctional cheniically reactive 
species that is capable of acting as a chemical bridge be- 
tween substrate and adhesive. They are commonly used 
with acetals, fluoropolymers, polybutylene terephthalates, 
silicones, polyurethanes, and polyolefins. In coatings the 
primers are used on the substrates to improve the adhesion 
of the topcoat, seal pores (if they exist), improve corrosion 
protection, or hide surface defects or color. Also called 
adhesive promoter. See adhesion promoter; coating, air- 
drying alkyd plastic; decorating pretreatment; lac- 
quer coating; paint. 
printed circuit board (PCB) A board with usually 
copper-clad laminates using thermoplastics or therinoset 
plastics. The clad is etched to produce an electrical or elec- 
tronic circuit pattern (components) on one or both sides. It 
serves as a means of electrical interconnection and physical 
attachment for the printed circuit. Also called printed board, 
electrical circuit board, or pvinted wire board. See artwork, 
photoplotter; electrostatic discharge detector; injec- 

The pressure of each component in a 

The condition of one atino- 

See vapor pressure; volatile. 
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tion molding circuit board; laminate, copper-clad; 
printing, screen. 

The traditional method of mounting components on 
printed circuit boards is known as throuxh-hole technology. 
With through-hole technology the wire leads of compo- 
nents are bent perpendicular and inserted through the 
PCB molded or drilled holes and then soldered in place. 
With surface-mount technology, the leads of the coinpo- 
nents do not pass through the PCB; instead, the leads are 
bent parallel to the surface of the PCB and soldered to 
pads on the surface. To create the solder joint, a solder 
paste is applied to the board using screen printing or sten- 
ciling process. After applying the solder paste, the compo- 
nents are placed on the board and then heated in an oven 
to cause the solder to melt and form the joint. SMT coni- 
ponents are typically much smaller and lighter than corre- 
sponding conventional components, making possible the 
much higher component densities and smaller product 
sizes required by portable computers, cellular telephones, 
and similar devices. Consequently SMT accounts for over 
50% of all PCB manufacturing. See injection-molding 
circuit board; printing, screen. 
printer drive system See control drive, optimized. 
printing A method for decorating and marketing plastic 
parts by means of various printing processes, such as gra- 
vure, flexographic, inlay (or valley), offset, screen, letter- 
press, electrostatic, and photographic methods. Printing 
machinery and special inks have been developed to meet 
the special requirements and surface problems of various 
plastics. See control drive, optimized; decal; decorat- 
ing; graphic art; laser marking; printing, photogra- 
phy and photomechanical; photopolymer. 
printing, Acrobot A tradename for a device intro- 
duced by Permanent Label Corp., Clifton, NJ, in 1984. 
It  robotically turns a part while it is being printed, allowing 
products with circular, elliptical, or round-polygonal 
cross-sections to be decorated by screen printing and heat 
transfer printing. See decorating; printing, heat-trans- 
fer; printing, screen. 
printing and varnish Varnish is a variety of ink. It  is 
clear or tinted, glossy or dull, and behaves on a press much 
like ordinary inks. It can make a sheet sparkle or g v e  it a 
smooth and satiny finish. See printing ink; varnish. 
printing/coating, offset A technique in which ink is 
transferred from a batch (reservoir) onto the raised surface 
of the printing plate by rollers. Subsequently, the plates 
transfer the ink to the part being printed (or coated). The 
distinguishing feature of this printing method is the offset 
roll. Dry, pasty inks are uced. This method is widely used 
with plastic products. 
printing contact pattern See Fresnel diffraction 
pattern. 
printing dot See printing, electronic dot genera- 
tion. 
printing electronically Any technology that repro- 
duces pages without the use of traditional ink, water, and 

chemistry. Most often this is accomplished by laser, elec- 
trostatic, or electrophotographic, devices. 
printing, electronic dot generation (EDG) A 
method of producing halftones electronically on scanners 
and prepress systems. 
printing, electrostatic charged area development 
(CAD) A process in electrostatic copying where the 
photoconductive element is charged with the opposite 
sign of the toner. A light source is used to discharge all 
areas on the photoconductor that are not to receive the 
toner to form the image. 
printing, flexographic A method suitable for printing 
on plastics. It is basically a letterpress process since it prints 
from a raised image. It  employs a hard metal plate instead 
of a soft and rubbery plate. See coating, solution. 
printing fluoroplastic See surface CASING. 
printing, gravure The depositing ofink on plastic film, 
sheet, or products from depressions of a specific depth, 
pattern, and spacing that have been mechanically or cheni- 
ically engraved into a center or roll. The impression cylin- 
der is covered with an elastomeric composition that presses 
the sheet (being printed) into contact with the ink in the 
tiny cells of the printing surface. The depth of the overall 
engraved pattern principally controls the amount of coat- 
ing applied. It is capable of applying finely detailed patterns 
in one or more colors on a continuous web at high speeds 
by direct or reverse printing. Also called gravure roll coating 
or gravure coating. See printing, pad-transfer; roll. 
printing, gravure offset A method that is used to print 
patterns or designs, such as wood grains, on various prod- 
ucts, such as plastic films and wall panels. A converted 
flexographic press is used. A gravure image cylinder and 
doctor blade for printing the image replaces the anilox 
roller, and the plate cylinder of the flexographic press is 
covered with a solid rubber plate. 
printing, heat-transfer Printing that is done separately 
on film, foil, or foil and then transferred to the part that 
contains a recess. The recess should be shallow, and suffi- 
cient clearance is required for a heated die. Multicolor ef- 
fects are readily achieved with this process. See decal; 
printing, Acrobot. 
printing image See printing, electrostatic charged 
area development. 
printing ink A viscous to semisolid suspension of finely 
divided pigment in a drying oil such as heat-bodied linseed 
oil. Alkyd, phenolic, and other plastics are used as binders. 
Cobalt, manganese, or lead soap is added to catalyze the 
oxidative drying reaction. Radiation curing systems are 
also used. Some dry by evaporation using volatile solvents. 
In the past most of the inks were not biodegradable. See 
dye toner; environmentally acceptable coating, ink, 
adhesive reliability; ion-beam surface modification; 
plasma arc treatment; printing and varnish; printing 
ink; recycled paper; surface treatment. 
printing ink, radiation A method that eliminates 
powder in sheet-fed printing and air pollution from sol- 
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vents in conventional web heat-set inks. There are two 
types: ultraviolet and electron beam inks. UVs consist of 
liquid prepolymers with initiators that, on exposure to 
large doses of UV radiation, release free radicals that poly- 
merize the vehicle to a dry, solid, tough thermoset plastic. 
Due to their expense, they are used in luxury packaging. 
EBs provide a good alternative to UVs since no expensive 
initiators are needed. Their main disadvantage is the high 
cost of equipping a press, but they use less energy than 
UVs and about half the energy of gas drying. See cross- 
linking; electron beam treatment; ultraviolet radia- 
tion. 
printing ink transfer, sublimable See dye transfer, 
sublimable. 
printing ink, transparent An ink that does not conceal 
the color beneath. These plastic inks are transparent, so 
they blend to forin other colors. 
printing, lithographic resist A process that is used in 
most commercial printing applications and is based on a 
simple inking and noninking system. A plastic image is 
formed by masked exposure to light, followed by the dis- 
solution of the unwanted plastic. The plastic absorbs ink, 
and the substrate rejects it. The ink image is then trans- 
ferred to the product to be printed. These photosensitive 
plastics are also used on printed circuit boards, and micro- 
wave chips. See photopolymer; printing, photolitho- 
graphic technique. 
printing, pad-transfer A transfer system that is an off- 
set, or indirect, gravure process. The quick drying (within 
seconds) solvent-based ink is applied in excess over an en- 
graved steel image plate, called a clich;. A doctor blade, 
leaving the ink only in the engraved recesses, removes the 
excess. A soft silicone rubber pad picks up the ink from 
the clicht- and transfers it to the plastic part to be printed or 
decorated. It is exceptionally suitable for printing irregular 
shaped or rough surfaces as well as soft, flexible products 
such as squeeze blow-molded bottles. See decorating; 
printing, gravure. 
printing, photoengraving Photoengraving has expe- 
rienced some of the biggest technological beneficial up- 
heavals in the graphic arts industry. Having gone from the 
engraving of zincographs to the exposure of films first by 
camera and then by laser beam, it has become one of the 
most sophisticated branches of the graphic arts industry 
and requires a highly skilled staff. Scanners, studio and 
electronic image processing, and desktop publishing are 
widely used. Photoengraving products include offset plas- 
tic films, offset and gravure printing, and letterpress plates 
(zinc or nylon blocks showing in relief the image or text 
elements to be printed using the letterpress process). See 
graphic art. 
printing, photography and photomechanical Pho- 
tography involves the photographic processes and tech- 
niques that are used to produce illustrations and art 
subjects. Photomechanics or photoplating-including 
photoengraving, photolithography, photogelatin, and 

photogravure-uses the products of photography, like 
halftones and line films, to make plates and cylinders for 
printing. See photopolymer; printing, screen. 
printing, photolithographic technique Lithography 
in which photographically prepared plates (plastics, etc.) 
are used. See printing, lithographic resist. 
printing, photomechanical coating A phase of the 
photomechanical process that causes changes in physical 
properties after exposure to light. Usually the exposed ar- 
eas change in solubility in water and other solutions. In 
the past, natural organic materials (asphalt, shellac, albu- 
min, gum arabic, etc.) were used as ingredients ofthe coat- 
ings. Synthetic plastics such as polyvinyl alcohol and pho- 
topolymers are now used. See photopolymer. 
printing pica A printer’s unit of measureinent that is 
used principally in typesetting. One pica equals about 
*/h in. (4.2 mm). 
printing plate See photopolymer. 
printing polyethylene See surface CASING; sur- 
face treatment. 
printing, pre- See cut, kerf, and registration; ther- 
moforming, preprinting. 
printing, roll-leaf A method that is used to produce 
small designs on films. It  involves the transfer of dry ink by 
heat and pressure from a carrier to the film. It  is a marking 
method sometimes used for intricate parts, such as terminal 
blocks. Also called roll-leuf coating, roll-leafstunying, or hot 

printing, roll-on A method that uses machines to ad- 
vance preprinted heat transfers and conventional hot- 
stamping foils. See coating; stamping, hot. 
printing, rubber plate A marking method sometimes 
employed for intricate parts such as niolded terminal 
blocks. 
printing, screen A hand operation that can be used 
when only a few products are to be printed or decorated 
using very simple equipment consisting of a table, screen 
frame, ink (applied over the screen), and squeegee. Most 
commercial screen-printing is done with power-operated 
presses. Two types are used: one uses flat screens that re- 
quire an intermittent motion as each is printed, and the 
other uses a fast continuously rotating screen with the 
squeegee mounted inside the cylinder. The amount of ink 
applied is far greater than in a letterpress, lithography, or 
gravure, which accounts for some of the unusual effects 
in screen-printing. Heat driers can be used for drying ink; 
however, for the fastest cleanest operations, ultraviolet- 
curing inks are used. Masking materials are used to block 
out unwanted areas. See barcode; decal; photopoly- 
mer; printed circuit board; printing, Acrobot; 
printing, photography and photomechanical; silk- 
screen printing. 

T o  obtain the desired print pattern from a photo image, 
parts of the screen must be blocked. For example, the pho- 
toimage process is important for screen-printing-type 
stencil making. A photosensitive plastic emulsion is ap- 

stdmping. 
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plied over the screen, and parts of it are exposed to light 
through a positive image of the artwork. Exposed areas 
become insoluble, and the remainder of the emulsion is 
removed by washing. Ink passes through the nonemulsion 
photoresist areas. Precast photosensitive plastic filnis are 
available and provide a coating of uniform thickness. Such 
a film is laminated to the screen and processed in a similar 
way as the direct eniulsion coating. See artwork; emul- 
sion; printed circuit board. 
printing signature I n  printing and binding, the name 
given to a printed sheet after it has been folded. 
printing surface See plasma arc treatment; surface 
treatment. 
printing, thermoformed See thermoforming, pre- 
printing. 
printing, thermographic transfer A modification of 
the hot stamping process wherein the design to be trans- 
ferred is first printed on a film, from which it is transferred 
to the plastic part by means of heat and pressure. 
printing, valley A process that provides three-dinien- 
sional texturing with surface coloring by simultaneously 
embossing and printing on preheated plastic. It  is usually 
done in only one color on a material of contrasting color 
to create two-color, three-dimensional effects. Ink is ap- 
plied to the high points of an enibossing roll and subse- 
quently deposited in what becomes the valleys of the eni- 
bossed plastic material. Also called inluy printing. 
printing, xerography A dry method of photography 
or photocopying that is named for the copy machine in- 
troduced by Xerox Corp. It is an electrophotographic 
copying process. Plastics have been used in place of sulfur 
photoconductor and lycopodium toners in xerography. 
Present-day toners are plastics that may be thermoplastic 
homopolymers or copolymers that are cross-linked to 
achieve different desired fusing characteristics. For exam- 
ple, halogenated homopolymers and copolymers are used 
to give carriers a negative charge, and copolymers of poly- 
styrene-alkylmethacrylates and acrylates are used to give 
carriers a positive charge. 
probability Likelihood, chance, tendency. Froni a 
practical approach, as it applies to the statistical matheniati- 
cal deterininations that are made to estimate quality con- 
trol. See quality control; reliability; statistical esti- 
mation; statistical phase/reasoning; statistical 
probability, six-sigma. 
problems and solutions Potential problems can be 
predicted by considering the relationships of machine 
capabilities, plastics processing variables, and product per- 
formance requirements. Equipment and plastic may lack 
necessary capabilities. A distinction between machine con- 
ditions and processing variables must be made to avoid 
mistakes and to use cause-effect relationships to their best 
advantage. 

A logical and systematic method of dealing with vari- 
ables or problems is required to resolve them. The method 
should use language that everyone understands. Terms and 
phrases cannot be ambiguous and cannot have multiple 

definitions. It may be important to include what a term 
does not mean to eliminate any misunderstandings. If it 
is necessary to include engineering equations or chemical 
formulas, they must be explained in ternis understood by 
technical and nontechnical workers. 

When the specific problem has been identified, its solu- 
tion needs to be recorded, preferably in the operating 
manual that is used in operating the production line. If 
applicable, the information should be included directly 
into the line’s process control system. Unfortunately, at 
times Chisolin’s law sometimes is followed. According to 
this law, if at times things appear to be going better, you 
have overlooked something. By analyzing failures, reverses 
can become a route to eventual success. Even a quick post- 
mortem on a project that has foundered may prevent a 
future failure. See algorithm, generic; computer pro- 
cessing control automation; control-system reliabil- 
ity; cybernetics; DART software; debug; design- 
failure theory; hypothesis; plastic failure or success; 
plastic product failure; reliability; statistical benefit; 
statistical quality control; statistical randomization; 
troubleshooting guide. 
process A fabricating method or production line. See 
fabricating process. 
processability The relative ease with which raw niate- 
rial (virgin or recycled plastics) can be processed into prod- 
ucts. See material; plastic. 
processability and molecular weight Processability is 
best when the plastic is at low MW, while properties ofthe 
finished product are best at high MW. Molecular weight 
distribution should be as narrow as possible to make plas- 
tics process easier with properties of the product more uni- 
form. See molecular weight; molecular-weight dis- 
tribution. 
process control Adequate process control and its asso- 
ciated instrumentation are essential for product control. 
Sometimes the goal is precise adherence to a control point; 
other times it is maintainance of control within a conipara- 
tively narrow range. For effortless controller tuning and 
lowest initial and operating cost, the processor should se- 
lect the simplest controller (temperature, time, pressure, 
flow rate, etc.) that will produce the desired results. For 
the complete line, controllers can range from unsophisti- 
cated to extreniely sophisticated devices. 

Controls (1) provide closed-loop control of teinpera- 
ture, pressure, and thickness; (2) maintain preset parame- 
ters; (3) monitor or correct equipment operations; (4) con- 
stantly fine tune equipment; (5) provide consistency and 
repeatability in the operations; and (6) provide self-optimi- 
zation of the process. Most processes operate more effi- 
ciently when functions must occur in a desired time se- 
quence or a t  prescribed intervals of time. In the past, 
mechanical timers and logic relays were used. Now elec- 
tronic logic and timing devices are used based on com- 
puter software prograniinable logic controllers. They lend 
themselves to easy set-up and reprogramming. See com- 
puter batch processing; computer continuous pro- 
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cessing; computer, microprocessor control; com- 
puter software; control; controller; designing 
processes with models; device, smart; fabricating 
process; FALLO approach; injection molding, boost 
cut-off or two-stage control; injection-molding 
process control; intelligence, artificial; melt-flow 
analysis; processing, intelligent; processor, micro-, 
control; production-control system; productivity; 
quality control; rheometer; sensor; servo control; 
statistical quality control; temperature propor- 
tional-integral-derivative. 

Most process-control units provide independent con- 
trol loops and usually control only one major variable. A 
few interact with different variables, so the operation of a 
complete line requires the skill of an operator. However, 
the available controls properly installed and used have been 
extremely useful to operators by simplifying the setting- 
up, operating, and shutdown of the line. 

Lines operate with different degrees of automation via 
computer-integrated controls, providing improvements in 
operating procedures and quality assurance and reductions 
in costs. These closed-loop systems maintain long-term re- 
peatability of factors such as melt velocity and pressure. 
This action occurs independently of what could be oc- 
curring with component wear, unbalanced equipment in 
the line, or plastic material variations. 

Usually elaborate control systems cannot correct for 
problems such as those caused by a (1) worn screw and 
barrel, (2) inadequate drive torque, or (3) poor screw de- 
sign. For example, such systems will not yield good ten-  
perature control unless all features essential to good control 
are well maintained. Burnt-out heating elements cannot 
be tolerated. Another conxiion deficiency for liquid- 
cooled extruders i5 fouling or restrictions in the plumbing 
system or inoperative valves. Other factors of these types 
also exist. 
process control, adaptive A control system that 
changes settings in response to changes in machine perfor- 
mance to bring the product back into specification. The 
control adapts to changing conditions. It is a technique 
typically used to modify a closed-loop control system. See 
computer processing control automation. 
process control, blow molding parison See blow 
molding, extruder, parison programmed-control. 
process control comparator The portion of the con- 
trol elenients that determines the feedback error on which 
a controller acts. 
process control, computer Computer controls range 
from simple to complex systems that meet different re- 
quirements for the processors. Coniputer type depends on 
the control needs including required profitability im- 
provements. Continual changes need to be addressed by 
control programmers and data acquisition systems. See 
computer processing control automation. 
process control, control-loop The signal circuit that 
provides feedback information for closed-loop process 
control. See servo control. 

process control cooling rate See mold cooling rate. 
process control decision See computer monitor- 
ing information. 
process control die-orifice modulation See blow 
molding, extruder, parison programmed-control. 
process control, fabricating influence See test 
specimen. 
process control, fuzzy logic See control, fuzzy- 
logic. 
process control measurement See transducer. 
process control melt flow See rheometer, capillary. 
process control mold parting line See injection- 
molding process-control parting line. 
process control motion See design, motion-con- 
trol, mechanical and electronic effects. 
process control optimization See control drive, 
optimized; repeatability. 
process control, roll nip See calendering, con- 
trolled nip pressure in; nip. 
process control simulator 
process control startup and shutdown See fabri- 
cating startup and shutdown. 
process control, statistical See computer pro- 
cessing control, statistical; statistical process con- 
trol. 
process control, temperature zone See screw tem- 
perature zone. 
process control, trial and error See computer pro- 
cessing control automation; problems and solu- 
tions. 
process control variable See motion-control system. 
process control window See molding area dia- 
gram; molding volume diagram; processing 
window. 
processing See computers and statistics; control; 
fabricating process; microprocessor control; plastic 
failure or success. 
processing agent An aid, agent, or medium used in the 
manufacture, preparation, and treatment of a material or 
article to iniprove its processing or properties. 
processing and color See color stability and pro- 
cessing. 
processing, art of Processing plastic is an art of detail. 
Attention to details reduces problems with the process. 
Note that a process will continue running well unless a 
change occurs. Correct the problem, but do not coinpen- 
sate. When making processing changes, allow enough 
time to achieve a steady state in the complete extrusion 
line before collecting data. It may be important to change 
one processing parameter at a time. For example, with one 
change, such as extruder screw speed, temperature zone 
setting, cooling roll speed, blow-filin internal air pressure, 
or another parameter, allow four time constants to achieve 
a steady state prior to collecting data. Equipment, material, 
environment, and people need to be attended to. See er- 
gonomics; FALLO approach; maintenance; trou- 
bleshooting. 

See process simulator. 
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processing defect A structural or other defect in mate- 
rial or a part that is induced inadvertently during manufac- 
ture of the material or during processing. At fault could be 
factors such as the wrong additives or ingredients, tooling, 
processing conditions, or part design. Usually defects are 
preventable. Also called pi,ocessing&w. See defect. 
processing diagram See molding area diagram; 
molding volume diagram; processing window. 
processing feedback 1. Information that is returned to 
a system or process to maintain the output within specific 
limits. 2. The information in machine or processing learn- 
ing that the program receives about the correctness of the 
choices it makes. 
processing failure See failure, fault-tree analysis; 
problems and solutions. 
processing fundamental See art and science; cata- 
lyst type; design success; design constraints; design- 
failure theory; design, innovative; design, material 
optimization; design safety factor; die; fabricating 
process; melt; mixing; mold-cavity melt-flow anal- 
ysis; molecular-weight distribution; morphology; 
polymerization; rheology; shear stress; viscoelas- 
ticity. 
processing high-molecular-weight plastic See det- 
onation. 
processing improvement New developnients with 
equipment and plastic materials usually result in iniprove- 
ments in processing capabilities toward meeting goals of 
zero defects as well as to reduce costs. See barrel grooved 
feed; carbon dioxide. 
processing, in-line A coniplete fabricating or produc- 
tion operation can include material storage and handling, 
production of the part, upstream and downstream auxil- 
iary equipment, inspection and quality control, packaging, 
and delivery to destinations such as warehouse bins or 
transportation vehicles. See auxiliary equipment; fabri- 
cating; fabricating process type; inspection; mate- 
rial handling; packaging; processing line, down- 
stream; processing line, upstream; quality control; 
storage; warehousing. 
processing, intelligent (IP) Cutting inefficiency and 
in turn cutting the costs associated with them. Intelligent 
processing of materials utilizes new sensors, expert systems, 
and process models that control processing conditions as 
materials are produced and processed without the need for 
human control or monitoring. Sensors and expert systems 
are not new but are being tied together in a novel manner. 
In IP, new nondestructive evaluation sensors are used to 
monitor the development of a material’s microstructure as 
it evolves during production in real time. These sensors 
can indicate whether the microstructure is developing 
properly. Poor microstructure will lead to defects in mate- 
rials. In essence, the sensors are inspecting the material on- 
line before the product is produced. See intelligence. 

The information these sensors gather is communicated, 
along with data from conventional sensors that monitor 
temperature, pressure, and other variables, to a computer- 

ized decision-making system. This decision-maker in- 
cludes an expert system and a mathematical model of the 
process. The system then makes any changes necessary in 
the production process to ensure that the material’s struc- 
ture is forming properly. These might include changing 
temperature or pressure or altering other variables that will 
lead to a defect-free end product. 

A number of benefits can be derived from intelligent 
processing. There is, for instance, a marked improvement 
in overall product quality and a reduction in the number of 
rejected parts. And the automation concept that is behind 
intelligent processing is consistent with the broad, systeni- 
atic approaches to planning and implementation being un- 
dertaken by industries to iniprove quality. Intelligent pro- 
cessing involves building in quality rather than attempting 
to obtain it by inspecting a product after it is manufac- 
tured. Thus, it allows industry to reduce postnianufactur- 
ing inspection costs and time. Being able to change manu- 
facturing processes or the types of material being produced 
is another potential benefit of the technique. 
processing line, downstream The plastic discharge 
end of the fabricating equipment, such as the auxiliary 
equipment in an extrusion pipe line after the extruder. See 
fabricating process; processing, in-line. 
processing-line downtime The period when equip- 
ment cannot operate when it should be operating. Down- 
time may be caused by equipment being inoperative, a 
shortage of material, an electric power problem, operators 
who are not available, and so on. Regardless of its reason, 
downtime is costly. See injection-molding machine 
maintenance; maintenance; troubleshooting. 
processing line, upstream Material movement and 
auxiliary equipment (dryer, niixer/blender, storage bins, 
etc.) that exist prior to plastic entering the main fabricating 
machine, such as the extruder. See fabricating process; 
processing, in-line. 
processing-line uptime The period when the plant is 
operating to produce products. 
processing model See designing processes with 
models. 
processing parameter A measurable variable, such as 
temperature and pressure, that is required during the prep- 
aration of plastic materials, processing of products, or in- 
spection. 
processing plant, automated See computer-auto- 
mated laboratory to production; automation level. 
processing practice See quality-system regulation. 
processing, reaction viscosity The design of conven- 
tional (nonreactive) plastic processing equipment is com- 
plicated by the non-Newtonian nature of plastic melt vis- 
cosity. When attempting to design equipment to process 
reactive fluids, one is faced with an even more formidable 
task-accounting for changes in viscosities with conver- 
sions, temperature, and molecular weight, as well as non- 
uniformities within equipment. Difficulties can be experi- 
enced when attempting to mix or pump polymerized 
fluids with rapidly rising viscosities that accompany the 
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reaction. To  understand the associated flow phenomena, 
it is necessary to deal with the coupling between extent 
of reaction and viscosity. Reaction viscosity is much more 
sensitive to concentration and molecular weight than to 
temperature and shear rate. See melt flow; molecular 
weight; viscosity, non-Newtonian flow. 
processing rules Kules to remember: (1) Processing is 
a marriage of machine, mold or die, material, process con- 
trol, and operator all working together; (2) the plastics 
business is a profit-making business, not a charitable or 
nonprofit government organization; (3) heat always goes 
from hot to cold through any substance at a controlled 
rate; (4) hydraulic fluids or electric drives are pushed, not 
pulled, at a rate that depends on pressure and melt flow; 
(5) the fastest cycle or rate of output that produces the 
most products uses (a) minimum melt temperature for fast 
cooling, (b) minimum pressure for lowest stress in prod- 
ucts, and (c) niininiurn production time; and (6) all prob- 
lems have a logical cause: understand the problem, solve 
it, and then allow the machine to equalize its production 
to adjust to the change; and (7) if it does not fit, do not 
force it. 

Rules to forget: (1) The machine has a mind of its own; 
(2) it takes a genius to operate a machine; (3)  all problems 
are caused by bad part design, bad tooling, or bad setup; 
(4) my job is secure; (5) if a little bit does a little good, a 
whole lot does a whole lot of good; and (6) if you twist 
enough knobs, the problem will go away. 
processing stabilizer In thermoplastics, a substance 
that acts in the same manner as an internal lubricant by 
plasticizing the outer surfaces of the plastic particles and 
easing their fusion but that can be used in greater concen- 
trations (about 5 pph). With thermoset plastics they are 
not reactive norinally and therefore reduce the rate of in- 
teractions of reactive groupings by a dilution effect. Thus 
easier processing may be derived mainly from the reduc- 
tion in the rate at which the melt viscosity increases. At 
the same time the overall cross-linking density is reduced. 
Also called a J u w  promoter. See stabilizer. 
processing startup and shutdown See fabricating 
startup and shutdown. 
processing via fluorescence spectroscopy Sensor 
techniques can measure the properties of plastics during 
processing. The intent is to improve product quality and 
productivity by using niolecular or viscous properties of 
the melt as a basis for process control, replacing the indirect 
variables of temperatures, pressure, and time. This system 
analyzes the fluorescence generated in the plastic during 
processing and translates it into a nurnerical value for the 
property being monitored. The plastic must be doped with 
a small amount of fluorescent dye specific to the applica- 
tion. An optical fiber installed in the plasticator barrel, 
mold, or die scans the plastic. It is used to perform other 
tasks, such as measuring the concentration and dispersion 
uniformity of filler. Accuracy of 1% provides a means of 
optiniizing residence time. It can also monitor the glass 
transition temperature. See glass transition tempera- 

ture; residence time; spectrograph, x-ray fluores- 
cence. 
processing window The range of processing condi- 
tions, such as melt temperature, pressure, and shear rate, 
within which a specific plastic can be fabricated with ac- 
ceptable and optimum properties by a particular fabricat- 
ing process. It  is a defined area in a processing-systeni pro- 
cess-control pattern. This window for a specific plastic part 
can vary significantly if changes are made in its design and 
the fabricating equipment used. See fabricating process 
type; mold gate, valve; molding area diagram; 
molding volume diagram; process control. 
processor There are basically three types of proces- 
sor-captive, custom, and proprietary. See fabricating; 
processor, captive; processor, custom; processor, 
proprietary. 
processor and competition The goal of the Mid-At- 
lantic Plastics Partners Inc. (MAPP) in Indianapolis, IN is 
to improve cost reductions, increase sales, solve technol- 
ob7 arid other problems, and develop human resources. 
See cost reduction. 
processor, captive The in-house operation of a com- 
pany that has acquired plastics processing equipment to 
make the parts it needs for the product they manufacture. 
For example, a refrigerator manufacturer may acquire a 
complete extrusion line to produce sheet and also acquire 
a thermoforiner to produce the completed inner-door 
liners. 

Generally speaking, these manufacturers will install 
a captive operation when their component requirements 
are large enough to make it economical (or when a 
secret product or process exists). Some manufacturers 
who run their own plastics fabricating lines will never- 
theless place a portion of their requirements with out- 
side vendors to keep their own capital investment 
down, to avoid internal single-source supply, to maintain 
contact with the “outside world” and the pricing intelli- 
gence it provides, and so on. The vendor could be a cus- 
tom processor or a captive operation for their recluire- 
ments. Some captive operations do not keep up with new 
developments critical to their operation. Also called a cap- 
tive -fabricator. 
processor certification National skills certification 
programs are offered by various organizations worldwide 
to certiEy the skills and knowledge of the plastics industry 
processor machine operators. SPI’s National Certification 
in Plastics (NCP) program (1) identifies job-related 
knowledge, skills, and abilities; (2) establishes a productive 
performance standard; (3) assesses and recognizes employ- 
ees who meet the standard; and (4) promotes careers in the 
plastics industries. The examination includes basic process 
control; prevention and corrective action on primary and 
secondary equipment; handling, storage, packaging, and 
delivery of plastic materials; quality assurance; safety; tools 
and equipment; and general knowledge. Such programs 
are for plastics professionals who have the knowledge and 
ability to apply mathematics, the physical sciences, and en- 
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gineering principles and methods to technological prob- 
lem solving. See inspection; ISO-9000 certification; 
ISO-14000 certification; productivity; test certifica- 
tion. 
processor, contract See legal matter: processor 
contract. 
processor, custom The custom processor’s operations, 
like those in the metal-working field, sometimes are 
known as j o b  s h o p ,  which process plastics into products 
or components used in other industries. For example, a 
manufacturer of refrigerators could retain a custom proces- 
sor to extrude sheets and thernioforni the sheets into in- 
ner-door liners. Custom processors typically have a close 
relationship with the companies for whom they work. 
They may be involved (to varying degrees) in the design of 
the product and the die, they may have a voice in material 
selection, and in general they assume a responsibility for 
the work they turn out. See business toll; legal matter: 
processor contract. 
processor, custom-contract A subgroup in custom 
processing known as contract fabricators who have little 
involvenient in the business of their customers and jus t  sell 
machine time. 
processor, micro- A computer system that stores, ana- 
lyzes, and adjusts the controls of a fabricating or niaiiufac- 
turing line based on parameters established during start- 
up to meet product performance and cost requirements. 
It has different capabilities such as operating within set l in- 
its for various functions, maintaining output rate, trouble- 
shooting, storing operating data, and conducting cost anal- 
ysis. See computers. 
processor, micro-control Microprocessor control is 
anything from a sophisticated temperature controller to a 
full-blown fabricating line control. Because of the vast 
range of computer control and monitoring options avail- 
able, selecting what is needed requires specifications on 
what is truly required to realize a return on investment. 
See process control. 
processor, proprietary A processor who niakes a 
product for sale directly to the public or to different coni- 
panies, usually with its own tradename. 
process planning See computer-aided process 
planning. 
process simulator Software programs can simulate the 
operation of equipment that is processing plastics. They 
provide a logical approach in training and conducting re- 
search. For example, a software program can simulate the 
molding of different part designs with an injection-mold- 
ing machine using different types of plastics. ‘The simulated 
process controls permit the operator to make changes and 
see the effects that occur on a molded part, providing use- 
ful information including a troubleshooting guide. See 
education; injection molding; melt-flow analysis; 
process control; research and development; train- 
ing; troubleshooting. 
process validation See ISO-9000 certification; 
quality-system regulation. 

product 
uct; market; nondurable; goods. 
product acceptance See test, organoleptic. 
product condition See reliability. 
product defective analysis See quality level, ac- 
ceptable. 
product development See revolutionary versus 
evolutionary developments. 
product downgrade Reduction in performance or 
other characteristics. 
product, from raw material to See plastic prod- 
ucts, raw material to. 
production bill of material (BOM) A listing of the 
quantity of all materials, subassemblies, and other products 
required to produce one assembled product line. 
production budget base The riuniber of hours, ma- 
chine or labor, that are required to meet an anticipated 
volunie level. 
production-capacity overhead rate A nianufacturirig 
overhead hourly rate based on practical capacity volume 
of an operation. See business bookkeeping; capital 
equipment investment; machine-hour rate. 
production capacity plan The production hours re- 
quired to produce an order and the total capacity required 
to produce all parts. 
production-capacity utilization The degree to which 
facilities are used. It is usually measured in terms of a per- 
centage of total capacity. 
production-control system (PCS) The successful 
manufacture of a product involves (1) an efficient pro- 
duction process, (2) high quality or performance of the 
product, and (3) prompt delivery dates. A production 
planning and control (PPC) system has to cope with PCS 
requirements such as economic efficiency, just-in-time 
delivery, and saleability. General PPC systems are offered 
within the scope of commercial electronic data processing 
programs for the operational sequences. See fabricating 
process; just-in-time; manufactured cost; process 
control. 
production data acquisition (PDA) The basic build- 
ing block for computer-aided production or coinputer- 
integrated manufacture. It assumes a central role as the link 
between logistic information flow (production planning 
and control) and technical information flow. PDA makes 
it possible for all operating areas to achieve optimal perfor- 
mance of their tasks on the basis of solid current data. A 
logical product sales analysis requires a cost-effective, fault- 
free capture of all complete operating data and its detailed 
presentation in real time. See computer electronic doc- 
ument and retrieval system; computer monitoring 
information; electronic data interchange; engi- 
neered, re-; fabricating process; plant operation; 
productivity; technology assessment. 
production order point An inventory quantity. When 
the available quantity falls to or below this level, the need 
to issue a replenishment order is indicated. Also called 
reorder point. See inventory; warehousing. 

See durable goods; gross domestic prod- 
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production order quantity The quantity of a material 
or product to be ordered or produced. Also called lot size. 
See purchase order. 
production output See fabricating output. 
production overrun analysis A technique for de- 
termining economical production quantities for products 
that are shipped infrequently. 
production pegging Identification of the source of a 
need for materials or parts such as the customer name, or- 
der number, or assembly production order. 
production performance A vital step in product 
design is to determine if the product will bc capable 
of performing the task for which it is being designed 
and what level of safety factor is available. This requires 
analysis or testing. Most analysis focuses on the mechanical 
load-bearing function for both tensile and compressive 
stresses. Valuable design equations are available in stan- 
dard texts on designing with plastics and reinforced 
plastics, and the mechanics of materials can often be 
applied based on the product geometry. They can yield 
excellent predictions of short-term (dynamic) loading 
capabilities, as well as long-term (creep-related) approxi- 
mations. A key factor is to anticipate the extremes of 
temperature that can be encountered, especially high teni- 
peratures. Generous safety factors may be required to 
compensate for a variety of factors that can reduce the al- 
lowable load under extreme operating conditions. See 
cost, carrying; creep; design safety factor; fabricat- 
ing process; load; performance prediction; plastic 
and the future; testing. 
production prioritizing Determining which produc- 
tion order should be run first, second, and so on, based 
on factors such as customer delivery schedule and available 
sources such as equipment, materials, and people. Prior- 
itizing orders results in a production sequence. See fabri- 
cating. 
production schedule A document that communicates 
the orders to be produced in a given time period. 
productivity A measure of the amount of output in ei- 
ther goods or services per unit of input. The higher the 
productivity, the higher the output versus input. The rec- 
ipe for productivity in any company includes a list of in- 
gredients, such as R&D, new technologies, required up- 
dated machinery, required automation systems, and 
niodern operating facilities. But the one ingredient that 
ties the recipe together and makes productivity work is 
people. See art and science; color matching; design, 
innovative; fabricating employment; intelligence; 
processor certification; quality; training; website; 
world trade. 

Fabricating productivity depends on factors such as pro- 
duction quantities and product-performance requirements 
interrelated to cost. These factors include: (1) research and 
development, (2) new technologies, (3) update on equip- 
ment, (4) automated systems, (5) modern facilities, (6) cer- 
tification, and (7) new plastic materials. Properly trained 
people are required for efficient fabricating. Optirnuni use 

of people requires balancing labor, management, materials 
science, control engineering, mechanical design, mainte- 
nance, and trouble shooting. See art and science; 
computer-aided; computerized knowledge-based 
engineering; entrepreneur; FALL0 approach; 
graphic art; intelligence, emotional; plastic pro- 
cessing; processing, intelligent; processor certifica- 
tion; scientific method; training. See computer 
monitoring information; production data acquisi- 
tion. 
productivity loss See medical cost-of-illness study. 
productivity, plant Maxiinuni productivity requires a 
whole system to work effectively and efficiently and to 
be responsive to change. The system must evolve with 
iniprovement as time passes. The manufacturing congloni- 
eration of individual systems of manufacture, inventory, 
shop control, purchasing, and accounts payable must be 
properly integrated. 
product liability See legal matter: product liability 
law. 
product performance See injections molding pro- 
cess control; melt-flow analysis; process control. 
product, plastic to See plastic products, raw mate- 
rial to. 
product release See medical packaging. 
product safety See legal matter: Consumer Prod- 
uct Safety Act. 
product scale-up Process iinproveinent for large size 
runs. For example, scale-up techniques have been used 
where shear rate is kept constant and Newtonian flow 
characteristics are used. See fabrication process. 
product, semifinished Plastic stock material, such as 
extruded rods and profiles and conipression molded 
blocks, that requires secondary operations such as machin- 
ing and drilling to produce the finished product. See op- 
eration, secondary; surface finish. 
product shape Both shape geometry and design are 
heavily process related. For example, the ability to mold 
ribs niay depend on niatenal flow during processing or on 
the flowability of a plastic reinforced with glass fiber. The 
ability to produce hollow shapes depends on the ability to 
use removable cores, including air, fusible or soluble solids, 
and even sand. Hollow parts can be produced using cores 
that remain in the part, such as foam inserts. See design 
shape; distortion. 
product size See design product size; dimensional 
property; heat profile; melt flow; tolerance. 
product surface See molded-material surface 
measurement; surface treatment. 
product update Product updates can take the form of a 
new design or of incremental improvenients to an existing 
product. A new design usually avoids constraints imposed 
by the incremental approach, but it can be costly in terms 
of time and resources. If the incremental approach is con- 
tinued too long, the entire concept runs the risk ofbecoin- 
ing obsolete. See risk. 
product verification See design verification. 



446 Con& Etzcydopcdia qf Plastics 

product via design See design; Figure 3, Product 
Design Diagram Incorporating Process Selections. 
product weight test 
product workmanship See legal matter: product 
liability law. 
professional service See fabricating outsourcing. 
profile See die profile; extruder profile; wood- 
plastic profile. 
profitability study The evaluation of alternative in- 
vestments to determine the most profitable; the evaluation 
of the economic success of investments that have been ini- 
plemented. The earlier a profitability study is carried out 
in the planning process, the sooner successful alternatives 
can be implemented. Unnecessary planning work can thus 
be avoided, and decisions about investments can be made 
earlier. See return on investment; sales investment 
turn; World of Plastics Reviews: Thinking Like a 
Manager and Managing for the Long Run. 
profit and fabrication See computer monitoring 
information; fabricating output. 
profit and loss control See business bookkeeping. 
profit and technology Keeping up to date on the end- 
less new developnients in plastics ensures that the best 
product design will meet fabricating part performance at 
the lowest cost. See FALLO approach; plastic pro- 
cessing. 
profit and time Delay represents a permanently lost 
profit opportunity: time-is-profit. See life-cycle analy- 
sis; plastics cradle-to-grave. 
profit, benefit-cost See cost-benefit analysis. 
profit plan The formalization of actions leading to the 
attainment of profit goals. See capital-equipment in- 
vestment; economic efficiency and profitability; 
FALLO approach. 
program A set of instructions that “tells and docu- 
ments” exactly what is to be done, how to do it, and 
when. Also called computer soffwnw. See coefficient of 
scatter; computer software; computerized knowl- 
edge-based engineering; process control; test, 
white-box and black-box. 
programmable controller See blow molding, ex- 
truder, parison programmed-control; computer 
program; controller; die head, programmed. 
programmable controller die orifice modulation 
See blow molding, extruder, parison programmed- 
control. 
programmable controller reliability See control- 
system reliability; reliability. 
programmable-controller safety Safety circuits are 
used in programmable controllers to protect people and 
equipment. It is imperative that OEM-supplied circuitry 
incorporated not be subject to modification or deletion 
by the end user. See controller; injection molding, 
programmed; safety; safety interlock. 
programmable logic See control actuator; micro- 
processor control. 

See test, product weight. 

programmable logic controller See motion-con- 
trol system. 
programmable sensor See sensor, intelligent. 
programmed parison 
parison programmed-control. 
programmer 
project checklist The factors that are to be prioritized 
by the individual manufacturer or fabricator according to 
the specific nature of the company’s project requirements 
or expansion: market potential, labor climate, infrastruc- 
ture, quality of life, business environment, taxes and in- 
centives, sites, financial stability, and regulatory franie- 
work. See business; economic. 
promoter A chemical that is itself a weak catalyst but 
that greatly increases the activity of a given catalyst. See 
accelerator; catalyst. 
promotion See World of Plastics Reviews: Making 
Marketing Work. 
property, allowable See A-basis; B-basis; S-basis; 
typical basis. 
property difference See immiscible. 
property, extension A property that depends on how 
much matter is being considered. 
property, intensive A property that does not depend 
on how much matter is being considered. 
property, macroscopic A property that can be di- 
rectly observed and studied. 
property, microscopic A property that cannot be di- 
rectly observed and studied without the aid of a micro- 
scope or other special eyuipmeiit. 
property, specific Material property divided by mate- 
rial density. 
property value See A-basis; B-basis; C-basis; typi- 
cal basis. 
property versus theoretical See plastics, theoreti- 
cal versus actual values of. 
propionate plastic See cellulose propionate plastic. 
proportional control A control mode in which the 
output of the controller is proportional to the error. 
proportional-integral-derivative See temperature 
proportional-integral-derivative control algorithm. 
proportional law See element, definite proportion 
law. 
proportional limit The greatest stress that a material is 
capable of sustaining without deviation from the propor- 
tionality of the stress-strain straight line. See design, 
Poisson’s ratio in; stress, elastic-limit. 
proportional pump See gear pump. 
proprietary molder See processor, proprietary. 
propylene tetramer A derivative that is used in plas- 
ticizers, surfactants, lubricating oil additives, and poly- 
merization nioldifiers. Once manufactured priniarily as 
components of polymer gasoline, they are now valued 
materials in plastics. 
propyleneoxide rubber/elastomer (PPOR) A sub- 
stance that does not crystallize in its atactic form and has 

See blow molding, extruder, 

Person who writes a prograni. 
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a low glass transition temperature of -72°C (-98°F). Its 
copolymer with allylglycidylether (AGE) allows conven- 
tional vulcanization. It  has excellent dynamic properties 
(resilience, etc.). See glass transition temperature; vul- 
canization. 
propylene plastic A plastic that is based on polymers 
of polypropylene or copolymerizes propylene with other 
polymers with the propylene being the greatest amount 
by mass. 
prostheses Artificial body parts, such as fingers, wrist 
joints, elbows, ankles, hips, and knees. Plastics that are 
used include UHMWPE and other polyethylene coni- 
pounds, silicones, reinforced carbon-polysulfone, and 
PUR.  
protection See design protection; rail track pro- 
tection; safety; screw-wear protection; surface 
coating. 
protein 1. Any of the naturally occurring extremely 
complex combinations of amino acids that contain the ele- 
ments of carbon, hydrogen, nitrogen, or oxygen. 2. The 
total nitrogenous material in plant or animal substances. 
proteinaceous See adhesive, proteinaceous. 
protein, conjugated A protein that contains other 
groups in addition to amino acids. 
protocol, communication See communication 
protocol; test, white-box and black-box. 
protocol, Kyoto An international agreement concern- 
ing the environment. In addition to the curbs put on the 
greenhouse gas emissions starting in 2008, fluorocheniicals 
were included in the Kyoto protocol. Increased usage of 
hydrofluorocarbons is now possible, but at the expense of 
other gases. Under the Kyoto protocol, it appears that en- 
ergy efficiency and environmental responsibility will per- 
manently affect product design, including that of polyure- 
thane components. See polychlorofluorocarbon. 
protocol, Montreal An international agreement con- 
cerning ozone-deletion. As the 2003 deadline nears for 
phasing out the use of ozone-depleting hydrochlorofluo- 
rocarbons, their users, such as polyurethane foamers, con- 
tinue their target for replacements. Liquid hydrofluoro- 
carbons have the potential to replace the HCFC blowing 
agent that is used in rigid insulation PUR foams in the 
United States. Developnients in additives and chemical 
structural changes in the basic polymers are occurring to 
meet the ozone-ODP (ozone depletion potential). See 
environmentally friendly additive; foam and blow- 
ing agent; ozone; polychlorofluorocarbon. 
proton A fundamental unit of matter having a positive 
charge. Protons are constituents of all atomic nuclei, their 
number in each nucleus being the atomic number of the 
element in the periodic table. A proton is basically a sub- 
atomic particle having a mass of about 1,840 times that of 
an electron. See atom; mass; nucleus. 
proton, Bronsted-Lowry See Bronsted-Lowry 
acid; Bronsted-Lowry base. 
prototype A three-dimensional model suitable for use 

in the preliminary evaluation of form, design, perfor- 
mance, and material processing of molds, products, and 
dies. See computer modeling; dimensioning and tol- 
erancing, geometric; machine, coordinate-measur- 
ing; modeling. 
prototype, rapid Three-dimensional parts (to date 
principally for injection molding) that have been created 
by computer-controlled laser beams that produce layers of 
the final simple to complex shaped parts. Models can be 
niade of plastics (nylon, etc.) or metals (steel, hard alloys, 
copper-based alloys, powdered metals). With powder 
metal molds, they can be used as inserts in a mold ready 
to produce prototype parts. When properly used this 
autornatic/fast systeni can accelerate product develop- 
ment, improve product quality, and time to the market. 
See computer-aided design; laser-sintering, selec- 
tive. 
prototyping modeling mold A simplified niold con- 
struction often machined from a light metal casting alloy 
or epoxy plastic to obtain information for the final inold 
or part design. 
prototyping modeling mold, rapid Different com- 
puter-aided design and advanced machining techniques 
provide fast manufacture of precision molds. An example 
is MIT’s three-dimensional printing, in which a three-di- 
mensional metal mold (die, etc.) is created layer by layer 
using powdered metal (300- or 400-series stainless steel, 
tool steel, bronze, nickel alloys, titanium, etc.). Each layer 
is inkjet-printed with a plastic binder. The print head gen- 
erates and deposits micron-sized droplets of a proprietary 
water-based plastic that binds the powder together. Once 
the lay-up is completed, the part is removed and placed 
in a sintering oven. It  goes through three cycles where 
plastic is burned off, nietal powder is sintered together, and 
the part is solidified by infiltrating with another material to 
fill the voids such as lower melting point metal or a plastic 
(epoxy, etc.). Total time is S O  h. The shape is accurate 
within 0.005 in., plus 0.002 in./in. (0.0127 cni, plus 
0.0051 cni), and may be acceptable for prototyping. The 
tool can be machined to tighter tolerances and polishing. 
This process permits creation of any type of internal voids, 
such as cooling lines that conform to the part shape. See 
computer-aided design; machining; mold; surface 
finish. 
prototyping modeling, stereolithography A three- 
dimensional rapid process that produces simple to very 
complex part models in plastic. This process uses a moving 
laser beam, directed by a computer, to prepare the model. 
See laser sintering, selective. 
pseudo-elastic method, designing See designing 
with the pseudoelastic method. 
pseudoplastic A material in which viscosity decreases 
with rate of shear, but the material deforms as soon as 
shearing stress is applied. This class of niaterials has the 
greatest industrial applications since all high polyniers and 
polymer melt follow this behavior. See dilatant; melt 
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shear rate; orientation and mechanical property; 
rheology; viscoelasticity. 
pseudoplasticity See viscosity, non-Newtonian 
flow. 
psi Pounds per square inch. 
psychological acceptance See test, organoleptic. 
psychrometer See temperature, wet-bulb. 
P-T diagram A two-dimensional graphic representa- 
tion of the phase relationships in a system of any order by 
nieans of the pressure and temperature variables. 
P-T-X diagram A three-dimensional graphic repre- 
sentation of the phase relationships in a binary system by 
means of the pressure, temperature, and concentration 
variables. 
publication See Appendix F, Trade Magazines and 
Publications. 
public opinion and plastic See environment and 
public opinion; risk, acceptable. 
pucker See prepreg. 
puckering See extruder film cooling roll versus 
quench-tank. 
puller A device that is used to move, for example, the 
extrudate froin an extruder die at a controlled rate. The 
usual form is either a pair of rollers or two belts in opposi- 
tion with the extrudate “pinched” between. 
pulling screw from plasticator See extruder screw 
pulling; injection-molding screw pulling; screw 
removal. 
pulp 
Pulsar mixer 
pulse cooling See injection-molding melt-pulse 
cooling. 
pultrusion See reinforced-plastic pultrusion. 
pulverizing See calcining; material pulverizing. 
pumice An abrasive powder made from highly porous 
igneous rock. It is used as an abrasive and filler. See abra- 
sive; ashing; surface pumicing; tumbling, wet. 
pump, positive displacement A pump that displaces 
material at a constant rate over a wide range of conditions 
with no internal losses. See gear pump. 
pump, variable displacement A hydraulic pump 
whose output can be varied using electrical controls. 
punch 1. See cutter, die; machining and punching. 
2. A part of a die or compacting tool set that is used to 
transmit pressure to the inaterial in a die cavity. 
punch, floating See press, floating punch. 
punching device A method for measuring the resis- 
tance and strength of a material subjected to puncture with 
the action involving tear and stiffness. See burst 
strength; test, burst Mullen; test, tear-resistance. 
purchase order (PO) A document describing what has 
been ordered by the customer. All requirements need to 
be clearly defined on the PO; there should be no verbal 
(unwritten) requirements. See fabricating, asynchro- 
nous; production order quantity. 
purchase order, blanket (BPO) A purchase order 
placed with a supplier for materials and services over a set 

See cellulose; paper; wood pulp. 
See screw mixing, Pulsar. 

time period. The supplier then releases material and ser- 
vices as required or as specified. See backlog. 
purchase order hold An order on which administra- 
tion and production processing is suspended usually be- 
cause of a customer request, depleted inaterial inventory, 
or equipment failure. 
purchasing decision See technology assessment. 
purging The extracting of volatile components from a 
plastic. See devolatilization; venting purifier. At the 
end of a production run the plasticator has to be cleared 
of all plastic from the barrel or screw to eliminate barrel 
or screw corrosion or contamination. It is also required 
when a change of inaterial occurs. This action consumes 
substantial nonproductive amounts of plastics, labor, and 
machine time. It is sonietinies necessary to run hundreds 
of pounds of plastic to clean out the last traces of a dark 
color before changing to a lighter one; if a choice exists, 
the light color should be processed first. Sometimes the 
screw must be pulled for a thorough cleaning. 

There are a few generally accepted rules on purging 
agents to use and how to purge. The following tips should 
be considered: (1) try to follow less viscous with inore 
viscous plastics; (2) try to follow a lighter color with a 
darker color plastic; (3) maintain equipment by using pre- 
ventative maintenance; (4) keep the materials-handling 
equipment clean; and (5) use an intermediate plastic to 
bridge the temperature gap, such as that encountered in 
going froin acetal to nylon. 

Ground or cracked cast acrylic and PE-based (typically 
bottle-grade HDPE) materials generally are the main 
purging agents. Others are used for certain plastics and ma- 
chines. Cast acrylic, which does not nielt completely, is 
suitable for virtually any plastic. PE-based compounds 
containing abrasive and release agents have been used to 
purge the “softer” plastics such as other olefins, styrenes, 
and certain PVCs. These purging agents function by me- 
chanically pushing and scouring residue out of the ex- 
truders. 
purification The removal of extraneous materials (im- 
purities) froin a substance or mixture can be accomplished 
by one or inore separation techniques. A pure substance 
is one in which no impurities can be detected by any ex- 
perimental procedure. Though absolute purity is inipossi- 
ble to attain, a nuniber of standard procedures exist for 
approaching it to the extent of 1 ppm or even less. See 
carbon black, animal; devolatilization; material im- 
purity; venting purifier. 
putty The historical putty is a mixture of whiting 
(chalk) with 12 to 18wt% of linseed oil, with or without 
white lead or other pignients. New putties have been for- 
mulated. There are plastic putties with a range of different 
capabilities using such plastics as diallyl phthalates, sili- 
cones, vinyls, polyurethanes, and thermoset polyesters. 
The plastic types provide much more stability, longer life, 
and permanent colors. It is used in sealants. window glass 
settings, and caulking agents. 
putty, body A specialized putty for the repair of auto 
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body surfaces and boats. It is usually a mixture ofthernioset 
polyester plastics with fillers such as talc. See caulking 
compound; polyester plastic, thermoset; talc. 
putty, bouncing A boron-containing silicone that has 
the surprising property of rebounding when dropped. 
Compounds are available that bounce under a free fall 
close to the height. It is perhaps best known as a novelty 
item sold coniniercially as Crazy Putty, Nutty Putty, or 
Silly Putty. 
pyrolysis 1. The technology of decomposing organic 
materials at high temperatures, such as 1,000 to 2,000"F 
(540 to 1,OXO"C). See ablative plastic; incineration; 
waste. 2. In waste-handling combustion facilities, decom- 
position caused by heat in an oxygen-deficient atnio- 
sphere. Running at 500 to 900°C in an oxygen-free atino- 

sphere, it produces gaseous hydrocarbons, ammonia, and 
hydrogen chloride (up to SO%), synthetic crude (25 to 
40%)), and solids residue. See recycling, chemical. 3. 
The thermal process by which plastic precursor fiber mate- 
rials are chemically changed into carbon or graphite fibers 
by the action of extremely high temperature. See allo- 
phanate; decomposition; endothermic; fiber, car- 
bon; fiber, graphite; graphitization; mesophase; 
pitch; polyacrylonitrile plastic; precursor. 

pyrolysis, vacuum See cleaning, vacuum-pyrolysis. 
pyrolyzation A chemical change brought about by the 
action of heat, such as occurs in carbonization. 
pyrometer An electrical thernioineter for measuring 
and recording temperatures. A pyrometer with a surface 
contact probe is essential in many fabricating lines and 
troubleshooting. The contact probe can be used to check 
for heater burnout, heat flow, and temperature balance. It  
can check melt themiocouple accuracy and also check the 
actual melt temperature as it exits the die. For example, 
die exit temperature is often much higher than the melt- 
probe temperature, which is usually indicated near the 
screw discharge and is influenced by adapter metal temper- 
ature. See radiation, pyrometer; temperature mea- 
surement; temperature sensor; thermocouple; trou- 

bleshooting. 
pyrophoric material Any liquid or solid that will ig- 
nite spontaneously in air at  about 54°C (130°F). See 
combustion, autoignition point; ignition. 
pyrrone plastic Polyimidazo-pyrrolones that are syn- 
thesized from dianhydrides and tetramines. This plastic is 
soluble only in sulfuric acid and resistant to temperatures 
up to 600°C (1,112"F). See temperature properties of 
plastics. 



Q 
qualification test A test that is conducted by a procur- 
ing plant to determine conformance of materials to the 
requirements of a specification, worksheet, or qualified 
products list. See design verification; ISO-9000 certi- 
fication; specification. 
qualified products list (QPL) A list of conimercial 
products that have been pretested and found to meet the 
requirements of a specification. 
qualitative analysis An analysis by analytical methods 
in which some or all of the components of a product or 
sample are identified irrespective of their amounts. See 
quantitative analysis. 
qualitative chemical analysis An analysis to deter- 
mine the chemical nature of the constituents of a material, 
irrespective of their amounts. See chemical analysis; 
test, chemical property. 
quality 1. A manufacturing term reflecting variation 
froin a norm when the nonn represents the absolute speci- 
fications such as weight, volume, and appearance of the 
part being fabricated. 2. An aspect, attribute, characteristic, 
or fundamental dimension of practical experience that in- 
volves variation in kind rather than degree. 3. The coni- 
posite of those characteristics that differentiate among 
individual units of a product and have significance in de- 
termining the degree of acceptability of that unit by the 
user. See reliability; computers and statistics; statisti- 
cal benefit. 
quality acceptance number See quality level, ac- 
ceptable. 
quality analysis See cost-utility analysis. 
quality and control Quality in products starts with a 
good design concept, a good problem statement, an iden- 
tification of requirements and objectives, understanding of 
the end user and alloys for siniplifying selection of tests, 
and a reasonable schedule that includes all company func- 
tions involved. See computer-aided quality control; 
design; FALL0 approach; plastic material selection; 
statistical normal curve. 
quality and training See education; training and 
quality. 
quality assurance (QA) The planned and systematic 
actions that are necessary to ensure that a processing facility 
or product will perform satisfactorily in service. It includes 
quality control, quality evaluation, and design assurance. 
A good QA program is a coordinated system, not a se- 
quence of separate and distinct steps. It is an independent 
audit or evaluation of the quality function. It can be coni- 
pared to the finance function. Its major elernents are man- 
agement of QA, product and process quality evaluation 
and control, quality training and personnel development, 
product quality and reliability development, product and 

process quality planning, supplier quality studies, quality 
information feedback, quality measurenient equipment, 
and field quality evaluation and control. See ISO-9000 
certification; sterilization quality assurance; steril- 
ization radiation. 
quality assurance test A test in a program that is con- 
ducted to determine the quality level. 
quality auditing An audit evaluates the existence and 
adequacy of the quality assurance program and ensures that 
the manufacturer’s operations are in compliance with it. 
quality control (QC) Quality control requires consis- 
tent materials that can be used with a minimum of uncer- 
tainty. This involves inspection and testing of raw materi- 
als to products. Plant QC is as important to the end result 
as is selecting the best processing conditions with the cor- 
rect grade of plastic, in terms of both properties and ap- 
pearance. After the correct plastic has been chosen, its 
blending, reprocessing, and storage stages of operation 
need to be frequently or continuously updated. The pro- 
cessor should set up specific measurements of quality to 
prevent substandard products froin reaching the customer. 
QC involve those quality-assurance actions that provide a 
means to control, measure, and establish requirements of 
the characteristics of plastic materials, processes, and prod- 

From a practical aspect, the expression quulity contvol 
refers to a product that fulfills customer’s expectations. 
These expectations or standards of performance are based 
on the intended use and selling price of the product. Con- 
trol is the process of regulating or directing an activity to 
verify its conformance to a standard or specification and 
to take corrective action if required. Therefore, QC is the 
regulatory process for those activities that measure a prod- 
uct’s performance, compare that performance with estab- 
lished standards or specifications, arid pursue corrective ac- 
tion regardless of where those activities occur. 

There are various methods for applying QC on-line. 
For example, measurement of the infrared spectra of plastic 
melts provides process monitoring and control in the man- 
ufacturing process. Precise information on quality can be 
obtained rapidly. Furthermore, it is also possible to make 
nieasurements on unstable intermediates of importance. 
Although spectroscopy on nielts is considerably different 
froni that on solid niaterials, this does not h i i t  the infor- 
mation content. IR has f6r niany years been an important 
aid to investigating the chemical and physical properties 
of molecules. It gives qualitative and quantitative infor- 
mation on chemical constituents, functional groups, and 
impurities. It is used in studying low-molecular-weight 
compounds and in characterizing plastics. It is a highly in- 
formative method of applying testing. See infrared; in- 

ucts. 
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spection; testing. See accuracy; inspection; inspec- 
tion, vision-system; material handling; material 
received, checking; part handling; probability; pro- 
cess control; repeatability; risk, acceptable; sam- 
pling; statistical process control; statistical quality 
control; storage; testing; testing and quality control; 
test method conformance; viscoelasticity, linear; 
warehousing; zero defect. 
quality control, acceptable See sampling accept- 
able quality level. 
quality control, image See computer image-pro- 
cessor; inspection; inspection, vision-system. 
quality control, kinetic See viscoelasticity, linear. 
quality-control manual A document that is usually set 
up in a computer’s software program and that states the 
details of the plant’s quality objectives and how they will 
be implemented, documented, and followed. 
quality control monitoring See extruder-web ten- 
sion control, slipping and learning. 
quality control online infrared measurement See 
infrared spectroscopy; quality control. 
quality control stress measurement See test, non- 
destructive photoelastic stress-analysis. 
quality control variable There are three phases in the 
evolution of most QC systems; (1) defect detection, where 
an army of inspectors tries to identify defects; (2) defect 
prevention, where the process is monitored, statistical 
methods are used to control process variation, and adjust- 
ments to the process are made before defects are produced; 
and (3) total quality control, where quality is extended 
throughout all functions and nianagement integrates and 
leads the various functions toward quality and a custonier- 
first orientation. The defect-detection approach to quality 
control does nothing to improve the process and is not 
very good at sorting good from bad. Also, sampling plans 
developed to support an acceptable quality level of 5%, 
for example, mean that a company is content to deliver 
5% defects. 
quality control, volatile See prepreg volatile con- 
tent; volatile content. 
quality cost, direct A cost that can be separated into 
categories, such as prevention, appraisal, internal failure, 
and external failure. Each of these four categories is made 
up of a number of subcategories that in turn simplify the 
collection, reporting, and analysis of the information. See 
cost. 
quality cost overview Quality products must contrib- 
ute to company profits, and profit analysis is as important 
as design, production, control, and packaging the prod- 
ucts. Quality costs provide (1) a means of assessing the 
overall effectiveness of the quality program, (2) a means 
of establishing programs to meet overall needs, (3) a 
method for determining probleni areas and action priori- 
ties, (4) a technique for determining the optimum amount 
of effort needed by the various quality activities, and 
(5) information for pricing products or bidding on jobs. 
Producing products that have a high level of quality is not 

enough. The cost of achieving that quality must be care- 
fully managed so that the long-range effect of quality costs 
on the company’s profits is a desirable one. This is the 
true measure of the quality effort. See cleanroom; cost; 
economic and product quality; economic efficiency 
and profitability; engineered, re-. 
quality factor, performance The ratio of elastic mod- 
ulus to loss niodulus (measured in tension, compression, 
flexural, or shear). This effect is a nondimensional term. 
See modulus of elasticity. 
quality indicator, image (IQI) In industrial radiol- 
ogy, a device or combination of devices whose demon- 
strated image or images provide visual or quantitative data 
to determine radiological quality and sensitivity. It  is not 
intended for use in judging size or establishing acceptance 
limits of discontinuities. Also called penetvaineter. See opti- 
cal density; optical distortion value. 
quality level, acceptable (AQL) The maximum al- 
lowable number of defective parts for a given acceptable 
quality and lot sample. AQL is a quality of product, ex- 
pressed as a percent defective, such that a lot having this 
percent defective will have a probability of rejection by 
the customer. An ideal sampling and inspection plan 
would accept all lots of better quality and reject all lots of 
lower quality. Any practical plan can approach this ideal. 
AQL is the process average at which the risk of rejection 
is called the producer’s risk. See sampling acceptable 
quality level. 
quality management, environment See ISO-14000 
certification. 
quality management, total (TQM) A principle of 
manufacturing associated with the adage “do it right the 
first time.” This term is not associated with any product 
but reflects a philosophy and its iniplenientation. See de- 
sign, medical-device; ISO-9004 certification. 
quality of life (QOL) The social, physical, emotional, 
psychological, and general well-being of people. Inter- 
views and questionnaires typically measure it. See pro- 
ductivity. 
quality optimization goal Quality is always a coni- 
promise between many different requirements. It  provides 
not only the goal that is to be attained by the optimization 
but many individual partial goals. These include product 
dimensional stability during fabrication, reduction of 
warpage, iniproving surface finish, and increasing output 
rate. However, with improvements potential problems or 
performance loss in other areas can occur. The target is to 
obtain the proper or ideal coniproniise. Also called quality 
ofconfirmance. See control; design; design, optimized; 
population confidence level; process control; risk, 
acceptable, testing. 
quality, product See economic and product 
quality. 
quality system QS-9000 The standard QS-9000 is an 
augmentation of the [SO-9000 standard that was created 
for the automotive industry. See ISO-9000 certifica- 
tion. 
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quality-system regulation (QSR) The new term for 
good manufacturing practice (GMP) and process valida- 
tion (PV). It is important for the medical-device industry 
(which uses an extensive amount of plastics) and also in 
other product industries that follow strict processing pro- 
cedures that meet zero defects. The Food and Drug Ad- 
ministration defined GMP and PV as a documented pro- 
gram providing a high degree of assurance that a specific 
process will consistently produce a product meeting its 
predetermined specifications and quality attributes. Ele- 
ments of validation are product specification, processing 
equipment, and process revalidation and documentation. 
The GMP regulation became effective in 1978. As of Oc- 
tober 7, 1996, GMP was revised to incorporate many 
changes and renamed quality-system regulation. The GMP 
focused almost exclusively on production practices that re- 
quired very detailed manufacturing procedures and cx- 
tremely detailed documentation with QSK, major new 
requirements are in the areas of design, management re- 
sponsibility, purchasing, and servicing. It enconipasses 
quality system requirements that apply to the entire life 
cycle of a device. See cleanroom; control, change; 
design, biomedical-product; design control and 
quality-system regulation; design, medical-product; 
inspection; legal matter; plastic product failure; 
specification; sterile. 
quantitative analysis A measure that determines the 
amount of one or more components of a product or sain- 
ple. See qualitative analysis; statistic. 
quantity See percentage point; production order 
quantity. 
quantity lower range value The lowest quantity that 
a device is adjusted to measure. 
quartz Ground quartz is used as an additive or filler. 
See fiber, quartz. 

quartz heater 
quartz. 
quartz sand See fluid-bed process. 
quasi-isotropic property See directional property, 
isotropic. 
quench The process of sudden cooling or shock-cool- 
ing products in water or air from a molten state as soon as 
they are removed from the process (molded part, extruded 
pipe, etc.) and for a specific time period. To control time 
of immersion or exposure, various techniques are used. 
For example, continuous, open, basketlike filament (wire, 
etc.), woven-type containers move parts through agitated, 
temperature-controlled water rather than just dropping 
them into a tank and periodically collecting them. How- 
ever, products such as extruded or calendered film are 
cooled by passing through a quench water bath tank or 
air-forming jigs. See annealing; melt. 
quench aging Aging that is induced by rapid cooling 
after annealing or heat treatment. See aging. 
quench annealing See annealing. 
quench bath The cooling medium, usually water, that 
is used to quench molten thermoplastics to the solid state. 
quer-wave A dispersive surface wave with one hori- 
zontal component. It is generally normal to the direction 
of propagation velocity with increase in frequency. Also 
called love wave. 
quick burst strength See burst strength. 
quicklime A calcined liniestone whose major constit- 
uents are calcium oxide or calcium oxide in association 
with magnesium oxide. It is capable of slaking with water. 
See lime. 
quick setting ink 
quotation 

See thermoforming heater, tubular 

See printing ink. 
See cost; legal matter: quotation. 



R 
rad The quantity of ionizing radiation that results in the 
absorption of 100 ergs of energy per gram of irradiated 
material. See energy absorption, megarad; ioniza- 
tion. 
radar doppler effect See electronic doppler effect. 
radian (rad) The SI unit for a plane angle. Use of de- 
gree and its decimal submultiple is permissible when the 
radian is not a convenient unit. One degree (") equals rad 
X 0.017533 or 1' equals (7~/180) rad. 
radiation The process of emitting radiant enerbT in the 
form of waves or particles. It is the combined processes of 
emission, transmission, and absorption of radiant energy. 
See cobalt-60; curie; energy; gamma radiation; 
heat; heater; irradiation; printing ink, radiation; res- 
inography; sterilization, radiation; ultraviolet radia- 
tion. 
radiation, absorbed dose The amount of energy im- 
parted by ionizing radiation per unit mass of irradiated 
matter. 
radiation activation The process of inducing radio- 
activity in a material by bombardment with neutrons or 
other types of radiation. See neutron. 
radiation blackbody In radiation physics, a theoretical 
object that absorbs all radiant energy falling on it and emits 
it in a forni of thermal radiation. 
radiation coating See polymerization, photo-. 
radiation cure See extruder wire and cable pro- 
cess. 
radiation damage A structural defect arising from ex- 
posure to radiation. See radiation-induced reaction. 
radiation depth dose The variation of absorbed dose 
with distance from the incident surface of a material ex- 
posed to radiation. Depth dose profiles give inforniation 
about the distribution of absorbed energy in a specific nia- 
terial. 
radiation, diffraction 1. A modification that radiation 
undergoes, as in passing by the edge of opaque bodies or 
through narrow slits in which the rays appear to be de- 
flected. 2. The coherent scattering of x-radiation by the 
atoms ofa crystal, which results in beams having character- 
istic directions. See electron scattering. 
radiation dome See radome. 
radiation dose The amount of ionizing radiation en- 
ergy received or absorbed by the material during exposure. 
Also called radiation dosage or ionizution radiation dose. See 
ionization. 
radiation dose equivalent The sievert (Sv) is the dose 
equivalent when the abrorbed dose of ionizing radiation 
is multiplied by the dimensionless factors Q (quality factor) 
and N (product of any other multiplying factors). As stipu- 

lated by the International Commission on Radiological 
Protection, this is 1 joule per kilogram (J/kg). 
radiation dosimeter An instrument for measuring 
radiation-induced signals that can be related to absorbed 
dose, or energy deposited, by radiation in materials. Cali- 
bration is in terms of the appropriate quantities and units. 
Also called dose meter. 
radiation dosimeter, primary-standard A system 
that measures energy deposition directly without the need 
for conversion factors for interpretation of the radiation 
absorption process. Examples of such systems are calorim- 
eters and dosimeters. See calorimeter. 
radiation dosimeter, secondary-standard A system 
that measures energy deposition indirectly. It requires con- 
version factors to account for such considerations as geome- 
try, dose rate, relative stopping power, incident energyspec- 
truni, or other effects in order to interpret the response 
system. Thus, it requires calibration against a primary do- 
simeter system or by means of a standard radiation source. 
radiation dosimeter, solid-phase chemical An ap- 
paratus that measures radioactivity by using plastic, dyed 
plastic, or glass with an optical density, usually in the visi- 
ble range, that changes when exposed to ionizing radia- 
tion. Examples include dyed PMMA, undyed PVC, dyed 
PA, and dyed polychlorostyrene. This method is also con- 
sidered to be a secondary-standard dosimeter system. See 
ionization. 
radiation, electromagnetic See electromagnetic 
radiation; extruder wire and cable cross-linking ra- 
diation without peroxide; fiber optic; infrared spec- 
troscopy. 
radiation, electronic See electromagnetic interfer- 
ence. 
radiation fallout The deposition on earth of the radio- 
active particles resulting from a nuclear explosion. Some 
plastics that have damage resistance to nuclear fallout. See 
radiation-resistant plastic. 
radiation-induced reaction A reaction that is induced 
in monomers and plastics by ionizing radiation and by 
certain aspects of the photocheniistry of plastics. Reac- 
tions include radiation-induced polymerization, radiolysis 
of plastics, and radiation graft copolymerization. The 
transformations occurring include chain scissions, cross- 
linking, and changes in saturation. Some coniinon plastics 
resist radiation damage. The most stable contain aromatic 
benzene groups, such as polystyrene and phenolic plastics. 
See aromatic; chemical benzene ring; chemical re- 
action; degradation; degradation, scission; grafting; 
ionization; polymerization, photo-; radiation dam- 
age; radiation-resistant plastic. 
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radiation, monochromatic Radiation at a single wave- 
length and, by extension, radiation of a very small range of 
frequencies or wavelengths. See candela; wavelength. 
radiation, photon The unit (quantum) of electromag- 
netic radiation. It is a discrete concentration of energy that 
seems to have no rest mass and nioves at the speed of light. 
Basically, it is a particle of light. Just as matter is coniposed 
of atoms, light is composed of photons (quanta). Light 
waves, ganiina rays, and x-rays consist of photons. See 
polymerization, photo. 
radiation polymerization A polymerization reaction 
that is initiated by exposure to radiation such as gamma 
rays rather than by means of chemical catalysts. See cata- 
lyst; polymerization; sterilization, radiation. 
radiation pyrometer An instrument for determining 
teniperatures by measuring the radiance (radiant energy 
per unit area) from an object. See pyrometer; tempera- 
ture measurement; thermocouple. 
radiation-resistant plastic Ionizing radiation can sig- 
nificantly alter the molecular structure and macroscopic 
properties ofplastics. Plastics exhibit a wide range of radia- 
tion stabilities. Radiation resistance is strongly influenced 
by the basic macromolecular structure, the presence of 
certain types of additives, and particular environniental ex- 
posure conditions. See ionization; molecular struc- 
ture; radiation fallout; radiation-induced reaction; 
sterilization radiation. 
radiation, tent-value-layer (TVL) The thickness of 
the layer of a specified substance that, when introduced 
into the path of a given narrow beam of radiation, reduces 
the intensity of this radiation by a factor of 10. 
radical Fragment of a molecule that contains an un- 
paired electron. With two or niore atoms present in a 
compound, some of them occasionally group themselves 
and behave as a unit in a chemical reaction. 
radioactive Spontaneous nuclear disintegration with 
eniission of corpuscular or electromagnetic radiation. 
radioactive beta particle A charged particle from a ra- 
dioactive atomic nucleus either natural or synthetic. It car- 
ries a single charge. If it is negative, the particle is identical 
with an electron; ifpositive, it is a positroii. Beta rays cause 
skin burns. See electron; positron. 
radioactive decontamination The removal of radio- 
activity in equipment and personnel areas. See hazard. 
radio-frequency interference See electromagnetic 
interference; plastic, electrically conductive. 
radio-frequency preheating Preheating raw materials 
to facilitate the fabricating operation or reduce fabricating 
time. The frequencies most commonly used are from 10 
to 100 rnc/s. See electrical radiation. 
radiographic contrast The difference in density be- 
tween an image and its immediate surroundings on a ra- 
diograph. 
radiograph imaging See digital imaging. 
radiographic inspection The use of x-rays or nuclear 
radiation to detect discontinuities in material and to pre- 
sent their image on a recording medium. See inspection. 

radiography See test, nondestructive radiography. 
radiography, cine- The production of a series of ra- 
diographs that can be viewed rapidly in sequence, thus 
creating an illusion of continuity. 
radioisotope An isotopic form of an element (either 
natural or artificial) that exhibits radioactivity. It  is used as 
a tracer when melting plastics (through extruder, injection, 
etc.), measuring thickness (films, profiles, molded wall, 
etc.), and initiating polymerization reactions. See iso- 
tope. 
radiolysis of plastic See radiation-induced reac- 
tion. 
radiometer An instrument for measuring radiation in 
energy or power units. 
radionuclide decaying activity The becquerel (Bq) is 
the activity of a radionuclide decaying at the rate of one 
spontaneous nuclear transition per second. 
radius of gyration The average distance of the mass in 
a niolecule from the center of its niass. See molecular 
mass. 
radome A cover for a microwave antenna that protects 
the antenna from the environment on the ground, under- 
water, and in the air (aircraft nose cone, etc.). The dome 
is basically transparent to electromagnetic radiation and 
structurally strong. Various materials have been used, such 
as wood or rubber-coated air-supported fabric. The nimt 
popular is the use of glass-fiber thermoset polyester re- 
inforced plastics. The shape of the dome, which is usually 
spherical, is designed not to interfere with the radiation. 
Also called radiation dome. See electronic doppler effect; 
polyphosphazene plastic; rain; reinforced plastic; 
test, coin impact. 
rail-car contamination Transportation (particularly 
rail cars) and handling (particularly unloading) offer nu- 
merous possibilities for material contamination. See con- 
tamination; material handling; storage. 
rail car, Glasshopper A filament wound tank made of 
glass-fiber thermoset polyester reinforced plastic. It was 
lighter than steel car? and passed all operating performance 
tests, but the price was not lower. Cargill Inc., Southern 
Pacific, and ACF Industries were involved with the 
Glasshopper in 1973. See filament winding; material 
handling; reinforced plastic. 
rail car, SCRIMP An insulated reinforced plastic rail 
car (1995) that weighs 15,500 lb or 50% less than a steel 
box car and at the same time offers a bigger payload 
(200,000 Ib) and cubic capacity (6,100 ft'). Its shell is made 
from two plastic parts. The floor, end walls, and sidewalls 
are made in one shot using 13,000 lb of reinforced plastic. 
See material handling; reinforced-plastic SCRIMP 
process. 
rail car unloading See material handling, auto- 
matic. 
railroad freight car fee See cost, demurrage; tare. 
rail-track protection One factor in railroad safety is 
weed control since weed roots can affect the structure and 
configuration of the rail bed. A wide-tie rail track that uses 
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concrete ties with PVC profiles in between the narrow 
gaps of the ties eliminates the growth of weeds. This con- 
struction is weather resistant, durable, flexible, and resis- 
tant to abrasion and has good stability in extreme ternpera- 
tures. 
rain Raindrops rarely exceed 6 niin in diameter because 
they become unstable when larger than this size and break 
up during their fall. Raindrops can be small destructive 
“bullets” when they strike high-speed aircraft. They can 
erode paint coatings, plastic parts (radomes, etc.), and even 
nonplastics (aluminum, magnesium, etc.). Erosion by rain 
on the exterior of high-speed aircraft (400 inph) was 
observed during 1941 on aluminum and the reinforced 
plastic radome (particularly the eagle wing on the 13-29 
bomber) over the Pacific Ocean. A protective measure, 
still being used on commercial aircraft, is an adhesively 
applied 5-mil coating of an elastomeric material (neoprene 
plastic) that literally caused the raindrops to bounce off the 
reinforced plastic. There was about 1% per mil thickness 
of radar transmission loss. See acetal plastic; erosion; 
radome; reinforced plastic; wear; weather condi- 
tion, normal. 
rain forest See canopy, rain-forest. 
ram 
ram; injection molding machine, ram; plunger. 
Raman spectroscopy See spectroscopy, Raman. 
ram booster A rani that is usually hydraulically oper- 
ated and used as an auxiliary to the main ram of a machine, 
such as a molding press. See pressure booster. 
ram extrusion See extruder wire and cable, ram. 
ram force The total load applied, normally expressed 
in tons, by a rain that is nunierically equal to the product 
of the line pressure and the cross-sectional area of the rani. 
This action is used in different processing systems, such as 
the compression-molding machine hydraulic rain action, 
the injection-molding screw that is used as a rani when 
melt is to be pushed into a mold cavity, and extruding by 
rani action (with or without a screw) to move plastics that 
cannot be melted in screws. 
ramie See fiber, ramie. 
ram injection molding See screw torpedo; 
spreader. 
ram input An input with a constant rate of change 
other than zero. 
ramping A gradual prograninied increase or decrease 
in temperature or pressure to control the cure or cooling 
of plastic parts, such as reinforced plastics. See cure; re- 
inforced plastic. 
ram stuffer See hopper stuffer. 
ram travel The distance that an injection rani moves to 
fill a mold during injection molding (with a screw or 
plunger ram system), extrusion ram, or transfer molding. 
See extruder, ram; injection-molding machine, 
ram; transfer molding. 
randomization See error randomization. 
range 1. The absolute value of the algebraic difference 
between the highest and the lowest values in a set of data. 

See extruder ram; extruder wire and cable, 

See algebra. 2. The range between the limits within 
which a quantity is measured. It  is expressed by stating the 
lower and upper range values. 
Rankin scale (R) A temperature scale that uses Fahren- 
heit (F) degrees but makes the zero degree signify absolute 
zero (-459.72”F). To  obtain an approximate R, add 460 
to O F .  See temperature. 
Raoult’s law The vapor pressurc of a substance in equi- 
libriuni with a solution containing the substance is equal 
to the product of the mole fraction of the substance in the 
solution and the vapor pressurc of the pure substance at 
the temperature of the solution. This law is not applicable 
to most solutions but is often approximately applicable to 
a mixture of closely similar substances, particularly the sub- 
stance present in high concentration. See drying; equi- 
librium vapor pressure; mole; solution, ideal; vapor 
pressure. 
rapid loading See impact strength. 
rapid marking See laser marking. 
rapid tooling/rapid prototyping See prototype, 
rapid. 
rasp See waste rasp. 
rate-determining step The slowest step in the se- 
quence of steps leading to the formation of products. 
rate law An expression relating the rate of a reaction to 
the rate constant and the concentrations of the reactants 
raised to the appropriate powers. 
rate term 
ratio The quantities of one substance to another sub- 
stance on  a weight or volume basis. See extruder draw- 
down; modulus; screw length-to-diameter ratio. 
raw material See plastic products, raw material to. 
rayon See fiber, rayon. 
reactant See chemical reactant. 
reaction See chemical reaction. 
reaction foam molding See foam and process; 
reaction injection molding. 
reaction injection molding (RIM) A process for 
molding polyurethanes. Also used for epoxies, nylons, and 
other liquid chemical systems. Unlike liquid casting, the 
two liquid components, polyols and isocyanates, are mixed 
in a chambcr at relatively low temperatures of 75 to 140°F 
(24 to 60°C) before being injected into a closed niold. O n  
mixing, an exothermic reaction occurs that requires less 
energy than other injection molding systems. The main 
KIM type systenis using PUKs are rigid structural 
foam, low-modulus elastomers, and high-niodulus elasto- 
mers. 

The plastics polymerize after entering a niold. Mixing 
two or more components (additives, fillers, and reinforce- 
ments) in the proper chemical ratio is accomplished by a 
high-pressure impingement-type mixing head. This mix 
is directed into the mold cavity at low pressure, where it 
chcrnically reacts to form a plastic. The components are 
mixed together at a given ratio and then directed or basi- 
cally poured into a niold under controlled temperature, 
pressure, and rate of flow. They polymerize and cure in 

See temperature controller rate term. 
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the mold to form a molded part; the mold cavity could 
include reinforcement such as a woven or nonwoven fab- 
ric. The majority of KIM systems are based on polyure- 
thanes or polyurethane-polyurea hybrids. They can be 
prepared so that a solid or rigid integral skin is formed on 
the flexible foam moldings. Solid moldings are elastomeric 
with high or low modulus. Also called liquid injection mold- 
ing, reactive injection molding, or LIM. See exotherm; 
foam, structural; injection molding, liquid; modu- 
lus; polymer, reactive; reinforcement. 
reaction-injection molding day tank A tank that 
contains the chemical components and that is usually 
mounted on or near the machine. Tanks maintain the 
components at process temperature and feed the machine 
for production. 
reaction injection molding degassing Applying a 
vacuum to the day tank to remove dissolved gases and 
entrapped gas bubbles. 
reaction injection molding demold time The time 
from when the reactive materials have been mixed and 
injected into the mold to a point at which sufficient cure 
is achieved. This time period enables removal from the 
mold without damage. 
reaction injection molding free rise The unrestricted 
rise of a foam. 
reaction injection molding green strength See 
plastic green strength; tensile green strength. 
reaction injection molding, impingement mixing 
Forcing together of two disparate liquid streams under 
high pressure. It is used for mixing of polyol and isocyanate 
in RIM. See mixing, impingement. 
reaction injection molding lockout See safety, 
machine-lockout. 
reaction injection molding machine daylight See 
clamping daylight opening. 
reaction injection molding mold See mold. 
reaction injection molding, one-shot See foamed, 
one-shot system. 
reaction injection molding operator’s sequence See 
operation, automatic; operation, manual; operation, 
semiautomatic. 
reaction injection molding peak rise point The 
highest rise a foam may achieve prior to the occurrence 
of cell rupturing and thereafter settling. 
reaction injection molding, prepolymer See 
foamed, prepolymer. 
reaction injection molding, pressure See pressure, 
locking. 
reaction injection molding process control safety See 
programmable controller safety. 
reaction injection molding, reinforced See rein- 
forced plastic reaction-injection molding. 
reaction injection molding rise time See foamed 
rise time. 
reaction-injection molding self-cleaning The abil- 
ity of a mixing head to mechanically expel all mixed inate- 
rials from the mixing head at the end of each shot. With- 

out self-cleaning, the next shot may not occur or may be 
contaminated, producing an unacceptable part. 
reaction injection molding short shot 
reaction injection molding, soluble core See eu- 
tectic mixture; soluble-core molding. 
reaction injection molding, structural A RIM 
product with structural strength that usually contains re- 
inforcing fibers. It  has some similarity to resin transfer 
molding (RTM), but its plastic chemistry is different. See 
reinforced-plastic resin transfer molding. 
reaction injection molding tack free time See 
tack-free time. 
reaction injection molding temperature stratifica- 
tion A condition encountered in tanks when they do 
not have sufficient agitation to maintain a homogeneous 
state. 
reaction mechanism The sequence of elementary 
steps that leads to product formation. 
reaction order The power (or exponent) to which a 
concentration of a reactant needs to be raised in the rate 
law expression. 
reaction quotient A number that is equal to the ratio 
of product concentration to reactant concentration, each 
raised to the power of its stoichiometric coefficient at 
some point other than equivalent. See chemical reac- 
tion; stoichiometry. 
reaction rate A measure of how rapid a reaction occurs. 
It  is the change of the reactant or product concentration 
divided by the time required for the change to occur. 
reaction, redox A reaction in which there is either a 
transfer of electrons or a change in the oxidation numbers 
taking part in the reaction. See redox. 
reaction spinning See fiber processing, spinning, 
reaction. 
reaction, termolecular See molecular, ter-. 
reaction, thermonuclear See thermonuclear reac- 
tion. 
reaction, unimolecular See molecular, reaction, 
uni-. 
reaction, viscosity See processing, reaction vis- 
cosity. 
reaction versus temperature rate See chemical re- 
action versus temperature rate. 
reactive diluent A formulation or compound con- 
taining one or more diluents that functions mainly to re- 
duce the viscosity of the mixture. 
reactive extruder See extruder, reactive-process- 
ing. 
reactive injection molding See reaction-injection 
molding. 
reactivity See polymer reactivity. 
reaction viscosity See processing, reaction viscos- 
ity. 
reaction, zero-order A reaction for which a reaction 
rate is independent of the concentrations of the reactants. 
An example is a photochemical reaction in which the rate 
is determined by the intensity of light. 

See short. 
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reaction, Zimmermann See chemical reaction, 
Zimmermann. 
reactor, breeder A nuclear reactor that produces more 
nuclear fuel than it consumes. See synergism. 
reactor technology Reactors are employed in polynier 
manufacture in the preparation of feeds and the polymer- 
ization reactions (bulk, emulsion, etc.). They comprise the 
underlying engineering principles of chemical-reaction 
engineering and the practices used in their applications. In 
addition to stoichiometry and kinetics, reactor technology 
includes requirements for introducing and removing re- 
actants, efficiently supplying and withdrawing heat, ac- 
comniodating phase changes and material transfers, ensur- 
ing efficient contact among reactants, aiid providing for 
catalyst replenishnient or regeneration. See composite, 
boral; exotherm; kinetic; polymerization; polymer- 
ization, solution; polypropylene, multiple mono- 
mer. 
reactor, vapor-phase A heavy steel vessel for carrying 
out chemical reactions on an industrial scale where effi- 
cient control over a vapor phase is needed-for example, 
in an oxidation process. 
reactor volatility See devolatilization. 
reagent Any substance used in a reaction to detect, 
measure, examine, or produce other substances. 
reagent resistance The chemical resistance ability of a 
plastic to withstand exposure to acids, alkalis, solvents, and 
other chemicals. 
reagent limiting The reactant used up first in a reac- 
tion. 
real time The present time or as fabrication is occur- 
ring. 
Reaumur (R) A temperature in which 0 is the freezing 
point of water and 80 is its boiling point. See tempera- 
ture. 
rebuilding and repair See manufacturing, remanu- 
facturing/rebuilding; screw rebuilding and repair. 
recessed letter/decoration Letters and other designs 
are depressed in a mold or roll so that when plastic is pro- 
cessed they will be incorporated in the finished product. 
See casting; decorating; extruder roll; mold cavity. 
recipe A formula, mixing procedure, and any other in- 
structions needed for fabricating a product. See formula. 
reciprocating screw See injection-molding ma- 
chine, reciprocating-screw. 
reciprocity See customer reciprocity. 
reciprocity law See photochemical reciprocity 
law. 
reclaim Also called regrind material. See granulator; re- 
cycling. 
reclamation The recovery, recycling, aiid reuse of 
scrap materials (plastics, etc.). See chemical reclama- 
tion; recycling. 
recoatability The application characteristics of a polish 
and the appearance of a filni after successive coatings to 
part’s surface. See coating. 
recognition threshold The lowest physical intensity at 

which a stimulus is correctly identified a specific percent- 
age of the time. 
recommended practice A definitive, standardized set 
of instructions for performing one or more specific opera- 
tions or functions other than the identification, measure- 
ment, or evaluation of a material. See standard. 
recording media Various media formats use large 
amounts of plastic extruded fi lm (usually thermoplastic 
polyesters) and injection-molded products (usually poly- 
carbonate disks and polystyrene cases). Included are the 
VHS videotapes used with VCRs, analog audiotapes for 
audiocassettes, CDs, data storage on floppy disks sold for 
software distribution, and DVDs. See compact disc; 
digital versatile disk; phonographic record. 
recording musical disk A PVC compound is used 
with modified compression molding techniques, injection 
molding, and other processes. See phonographic rec- 
ord; polyvinyl chloride plastic. 
recoverable resource A material with physical or 
chemical properties that allow it to be reused, recycled, or 
incinerated to produce energy. See material, recovered; 
recycling; resource. 
recovered material A inaterial or by-product that has 
been recovered from solid waste, but not including those 
materials and by-products generated from and commonly 
reused within an orignal manufacturing process (industrial 
scrap). 
recovery The degree to which a plastic or elastomer 
product returns to its normal dinlensions after being dis- 
torted. See elastic recovery. 
rectification The purification or enrichment of a liquid 
by distillation. 
recyclable Scrap from many different plastics can be re- 
processed into products. It includes industrial scrap, pre- 
consumer, and postconsumer plastics. One of the niany 
advantages of plastics compared to other inaterials is their 
flexibility of recycling options. There are mechanical ma- 
chines (granulators for different materials and products 
based on thickness, degree of hardness, etc.), energy- 
recovery systems (energy thermal reclamation), chemical 
recycling systems, and others. Deciding the niethod to 
be used involves factors such as ecology, practicability, 
economics, applications, and common sense. Also called 
secondary plastics. See contamination; material, recov- 
ered; plastic, reformulated; postconsumer; precon- 
sumer; recoverable resource; recycling method, 
economic evaluation oc resource, renewable; waste; 
waste, industrial. 
recyclable coalition See energy, law of conserva- 
tion oc waste coalition. 
recycle The return of discarded products or material 
scrap to the materials cycle. 
recycled blown film scrap See extruder blown- 
film scrap. 
recycled carpet To reduce the nearly 3.5 billion 
pounds of carpet that are disposed of annually in the 
United States, carpet dealers collect used carpets and recy- 
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cle them into 100% vinyl/nylon fabric composite plastics 
carpet backing material. It is extruded into the backing 
material. See nylon plastic; polyvinyl chloride plastic. 
recycled film and sheets; scrap and rejected products 
returned to production. The reuse of this scrap requires 
it to be formed either as flakes (with high bulk density) or 
as granulated material obtained from plastic compactors and 
special-purpose extruders. For size reduction offilm, maxi- 
mum demands are made on the efficiency and mechanical 
strength of the granulator used since high cutting forces are 
required. Also important is the cutting gap between the sta- 
tionary and rotating knives. The usual gap for filiii is 0.2 to 
0.3 mni. Suitable granulator screens of small size openings, 
often not more than 3 mm in diameter, are required to ob- 
tain a high-bulk density of the film flakes. Small screen size 
reduces the obtainable granulator throughput. 
recycled paper The EPA defines recycled paper as hav- 
ing a minimum of 50wt% recovered materials with no re- 
quirement on postconsumer wate.  However, private in- 
dustry has a broad definition that allows for many kinds of 
recycled papers. In landfills, preconsumer or postconsumer 
waste is deinked (removal of ink). With petroleum print- 
ing inks in the papers, biodegraded papers leave inks that 
are major contaminates. See biodegradable; landfill 
and degradation; paper; printing ink. 
recycled plastic Plastic that has been used to fabricate 
parts; scrap or flash that was granulated for recycling. Rec- 
ords should be kept as to the number of times materials 
are recycled to determine if or when changes occur in 
processing or performance. Also called regrind or recovered 
plustics. See air entrapment; granulator; plastics 
cradle-to-grave; plastic, reprocessed; waste plastic. 
Organizations worldwide have developed definitions. For 
example, the ASTM defines recycled plastics as processed or 
reconstituted plastics or those plastics composed of post- 
consumer material and recovered material that may or niay 
not have been subjected to additional processing steps of 
the types used to make products, such as recycled regrind. 
Industry scrap includes what is commonly referred to as 
t r im or regrind in plastic production, which is not consid- 
ered recycled material. See definition. 
recycled plastic identified Different organizations 
worldwide have developed identification systems. For ex- 
ample, the SAE has a system for Marking of Plastic Parts 
(SAE Document 5-1344). See bottle code system; con- 
tainer code system; Unwritten Laws of Engineering: 
The Professional Code for  Engineers. 
recycled-plastic properties When plastics are granu- 
lated, processability and performance can be significantly 
reduced. Thus it is important to evaluate the characteristics 
of the recycled material. Additives can be added to iin- 
prove performance. See plastic, virgin; recycling; re- 
cycling size reduction. 
recycled waste with screen pack See extruder 
screen pack. 
recycle heat history 
recycling 

See residence time. 
Most processing plants have been reclaiming 

or recycling reprocessable thermoplastic materials such as 
blown-film trim, scrap, molding flash, rejected products, 
and so on. Thermoset plastics (not remeltable) have been 
granulated and used as filler materials. The goal is to sig- 
nificantly reduce or eliminate any trim or scrap because it 
has already cost money and tinie to go through a fabricat- 
ing process and granulating adds more money and time. 
Also it usually requires resetting the process to handle it 
alone (or blending it with virgin plastics) because it does 
not have uniform particle sizes, shapes, melt-flow charac- 
teristics, and properties. 

Since scrap can be a mixture ranging from fine dust to 
large irregular chunks of different shapes and thicknesses, 
it is important to use a granulator that provides the most 
uniformity and the least damage to the scrap. Overheating 
during the cutting action of the granulator causes the most 
damage; for heat-sensitive plastics cryogenic granulating is 
used. A granulator that handles soft plastics will not work 
well when granulating hard plastic. One that handles thin 
plastic is not the proper type to handle thick plastic; size, 
and shape (bottles, solid handles, etc.) has an influence. 
Keeping the scrap clean before and after granulating is a 
requirement. Recycling will reduce performance proper- 
ties. The amount of reduction can be very slight to unde- 
sirable amounts. Granulated plastics that have been sig- 
nificantly degraded may or niay not be reformulated by 
the addition of stabilizers, pigments, plasticizers. fillers, 
reinforcements, and other additives. Certain blends, par- 
ticularly the general-purpose coniniodity plastics, can be 
blended with additives to improve their reduced process- 
ability or product performances. This type ofaction is coil- 
sidered for improving granulated material that has lost too 
many of its properties. Also called ve,qrir?d and reclairnity. 
See bottle, opaque milk; packaging, loose-fill plas- 
tic; plastic, reformulated; plastic, reprocessed. 
recycling cost If recycling could be supported by the 
sale of materials, private entrepreneurs would have devel- 
oped these programs decades ago in major markets. Recy- 
cled materials have been saleable because of the local to 
federal regulations requiring its use. See recycling limi- 
tations; recycling method, economic evaluation of; 
recycling limitations. 
recycling and environment See environment and 
public opinion; plastic, long-life. 
recycling and lifecycle analysis A lifecycle environ- 
mental analysis provides information about a product, 
from raw materials, through fabrication products, and after 
their useful lives. Issues that arise include recycling of pro- 
cess and scrap materials, release of water pollutants and 
emission of gaseous and particulate pollutants, disposal of 
nonrecyclable and hazardous waste, disposition of toxic 
wastes, and costs. See plastic, long-life. 
recycling and sense Recycling, incineration, and land 
fill choices must be made based on practicality and eco- 
nomics. A good case can be made for incineration on a 
volumetric mass (reducing recycle to ashes that are buried 
under controlled conditions) and reclaiming thermal prop- 
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erties or energy. See plastic and pollution; plastic, 
long-life; risk, acceptable. 
recycling, automatic-sorting The goal with plastic 
scrap or waste has always been to speed throughput, ini- 
prove its quality, and add value through sorting. The chal- 
lenge in automating plastics reclaim is to integrate separate 
technologies that require devices for separating, detecting, 
and aligning. The major problem continues to be the cost 
of setting up the complete operation from collection to 
output sales. See bottle sorter, optical; sensor, induc- 
tive and capacitive proximity. 
recycling baling 
recycling, chemical (CR) Material recycling can con- 
flict with energy recycling. CK is actually an intermediate 
technique between recycling and burning that seeks to 
break down the polymer molecules in various ways into 
low-molecular substances that can be used to manufacture 
plastics again. Thus, chemical recycling is recommended 
when mixtures of plastics cannot be physically separated 
or plasticated. C R  processes can recover 75 to 85% of en- 
ergy as compared to 55 to 75'3'0 with incineration. This 
technology is well established as reported by various orga- 
nizations such as the Belgium-based Association of the 
Plastics Manufacturers in Europe. Reverse polymerization 
recreates feedstock and fuels. This recycling can provide 
advantages that overcome conventional mechanical re- 
cycling efforts such as costly sorting, quality, and devel- 
oping markets for recycled plastics. See chemical recla- 
mation; gasification; hydrogenation; incineration; 
pyrolysis; recycling method, economic evaluation 
of; recycling, tertiary. 
recycling commingled plastic 1. Kecycling of plas- 
tics not sorted by type in a waste system. 2. Recycling by 
melting unsorted plastics together. See plastic and 
lumber. 
recycling, community There are three main types of 
recycling programs: curbside collection programs, drop- 
off centers, and buy-back centers. 
recycling, cryogenic Recycling certain types of plas- 
tics by freezing them to prevent overheating during granu- 
lating and to help separate plastics. For example, a cryo- 
genic recycling line can be used to clean PET beverage 
bottles and HDPE basecup flakes. Cryogenic cleaning uses 
liquid nitrogen at  -200'F (-129OC) to freeze PET and 
HDPE flakes, which is hurled by high-speed vanes against 
a steel impact plate. This action pulverizes any frozen glue 
and releases labels. At such low temperatures, PET and 
HDPE are not affected, but PVC (from other bottles) 
crumbles to the consistency of sugar, allowing it to be me- 
chanically screened out ofthe PET and HDPE. See cryo- 
genic; deflashing, cryogenic. 
recycling, electrokinetic Using an electric arc to 
break down plastic waste into useful industrial gases. 
recycling energy balance When compared to other 
materials, plastics have much lower energy consumption 
requirements from feedstock manufacture to fabricating 
the finished product. See energy. 

See material handling baling. 

recycling energy consumption Plastics have the low- 
est energy consumption in the recycling processes of about 
2 MJ/kg (2 to 2.5 MJ/I) and the highest recovery energy 
content of about 42 MJ/kg. Some comparisons are as fol- 
lows: (1) Processing waste paper requires 6.7 MJ/kg, and 
as a general rule about twice as much paper is needed con-  
pared to plastics for coniparable applications. (2) In glass 
production, using about 10% of recycled glass reduces the 
energy consuniption of the process by only about 2%; thus 
the use of recycled glass requires about 8 MJ/kg. The 
comparative figure is higher when considered in relation 
to each product, as one needs about 10 to 20 times as 
much material compared with plastics. (3) The enerby re- 
quirement for processing scrap steel and tin-plate is about 
6 MJ/kg. (4) Aluminum recycling requires about 50% of 
the energy needed to make a product from virgin alum- 
nun-about 50 MJ/kg. See energy consumption. 
recycling, energy saver Insulation is the largest single 
application for plastic virgin or recycled foam with build- 
ing insulation being very significant. See energy and 
plastic. 
recycling fact and myth It is not possible to recycle 
everything, as some zero advocates claim. Not only is 
100% recycling not attainable, but it is not even good for 
the environment. While the United States is recycling at 
an average of about 27wt% of its trash, most areas are not 
going higher than 30 to 35%. (1) At least 25% of trash is 
simply not recyclable, and if coniniunities want to even 
reach 50% recycling, about two-thirds of every currently 
recyclable item would need to be recovered. (2) Only a 
few of about 50 identifiable items are present in significant 
amounts, such as cardboard boxes at 13%1 and newspapers 
at 6%. Most represent only about 1% oftrash so that recov- 
ering them would create great cost and inconvenience to 
consumers and waste handlers. (3) To increase recycling 
rates dramatically many items would have to be trucked 
greater distances, and more resources would be needed to 
clean and process dirty trash, which would negatively af- 
fect the environment. Recycling is a mainstream waste- 
managenlent tool that communities should continue to 
pursue, but high recycling rates could be counterproduc- 
tive from environmental and economic standpoints. See 
plastic myth and fact; waste. 
recycling foam 
recycling history The first LDPE bottle that was blow 
molded by Plax Corp., Hartford, CT, used scrap recycled 
polyethylene plastic in 1942. Goodyear had a two-piece 
suit and matching tie made from recycled 2-liter PET bot- 
tles in 1978. See plastic history. 
recycling, industry See World of Plastics Reviews: 
Challenge 2000-Making Plastics a Preferred Mate- 
rial. 
recycling, integrated Various systems are used. For 
example, a dual plasticator system combines compounding 
steps for processing thermoplastics. Recycled plastic is 
melted in one preplasticizing unit and then fed into a self- 
cleaning melt-filtration system. It  eliminates collecting i n -  

See packaging, loose-fill plastic. 
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purities through a secondary discharge. A fine-mesh (50 
micron) screen gives a high degree of purity. A pressure 
and time control device regulates automatic filter cleaning, 
while a degassing unit removes traces of solvents and liq- 
uids. A second plasticizing unit supplies virgin plastics and 
additives. The two melt streams are blended in a melt ac- 
cumulator and can be located upstream of an extruder or 
injection molding machine. 
recycling kerf See cut, kerf, and registration. 
recycling limitations Logistics, technology, and mate- 
rial properties determine whether it is plausible to reclaim 
and reuse plastic wastes. Logistic criteria cover the condi- 
tions of accrual according to location and quantity. Tech- 
nologcal criteria are the purity of type plastic, cleanliness, 
and geometry (basic shape and uniformity). Property crite- 
ria result from the extent of damage to the material during 
recycling. See recycling cost; recycling method, eco- 
nomic evaluation of. 
recycling method, economic evaluation of Recy- 
cling methods are influenced by factors such as quantity 
involved, weight involved, size and shape, costs, and con- 
tinued availability of material. Methods include pyrolysis 
and repolymerization. Energy can be released through in- 
cineration or chemical recycling that can be combined 
with production of electricity or hot water. The processes 
used include depolymerization to thermal liquefaction and 
gasification (back to feedstocks or intermediates), chemical 
pyrolysis, chemical depolymerization such as methanalysis 
and glycolysis, alcoholysis, catalytic cracking, gasification, 
hydrogenation, hydrolysis, and thermal steam of plastics. 
Each technique has advantages and drawbacks. Some 
require careful plastic sorting of mixed materials and 
cleaning. 

The choice ofwhether to recycle to materials or energy 
has to be determined by an economic audit. Recycling is 
preferable to landfill practice, which is increasingly costly 
and which does not use the favorable properties of plastics. 
Municipal authorities have to consider the economics of 
recycling operations, taking into account the cost of land- 
fill. Factors to consider are revenue from recycled materials 
or produced energy, cost of recycling, savings from non- 
disposal in landfill, and cost of disposal in landfill of the 
remaining tonnage after recycling. While recycling can 
save energy and resources in the manufacturing process, 
getting recyclables to market and then processing into 
products also uses energy and generates waste that must 
be managed. The use of fuels and the environmental im- 
pact of preparing, collecting, sorting, and transporting re- 
cyclables should be considered when developing a r ~  audit. 
See chemical reclamation; cracking; energy recla- 
mation; gasification; hydrogenation; hydrolysis; 
polymerization, de-; pyrolysis; recycling, chemical; 
recycling, electrokinetic; recycling limitations; 
waste, pressure-cooking. 
recycling mixed plastic Methods used for handling 
mixed plastics parts include (1) selective collection of parts 
(selective picking by infrared spectroscopic identification, 

light optical identification, geometrical identification by 
hand), (2) separation of granulates and ground stock 
(floating-settling trough or separating column, liquid cy- 
clone, wind sifting, flotation, electrostatic separation, 
extraction, melt separation), (3) degradation (pyrolysis, 
reduced oxygen incineration, hydrolysis, methanalysis, 
glycolysis, hydrogenation), (4) material recycling inconsis- 
tent with plastics characteristics (building and construction 
aggregates, soil improving additives), (5) processing in a 
niixed phase (physical compatibility improved, cross-link- 
ing, fine dispersion), and (6) energy recycling (refuse and 
waste incineration, energy recycling of the pyrolysis prod- 

Various approaches are used to iniprove performances 
or properties of mixed plastics, such as (1) additives, fillers, 
or reinforcements (use specific types such as processing 
agent, talc, short glass fibers), (2) active interlayers (cross- 
linking, molecular wetting), and (3) dispersing and diffus- 
ing (fine grinding, enlarging molecular penetration via 
melt shearing). 
recycling packaging material See environment 
and public opinion. 
recycling polystyrene The FDA in 1990 approved 
polystyrene plastic recycled scrap for use in egg cartons, 
meat trays, fast-food containers, school lunch trays, and 
foam beverage cups. Until that time, recycled PS had been 
restricted to VCR tape cases, office accessories, and, when 
combined with other plastics, lumber, traffic signposts, and 
car stops. 
recycling polyurethane Recycling and recovering en- 
ergy from PURs has been a conimercially viable technol- 
ogy. A major factor that aids the recycling is that two- 
thirds of production is used by just four niajor industries- 
transportation, furniture, construction, and bedding. 
recycling polyvinyl chloride Despite its economic 
and environmental advantages, vinyl continues to come 
under fire in Europe and the United States because of lack 
of knowledge about recycling and incinerating vinyls and 
the economics of their uses. Automatic sorting systems are 
used to separate vinyls from other plastics for recycling. 
Proper incineration and scrubbing techniques reduce the 
already negligible (and ability to capture) emissions. 
recycling postconsumer plastic Recycling is accom- 
plished by conventional and specialized methods. The ma- 
jor problem is handling the niixed or commingled plastics. 
Techniques are available to separate the plastics and other 
materials. Important are the available methods for cleaning 
materials. Very important is the relatively high cost to op- 
erate certain systems and obtaining a return on invest- 
ment. See postconsumer; recycling cost; recycling 
method, economic evaluation of; recycling limita- 
tions. 
recycling rasp See waste rasp. 
recycling, refinery The introduction of plastic scrap or 
waste into a refining unit to crack the polymer chains into 
lighter fractions comparable to those found in the refinery 
stream. 

ucts). 
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recycling reinforced plastic See sheet molding 
compound and bulk molding compound recycling. 
recycling rubber See vulcanization, de-. 
recycling separator Equipment that separates recycled 
plastics, such as screens that separate by size and screens 
with vibrators to remove fines, angel hair, and other con- 
taminants. See material, cutting burr-free. 
recycling size reduction The size reduction exerts a 
substantial influence on the quality of the recycled plastics. 
Economical size reduction requires a machine that per- 
niits a flexible solution to any problems. Depending on 
the material to be processed, use is made of one of the 
following size reducers: roll cutters/shredders; slicers, 
guillotine shears; and screw cutters. See material han- 
dling. 
recycling SMC and BMC See sheet molding com- 
pound and bulk molding compound recycling. 
recycling steel with vinyl scrap The zinc and tin 
coatings on galvanized steel, such as that used for autonio- 
bile bodies, have always interfered with recycling the 
metal back to its original purity. The University of Cam- 
bridge in the United Kingdom has developed a process 
using vinyl scrap to remove the zinc and tin coatings. The 
process involves heating vinyl scrap with the steel to pro- 
duce hydrochloric acid (HC1) under controlled condi- 
tions. Through thermal oxidation, the zinc oxide, which 
forms on the steel, reacts with HCl to create zinc chloride. 
The zinc chloride is collected from the process, and the 
steel is ready to be recycled. This same process can be used 
to remove tin coatings on steel cans. See polyvinyl chlo- 
ride plastic. 
recycling technology See recycling cost; recy- 
cling; recycling limitation; recycling method, eco- 
nomic evaluation of. 
recycling, tertiary Recovery of reusable chemical 
products by chemical modification of plastic scrap or 
waste. See recycling, chemical. 
recycling, thermal reclamation Waste-to-energy 
reclamation via incineration or chemical recycling. See 
energy reclamation. 
recycling waste The methods used in recycling plastic 
wastes include (1) material recycling by mechanical means; 
(2) material recycling to feedstock by petrochemical pro- 
cesses (pyrolysis, hydrogenation), thermal degradation, 
and chemical degradation; and (3) energy recovery by 
municipal waste incinerator, coincineration (concrete, 
sludge), monocombustion, and fuel (pretreated). See 
chemical reclamation; density; recycled material 
property; recycling method, economic evaluation 
of; waste compaction. 
recycling water See hydrological cycle. 
redox A redox catalyst is one entering into an oxida- 
tion-reduction reaction. A contraction of the term oxida- 
tion-reduction. Plastics formed by such reactions are some- 
times called redox plastics. See chemical reaction, half; 
electrochemical reaction; equivalent; reaction, re- 
dox; solution volumetric analysis. 

redox potential The voltage difference of an inert elec- 
trode immersed in a reversible oxidation-reduction system 
measuring the state of oxidation of the system. Also called 
Oxidation-reduction potential. See electrical volt. 
redox potentiometer The neutral electrode probes 
that are used to measure the solution potential developed 
as a result of an oxidation or reduction reaction. 
redox system A chemical system in which reduction 
and oxidation (redox) reactions occur. See redox. 
redox titration A titration characterized by the transfer 
of electrons from one substance to another (from the re- 
ductant to the oxidant) with the end point determined 
colorimetrically or potentiometrically. 
reduced viscosity See viscosity, reduced. 
reducing agent A substance that can donate electrons 
to another substance or decrease the oxidation numbers 
in another substance. See zirconium hydride. 
reducing waste See waste, source reduction. 
reduction The process in which an atom gains one or 
more electrons or, more generally, decreases its oxidation 
iiuinber in a reaction. 
reduction gear See extruder drive. 
reduction of area 
reduction potential, standard The voltage associated 
with a reduction reaction at an electrode when all solutes 
are 1 M and all gases are at  1 atni. 
reduction, volume See solid-waste volume reduc- 
tion. 
reengineered See engineered, re-. 
refinery 
refining See plastic material refining. 
reflectance See coefficient of scatter; Fresnel lens. 
reforestation See resource, renewable. 
refractive ceramic fiber See fiber, ceramic; fiber- 
glass. 
refractiveness Light absorption in the surface of the 
material. See light index of refraction; test, nonde- 
structive transparent medium light schlieren. 
refractivity The refractive index minus one. Specific 
refractivity is given by (11 - l ) / d ,  where 11 = refractive 
index and d = density. See light index of refraction. 
refractory An earthly, ceramic material of low thermal 
conductivity that is capable of withstanding extremely 
high temperature (1,650 to 22,000OC) without essentially 
any changes. See ceramic. 
refractory, brick A highly heat-resistant and noncon- 
ductive material that is used for furnace linings in glass and 
steel industries' processing ovens and other applications 
where temperatures above 1,600°C (2,910"F) are in- 
volved. The first fired bricks occurred about 3,000 B.C. 
in Mesopotamia where their use included building struc- 
tures and underground sewers. See sewer rehabilitation. 
refractory furnace See fiberglass production. 
refrigerant See ethylene glycol; polychlorofluoro- 
carbon. 
refrigerator liner forming See thermoforming. 
refuse 

See test area reduction. 

See coking; distillation fraction; oil. 

Alternate name for solid waste. See waste. 
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refuse-derived fuel (RDF) Fuel pellets that have been 
converted from organic waste. See energy reclamation. 
refuse reclamation See reclamation. 
regenerated cellulose See cellophane. 
regrind See recycling. 
registration, cut 
regulation See legal matter; quality system regula- 
tion. 
reinforced molding compound A compound that is 
supplied by raw material producers or prepared in plants in 
the forni of ready-to-use materials, as distinguished from 
premix. See compound, premix. 
reinforced plastic (RP) Combinations of plastic (ma- 
trix) and reinforcing materials that predominantly come 
in fiber forms such as chopped, continuous, woven and 
nonwoven fabric, powder, and flake. They provide sig- 
nificant property and cost improvements over the indi- 
vidual components. The primary benefits include high 
strength, oriented strength, lightweight, high strength-to- 
weight ratio, high dielectric strength and corrosion resis- 
tance, and long-term durability. The term composite de- 
notes the thousands of different combinations of two or 
more materials that include RPs. Composites that incor- 
porate plastics are called plastic Composites, but the more de- 
scriptive and popularly used worldwide terni is reinforced 
plastic. Annual US. consumption of all forms of KPs is 
over 3’/z billion lb (1.6 billion kg). Also called composite. 
See composite; filament winding; laminate; rein- 
forcement. 

Both thermoset plastics and thermoplastics are used. At 
least 90wt’X use glass fiber, and about 45wt% use TS poly- 
ester plastic. This R P  market started in 1940 using contact 
or low-pressure TS polyester-plastics, glass-fiber fabricat- 
ing systems. Today various plastics with different rein- 
forcements have been used with many different R P  pro- 
cesses. These products have gone into ocean waters, on 
land, and into the air, including on the nioon and in space- 
craft. See fabric; fiberglass; infrastructure; plastic 
material type; polymerization, photo-; preform 
process; reinforcement; roving; sheet-molding 
compound; thermoplastic; thermoset plastic; yarn. 

The IW industry is a mature industry. Improved under- 
standing and control of processes continue to increase per- 
formance and reduce variability. Fiber strengths have risen 
to the degree that two-dimensional and three-dimensional 
KPs can produce very high strength, and stiff K P  products 
having long service lives. Thermoplastic KPs (KTPs), 
even with their relatively lower properties when coni- 
pared to thermoset KPs (KTSs), are used in about 55wt‘X 
of all R P  parts. The RTPs are practically all injection 
molded with very fast cycles using short glass fibers that 
produce highly automated and high-performance parts. 
Included in these RTPs are stampable reinforced ther- 
moplastics. See injection molding; reinforced plas- 
tic, injection molding; reinforced plastic process; 
stamping reinforced thermoplastic. 
reinforced plastic, advanced (ARF’) A plastic matrix 

See cut, kerf, and registration. 

that is reinforced with very-high-strength, high-modulus 
fibers or other properties. Examples of these type fibers 
include carbon, graphite, aramid, boron, S-glass, and Zen- 
Tron-glass. ARPs can provide the designer with specific 
properties or characteristics such as strength, stiffness, and 
lower density used in different environments. They can 
be at least 50 tinies stronger and 25 to 150 times stiffer than 
the matrix. For example, AKPs can possess the desirable 
properties oflow density (1.4 to 2.7 g/cm’), high strength 
(3 to 5 GPa), and high modulus (60 to 550 GPa). With 
proper processing these ARPs provide certain properties 
equal or exceeding those of most other materials. See de- 
sign, reinforcement; plastic, advanced; plastics, the- 
oretical versus actual values of; vapor-liquid-solid 
process. 
reinforced plastic autoclave molding Very high 
pressures can be obtained for processing KPs by placing 
a vacuum bag-molding assemblage in an autoclave. The 
process may or may not employ an initial vacuum. Air or 
steam pressure5 of 100 to 200 psi (690 to 1380 kPa) are 
commonly achieved. If still higher pressures are required 
and the danger of extremely high pressures is to be 
avoided, a hydroclave may be used, eiiiploying water pres- 
sures as high as 10,000 psi (68.9 MPa). The bag must be 
well sealed to prevent infiltration of high pressure air, 
steam, or water into the molded product. See autoclave 
molding operation; reinforced plastic, press clave. 
reinforced plastic bag molding Applying an imper- 
meable tailored flexible bag (parting film, etc.) over an uii- 
cured thernioset R P  part, sealing the edges (bagging), and 
introducing compressed air pressure (or water) and heat 
around the bag. This technique is applied with other R P  
fabricating processes. The side next to the mold can have 
a “perfectly” smooth finish duplicating the mold cavity 
surface. The other side can be rough to relatively smooth 
depending on what and how the reinforceinents are laid 
up and how much effort was used to remove air pockets, 
compress the plastic, etc. See blanket; bleed; filament 
winding prepreg and bag molding; plastic, contact 
pressure; reinforced plastic lay-up, wet; reinforced 
plastic pressure bag molding; reinforced plastic sep- 
arator; reinforced plastic vacuum-bag molding; re- 
inforced plastic void content. The molding dam is a 
boundary support or ridge used to prevent excessive edge 
bleeding or plastic runout of the material and to prevent 
crowding of the bag during curing. Expendable material 
includes bag, bag sealers, bleeder plies, breather plies, man- 
ifold plies, peel plies, and release fabrics. 

The patented Hinterspritzen process allows virgin or re- 
cycled thermoplastics, such as PP or PC/ABS, to ther- 
mally bond with the backing of niultilayer PP-based fab- 
rics, providing good elasticity. This one-step molding 
technique provides a low-cost approach for in-mold fabric 
lamination that range from siniple to complex shapes. 

To  ensure release of bleeder material from a bag- 
molded cured part and to forni a flexible diaphragm (bag) 
over the lay-up during the cure of the TS plastic, a parting 
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film is used. Parting films may include polyvinyl alcohol, 
polyvinyl fluoride, thermoplastic polyester, polyvinyl 
chloride, polyurethane, and silicone plastic. Selection of 
the parting film takes into account the type of plastic being 
processed, curing temperature and pressure, contour or 
complexity of the part, and the shrinkage characteristics 
of the film. 
reinforced plastic binder The plastic agent applied to 
fiber constructions (mat, preforms, etc.) to bond and hold 
the fibers in their arrangement prior to laminating or 
molding. 
reinforced plastic bleeder cloth A woven or nonwo- 
ven layer of material that is used in the manufacture of 
R P  parts to allow the escape of excess plastics and gases 
during curing of thermoset plastics. It is not part of the 
final product. 
reinforced plastic bleed, zero 
reinforced plastic blow molding See blow-mold- 
ing, extruder, reinforced-plastic. 
reinforced plastic, bulk-molding compound (BMC) A 
molding compound (extruded log) that is not produced in 
sheet form. It consists of the nixture used in sheet-molding 
compound, except that it contains only short fibers. Injection- 
molding machmes are used with special screw designs and 
some type of ramming system to feed the screw. Also called 
dough-molding compound (DMC). See alkyd molding com- 
pound; blender, dough; bulk molding compound; in- 
jection molding, bulk molding compound; mixer- 
blender with impeller; sheet molding compound and 
bulk molding compound recycling. 
reinforced plastic characterization RPs can be char- 
acterized in many different ways, such as by type and con- 
struction of reinforcement used or by impact and fatigue 
strength properties. Testing for tensile stress-strain (S-S) 
properties over a range of high-test rates with areas under 
the S-S curves is a potential method for estimating relative 
toughness. Comparing fatigue strength for notched and 
unnotched conditions at various ratios of minimum to 
maximum stress is useful in structural design. Depending 
on construction and orientation of stress relative to rein- 
forcement, it may not be necessary to provide extensive 
data on time-dependent stiffness properties since their ef- 
fects may be small and can frequently be considered by 
rule of thumb using established practical design ap- 
proaches. When time-dependent strength properties are 
required, creep and other data are used most effectively. 
Many R P  products have had life spans of niany decades, 
including products that have been subjected to different 
dynamic loads in many different environments from very 
low temperatures to very high corrosive conditions. See 
creep; directional property; fabric; fatigue; fiber; 
plastic; stress-strain curve; tensile strength; testing. 
reinforced-plastic charring Heating in air to reduce 
the plastic to ash, allowing the glass-fiber content to be 
determined by weight. See muffle furnace. 
reinforced-plastic cocuring Curing an R P  or lami- 
nate and simultaneously bonding it to some other prepared 

See zero bleed. 

surface, such as a decorative lay-up or a printed circuit 
during its curing cycle. Also curing together an inner and 
outer tube of similar or dissimilar R P  combinations after 
each has been wrapped or wound separately. There is also 
the joining of two cured tubes by adhesive bonding, which 
is referred to as secondary bonding. See bonding, sec- 
ondary. 
reinforced plastic coin test See reinforced plastic 
test; test, coin impact. 
reinforced plastic compaction The application dur- 
ing different fabricating processes of a temporary vacuum 
bag to remove trapped air and compact the lay-up, which 
usually includes manual or automatic rolling out of the air 
bubbles and ensuring compactness. See compaction. 
reinforced plastic compression molding See com- 
pression molding. 
reinforced plastic contact molding A process for 
molding RPs in which the reinforcement and plastic are 
placed on a mold. Cure is either by using a catalyst-pro- 
moter system at room temperature or by heating in an 
oven without pressure or using very little (contact) pres- 
sure. Also called open molding or contact-pressure molding. 
reinforced plastic content See plastic content. 
reinforced plastic cost A major cost in the production 
of RPs, going from the design concept to the finished 
product, is materials of construction, which can range 
from 40 to 90% of the total cost. Understanding how best 
to use the materials based on the design and processing 
requirement calls for recognizing situations in which cer- 
tain approaches may be used and developing problein- 
solving methods to fit specific design requirements. An 
important criterion is to understand and properly apply 
the interrelations of design requirenients with materials of 
construction and fabricating methods. RPs have not come 
near to realizing their great potential in a multitude of ap- 
plications, usually due to cost limitations. 
reinforced plastic coupling agent A chemical that re- 
acts with the reinforcement and plastic matrix to form or 
promote a stronger bond at their interfaces. See fiberglass 
binder/sizing coupling agent; titanate coupling 
agent. 
reinforced plastic curing See cure; curing stress; 
thermoset plastic curing, dielectric monitoring; 
thermoset plastic curing, fiber-optic sensor. 
reinforced plastic curing, W See polymerization, 

reinforced plastic cutting Generally two steps are re- 
quired for R P  cutting: (1) using a knife edge hardened 
with material such as tungsten carbide and (2) custom de- 
signing the bushing and knife for each type and shape of 
material to be cut. The actual type of cutter that is used 
depends on the type of fiber or fabric with or without the 
plastic matrix to be cut. See cutter. 
reinforced plastic debulking Compacting a lay-up, 
particularly a thick lay-up, under moderate heat and pres- 
sure or vacuum to remove most of the entrapped air, thus 
preventing wrinkles, ensuring contact with the mold sur- 

photo-. 
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face, and maximizing properties. See bulk factor; den- 
sity, bulk. 
reinforced plastic, decorative 
reinforced plastic degree of bonding See adhesive 
contact angle. 
reinforced plastic design See design, reinforce- 
ment; reinforced plastic. 
reinforced plastic, directional property RP design 
is optimized by focusing on a material’s composition, part 
geometry, and orientation. A major advantage is that di- 
rectional properties can be maximized. The arrangement 
and the interaction of the usual stiff, strong fibers dominate 
the behavior of RPs with the less stin, weaker plastic ma- 
trix (TS or TP). See World ofPlastics Reviews: Basics 
and Overviews of Fabricating Processes (Fig. 37, 
RPs Directional Properties). 

The stress-strain behavior of RPs is frequently fairly lin- 
ear to failure. For high-performance applications, their 
first damage occurs at  stresses just below ultimate strength. 
RPs, particularly KTSs (reinforced TSs), are also much 
less temperature-dependent than unreinforced plastic. 
Complications arise principally from the directional effects 
resulting from the fiber construction. When constructed 
from any number and arrangement of R P  plies, the stiff- 
ness and strength property variations may become much 
more complex for the novice. The first darnage occurs at 
stresses just below ultimate strength, but an R P  can be 
properly designed, fabricated, and evaluated to take into 
account any possible variations. See directional prop- 
erty; filament winding; orientation. 
reinforced plastic dry fiber A condition where fibers 
are not fully encapsulated by plastic, resulting in a less than 
desired fabricated part. 
reinforced plastic dry lay-up The process of pre- 
impregnating (prepreg) in a female or male mold cavity 
that is usually used in bag molding or autoclave and that 
can include the use of a vacuum within the bag. It  also 
is used in other processes, such as filament winding and 
compression molding. See reinforced-plastic lay-up, 
wet. 
reinforced plastic dwarf width A condition where 
the crosswise (direction of the pultrusion or machine di- 
rection) dimension of a flat surface of the part is less than 
what the die would normally yield. The problem some- 
times is caused by a partial blockage in the die orifice due 
to a melt buildup or particles from the materials adhering 
to the die orifice. 
reinforced-plastic dwell See dwell. 
reinforced-plastic extensional-bending coupling A 
property of certain classes of RPs, such as laminated con- 
structions, that exhibit bending curvatures when subjected 
to extensional loading. 
reinforced plastic fabric construction See yarn 
twist, direction of. 
reinforced-plastic fiber aspect ratio See aspect ra- 
tio; reinforcement, disk; reinforcement, whisker; 
slenderness ratio. 

See sheet, overlay. 

reinforced plastic fiber content The amount of fiber 
present with the plastic matrix that is expressed as a wt% 
or ~01%) (specific gravity of the R P  and the percent fiber 
by weight, divided by the specific gravity of the fiber, 
equals vel%). See reinforced plastic ignition loss. 
reinforced plastic fiber count The number of fibers 
per unit width of ply. 
reinforced-plastic fiber direction Fibers may orient 
or align in different directions. See directional prop- 
erty. 
reinforced plastic fiber/fabric finish See fiberglass 
binder/sizing coupling agent. 
reinforced plastic fiber mat veil See reinforced 
plastic surfacing veil. 
reinforced plastic fiber pattern When fiber pattern 
on the surface is undesired, surface cover layers that be- 
come part of the R P  are used. They include very thin 
scrim mat or cloth and plastic gel coatings. See fabric 
scrim; reinforced plastic gel coat. 
reinforced plastic fiber percent by volume The 
product of the specific gravity of the R P  and the percent 
glass by weight, divided by the specific gravity of the fi- 
bers, results in the vol%~ Since weights of fibers and plastic 
differ, the vol% is not the same as wt%. See reinforced 
plastic void content. 
reinforced plastic fiber percent by weight An easy 
way to weigh R P  fibers, provided the fibers do not disin- 
tegrate, is to burn off the plastic in an oven at least 26OOC 
(500°F) using conventional plastics. Weigh the material 
before and after the burning to obtain the wt%. See ther- 
mogravimetric analysis. 
reinforced plastic fiber wash Splaying out of woven 
or nonwoven fibers in the direction of the fiber lay-ups. 
Fibers are carried out along with bleeding plastic during 
curing. 
reinforced plastic fill-out, lack of An area of rein- 
forcement that has not been wet with plastic. This is 
mostly seen on the edges. 
reinforced plastic, flexible A material that is used with 
elastomeric materials to produce specially engineered 
products, such as conveyor belts, mechanical belts, high- 
temperature or chemical-resistant suits, wire and cable in- 
sulation, and architectural designed shapes. 
reinforced plastic foam See foam, reinforced; 
foamed reservoir molding; injection-molding 
foam. 
reinforced plastic form and spray See thermo- 
forming, form and spray. 
reinforced plastic forming surface See thermo- 
forming, comoform cold forming/molding. 
reinforced plastic gel coat In R P  processing a gel coat 
on the outer surface can ensure a smooth surface appear- 
ance and a tough surface. A thin synthetic fiber veil can 
improve the performance of the gel coat. It  is a quick- 
setting plastic that is gelled prior to reinforcement lay-up. 
The gel coat becomes an integral part of the finished R P  
product. See fabric scrim; reinforced-plastic pregel; 
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reinforced plastic surfacing mat; reinforced-plastic 
surfacing veil. 
reinforced plastic ghosting The phenomenon where 
the outline of an inner panel can be seen on the surface 
of the outer panel. It  is usually caused by the rate of cure 
of topcoat on an assembly that has a variable thermal mass. 
reinforced plastic glass-fiber binder See fiberglass 
binder/sizing coupling agent; silane couple agent. 
reinforced-plastic glassiness A glassy, marbleized, 
streaked appearance on the surface of an RP. 
reinforced plastic hairline craze A small fissure in 
plastic, such as coatings, that is often caused by uneven 
cooling or curing during processing. See crack, hairline; 
crazing. 
reinforced plastic hand lay-up This is the oldest and 
in many ways the simplest and most versatile process for 
producing reinforced plastic parts. However, it is slow and 
very labor intensive. It  consists of hand tailoring and plat- 
ing layers of (usually glass-fiber) mat, fabric, or both on a 
one-piece mold and simultaneously saturating the layers 
with a liquid plastic (usually thermoset polyester). De- 
pending on the plastic additives, the material in the mold 
can be cured with or without heat and commonly without 
pressure. An alternative is to use preinipregnated, B-stage 
TS polyester such as sheet-molding compound, but in this 
case heat is applied with low pressure via a impermeable 
sheet over the material. See molding, open-mold; re- 
inforced plastic, lay-up, wet; reinforced plastic 
squeeze molding; reinforced plastic void content. 
reinforced plastic hardness See test, Barcol, hard- 
ness. 
reinforced plastic ignition loss 1. The difference in 
weight before and after burning off the plastic in a rein- 
forced plastic to determine percent weight of plastic in the 
RP.  It is usually expressed as a percent of the original 
weight of the sample. 2. The difference in weight before 
and after burning off the binder or sizing to determine the 
binder or size weight (ignition loss). See ash content; 
fiberglass binder/sizing coupling agent; ignition 
loss. 
reinforced plastic, injection molding. The rein- 
forced thernioplastics are practically all injection molded 
with very fast cycles using short glass fibers and producing 
highly automated and high-performance parts. The TPs 
used include nylons, acetals, polyethylenes, and polypro- 
pylene. Of  all the R P  materials used, almost 55wt% repre- 
sent these RTPs. See injection molding; reinforced 
plastic; screw wear; stamping reinforced thermo- 
plastic. 
reinforced plastic, interlaminar A material in which 
two different substances or conditions exist. See lami- 
nate. 
reinforced plastic lay-up, dry Reinforcing material 
that is placed in a specific position in the mold preinipreg- 
nated or plastic coated after its geometric lay-up. See lam- 
inate. 
reinforced plastic lay-up, wet A method of making 

an RP product by applying a plastic liquid system when 
dry reinforcement is put in the mold cavity prior to 
applying heat and pressure. With a room-temperature cur- 
ing wet thermoset polyester plastic, the curing within its 
own chemical reaction develops exothermic heat to 
achieve the coniplete cure. This type of action is particu- 
larly advantageous when a large part is required and oven 
space is not available. See exotherm; laminate; rein- 
forced plastic hand lay-up. 
reinforced-plastic let-go An area where adhesion be- 
tween glass-fiber interlayers has been lost. 
reinforced plastic, liquid oxygen compatibility See 
polyarylene ether phosphine oxide plastic. 
reinforced plastic, low-profile See plastic, low- 
profile. 
reinforced plastic, low-pressure Molding at 200 psi 
or lower (1.4 MPa). 
reinforced plastic machine lockout See safety, ma- 
chine-lockout. 
reinforced plastic macro property The gross proper- 
ties as a structural element without consideration of the 
individual properties or the identity of the constituents. 
reinforced plastic Marco process This process was 
popular during the 1940s and 1950s. Like resin transfer 
molding and bag molding, the reinforcements are laid up 
in any desired pattern. Low-cost matched molds (wood, 
etc.) confine the reinforcement. A pool of liquid catalyzed 
thermoset polyester surrounds the mold above its partially 
opened parting line. From a central opening (hole) a vac- 
uum is applied so that the plastic flows through the rein- 
forcements. With proper melt flow, wet-out of fibers oc- 
curs, and voids are eliminated. This method when first 
used was the reverse of RTM. The Marco method even- 
tually incorporated pressure plugs at  the parting line and 
also had a push-pull action where pressure was applied in 
the center similar to R T M  and use was made of the vac- 
uum pool. Eventually, only pressure was applied through 
the center hole, which later became known as RTM.  See 
reinforced plastic resin transfer molding. 
reinforced plastic market See oil wells, undersea; 
pipe; reinforced plastic; reinforced plastic, injection 
molding. 
reinforced-plastic material RI-’ design focuses on ma- 
terial composition in conjunction with reinforcement 
orientation, as well as product structural geometry. This 
interrelation affects processing methods, product per- 
formance, and costs. Even though there are over 17,000 
plastics available worldwide (for all plastic fabricating 
processes), only a few hundred are used in RPs, and only 
a few of these are used in most of the KPs. The thernio- 
plastics include principally nylons and polypropylenes, as 
well as polycarbonates, acetals, and polyesters. Thermosets 
include predominantly polyesters as well as epoxies, phe- 
nolics, and urethanes. See epoxy plastic; phenolic 
plastic; plastic, low-profile; polyester plastic, ther- 
moset. 

TSs and RTSs generally are more suitable for meeting 



tighter tolerances. The crystalline RTPs, particularly unre- 
inforced TPs, can be more complicated if the designer 
does not understand their behavior. Crystalline plastics 
generally have significantly different rates of melt flow 
shrinkage, particularly during injection molding, in the 
longitudinal melt flow and transverse directions; this is less 
true transversewise. With reinforcement or certain fillers 
these differences can be reduced or eliminated. With 
amorphous TPs basically no difference occurs. Conipensa- 
tion for any potentially undesirable differences can be 
made during product and mold designs, reinforcement or 
filler selection, and processing. See amorphous plastic; 
commodity plastic; crystalline plastic; engineering 
plastic. 

Reinforcenients are discrete (usually) inert inclusions 
that are used to significantly improve the structural charac- 
teristics of a TP or TS plastic. They can be in continuous 
forms (fibers, filaments, woven or nonwoven fabrics, 
tapes, etc.) or discontinuous in form (whiskers, flakes, 
spheres, etc.). The reinforcements can allow the K P  mate- 
rials to be tailored to the design or the design tailored to 
the material. When permitted, it is best to use prepreg or 
molding compounds where the plastic and reinforcement 
are prepared and ready for fabricating into a product. 
These materials include sheet-molding compounds, bulk- 
molding compounds, and stampable sheets. They can be 
prepared and processed to meet different directional prop- 
erties or product performances. See plastic material 
type; reinforcement; vinyl ester plastic. 
reinforced-plastic material, low-profile plastic See 
plastic, low-profile. 
reinforced plastic material, mat 
reinforced plastic material, sheet molding com- 
pound (SMC) A ready-to-mold glass-fiber reinforced 
thernioset polyester material that is primarily used in coni- 
pression molding. See sheet-molding compound and 
bulk molding compound recycling. 
reinforced plastic matrix 
reinforced plastic microcracking Cracks that are 
fornied when local thermal stresses exceed the strength of 
the matrix. Because most microcracks do not penetrate the 
reinforcing fibers, they are usually limited to only pene- 
trating one thickness of a single ply, particularly with wo- 
ven reinforcements. See crack. 
reinforced plastic micromechanics The process of 
analyzing the mechanical behavior of RPs by considering 
the properties, concentration, geometry, and packing of 
the individual components. This contrasts with macro- 
mechanics by recognizing the nonhomogeneous nature 
of RP.  By making various approximations of the packing 
geometry and stress fields within an element of the matrix, 
the average properties of the element may be calculated. 
reinforced plastic micro property The properties of 
the plastic matrix, reinforcement, and their interface with 
their effects on the properties of the reinforced plastic. 
reinforce plastic modulus versus specific grav- 
ity 
reinforced plastic moisture content Moisture can 

See fiber mat. 

See plastic matrix. 

See modulus versus specific gravity. 

restrict performance more in RPs in certain applications, 
than in conventional non-RPs. A good bond must exist 
between the reinforcement and plastic, otherwise nioisture 
can easily penetrate from any exposed edges that are not 
properly protected. See drying; fiberglass binder/siz- 
ing coupling agent; test, reinforced plastic mois- 
ture-content. 
reinforced plastic mold, elastomeric A elastomer or 
rubber mold during heat processing can take advantage 
of its thermal expansion to help form the R P  part. See 
elastomeric mold; mold, elastomeric. 
reinforced plastic molding Different types and forms 
of R P  materials are molded using various techniques as 
reviewed in this section for reinforced plastic. See com- 
pression molding; molding; preform process. 
reinforced-plastic molding, autoclave See rein- 
forced plastic autoclave molding; reinforced plastic 
press clave. 
reinforced plastic molding compound A plastic that 
is reinforced with special fillers or fibers to meet specific 
performance requirements during processing and in the 
final molded part. See reinforced plastic bulk-molding 
compound. 
reinforced plastic molding dam A boundary support 
or ridge that is used to prevent excessive edge bleeding or 
plastic runout of the K P  and to prevent crowning of bag- 
molding during cure. 
reinforced plastic molding fiber shrinkage A condi- 
tion in which fibers do not move into or conform to a 
mold’s radii and corners during molding, which can result 
in voids and dimensional control problems. 
reinforced plastic molding, lost-wax A process fbr 
making high-perforiiiance parts in which a bar (or any 
shape) of wax is wrapped with RP. After the R P  is cured 
(bag molding, etc.) in a simplified restrictor mold to keep 
the RP-wax shape, the wax is removed by drilling a hole 
or removing the end caps and applying a low temperature 
(so that the R P  is not affected). Also called R P  wielding, 

fcrsihle-cove. See reinforced plastic soluble core mold- 
ing; soluble core molding; wax, soluble core. 
reinforced plastic molding, match-metal A method 
of molding RPs in which the material is cured by placing 
it between male and female metal molds in a way that is 
similar to that used in compression molding. The method 
is usually associated with molding parts with large surface 
areas. Also called matched-die molding. See compression 
molding. 
reinforced plastic nesting Placing plies of fabric so 
that the fibers of one ply lie in the valleys between the 
fibers ofthe adjacent ply. Also called nested cloth. See lami- 
nate. 
reinforced plastic nondestructive test See test, 
nondestructive acoustic holography; test, nonde- 
structive carbon fiber reinforced plastic x-ray scan- 
ning. 
reinforced plastic open molding See reinforced 
plastic contact molding. 
reinforced plastic operator’s sequence See opera- 
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tion, manual; operation, automatic; operation, 
semiautomatic. 
reinforced plastic orientation See directional 
property. 
reinforced plastic peel ply The outside layer, which 
is removed or sacrificed to achieve improved bonding of 
additional plies. See adhesive peel strength. 
reinforced plastic pipe A pipe that is used where 
heavy internal and particularly heavy external loads exist, 
such as underground piping. See design pipe; pipe mar- 
ket; pipe, deteriorating; sewer rehabilitation; under- 
ground pipe. 
reinforced plastic pipe covering See oil wells, un- 
dersea. 
reinforced plastic, plastic-rich See plastic-rich; re- 
inforced plastic, resin-rich. 
reinforced plastic pregel An intentional or usually an 
unintentional extra layer of cured plastic on the surface of 
the RP. This is not the gel coat. See gel; reinforced- 
plastic gel coat. 
reinforced plastic preimpregnation The practice of 
mixing usually thermoset plastic (hot-melt or solvent sys- 
tem; also wet system without solvent) and reinforcement 
and storing for use at a later time or for shipping to a 
molder. The reinforcement can be of any style, such as 
glass-fiber mat or fabric. It is partially cured (B-stage) 
ready-to-mold material in web form that may have a sub- 
strate of glass-fiber mat, fabric, roving, etc.; paper; cotton 
cloth; etc. With proper storage condition of temperature, 
their shelf life can be controlled. Also called prepreg. See 
A-B-C stages; filament winding prepreg and bag 
molding; impregnation; plastic heat staging; pre- 
preg; reinforced plastic prepreg; sewer rehabilita- 
tion. 
reinforced plastic preimpregnation peel ply A layer 
of open-weave material, usually glass-fiber or heat-set ny- 
lon, that is applied directly to the surface of the prepreg 
lay-up. This peel ply is removed immediately before 
bonding operations, leaving a clean, resin-rich surface that 
usually needs no further preparation for bonding. 
reinforced plastic preimpregnated pucker See re- 
inforced plastic prepreg pucker. 
reinforced plastic, premolded The thermoset plastic 
lay-up and partial cure at an intermediate cure temperature 
of reinforced chopped fiber or laminated part to stabilize 
its configuration for handling and assembly with other 
parts for final cure. 
reinforced plastic preply A material lamina in the raw 
material stage that is ready to be fabricated. It is usually 
combined with other raw materials before fabrication. It  
is a fiber system that is placed in position relative to all or 
part of the required matrix material. When the plastic is 
combined with the preply, it is called a prepreg. 
reinforced plastic prepreg A plastic preloaded mat or 
fabric. See plastic heat staging; prepreg; reinforced 
plastic preimpregnation; thermoforming thermoset 
plastic. 
reinforced plastic prepreg drape The ability of a 

prepreg or any wet lay-up to conform to a contoured sur- 
face. 
reinforced plastic prepreg out-life The period of 
time that a prepreg material remains in a handleable form 
and with properties intact outside of the specific storage 
environment, such as outside of the freezer with thermoset 
prepregs. 
reinforced plastic prepreg pucker A local area where 
the material has blistered and pulled away from the separa- 
tor film or release paper. 
reinforced plastic prepreg staging See plastic heat 
staging. 
reinforced plastic prepreg tape Unidirectional pre- 
preg. See directional property. 
reinforced plastic prepreg tracer A fiber or yarn 
added to a prepreg for verifying fiber alignment and, in 
the case of woven materials, for distinguishing warp fibers 
from fill fibers. See tracer. 
reinforced plastic press clave A simulated autoclave 
made by using the platens of a press to seal the ends of 
the open chamber, providing both the force required to 
prevent loss of the pressurized medium and the heat re- 
quired to cure the RP inside. See autoclave; reinforced 
plastic autoclave molding. 
reinforced plastic pressure bag molding An adapta- 
tion of vacuum-bag molding where the bag and mold are 
placed in a closed system and are subjected to pressure 
during the curing cycle. See reinforced plastic bag 
molding; reinforced plastic vacuum-bag molding. 
reinforced plastic pressure curing transducer A de- 
vice that is used for processing thermoset plastics that re- 
quire pressure monitoring during curing; if not properly 
applied pressure can cause damage to part quality. Pressure 
sensors (transducer) located at different sections of the RP 
can be used in addition to the press pressure gauges. See 
transducer, pressure. 
reinforced plastic pressure intensifier A layer of 
flexible or elastomeric material that is used to ensure the 
application of sufficient pressure to a location, such as a 
radius, in a lay-up being cured. 
reinforced plastic process Various fabricating pro- 
cesses are eniployed to produce RP products, which rep- 
resent about 5wt% of all plastics products. They range in 
fabricating pressures from zero (contact), through moder- 
ate, to relatively high, at temperatures rangmg from room 
to well over 100°C (212°F). Equipment may be simple 
and low cost or may require expensive, specialized com- 
puter control of the basic machine and its auxiliary equip- 
ment. Each process provides capabilities such as meeting 
production quantity (small to large), performance require- 
ments, proper ratio of reinforcement to matrix, fiber ori- 
entation, reliability and quality control, surface finish, and 
so forth versus cost (equipment, labor, utilities, etc.). 
Common processes are injection molding, pultrusion, 
compression molding, contact molding (hand lay up, 
spray, etc.), matched mold methods (modified IM or CM, 
resin transfer, pressure bag, etc.), spray up, and filament 
winding. Other processes include autoclave molding, ro- 
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tational molding, reaction IM reinforced, continuous lam- 
inating, and centrifugal casting. Selecting the optimum 
process encompasses a broad spectrum of possibilities 
(shape, size, materials used, quantity, tolerance, time 
schedule, cost, etc.). For some designs only one process 
can be used, but for others different processes can be used. 
Each process, like each material of construction, has its 
capabilities arid limitations. Material or product perfor- 
mances are frequently strongly influenced by the process 
used. See fabricating process type; ramping; rein- 
forced plastic. 
reinforced plastic processing agent See mold-re- 
lease agent. 
reinforced plastic processing, lack of plastic fill- 
out A condition where reinforcement is not wetted 
with sufficient plastic. For example, it can occur on the 
edge of a laminate or pultrusion. 
reinforced-plastic processing vent cloth A layer or 
layers of open-weave cloth that is used to provide a path 
for a vacuum to reach the R P  area being cured so that 
plastic volatiles and air can be removed. This action also 
provides a means of applying pressure to the complete RP.  
Also called breather cloth. See autoclave venting; 
venting. 
reinforced plastic pultrusion A continuous process 
for fabricating RPs that usually have a constant cross-sec- 
tional shape. The reinforcing fibers are pulled through a 
plastic (usually TS) liquid-impregnation bath by rollers and 
then through a shaping die, followed by a curing action. 
In some systems no plastic bath is used, and the plastic is 
impregnated in the die, similar to the take-off in extruding 
wire and cable providing controlled impregnation. See 
blow-molding, extruder, reinforced-plastic; ex- 
truder wire and cable process, dry cure; prepreg so- 
lution process. 
reinforced-plastic pultrusion, black mark A surface 
black smudge that results from excessive pressure in the 
die when the pultrusion is rubbing against a die surface 
that is not chrome plated. It is difficult to remove. 
reinforced-plastic pultrusion bow An unwanted 
condition of longitudinal curvature in pultruded parts. 
reinforced-plastic pultrusion braiding Pultrusion 
with in-line braiding impregnates fibers before they are 
braided together. The result is a product with special high- 
performance properties. See fiber, braided. 
reinforced-plastic pultrusion chip Minor damage to 
a surface that removes material but does not cause a crack 
or craze. 
reinforced-plastic pultrusion crack A longitudinal 
crack that occurs within sections of the roving reinforce- 
ment. This condition is caused by shrinkage strains during 
cure that show up in the roving portion where transverse 
strength is low. Modifying or rearranging rovings can 
eliminate this problem. See crack. 
reinforced-plastic pultrusion curing See thermo- 
set plastic curing, fiber-optic sensor. 
reinforced-plastic pultrusion die Dies are streani- 

lined and have a smooth, polished surface with a chrome 
plating. See die, profile; extruder profile die. 
reinforced plastic pultrusion dwarf width A condi- 
tion in which the crosswise (to the direction of the pultru- 
sion) dimension o f a  flat surface is less than what the die 
would normally yield. This condition is usually caused by 
a partial blockage in the die cavity by built-up or R P  parti- 
cles adhering to the die cavity. This condition is also called 
a lost edge when the flat surface has a free edge that is altered 
by the build-up. 
reinforced plastic pultrusion exposed underlayer 
The underlayer of mat or roving is not covered by the 
surface mat. This condition can be caused by reinforce- 
ment shifting, too narrow a surface mat, too wide an un- 
derlying mat, uneven slitting of the surface mat, necking 
down of the surface mat, or excessive tension in pulling 
the surface inat off the processing spindle. 
reinforced plastic pultrusion fiber bridging Rein- 
forcing fiber that bridges an inside radius that is caused by 
shrinkage stresses around such a radius during curing. 
reinforced plastic pultrusion fiber prominence A 
visible and measurable pattern of the reinforcing material 
on the surface of the pultrusion. 
reinforced plastic pultrusion flat A longitudinal, flat 
area on a normally convex surface that is caused by shifting 
of the reinforcements, lack of sufficient reinforcement, or 
local fouling of the die surface. 
reinforced plastic pultrusion glassiness A glassy, 
marbleized, streaked appearance on the surface. Although 
this condition is visually evident, the reinforcement is fully 
encapsulated with the plastic. 
reinforced plastic pultrusion, shrinkage in Shrink- 
age that causes inside-radius bridging. 
reinforced plastic pultrusion sluffing Scales that peel 
off or become loose either partially or entirely from a pul- 
trusion. Not to be confused with scraping, prying, or 
physically removing scale from a pultrusion part. 
reinforced plastic reaction-injection molding (RRIM) 
A molding process that incorporates into the conventional 
RIM process, reinforcements such as woven or nonwoven 
fabrics, short glass fibers, glass flakes, and milled fibers. 
These additives stiffen or strengthen the part and reduce 
thermal expansion. The usual procedure is to lay out rein- 
forcement in the mold cavity using some type of clamping 
system prior to the reaction injection molding process oc- 
curring. Milled fibers (glass, etc.) can be mixed into one 
of the liquid reactive material tanks where a continuous 
stirring action exists. See fabric; fiber; reaction injec- 
tion molding; reaction injection molding, struc- 
tural; reinforcement. 
reinforced plastic, resin-rich A part defect in which 
a localized area has a drastic reduction in fibers or no fibers 
at all. See plastic-rich. 
reinforced plastic resin transfer molding (RTM) 
Vacuum-assisted R T M  can be called infusion molding. 
R T M  usually uses liquid thermoset plastic that is trans- 
ferred or injected into an enclosed mold, normally at  low 
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pressures ofabout 60 psi (410 kPa) in which reinforcement 
has been placed. The reinforcement is usually glass-fiber 
woven, nonwoven, or knitted fabric. Plastic flows through 
the reinforcement targeting to remove air through release 
ports or openings where its parting line exists. Cure can 
be with a heated mold or catalyzed so that it develops its 
own heat based on a prescribed time schedule. See cata- 
lyst; reinforced plastic Marco process; reinforced 
plastic squeeze molding; SCRIMP. R T M  process 
conditions are typically determined empirically via mold- 
ing experiments. Process control using in-mold sensors to 
measure plastic cure have been developed based on ultra- 
sonic, dielectric, microwave, and spectroscopic methods. 
Some previously developed sensors suffered in that they 
measured the average cure over a large volume of the mold 
and part thickness. Localized sensors have been applied to 
cure monitoring. See cure. 
reinforced-plastic rotational molding To strengthen 
the molded part, reinforcements are added to the coni- 
pound; the molded parts contain reinforcements. See ro- 
tational molding. 
reinforced plastic scrim cloth 
reinforced plastic SCRIMP process This Seeman 
Composites Resin Infusion Process (SCRIMP) is a gas- 
assist resin-transfer molding process. Glass-fiber fabrics, 
thermoset vinyl-ester polyester plastic, and polyurethane 
foam panels (for insulation) are placed in a segmented tool. 
A vacuum is pulled with a bag so that a huge amount of 
plastic can be drawn into the mold (Marco process ap- 
proach). Its curved roof is made separately and bonded to 
the box with mechanical and adhesive fastening. I t  is simi- 
lar to various reinforced-plastics molding processes. See 
reinforced plastic bag molding; reinforced plastic 
dry lay-up; reinforced plastic Marco process; rein- 
forced plastic resin transfer molding. 
reinforced plastic separator A permeable layer that 
also acts as a release film. Porous PTFE-coated glass-fiber 
woven fabric is an example. It  is often placed between lay- 
up and bleeder to facilitate a bleeder system’s removal from 
the RP or laminate after cure. 
reinforced plastic sheet molding compound (SMC) 
Usually thermoset polyester plastic (generally cross-linked 
with styrene) with glass fibers and additives such as pig- 
ments and fillers that have been compounded and pro- 
cessed into sheet form to facilitate handling in the molding 
operations. This B-stage material has a long shelf life, 
particularly when stored in a cool place. See injection 
molding, bulk molding compound; molding, sheet 
molding compound and vacuum-press; polyester 
plastic, thermoset; sheet molding compound; sheet 
molding compound and bulk molding compound 
recycling; thickening agent. 
reinforced plastic sheet molding compound carrier 
film Usually a nylon or polyethylene film used for the 
manufacture and storage of SMC. This carrier film is re- 
moved prior to molding. 
reinforced plastic sheet molding compound doctor 

See fabric scrim. 

box A device on the SMC manufacturing line that con- 
tains and uniformly spreads plastic paste over the carrier film. 
reinforced plastic sheet molding compound matu- 
ration A time period in the manufacture of SMC in 
which the viscosity of the resin matrix increases from 20 
X lo3  cp to at least 20 X lo6 cp when ready for molding. 
reinforced plastic short-term waviness (STW) A 
surface defect that is usually perceived as orange peel. 
reinforced plastic soluble core molding Similar to 
fusible core molding; the soluble core is dissolved after 
molding to create a complex hollow part. Various core 
materials are used. The first all-plastic airplane (1944, U.S. 
Air Force) used wax to construct rectangular beams cores 
for the R P  sandwich monoque fuselage and wings. See 
eutectic mixture; reinforced plastic molding, lost- 
wax; soluble core molding. 
reinforced plastic spray-up An air-spray gun includ- 
ing a roller cutter that chops usually glass-fiber rovings to 
a controlled length before they are blown in a random 
pattern (manually or automatically) onto a surface of the 
mold. Simultaneously, the gun sprays catalyzed thermoset 
polyester plastic. The chopped fibers are plastic coated as 
they exit the gun’s nozzle. The resulting, rather fluffy RP 
mass is consolidated with serrated rollers to squeeze out 
air and reduce or eliminate voids. A closed mold with ap- 
propriate temperature and pressure produce parts. See 
preform; thermoforming, form and spray. 
reinforced plastic squeeze molding An intermediate 
step between hand lay-up and resin-transfer molding. The 
reinforcement is put into a mold. In turn, the mold is put 
into an air-bag press (or the equivalent) where the plastic 
is slowly forced through the mold cavity at low pressures 
of about 30 to 75 psi (200 to 500 kPa). The R P  is cured 
at room temperature. See reinforced plastic hand lay- 
up; reinforced plastic resin transfer molding. 
reinforced plastic stamping See stamping rein- 
forced thermoplastic; thermoforming, solid-phase 
pressure. 
reinforced plastic stress analysis See plastic, smart; 
stress-strain curve. 
reinforced plastic structure See infrastructure. 
reinforced plastic surface See alligatoring; orange 
peel; plastic, low-profile. 
reinforced plastic surfacing mat A very thin mat, 
usually 180 to 510 p m  (7 to 20 mil) thick, of highly fila- 
mentized glass fiber. It  is used to produce a smooth surface 
on reinforced plastics. See reinforced plastic gel coat; 
sheet overlay. 
reinforced plastic surfacing veil An ultra thin mat 
that is similar to a surface mat and usually composed of 
organic fibers as well as glass fibers. See fiber mat; rein- 
forced-plastic gel coat; sheet overlay; veil. 
reinforced plastic, symmetrical Lay-up in which the 
stacking sequence of plies below its midpoint is a mirror 
image of the stacking above the midplane. 
reinforced plastic syntactic cellular plastic An R P  
compound made by mixing hollow microspheres of glass, 
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epoxy, phenolic, etc. into a fluid thermoset plastic with its 
additives and curing agents. It forms a moldable, curable, 
lightweight mass, as opposed to foamed plastics, in which 
its cells are formed by gas bubbles, etc. Also called R P  
syntactic f o a m  or syntactic f o a m .  See foam; foam, rein- 
forced; microsphere. 
reinforced plastic test See strain, flexure of fiber; 
test, laminated curved-bar delamination analysis; 
test, NOL ring; test, nondestructive acoustic emis- 
sion; test, nondestructive carbon fiber reinforced- 
plastic x-ray scanning; test, nondestructive impact 
RP coin trapping; test, nondestructive ultrasonic. 
reinforced plastic test, extensional-shear cou- 
pling A property of certain classes of RPs, such as lami- 
nated constructions, that exhibit shear strains when sub- 
jected to extensional loading. See shear strain. 
reinforced plastic test, flexural strength, wet See 
flexural strength, wet. 
reinforced plastic test, moisture See test, rein- 
forced plastic moisture-content. 
reinforced plastic test, temperature See test, non- 
destructive temperature differential by infrared. 
reinforced plastic test, shear See flexural test, 
short-beam shear; shear strength, short-beam. 
reinforced plastic vacuum-bag molding Rein- 
forced plastics can be prepared for curing in an open niold 
with a flexible nienibrane or bag over the RP. A vacuum 
is drawn inside the enclosure, commonly resulting in at- 
mospheric pressures of 10 to 14 psi (69 to 97 kPa), with or 
without heat (depending on how the plastic was prepared). 
The result is a molded part with a very smooth surface 
against the mold surface. See compaction; molding, 
sheet-molding compound and vacuum-press; rein- 
forced-plastic bag molding; reinforced-plastic pres- 
sure bag molding; vacuum press. 
reinforced-plastic venting cloth A layer or layers of 
open-weave cloth that is used to provide apath for a vacuum 
to reach the area in which an R P  is being cured, such that 
air, volatile, and excess plastics can be removed. It is used in 
different R P  processes. Also called breather cloth. See rein- 
forced plastic; separator; vent cloth; venting. 
reinforced-plastic void content Voids are generally 
the result of the entrapment of air that exists during the 
construction of a lay-up, particularly during molding at 
low pressures. It  is possible to have void contents of 1 to 
3%. Depending on the part application, voids can cause a 
reduction in performance and invite moisture. If voids are 
undeFirable, various procedures can be used, such as 
squeezing out air during lay-up by a roller or spatula man- 
ually or automatically or applying a vacuuni during niold- 
ing. See test, nondestructive temperature differential 
by infrared; void. 
reinforced-plastic weight, area The weight of a fiber 
reinforcement per unit area (width times length) of tape 
or fabric. 
reinforced-plastic wet lay-up See reinforced-plas- 
tic lay-up, wet. 

reinforced plastic wet-out The ability of a plastic to 
saturate a fiber reinforcement in which substantially all 
voids are filled with plastic. This condition occurs during 
the soaking of porous materials with liquid plastic when 
all voids between filaments become filled with the plastic. 
reinforced plastic wet-out rate The time that is re- 
quired for the plastic to fill interstices and wet the surfaces 
of the fibers. It is usually determined by optical or light 
transmission instruments. 
reinforced plastic wet system R P  processes and 
equipment that incorporate reinforcement impregnation 
as part of the process prior to entering a die or mold, such 
as with pultrusion. 
reinforced plastic, XTC An R P  that combines glass 
fibers and PET fibers in a niat forni that are cut to shape 
and processed usually by compression molding. The niate- 
rial is siniilar to sheet-molding conipound. Heating XTC 
causes the PET fibers to flow and reinforce the glass fibers. 
See sheet molding compound. 
reinforcement A strong inert material bound into a 
plastic to improve its properties, such as strength, stiffness, 
impact resistance, and dimensional shrinkage. T o  be effec- 
tive, the reinforcement must forni a strong adhesive bond 
with the plastics; for certain reinforcenients special clean- 
ing, sizing, and finishing treatments are used to improve 
bond. Types of reinforcements include fibers of glass, 
graphite, boron, nylon, polypropylene, cotton, sisal, and 
asbestos. Inorganic and organic fibers have diameters rang- 
ing from about 1 to over 100 micrometers. Properties dif- 
fer for the various types, diameters, shapes, and lengths. 
Their properties range from very low to very high. The 
designer needs to properly identi+ which reinforcenient 
is used (as with the plastic). See carbon black; chemical 
vapor deposition; design, reinforcement; direc- 
tional property; fabric, burlap; fiber; fiber carding; 
fiber, metallic; fiber processing, gel-spinning; fi- 
ber, spider-silk; hemp; plastics, theoretical versus 
actual values of; reinforced plastic; reinforcement, 
whisker. 
reinforcement and property See testing and classi- 
fication. 
reinforcement, disk Reinforcements and fillers in a 
disk form, including mica, glass, and aluminum. Naturally 
occurring mica has a variety of chemical compositions and 
morphologies. Coniiiiercial types include wollastonite, 
muscovite, and phlogopite. The aspect ratio of all the disks 
plays an important role; high values of 5 to 10 provide for 
good reinforcements. Lining up and overlapping disks to 
take advantage of directional properties to date has been 
achieved in the laboratory but is difficult to set into pro- 
duction. Theoretically, with proper lay-up the highest 
performance plastics could be obtained. See aspect ratio; 
reinforcement, whisker; slenderness ratio. 
reinforcement, natural See bamboo. 
reinforcement, polyethylene fiber See fiber pro- 
cess, gel-spinning; fiber process, solution-spinning. 
reinforcement, whisker Whiskers are metallic and 
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nonmetallic single crystals (micrometer-size diameters) of 
ultrahigh strength and modulus. Their extremely high per- 
formances (high melting points, resistance to oxidation, 
low weights) are attributed to their near perfect crystal 
structure, chemically pure nature, and fine diameters that 
minimize defects. They exhibit a much higher resistance 
to fracture (toughness) than other types of reinforcing fi- 
bers. Many different materials have been used (literally 
hundreds), with diameters ranging from 1 to 25 pm (40 
to 980 pin.) and aspect ratios between 100 to 15,000. Pro- 
cesses used to manufacture whiskers include growing them 
by condensation from supersaturated vapor, from chemical 
solution, and by electrodeposition. Because they have ex- 
tremely high costs and are not easy to process with present 
technology, they have been used primarily in specialty ap- 
plications, such as aerospace and medical/dental. Matrices 
include plastics, ceramics, and metals. See aspect ra- 
tio; fiber, carbon; fiber, metallic; slenderness ratio; 
vapor-liquid-solid process; whisker, metallic. 
reinforcing agent A filler, in fiber and other forms 
such as flakes or powders, that is used to increase princi- 
pally mechanical properties of plastics. See alumina tri- 
hydrate; fiber; reinforcement. 
reinforcing filler An additive that modifies principally 
mechanical properties of the plastics. See filler. 
relative humidity (RH) The ratio of the quantity of 
water vapor present in a given volume of air expressed as 
a percentage. It is also the ratio of the actual pressure of 
existing water vapor to the niaxirnuni possible (saturation) 
pressure ofwater vapor in the atmosphere at the same teni- 
perature, expressed as a percentage. See humidity; hy- 
grometer. 
relaxation The time-dependent return to equilibrium 
of a system or property of a system, that has been displaced 
from equilibrium by an applied constraint in the context 
of plastic relaxation. The constraints niay be an electric, 
field (dielectric relaxation), visible or ultraviolet radiation 
(luminescence depolarization or dynaniic birefringence), 
mechanical stress or strain (mechanical relaxation; a de- 
crease in stress under sustained constant strain), or creep 
and rupture under constant load. A practical example in 
mechanical relaxation is the gradual decay of stress in a 
specimen that is held stretched. See creep relaxation; 
dynamic mechanical measurement; spectroscopy, 
dielectric relaxation; strain relaxation; stress relax- 
ation. 
relaxation time The time required for a stress under a 
sustained constant strain to diminish by a stated fraction 
of its initial value. See elasticity, high. 
relaxation, ultrasonic Relaxation that occurs as a re- 
sult of ultrasonic irradiation. Irradiation results in a peri- 
odic longitudinal compression and rarefaction (a pressure 
fluctuation) of the material. This may be resolved into iso- 
tropic and shear components. The response of a sample to 
the two components may be evaluated so that effectively 
such measurenients amount to the determination of the 
moduli at  higher frequencies than in other niechanical re- 

laxation methods. Monitoring of this response yields ther- 
modynamic data that can be related to specific conforma- 
tional changes in the plastic. See ultrasonics. 
relay A mechanical or electrical device in which a sniall 
electric current is made to switch a large device. 
relay logic A technique orignally used for timing and 
sequencing operations in processes. It  has generally been 
replaced by computer electronic logic controls. 
release agent See mold-release agent. 
release film An impermeable layer of film that does not 
bond to the plastic being cured. See separator. 
reliability The probability that a product will perform 
its intended function satisfactorily for a prescribed life un- 
der certain stated environmental conditions. Quality is the 
condition of the product during manufacturing or ininie- 
diately afterward, whereas reliability is the ability of the 
product to perform its intended function over a period of 
time. Quality and reliability interrelate because if the qual- 
ity control program is inadequate, then reliability is af- 
fected. See accuracy; legal matter: plaintie legal 
matter: product liability law; probability; quality; 
quality level, acceptable; repeatability; sampling ac- 
ceptable quality level; specification; statistical bene- 
fit; statistical material selection, reliability of. 
reliability control system See control-system reli- 
ability. 
rennet A coagulant for niilk that is used in the manufac- 
ture of casein. See casein. 
repeatability Most applications are concerned with re- 
peatability that is easier to achieve than high accuracy. Re- 
peatability deals with &tors such as how closely the length 
of a given feed will repeat itself. Repeatability is different 
in that it does not include the noncumulative errors that 
an accuracy specification quantifies. Noncumulative errors 
are caused by factors, such as in a motion drive system, 
like backlash and hysteresis. Because repeatability assumes 
that all travel is unidirectional, which is true in almost all 
cut-to-length applications, the effects of backlash and hys- 
teresis are negligible. See accuracy; backlash; design 
accuracy; electric motor, adjustable speed drive; ex- 
truder web stretching and tearing; fabricating pro- 
cessing repeatability; hysteresis; motion control 
system. 
repellent, water See water repellent. 
reporting See data-management system; technical 
writing. 
research and development (R&D) Worldwide K& 
D assists in designing products, processing equipment, and 
developing plastic materials allows the plastic industry to 
continually expand its markets. See cost-benefit analy- 
sis; design; design features that influence perfor- 
mance; empirical; entrepreneur; fabricating process 
type; invest early; legal matter: patent pooling with 
competitor; market; medical packaging; military 
market; performance prediction; plastic; plastic in- 
dustry size; plastic, long-life; plastic material; plastic 
material type; process simulator; productivity revo- 
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lutionary versus evolutionary developments; speci- 
fication; technology assessment; technical writing; 
technology; theory; thermoflow plastic. 
research and marketing See World of Plastics Re- 
views: Making Marketing Work. 
reservoir foamed molding See foamed reservoir 
molding. 
residence time The amount of time that a plastic is 
subjected to heat during fabrication of virgin plastics such 
as during extrusion, injection and conipression molding, 
and calendering. With recycled plastics, properties are af- 
fected by previous fabrication and granulating heat. This 
residence time can cause minor to major undesirable prop- 
erties or variations in properties, of the plastic during the 
next processing step, or in the finished product. This ac- 
tion can occur even when the same plastic (from the 
same source) and same fabricating machine are used. Dif- 
ferent thermal tests are available and used to meet spe- 
cific requirements. See fabricating process; injection- 
molding machine downsizing; injection-molding 
screw-rotation speed; material, powder compact; 
processing via fluorescence spectroscopy; screw 
length-to-diameter ratio; stress, residual. 
residual deflection Permanent deformation after coni- 
plete or partial removal of applied force on a product, 
component, or structure. See deflection. 
residue Any undesirable material that remains on a sub- 
strate after any process step, after the part is in service, etc. 
See tailing. 
resilience 1. The ratio of energy output to energy input 
in a rapid (or instantaneous) full recovery of a deformed 
material, usually expressed as a percentage. See dynamic; 
elastomer proof resilience; elastoplastic; hysteresis, 
elastic. 2. The ability to regain an original shape quickly 
after being strained or distorted. See energy. 
resilience, impact The ratio of output to input nie- 
chanical energy in a rapid deformation and recovery cycle 
of the material. See deformation. 
resin See plastic. 
resinography The science of morphology, structure, 
and related descriptive characteristics as correlated with 
composition or conditions and with properties or behavior 
of plastics and their products. See chromatic aberration; 
collimator; equilibrium centrifugation. 
resinoid A thermoset plastic either in its initial (or teni- 
porarily fusible) or in its final (infusible) state. 
resin pocket See pocket, plastic. 
resinous Having the appearance or properties of a resin 
(plastic). 
resin transfer molding See reinforced-plastic resin 
transfer molding. 
resistance See abrasion resistance; chemical resis- 
tance; light resistance; rain; thermal resistance. 
resitol A thermoset plastic of the phenol fornialdehyde 
type that passes through a transition stage during the curing 
process. At this stage, the plastic will soften to a rubberlike 
consistency under the influence of heat but will not melt. 

When immersed in alcohol or acetone, the plastic will 
swell but is virtually insoluble and is referred to as B-stage. 
See A-B-C stages; phenolic plastic; thermoset 
plastic. 
resole plastic A linear phenolic one-stage plastic that is 
produced by alkaline condensate of phenol and fornialde- 
hyde. See novolak plastic; phenolic plastic; reaction- 
injection molding, structural. 
resonance 1. Mechanically, the reinforced vibration of 
a body exposed to the vibration at about the frequency of 
another. See vibration. 2. In chemistry, the moving of 
electrons from one atom of a niolecule or ion to another 
atom of the same molecule or ion. See atom; ion; mole- 
cule. 3. In the terniinology of spectroscopy, the condition 
in which the energy state of the incident radiation is iden- 
tical with the absorbing atoms, molecules, or other chemi- 
cal entities. See spectroscopy. 4. The use of two or more 
Lewis structiires to represent a particular molecule. See 
electron, Lewis acid. 
resonance, draw A form of draw-down failure that is 
characterized by the wandering or wavering of the edge 
of a molten film or the loss of thickness unifornlly across 
the width of a coating. See extruder flat film draw- 
ratio. 
resonance fluorescence See spectroscopy, absorp- 
tion. 
resonant forced vibration A test for performing dy- 
namic mechanical measurenients, in which the saniple is 
oscillated mechanically at the natural resonant frequency 
of the system. Its amplitude of oscillation is maintained 
constant by the addition of makeup energy. Elastic niodu- 
lus is calculated from the measured frequency. Damping is 
calculated from the additional energy required to maintain 
constant amplitude. See damping, mechanical; dy- 
namic mechanical measurement; nonresonant 
forced and vibration technique; modulus, dynamic; 
vibration, free. 
resonant frequency A frequency at which resonance 
exists. 
resorcinal-formaldehyde plastic A thermoset type of 
phenol-formaldehyde plastic. It  is permanently fusible and 
soluble in water, ketones, and alcohols. It  can provide fast 
and room-temperature cure. 
resource See oil resources, limited; plastic prod- 
ucts, raw material to; recoverable resource; steel re- 
sources, limited. 
resource depletion 
resource, renewable A natural resource that can be re- 
placed as it is consumed, such as a forest (reforestation) in 
the lumber industry. See wood. 
retarder A material used to reduce the tendency of a 
rubber or thermoset elastonier compound to vulcanize 
prematurely. See catalyst, negative; inhibitor. 
reticulate A network or netlike structure. See foam 
and process cell structure. 
retort The shape of a type of a simple distillation unit 
characterized by its glass neck twisted downward. 

See vinyl composition tile. 
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retortable pouch See packaging, retortable- 
pouch. 
return on investment (ROI) The amount of profit 
expressed as a percentage of the investment in the business. 
Also called return on capital employed. See business book- 
keeping; capital-equipment investment; cost; eco- 
nomic and product quality; invest early. 
revolutionary versus evolutionary developments Most 
new developments are evolutionary and evolve &om an ex- 
isting product. Even revolutionary developments usually in- 
volve certain existing fundamental or basic principles. Rarely 
revised, corrected, or new fundamental or basic theories 
evolve that produce genuinely revolutionary ideas. See plastic 
history; productivity; research and development; tech- 
nology. 
Reynold’s number A dimensionless number that is 
significant in the design of any system in which the effect 
of viscosity is important in controlling the velocities or the 
flow pattern of a fluid. It  is equal to the density of a fluid, 
times its velocity, times a characteristic length, divided by 
the fluid viscosity. This value or ratio is used to determine 
whether the flow of a fluid through a channel or passage, 
such as in a mold, is laminar (streamlined) or turbulent. 
The formula for Reynold’s number is R = 7,740 V D / q  
or 3 , 1 6 0 Q / 0 ,  where V = fluid velocity, in ft/s (m/s); 
D = diameter of circular passage in. (cm); .17 = kinematic 
viscosity, in centistokes; Q = flow rate in gpni. Water at 
the following O C  temperatures are followed with r\:0 = 

1.79, 10 = 1.30, 20.2 = 1.00, 37.8 = 0.68, 66 = 0.43, 
and 100 = 0.28. Values of 2,300 or lower represent lami- 
nar flow and those above 3,000 represent turbulent flow. 
This flow information is used in designing fluid (water) 
lines in molds and rolls, where a certain degree of turbu- 
lence is required to remove heat from plastic melt most 
efficiently. Also called N,. or Damkikler number V (DaV). 
See coolant; turbulent-flow; melt-flow laminar; 
mold coolings; scale; thermodynamics; viscosity; 
viscosity, Hagen-Poiseuille law; water, magnetic. 
RF heating See heating, dielectric. 
R-glass See fiberglass type. 
rheological material behavior All material behaviors 
range from fluids to fluids-solids to solids. As fluids they 
are purely viscous with linear behavior or Newtonian 
fluid, such as water or oil. The nonlinear or non-Newton- 
ian purely viscous fluid (approaching fluid-solid condi- 
tions) is a suspension in a Newtonian fluid. Fluids-solids 
represent viscoelastic plastics, which are linear or nonlinear 
in fluid or solid forms. Elastomers or gums represent the 
purely elastic nonlinear solids, and their elastic linear or 
Hookean (law) solids are typically steel spring or cross- 
linked rubber. See viscosity, Newtonian flow; viscos- 
ity, non-Newtonian flow. 
rheological mechanical spectrometer (RMS) A de- 
vice that relates chemical structure of plastic to its iiiechan- 
ical properties. It measures viscous and elastic response in 
terms of dynamic viscosity over a wide temperature range 
(0 to 300OC) and mechanical frequency range. 

rheology The science of the deforniation and flow of 
matter under force. Lt is concerned with the response of 
plastics to mechanical force. The response may be irrevers- 
ible flow or reversible flow. An understanding of rheology 
and the ability to measure rheological properties are neces- 
sary before viscous behavior can be controlled. Such con- 
trol is essential for the manufacture and fabrication of nu- 
merous plastics materials and products. For linear elastic 
materials or Newtonian fluids, simple observations are suf- 
ficient to establish a general equation that describes how 
any material will respond to any type of deformation. 
However, for the more complex materials, such as non- 
Newtonian molten plastics, the development of a simple 
equation is complex and difficult to evaluate and requires 
many different test and evaluation studies. Relationships 
are developed and put to practical use. Present knowledge 
of their rheological behavior is largely empirical and useful 
for these viscoelastic plastics-that is, they exhibit both 
viscous flow and elastic recoil. See deformation; melt 
flow; thixotropy; viscoelastic fluid; viscoelasticity; 
viscosity, Newtonian flow; viscosity, non-Newton- 
ian flow. 
rheology, micro- The study of flow in relation to the 
niicrostructure of the material undergoing flow. An exani- 
ple is in the study of the effect of dispersed particle shape 
in a plastic blend or filled plastic on the flow properties. 
rheometer A rheological instrument that determines 
the flow properties of a plastic, usually of high viscosity 
or in the molten condition of thermoplastics, by forcing 
the melt through a die or orifice of specific size at specific 
temperature and pressure. Also called plastometev. See test, 
melt-index; viscometer. 
rheometer, Brabender plasticorder flow See test, 
melt-flow, Brabender plasticorder rheometer. 
rheometer, capillary A rheometer whose main coni- 
ponent is a capillary tube of specific diameter and length. 
Molten plastic at a specified temperature is forced by pres- 
sure through the tube. Differential pressures and flow rates 
are measured and used for analyzing shear stress against 
shear rate at a constant temperature. See capillarity; 
viscometer, capillary. An online capillary rheometer 
is a slit die or capillary die that is fed a controlled melt vol- 
ume online from the extruder’s plasticator. The pressure 
differential between start and the end of the tube is niea- 
sured as a function of different flow volumes. The differ- 
ent shear stresses follow Hagen-Poiseuille law regard- 
ing the viscosity function. According to the law, the 
controlled melt flow through the capillary is directly pro- 
portional to the shear rate. The two basic online systems 
are the open- and closed-loop systems. In the open, there 
is a short distance of melt travel to obtain a sample; the 
closed loop has the melt recirculating after measurements 
are made into the main melt stream of the plasticator. See 
viscosity, Hagen-Poiseuille law; test, melt rheom- 
eter. 
rheometer, dynamic A system in which the applied 
shear or tensile stress is varied periodically with time, usu- 
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ally sinusoidal. It is used to determine the dynamic and 
complex viscosities of fluids. Elastic modulus can also be 
determined. Also called oscillating dfeonzetev. See shear 
stress; tensile stress. 
rheopecticity Viscosity that increases with time under 
a constantly applied stress and decreases on removal of the 
stress. It is the opposite of thixotropy. See thixotropy. 
rhombohedral See directional property, rhombo- 
hedral. 
rib A reinforcement that is often used in fabricated 
products to increase rigidity. Various processing methods 
can provide a means of incorporating ribs. 
rice paper See fiber, straw. 
rigidity A combination of thickness and inherent stiff- 
ness of a material that resists flexing of the material. See 
flexibility. 
rigidity, relative In dynamic mechanical measure- 
ments, the ratio of modulus at any temperature, frequency, 
or time to the specific modulus at the same conditions. 
See dynamic mechanical measurement. 
rigidity, stiffness 
rigidsol A plastisol that forms a product of very high 
durometer hardness. Such hardness is obtained by com- 
pounding techniques that permit the use of relatively small 
amounts of plasticizers or by the incorporation of mono- 
mers that serve as dilutents at  rooin temperature but that 
will cross-link or polymerize on heating. See hardness; 
plasticizer; plastisol; polymerization. 
ring gate See mold gate. 
rise time See reaction-injection molding rise time. 
risk, acceptable A level of risk that a seriously adverse 
result is highly unlikely to occur but that cannot be proven 
to be 100% safe. It  is a reasonable assurance of safety and 
acceptable uncertainty as in the use of automobiles, air- 
craft, boats, lawnmowers, food, medicine, water, and the 
air we breathe. See cost; design analysis; design tech- 
nology; computer-aided; definition; legal matter: 
Insurance Risk Retention Act; people’s challenge. 

Although the goal is to approach perfection in a zero- 
risk society, failure to recognize that no product is without 
risks may put excessive emphasis on achieving one goal 
while drawing precious resources away from product de- 
velopment and approval. A proper balance between risk 
and benefit acknowledges that people are exposed to many 
risks and that some pose a greater threat than others. The 
followirig data concern the probability over a lifetime of 
premature death per 100,000 people in the United States: 
290 will die from being hit by a car while being a pedes- 
trian, 200 from tobacco smoke, 75 from diagnostic X-rays, 
75 while bicycling, 16 while passengers in a car, 7 from 
drinking Miami or New Orleans water, 3 from lightning, 
3 from hurricanes, and 2 from fires. See quality optimi- 
zation goal; sampling acceptable quality level. 
risk, analyze See economic efficiency and profitability. 
risk assessment An analysis of risk that needs to be per- 
formed by designers, equipment installers, users, and all 
others involved in production. The production process is 
reviewed for hazards created by each part of the line when 

See flexural strength; rigidity. 

operating correctly as well as when equipment fails to per- 
form or complete its task. This includes startups and shut- 
downs, preventive maintenance, QC/inspection, and re- 
pair. See statistical data collection. 
risk, fire The probability that a fire will occur and the 
potential for harm to life or darnage to property resulting 
from its occurrence. A fire risks assessment standard can 
determine that no harm (or major harm) will occur. 
risk management Risk management firms are liability 
insurance firms that sell forward contracts at  fixed prices 
and then settle them against market prices established by 
various consultant firms. A cap is a typical method in 
which the risk-management firm reimburses the client 
(fabricator) if prices rise above a fixed, preagreed level. See 
entrepreneur; legal matter: product liability; proba- 
bility; sampling acceptable quality level. 
risk reliability See control-system reliability; reli- 
ability. 
risk retention The client (fabricator) funds its own 
losses instead of paying a management firm Some clients 
cannot afford insurance. See legal matter: Insurance 
Risk Retention Act. 
Riteflex Hoechst-Celanese’s tradename for its family of 
copolyester thermoplastic elastomers. 
rivet, fabricating See forging. 
riveting See joining, rivet. 
robot A device that can perform discrete operations, 
such as parts removal, assembly, decoration, welding, in- 
spection, stacking, wrapping, carton filing, palletizing, and 
lot identification. Sturdy/fast robots can be made from 
lightweight/ high-strength materials such as carbon fiber/ 
epoxy-reinforced plastics that accelerate to at  least 25 Gs 
and attain linear velocities of a t  least 60 fi (18 m)/sec, all 
of which permit part retrieval in as little as 300 millisec- 
onds. Their arms can retrieve parts in a definite orientation 
as fast or faster than they can fall free by gravity. See de- 
sign, motion-control, mechanical and electronic ef- 
fects; material handling, automatic; mold change, 
quick; part handling. 
robot, intelligent A robot that has sensory perception, 
making it capable of performing complex tasks, such as 
those that vary from cycle to cycle. It is capable of making 
decisions and modifications during each cycle. See sen- 
sor, intelligent. 
robot, material-handling A robot that can machine, 
cut, form, decorate, weld, or in some way change the 
shape, function, or the properties ofthe materials it handles 
between the time they are first grasped and the time they 
are released in a manufacturing line. See auxiliary equip- 
ment; material handling; part handling. 
robot, mobile A robot that is mounted on a moving 
platform in the plant. The control system controls the mo- 
tions of the robot about the workplace. 
robot, pick and place A popular, simple, point-to- 
point, nonservo, limited-sequence robot designee that pri- 
marily manipulates products from one place to another. 
rock-and-roll processing See molding, rock-and-roll. 
rocket and missile See missile. 
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Rockwell hardness 
rodent-resistant additive A substance that allows a plas- 
tic to withstand or repel attacks by rodents. Some plastics re- 
quire these additives to prevent rodents from damaging them, 
such as under- and over-the-ground cable insulations. 
rod stock Unreinforced plastic or fiber reinforced plas- 
tic lay-up that is combined to give the greatest strength in 
the longitudinal direction. The RPs are generally formed 
from parallel strands or fibers. See extruder profile; 
reinforced-plastic pultrusion. 
roentgen spectrometry See x-ray spectroscopy. 
roll Rolls handle fabrication products, such as films, 
sheets, fibers, and coating lines. They include winders, 
dancer rolls, spreader rolls, tenter rolls, textured rolls, en- 
graved rolls, and cooling rolls. They are required to be 
extremely precise in all their measurements, surface condi- 
tions (including commercial-grade mirror finishes), cen- 
ter-line operations, bearings, and rotating speed. See cal- 
ender; calendering, control nip pressure; coating; 
embossing; extruder roll; machining; tolerance, 
full-indicator-movement. 
roll arbor A shaft or spindle over which is placed a core 
or tube on which products such as film or sheet is wound 
that can be used directly at the end of production lines. 
Also called iizandvel. 
roll, bowed See extruder-roll spreader or ex- 
pander. 
roll coating The process of coating substrates (web) 
with plastics in the form of liquids, solution, or dispersions 
by contacting the substrate with a roller on which the ma- 
terial is spread. Various designs meet the different require- 
ments of the material to be processed and the form or 
shape of the substrate to be coated. There are direct or 
forward roll coaters (roll and web travel in the same direc- 
tion), reverse roll coaters (used with highly viscous plastic, 
with the roll and web traveling in opposite direction), 
three-roll nip-fed reverse coaters (coating is wiped off the 
roll onto the web and no splits or kiss marks develop on 
the coating), and others. See calendering configura- 
tion, roll; coating; coating, curtain. 
roll coating, kiss See extruder coating and lami- 
nating; extruder roll coating, kiss. 
roll cooling 
roll covering The application of elastomers to the sur- 
face of mandrels. Covered rolls are used in a variety of 
industries that include plastic fabrication, printing, paper, 
and textile. They are used to squeeze, drive, pull, emboss, 
convey coat, reduce noise, and print. The diversity of in- 
dustries has slowed the evolution toward autoniation. A 
complete roll covering company may work as many as 200 
different compounding formulations with relatively few 
orders per compound. Fabricating processes include cal- 
endered sheets (full sheet or strip), machined strip building, 
precured tubing, and multipass flat-50% overlap. 
roll, dancer 
roller, pinch-draw A puller unit where rollers are used 
as for pull film or coating in an extrusion, coating, and 
other processing lines. 

See test, Rockwell hardness. 

See coolant; extruder roll cooling. 

See extruder roll, dancer. 

roll leaf stamping 
roll nip 
nip. 
roll, pinch draw 
stream pullers of the product that is being processed. 
roll plating See chrome plating. 
roll, preheater 
roll pressure A roll used to apply pressure to consoli- 
date plastic to the substrate or laminate plastic, such as film, 
sheet, or profile. See calendering pressure force; coat- 
ing, roller; coating, spread; extruder roll; laminate; 
pressure-detecting film; reinforced plastic pultru- 
sion. 
roll printing See printing, gravure. 
roll, reverse See coating, reverse-roll. 
roll slippage See extruder-web tension control, 
slipping and tearing. 
roll, spreader/expander See extruder roll spreader or 
expander. 
roll stand For a sheet extrusion line with usually three 
rolls, calendering with two to seven, and other lines, a 
device that provides thickness control, surface with a 
smooth to textured finish, laminating, and line-speed con- 
trol. Thcse stands are made with rolls that have precision 
tight tolcrances and that provide uniform surface teinpera- 
tures, spacing, and rpni. To  meet different plastic-material 
performance requirements, the stands can be in different 
positions, such as the popular vertical, at any angle, 
L-position, with downstack (material travel downward) 
or upstream. See calender; extruder sheet. 
roll steel, etching See photoetching tool. 
roll stretching See extruder-web stretching and 
tearing; orientation, tenter frame and roll. 
roll, tension control See extruder roll tension con- 
trol; tensile strength. 
roll, winding strain See extruder roll winding 
strain. 
roll texturing See embossing. 
roll tolerance See tolerance, full-indicator-move- 
ment. 
roll, winding chuck See extruder-roll winding 
chuck. 
roll, winding strain See extruder-roll winding 
strain; strain. 
Roman geomembrane See geomembrane. 
roofing See bitumen; plastic house. 
root-mean-square See deviation, root-mean-square. 
root-mean-square, electrical See electrical root- 
mean-square voltage. 
root-mean-square voltage See deviation, root- 
mean-square voltage. 
Rosato Surname of the persons who created this ency- 
clopedia. 1. Dominick V. (60+ years plastics industry ex- 
perience); Marlene G. (30+ years experience); and Don- 
ald V. (40+ years experience) are the main contributors 
to this 17th major Kosato plastics book. 2. Extended first 
name derivatives currently include Mafalda, Virginia, Da- 
vid, Andrea, Peter, Andrew, and Matthew. 3. An inclusive 

See printing, roll-leaf. 
See calendering, controlled nip pressure; 

A set of rollers that are used as down- 

See extruder roll preheater. 
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term encompassing all the extended past, present and fu- 
ture plastics and related friends (i.e., Goslings) to whom 
this book is dedicated. See 25,000 entries of this Concise 
Enryclopedia .f Plastics. 
rosin A plastic that is obtained as a residue in the dis- 
tillation of crude turpentine from the sap of the pine tree 
(gum rosin) or from an extract of the stumps and other 
parts of the tree (wood rosin). It  is used in the formulation 
of certain surface coatings. Also called mlophony. See 
coating. 
rotary molding 
rotational molding A process that is based on the heat- 
ing and cooling of an axially or biaxially rotating split 
hollow-cavity niold that defines the outside shape of the 
required product. No pressure is applied other than the 
relatively low-contact pressure developed during rotation 
of the heated melt. The most comnion is tlie multiarni 
turret machine, which has a three-stage operation: (1) an 
oven heated by air (usually gas fired) or by a liquid of high 
specific heat (such as molten salt where a jacketed mold 
is used) or by a hot liquid medium such as oil, (2) a separate 
cooling chamber (usually water spray), and (3) a turret 
with a moving arm that moves a single or multicavity mold 
through the process. A prenieasured amount of powder 
or liquid thermoplastic niaterial is placed in the cavity, 
which is mounted on a turret arm that is capable of rotat- 
ing the mold. This action permits uniform distribution of 
the plastics by forcing it against the inside surface of the 
cavity. Following a prescribed cycle, tlie heat of the oven 
fuses or sinters the plastic, which then goes into the cool- 
ing chamber. The solidified product is removed from the 
mold, and the cycle is repeated. This process permits the 
molding of very sniall to very large products. To  improve 
product properties, hasten product densification, reduce 
air voids, or reduce cure time, the vacuum should be 
placed in the closed mold rather than venting the niold to 
the outside atmosphere. Also called rotomoldirg, rotafiorial 
rusting, centrifccgul casting, or rorotational mold ivg .  See cast- 
ing, centrifugal; casting, slush-molding; material 
pulverizing; powder coating; powder molding; salt 
bath. 
rotational molding cycle The cycle times typically 
range from 6 to 12 minutes. They can be as little as about 
5 minutes or as long as 30 minutes for large parts. The 
wall thickness of the parts affects cycle tinies but not in a 
direct ratio. For example, with polyethylene plastic the 
cycle time increases by about 30 s for eveiy 25 mils of 
added thickness up to ' A  in. thickness. Beyond '/A in. the 
heat-insulating effect of the walls increases cycle tinies dis- 
proportionally for any further increase in thickness; cycle 
times usually have to be determined experimentally or can 
be based on prior experience. See cycle. 
rotational molding load 
rotational molding lockout See safety, machine- 
lockout. 
rotational molding mold See molding, open- 
mold. 

See clamping platen, rotary. 

See material charge. 

rotational molding operator's sequence See oper- 
ation, automatic; operation, manual; operation, 
semiautomatic. 
rotational-molding product Products such as fuel 
tanks, furniture, light shades, marine accessories, material 
handling bins, shipping drums, storage tanks and recepta- 
cles, surf boards, and toys. Sizes range from sniall balls to 
at least 22,000 gallon tanks (83 ni3) that weigh at least 2'h 
tons (5,500 lb). 
rotational molding, reinforced See reinforced 
plastic rotational molding. 
rotational molding, rock-and-roll See molding, 
rock-and-roll. 
rotational molding, soluble core See eutectic mix- 
ture; soluble core molding. 
rotational molding speed The niold in the oven spins 
biaxially with rotational speeds being infinitely variable, 
usually ranging up to 40 rpni on the minor axes and 12 
rpin on the major axes. A 4: 1 rotational ratio generally is 
used for syiiimetrically shaped parts. A wide variety of ra- 
tios are necessary for molding unusual and complex shapes. 
rotational molding type The two basic types are batch 
and carousel. The batch type is manually operated and 
goes into an oven followed by the cooling station. The 
most coninion is the carousel type, with three stations of 
heating, cooling, and part removal followed by reloading 
the plastic material. Three cantilever arms 120" apart are 
used on a central turret so that as one arm with a mold 
leaves a station, another follows into that station. All oper- 
ations are automatic. Four-arm niachiiies can provide a 
second oven, cooler, or load station, depending on which 
is the iiiost time consuming so that the cycle time can be 
reduced. See clamping platen, rotary. 
rotational molding venting Venting often is used to 
maintain atmospheric pressure inside the closed niold dur- 
ing the entire molding cycle. A vent reduces flash, pre- 
vents mold distortion, and lowers the pressure needed in 
the mold to keep the mold closed. It prevents blowouts 
caused by pressure and permits the use of thinner molds. 
The vent can be a thin-walled plastic tube of PTFE that 
extends to near the center of the cavity. It enters the inold 
at a point where the opening it leaves will not affect the 
part's appearance. The vent can be filled with glass wool 
to keep the powder charge from entering the vent during 
rotation. See venting. 
rotational rheometer See test, melt-flow. 
rotational welding See welding, spin. 
rotation, speed See stroboscope. 
rotate mold 
rotation. 
rotogravure printer See printing, gravure. 
rouge See pigment, rouge. 
roughness Relatively finely spaced surface irregularities 
where height, width, and direction establish a definite sur- 
hce pattern. 
round See out-of-round. 
roving 

See blow molding, injection-with- 

A collection of bundles of continuous filaments 
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or fibers, usually glass fibers, either untwisted strands or 
twisted yarns. Rovings can be lightly twisted; their degree 
of twisting and format depends on their use. For example, 
for filament winding they are generally wound as bands or 
tapes with as little twist as possible. See fiber processing; 
preform process, plenum chamber; reinforced 
plastic. 
roving ball The supply package that is offered to the 
filament winder (and others) and that consists of a number 
of ends or strands wound onto a length of cardboard tube 
to a given outside diameter. Usually it is designated by 
either fiber weight or length in yards. Spool is sonietinies 
used to identify the roving ball, however, the preferred 
term is roving ball. 
roving ball doff See material doff. 
roving band A collection of strands or ends that act to- 
gether as a band or ribbon. 
roving catenary A measure of the difference in length 
ofthe strands in a specified length ofroving, which is caused 
by unequal tension. It is the tendency with some strands in 
a taut, horizontal roving to sag more than others, which in 
turn can effect the properties of the fabricated part. 
roving cloth A coarse textile fabric woven from rov- 
ings. 
roving, collimated A roving that is made using a pro- 
cess permitting parallel winding so that the strands are 
more parallel than in standard roving. 
roving cord See asbestos roving; cordage. 
roving end A strand of roving consisting of a given 
number of filaments gathered together. 
roving end count An exact number of ends supplied 
on a ball or roving. See fiber end. 
roving fiber tension, even A process whereby each end 
of roving is kept in the same degree of tension as the other 
ends making up a ball of roving. See roving catenary. 
roving fuzz A measure of broken filaments in a strand 
or roving. 
roving integrity The degree of bond between strands 
in a roving. 
roving knuckle The point at the end of a way-wound 
roving ball where the roving reverses its axial direction. 
roving open-top package A terni used to describe a 
roving package in a carton that has no top. 
roving ribbonization A phenomenon occurring in a 
finished roving on which the individual strands have been 
“blocked” or bonded together to g v e  a ribbon of strands. 
It describes the degree of bonding together of the strands 
of roving that make up the roving band. 
roving, spun A heavy low-cost glass or aramid fiber 
strand consisting of filaments that are continuous but dou- 
bled back on themselves. 
roving strand count See fiber count; filament 
strand. 
roving, textile A fomi of fibrous glass having less twist 
than is present in a yarn. As a fibrous glass reinforcement, 
it means strands of continuous fibers wound into a cylin- 
drical spool. Usually 60  strands or ends are used. For staple 

fibers, roving is used to designate one or more slivers with 
a very sinall amount of twist and thus indicates a n  interme- 
diate stage between sliver and yarn. 
roving tow See fiber tow. 
roving twist 
RTD See temperature sensor. 
RTV silicone See adhesive, room-temperature 
cure. 
rubber 1. A cross-linked polymer having glass transition 
temperatures below room temperature that exhibits highly 
elastic deformation and have high elongation. See glass 
transition temperature; mastication; vulcanization. 
2. A material that is capable of recovering from large de- 
forniations quickly and forcibly. A rubber in its modified 
state, free of diluent, is identified by different tests. For 
example, it retracts within 1 minute to less than 1.5 times 
its original length after being stretched at room tempera- 
ture to twice its length and held for 1 minute before re- 
lease. It can be, or already is, modified to a state in which 
it is essentially insoluble (but can swell) in a boiling solvent, 
such as benzene or methyl ethyl ketone. Also called elasto- 
mclr, natural vubbu, thermoset elastonier, thermoset rubber, or 
synthetic nrbbev. See elastomer; rubber, natural; rub- 
ber, synthetic. 
rubber, camelback See rubber tire, camelback. 
rubber elasticity The elastic behavior of plastics is well 
above their glass transition temperature (the rubbery re- 
gion of viscoelasticity behavior), where they show elastic- 
ity at high strains of up to several hundred percent. If the 
material is perfectly elastic, then all the work done will 
be stored as strain energy. A highly successful statistical 
molecular theory of rubber elasticity has been developed 
that closely describes many of the experinientally deter- 
mined features of elastomer behavior. See polymer net- 
work. 
rubber green strength See tensile green strength. 
rubber heat test See test, Wiegand pendulum heat. 
rubber hydrochloride plastic A nonflaniniable ther- 
moplastic that is obtained by treating a solution of natural 
rubber with anhydrous. hydrogen chloride under pressure 
at  low temperatures. The packaging film Pliofilm is an ex- 
ample. 
rubberize T o  impregnate or coat a substrate with rub- 
ber. See coating; impregnation. 
rubber latex See electrophresis; latex, natural 
rubber. 
rubber latex, agglomerate A cluster of rubber parti- 
cles in a colloidal aqueous suspension that are reversibly 
or irreversibly joined together to form latex particles. 
rubber latex, natural See latex, natural rubber. 
rubber market Worldwide deniand for rubber will 
grow at a faster rate than the major market (tires) supply 
because of the large gains expected in nontire rubber de- 
mand, especially in newly industrialized countries. Of  the 
total market, 66wt% is synthetic and 34% natural; 40?4 is 
in tires and 60% nontire. The United States consumes 
19%, the most of any one country. 

See yarn twist, direction of. 
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rubber, natural (NR) The commercial base for natural 
rubber is latex, a Inilklike serum produced from the Heveu 
bvuriliensis tropical tree, originally existing only in the 
South American Amazon River basin. Charles de la Con- 
damine described this material to the French Academy 
(1736). The derivation of the word rubber is attributed to 
John Priestley, an English chemist who discovered oxygen 
in 1774 and used rubber for rubbing out unwanted pencil 
marks. Charles Goodyear extensively used it even prior to 
the discovery of vulcanization (thermoset cross-link curing 
with sulfur) in 1836. Many grades and types of NR are 
available with varying impurity levels, filler additives, and 
processing methods. N R  has a great capacity for being de- 
formed. Its advantages include high resilience and elastic- 
ity, cut and abrasion resistance, and general endurance. 
Service temperature is from -50" to 120°C (-58" to 248" 
F). Its poor oil, oxidation, and ozone resistance can be 
minimized by proper design and compounding ingredi- 
ents. Many synthetic elastomer or rubber plastics have 
been developed. The literature abounds with descriptions 
of these traditional thermoset elastomers. Its molecular 
structures determine its stress-strain ratio, viscoelasticity, 
and fatigue properties as they relate to the effects of the 
environment. See antioxidant agent; barrel history; 
elastomer; filler; latex; latex; natural rubber; masti- 
cate; molecular-arrangement structure; molecular 
weight; plastic, natural; rubber, synthetic; viscoelas- 
ticity; vulcanization. 
rubber pad forming 
rubber peptizer 
tizer. 
rubber/plastic See chloroprene plastic. 
rubber processing Many of the techniques used for 
processing plastics are modifications of those developed 
orignally for processing rubber. Natural rubber undergoes 
the following basic steps to become a useful product: rub- 
ber trees; latex (strained); pale crepe, smoked sheet; bales; 
dispatch to a rubber factory; bale cutting and blending; 
mastication (peptizers) or mixing (banbury or two-roll 
mill) where compounding occurs (accelerators, activators, 
antioxidants, fillers, pigments, vulcanizers, etc.); maturing; 
rending  (calendering, compression, extrusion); curing; 
cutting and machining; finished product. See fabricating 
process type; tensile green strength. 
rubber, raw Natural or synthetic rubber (elastomer) 
that is in bales or packages that are the starting material 
for the manufacture of rubber (elastomer) products. 
rubber scorch See vulcanization scorch. 
rubber solvent See carbon disulfide. 
rubber stretching See heat effect, Gough-Joule. 
rubber, synthetic Where natural rubber is thermoset 
material, synthetic rubbers are available as thermoset and 
thermoplastic materials. Their compounding basically is 
the same as natural rubbers, but they are in a class of their 
own. See butadiene rubber; polyisobutylene butyl 
rubber; thermoplastic; thermoset plastic. 

See forming, rubber pad. 
See latex, natural rubber; pep- 

rubber, thermoplastic or thermoset See thermo- 
plastic; thermoplastic elastomer; thermoset elasto- 
mer; thermoset plastic. 
rubber tire, camelback Tread-type rubber compound 
extruded in a variety of thickness and widths for use in 
tire retreading. The name is derived from the shape of the 
section that resembles the hump of a camel. This term 
has replaced t i w d  rubber, which in certain contexts can be 
ambiguous. See weftless. 
rubber transition See glass transition. 
rubbery material Rubber (natural or synthetic), elasto- 
mer, elastonier/plastic, and plastic/rubber materials. See 
elastomer; rubber. 
rubbery plateau For a plastic, the range of tenipera- 
tures between the glass transition and melting tempera- 
tures that has a viscoelastic modulus that is relatively con- 
stant. See elasticity; glass transition temperature; 
melt temperature; modulus; viscoelasticity. 
rubbish See waste. 
run The dripping or sagging of a material such as an 
extrudate, ink, and paint. It  is usually caused by too much 
material, poor processing conditions, or too much heat. 
See defect. 
runnerless injection molding See mold, run- 
nerless. 
runout 1. The absence of a failure at a specified number 
of cycles. 2. In a linear stage, any unwanted motion other 
than pure translation. Thus, runout may include yaw, 
pitch, and roll during processing. See concentricity; full 
indicator movement; mathematical closure error; 
tolerance, full indicator movement. 
rupture A break or cleavage that results from physical 
stress. Work of rupture is the integral of the stress-strain 
curve between the origm and the point of rupture. See 
shear failure; stress-strain curve; tensile strain rup- 
ture. 
rupture disc See plasticator safety. 
rupture envelope See Mohr envelope. 
rupture strength The true value of rupture strength is 
the stress of a niaterial at failure based on the rupture's 
cross-sectional area. See creep rupture strength; 
strength; stress; tensile strength. 
rupture time The time that is required to rupture a 
specimen or part under constant stress and temperature in 
a creep test. 
rupture work The work of rupture is the integral of 
the stress-strain curve between the origin and the point of 
rupture. Its dimension is in energy-volume-'. 
rust The reddish corrocion product formed by electro- 
chemical interaction between iron and the atmospheric 
oxygen. See cavitation erosion; erosion. 
R-value See insulation R-value, heat. 
Rynite 
reinforced plastics. 
Ryton 
polyphenylene sulfide plastics. 

DuPont's trade name for its fanlily of glass-fiber- 

Phillips Petroleum's trade name for its family of 
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sabin unit See sound absorption. 
sack See packaging, grocery-bag. 
sacrificial ply 
safe, generally GRAS-generally recognized as safe. 
See risk, acceptable. 
safety Safety information and standards for products and 
processing equipment are available from various sources, in- 
cluding equipment suppliers, the Society of the Plastics In- 
dustry, and the American National Standards Institute 
(ANSI). Equipment manufacturers and fabricating plants 
have continuously upgraded safety. For example, safety in- 
terlocks ensure that equipment will not operate until certain 
precautions have been taken. Safety machine lockout pro- 
cedures establish proper lockout procedures for electrical 
and mechanical circuits. There are preloaded pressure bolts 
around dies, pressure rupture disks on barrels, turret winder 
emergency stops, coextrusion line alarms if one extruder 
stops, drop bars between platens (IMM, CMM, etc.), and 
so on. The operating environment is continuously upgraded 
with reduced sound and noise in the opcrating areas. See 
electrical power disturbance; ISO-10993 certifica- 
tion; legal matter: accident reporting; pipe, water de- 
terioration; plant safety; plastic feed form; quality; 
rail track protection; design safety factor; training; 
Underwriters’ Laboratory Standard UL-544. 
safety and chemical surface treatment See fluori- 
nation; gasoline tanks; sulfonation; surface treat- 
ment. 
safety and design 
safety and electric power See electronic standard, 
international. 
safety and electromagnetic interference See elec- 
tromagnetic compatibility; electromagnetic inter- 
ference. 
safety and flammability See fire; flammability. 
safety and machines To protect operating personnel 
from recognized hazards, the American National Stan- 
dards Institute (ANSI) provides voluntary standards to as- 
sign responsibilities to machine manufacturers, remanufac- 
turers, modifiers, and employers to ensure that safety 
measures are taken. They are updated periodically. In 1992 
the U.S. Occupation Safety and Health Administration 
adopted thesc standards and made them mandatory; D.V. 
Rosato pioneered SPI involvement from the mid 1970s 
in this important task. Revisions and updates are made 
regularly. See clamping preclose. 
safety, police-officer Police officers wear protective 
vests that are made from specially designed nylon (aramid) 
fibers. See fiber, nylon. 
safety and product liability See design and product 
liability; legal matter: product liability law. 

See reinforced-plastic peel ply. 

See design safety factor. 

safety and processing Processing equipment proce- 
dures outline operating and safety requirements. Check- 
lists include preparation (moving material, etc.), startup 
and shutdown procedures, tooling changes, and cleanup. 
Most equipment generates high heats and pressures. Equip- 
ment is built to run safely but must be treated with respect. 
With plastics that decompose, there may be hazards such as 
burns and wounds, air contamination, and potentially major 
problems with equipment. Faulty controllers or freeze-off 
can causc the overheating situation due to a burned-out 
heater. See chemical safety and processing. 
safety assurance See risk, acceptable. 
safety, barrel 
rel-venting safety; plasticator safety. 
safety bar, roll nip See calendering safety. 
safety block Any type of spacer or device in any ma- 
chine that prevents movement of a member under its own 
weight or by actuating the normal inovcment control. 
safety, bolt preload An extruder die attachment has 
preloaded bolts or shear pins. 
safety, consumer See legal matter: Consumer 
Product Safety Act. 
safety crisis See training crisis. 
safety, decontamination See radioactive decon- 
tamination. 
safety device All machines are equipped (or should be 
equipped) with applicable electrical, hydraulic, or rne- 
chanical safety devices. Some of them, such as injection- 
molding machines, have all three modes of safety devices. 
safety, electrical equipment See electronic stan- 
dard, international. 
safety emergency stop device An emergency stop de- 
vice can operate mechanically (trip rod, button, cord, drop 
bar, etc.), hydraulically, optically, or electrically/electron- 
ically. It is a system that when activated will iinniediately 
stop the operation of the machine without contact or in- 
jury of people and products. 
safety, engineering The application of established 
standard engineering principles to all facets of plant safety 
by professionally trained personnel. See design, engi- 
neering. 
safety extruder See extruder pressure-head safety; 
extruder take-off winder emergency stop. 
safety factor, design See design-failure theory; de- 
sign safety factor; factor of ignorance; statistical ma- 
terial selection, reliability. 
safety, fire and flammability See burned; burning 
rate; fire retardant; flash; fume; heating, catalytic; in- 
cineration; limiting index oxygen; smoke emission. 
safety gate and screen guard The movable barriers 
that allow the operator of equipment access to the fabricat- 

See barrel fail-safe rupture disc; bar- 
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ing area, such as the mold or die, with safety. When these 
barriers are moved or removed, the equipment will not 
operate until they return the equipment’s operating mode. 
Mechanical, electrical, or hydraulic devices are used to in- 
terrupt operating circuits when these barriers are opened. 
See injection-molding machine safety gate. 
safety glass Shatterproof glass is a composite or laminate 
consisting of two or more sheets of plate glass (usually tein- 
pered glass in flat or curved form) with an interlayer of 
polyvinyl butyral plastic that is 0.20 to 0.40 in. (0.05 to 1.0 
cm) thick between each adjoining glass plate. The plastic is 
bonded, via an air evacuated restricted heating system, to 
the glass and virtually eliminates the shattering of the glass 
on impact (rocket, bullet, etc.). This composite has been 
used in autoniobile windows since the 1930s. Future win- 
dows may be all plastic (PC, etc.). See impact resistance; 
polyvinyl butyral plastic. 
safety hardener A curing agent that causes only a mini- 
muni of toxic effect on the human body and that meets 
government regulations, either on contact with the skin 
or as concentrated vapor in the air. See hardener. 
safety helmet Various types of helmets (football, bicy- 
cle, etc.) use plastics that range from rigid to flexible types 
of thermoplastics to thermoset reinforced plastics. The first 
of the so-called modern safety helmets was designed dur- 
ing 1944 in the Materials Laboratory (DVR) of Wright 
Patterson AFB, Dayton OH. See cellulose ethyl plastic; 
foam; reinforced plastic. 
safety insurance See legal matter: Insurance Risk 
Retention Act; risk, acceptable. 
safety interlock A safety device that is designed to eii- 
sure that a piece of equipment will not operate until cer- 
tain precautions have been taken. See programmable- 
controller safety. 
safety, machine-lockout Proper locking out of, for 
example, a machine’s electrical circuit before starting re- 
pairs protects the maintenance worker from accidental 
startups that could cause severe injury. The National 
Safety Council offers the following steps for proper lock- 
out of a machine’s operation (such as its electrical, hydrau- 
lic, or mechanical circuits) (1) shut down all possible 
switches at the point of operation, and then open the main 
disconnect switch, (2) snap a lock on the main disconnect 
switch box, such as a padlock, that has only one key, (3) 
check the lockout device and safety interlock to make sure 
the sw-itch cannot be operated, (4) place a name tag on 
the shank of the lock to indicate that the machine has been 
locked out, (5) notify the supervisor when repair work has 
been completed so that the removal of the lock can be 
made, and (6) take off the name tag and remove the lock. 
See fabricating process type. 
safety manuals and standards The SPI and ANSI are 
major providers of safety information on many different 
aspects of plant operation, including inaterial handling, 
material storage, and the different upstream and down- 
stream equipnient. 

safety mechanism A device that is intended to prevent 
accidental actuation of tool, from hand held to highly so- 
phisticated tools. 
safety medical standard See electronic standard, 
international. 
safety, runway See foamed ground aircraft ar- 
rester. 
safety rupture disc See barrel fail-safe rupture disc; 
plasticator safety. 
safety standard See Underwriters’ Laboratory Stan- 
dard UL-544. 
safety stop bar In presses with a movable platen (injec- 
tion, blow, compression, laminating, etc.), a mechanical 
safety drop bar or its equivalent is used so that platens will 
not move and remain in the open position until the nia- 
chine is ready to operate. 
safety turret emergency stop See extruder take-off 
winder emergency stop. 
safety, underground pipe See pipe, deteriorating; 
sewer rehabilitation. 
safety, vented barrel 
sag When heat or pressure is applied to plastic, it may 
be desirable or undesirable to cause the plastic to sag 
(droop, sink, settle, etc.). Certain fabricating processes re- 
quire control of sagging. See blow molding, extruder, 
parison sag; thermoforming sag; thickening agent. 
sales See cost; government contract directory; le- 
gal matter; production data acquisition; wholesaler. 
sales and marketing See market; World of Plastics 
Reviews: Making Marketing Work. 
sales investment turn The nieasurenient of a business 
cycle. Investment turns are usually measured in ternis of 
how many times the investment is turned over in the an- 
nual volume of sales. Thus, investment turn equals sales 
divided by investment capital. See business; capital 
equipment investment; cost; economical control of 
equipment; gross domestic product; invest early; 
profitability study; project checklist; return on in- 
vestment; risk, acceptable. 
sales, machinery See plastic-industry machine sales. 
sales, percent method An analysis of historic income 
statement expense items as they relate to net sales. The 
percentages derived are the bases for projecting future ex- 
penses once future sales have been forecasted. See manu- 
factured cost. 
sales projection See economic emciency and prof- 
itability. 
salt The material that is formed as a result of the reaction 
of acids and alkalies. It is used in the production of certain 
plastics and as an additive in compounds. Common salt, 
sodium chloride, occurs in nature principally on the ocean 
floor. 
salt bath A molten mixture of sodium, potassium, bar- 
ium, and calcium chlorides or nitrates, to which sodium 
carbonate and sodiuni cyanide are sometimes added. It is 
used to provide a heat “bath” for plastics when uniform 

See barrel-venting safety. 
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heat is required, such as during certain polymerization re- 
actions, curing, heat treatment, and annealing. Examples 
of products include certain wire and cable insulation ex- 
trusion lines and contact or low-pressure curing of ther- 
moset plastic-reinforced plastics. See extruder wire and 
cable; fluid-bed process; rotational molding. 
salt cleaning See cleaning, hot-salt. 
salt hydrolysis 
a salt with water. 
salt, soluble See solubility product. 
sample The portion or unit that represents a lot that is 
intended to be representative of the whole. 
sample, standard See deviation, standard of 
sample. 
sampling Obtaining a repreTentative portion of the nia- 
terial or product concerned. The number of samples that 
are required for each test is specified to obtain a reasonably 
reliable test value. Information on variation test values, 
sample-to-sample, and other sampling procedures is pre- 
sented in ASTM 1) 2188. See design allowable; quality 
control; statistic. 
sampling acceptable quality level (AQL) The inaxi- 
mum percent of defective units or the niaximum number 
of defects per hundred units that, for purposes of sampling 
inspection, can be considered satisfactory as a process aver- 
age. The phrase “can be considered satisfactory” is inter- 
preted as a producer’s. When the standard is used for a 
percent defective plan, the AQLs are possible from 0.01 0 
to 10.0%. For defective-per-unit plans, there are addi- 
tional AQLs, so AQLs are possible from 0.010 defect per 
100 units to 1,000 defects per 100 units. The AQLs are in 
a geometric progression, each being approximately 1.585 
times the preceding one. AQLs are determined from (1) 
historical data, (2) empirical judgment, (3) engineering in- 
formation (such as function, safety, interchangeable manu- 
facturing, etc.), and (4) experimentation. The AQL is the 
most important part of the sanipling standard (ISO-2859) 
because the AQL and the sample size code letter index 
define the sampling plan. See quality level, acceptable; 
reliability; risk, acceptable. 
sampling plan An acceptance sampling plan for lot-to- 
lot inspection by attributes was first devised in 1942 by a 
group of engneers at Bell Telephone Laboratories. It was 
designated initially as JAN-STLI 105; later MIL-STD 105. 
In 1973 it was adopted by the I S 0  and designated ISO- 
2859. It has become the standard for attribute inspection 
for all industries. Its applicability includes (1) end use 
itenis, (2) components and raw materials, (3) operations, 
(4) materials in process, (5) supplies in storage, (6) mainte- 
nance operations, (7) data or records, and (8) adniinistra- 
tive procedures. The standard provides for three types of 
sampling-single, double, or multiple. Defects are classi- 
fied as critical defects and may contain niajor or minor 
defects. See inspection; quality control; specification; 
standard; storage. 
sampling size The sample size is determined by the lot 

The reaction of the anion or cation of 

size and the inspection level per sampling plan (just re- 
viewed). The inspection level to be used for a particular 
requirement will be prescribed by the responsible author- 
ity. The decision on the inspection level is also a function 
of the type of product. For inexpensive products, for de- 
scriptive testing, or for harmful testing, different inspection 
levels are considered. 
sampling statistically See statistical benefit. 
sandarac A natural plastic obtained from the North Af- 
rican Calli tris  quadvivalvis and used in varnishes and lac- 
quers. 
sand blast A surface treatment in which sand materials 
are blown on the surface to produce a roughened surface. 
See surface treatment; texturizing. 
sand casting See foundry plastic; foundry shell 
molding. 
sanding A finishing process that uses abrasive belts and 
disks. It sometimes is used on parts to remove flash, partic- 
ularly thick flash on thermoset plastics. See ashing; fin- 
ishing, ashing and lapping; grinding; machining; 
molding flash line; plating; polish; surface finish. 
sand, quartz See fluid-bed process. 
sandwich construction A structure consisting of rela- 
tively dense, thin, high-strength facings that are bonded 
to a less dense, low strength intermediate material or core 
(plastic foam, honeycomb, etc.). See coextrusion foam 
core; core; design, E1 theory; design, sandwich- 
construction; injection molding, sandwich; mo- 
ment of inertia; plastic house. 
sandwich core material The primary function of a 
core is that of stabilizing the sandwich facings and carrying 
most of the shcar loads through its thickness. To  perform 
this task efficiently, the core must be as rigid and as light 
as possible, deliver unifornlly predictable properties in the 
environment, and meet performance requirements. There 
are different shapes or styles of cores, such as the popular 
honeycomb (plastic fabric or film, aluniinuni foil, etc.), 
fluted core (an integrally woven reinforcement material 
consisting of ribs between two skins for unitized construc- 
tion), plastic and metal foam, and balsa wood. See coin- 
jection molding; core; core, honeycomb or foam; 
foam; foamed polyurethane; injection molding, 
sandwich; shear strength; wood, balsa. 
sandwich facing material The primary function of the 
face sheets is to provide the required bending and in-plane 
shear stiffness and to carry the axial, bending, and iii-plane 
shear loading. In high-performance structures the facings 
that are most commonly chosen are reinforced plastics, al- 
uniiniuiii alloys, titanium, or stainless steel. Even the most 
economical of these products represents a substantial cost, 
and customary practice is to choose among theni very 
carefully on a value engineering approach or on the low- 
est-lifetime-cost basis. When choosing facing material, as 
well as the core, adhesive for bonding faces to core, or 
other materials (inserts, etc.), it is wise to examine the less 
obvious properties of the material, such as toughness or 
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brittleness, durability and weatherability, compatibility 
with rivets and bolts, and other such attributes that may 
directly affect the usability or success of the end product, 
even though they are not directly involved in stress analysis 
or weight savings. See value analysis. 
sandwich peel torque With sandwich panels, the fac- 
ings should not pull away from the core material because 
it reduces the strength of the panel. An example of a test 
is a rolling-climbing drum wheel that measures the torque 
required to peel facings from its core. See adhesive peel 
strength; reinforced plastic peel ply. 
sanitize To make sanitary, such as by cleaning and steri- 
lizing. See cleaning; sterilization. 
sanitizer agent See odorant agent. 
sapphire fiber See fiber, ceramic. 
Saran 
chloride plastic. 
satin finish 
satinizing In adhesive and solvent bonding, a chemical 
etching process in which a mildly acidic solution is used to 
produce uniform anchor points on a part surface. Finishes, 
cements, or adhesives then bond to the anchor points, re- 
sulting in a strong adhesion. The process was developed 
by DuPont for its Delrin acetal. See surface treatment. 
satin weave See fabric, satin. 
saturation 1. The coexistence in stable equilibrium of 
a vapor and a liquid or a vapor and solid phase of the same 
substance at the same temperature; the state of solution 
holding the maximum possible quantity of dissolved mat- 
ter at a given temperature. See chemical saturation; un- 
saturation; water of saturation; water saturation. 2. 
The state in which all available valence bonds of an atom 
(particularly carbon) are attached to other atoms. 3. In 
color, the dimension of color that describes its purity. If 
highly saturated, it appears to be a pure hue and free of 
gray; if of low saturation, it appears to have a great deal 
of gray mixed with it. See hue. 4. An attribute of a visual 
sensation according to which an area appears to exhibit 
more or less chromatic color, judged in proportion to its 
lightness or brightness. See colorant. 5. See plasticizer, 
iodine value. 
saturation, chemical See chemical saturation. 
saturation compound An organic compound that 
does not contain double or triple bonds arid thus cannot 
add on elements or compounds. 
saturation, degree of The ratio of the weight of water 
vapor that is associated with a pound of dry air to the 
weight of water vapor that in associated with a pound of 
saturated air at the same temperature. 
saturation pressure The pressure, for a pure substance 
at any given temperature, at which vapor and liquid, or 
vapor and solid coexist in stable equilibrium. 
saturation, super- The condition in which a solvent 
contains more dissolved matter (solute) than is present in 
a saturated solution of the same coniponents at equivalent 
temperature. It is most commonly achieved by super- 
cooling. See cooling, super-. 

Dow chemical’s trade name for its polyvinylideiie 

See fiber finish, satin. 

saturation, wet strength An equilibrium condition in 
which the net rate of absorption under prescribed condi- 
tions falls essentially to zero. See strength, wet. 
saw Although a saw can handle fewer cuts per minute 
than other cutting methods and produces dust and a ragged 
cut, it still provides a practical way to handle certain prod- 
ucts, such as very large, thick parts, large-diameter pipe or 
profiles, and short-run production orders. See cutter; 
kerf; machining. 
sawdust 
S-basis A property that is the minimum value specified 
by the appropriate specification for a material. See A- 
basis; B-basis; population confidence interval; typi- 
cal basis. 
scale 1. A condition in which unwanted plastic plates 
or particles are on the surface of a part, such as reinforced 
plastic. They can usually be removed but sometimes 
leave surfaces with voids or depressions. See defect. 
2. A calcareous deposit in water tubes or lines that results 
from the deposition of mineral compounds that are present 
in water. When scale fornis in mold cooling lines, poorer 
heat transfer causes longer cooling cycles that increase costs 
or create inferior molded products. See mold cooling; 
Reynolds number; water, magnetic; water soften- 
ing. 3. Surface area of oxidized metal. See corrosion. 4. 
Scaling, also calledjaking, is the process of removing scale 
with or without acid furnes, sonietirnes referred to as spon- 
taneous detachment qf scale. 
scale-up The planning involved in carrying out a com- 
plete or part of a processing operation from pilot plant to 
large-scale production. See fabricating process; prod- 
uct scale-up. 
scarfing See flash scarfing. 
scarfjoint See joining, scarf. 
scatter See coefficient of scatter. 
scattering See light scattering; x-ray diffraction. 
scavenger A substance added to a mixture or com- 
pound to consunie or inactivate traces of impurities. See 
contamination; packaging, oxygen scavenger food. 
schedule See production schedule. 
schlieren See test, nondestructive transparent me- 
dium light schlieren. 
science See art and science; computer science and 
algebra; design theory and strength of material; ex- 
perience and science; plastic and the future; produc- 
tivity; t e c hnolo gy . 
scientific method The systematic collection and classi- 
fication of data and, usually, the formulation and testing 
of hypotheses based on the data. See art and science; 
computer-aided; graphic art; productivity. 
scission See degradation, scission. 
Scleroscope hardness See test, Scleroscope hard- 
ness. 
scorch Premature vulcanization of a rubber or thermo- 
set elastomer. See vulcanization scorch. 
scorch, Mooney See injection-molding melt-flow 
oscillation; test, scorch Mooney. 

An organic cellulosic filler. See filler. 
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Scorim process See injection-molding melt-flow 
oscillation. 
scouring A wet process of cleaning by chemical or me- 
chanical methods. See cleaning. 
scrap 1. Any part of a product that is not part of the 
finished product, such as solidified runners or flash pro- 
duced during molding. See blow molding, extruder 
plastic scrap; cut, kerf, and registration. 2. A product 
or material that is out of specification and not usable. 
3. See recycled plastic; waste, industrial; waste 
plastic. 
scrap sorting See recycling, automatic-sorting. 
SCR drive See electrical SCR drive. 
screen A plate, sheet, or woven wire screen with regu- 
larly spaced openings of uniform size. Typical screens are 
defined by the number ofwires per inch or mesh, and this 
screen mesh is determined by experience with trial and 
error, until the final product, such as an extruded product, 
is considered clean. All meshes are not equal. As an exam- 
ple, the space between the wires, which determines the 
size of contamination filtered, for a 100 mesh screen can 
vary depending on the wire diameter used. Also called 
sieve. 
screen absorber See ultraviolet absorber. 
screen pack The screen is used during the processing of 
melt to flow through it and trap contaminates (unnielted 
plastics, foreign particles, etc.). Also called screen charger. 
See extruder screen pack; injection-molding screen 
pack. 
screen-pack breaker plate A perforated plate that is 
positioned at the rear ofthe die in an extruder and supports 
the screens. Breaker plates are used without screens in the 
nozzles of injection-molding machines for improving the 
distribution of color particles in the melt. 
screw A geometric-helical flighted hard steel shaft that 
rotates within a plasticizing barrel to mechanically process 
and advance the plastic being prepared for different pro- 
cesses that principally involve extrusion, injection mold- 
ing, and blow molding. It has a wide operating range to 
meet various performance requirements of the plastics 
processed. The goal is to obtain maximuin throughput 
with perfect melt quality based on the limits or variabilities 
of the plastics, machines, and controls. The interplay 
among the many variables characterizes the requirements 
to be met by the screw. For example, the screw diameter 
with its geometry as well as the screw drive must be care- 
fully selected based on melt volume and rate of travel. 
Many different screw designs are available to meet the de- 
sired performance for the different plastics being pro- 
cessed. Many thousands of plastics are processed with hun- 
dreds that make up the majority of plastics commercially 
being processed. See barrel; blow molding; con- 
centricity; extruder; heat-transfer mechanism; in- 
jection molding; melt flow; plasticator; plastic 
consumption; reliability; tolerance, full-indicators- 
movement. 
screw action The constantly turning screw augers the 

plastic through the heated barrel where it is heated to a 
proper temperature profile and blended into a homoge- 
neous melt. The rotation causes forward transport. It is 
the major contributor to heating the plastic once the initial 
barrel heat startup occurs. The melting action proceeds 
through the screw as follows: (1) The feed section initiates 
solids conveying. Sliding with low friction on the screw 
and high friction on the barrel enhances this. In this sec- 
tion, there is also some material compacting and a little 
heating of the plastic. (2) At the beginning of the transi- 
tion, the plastic is further heated and more compression 
occurs. The solid plastic is forced against the barrel causing 
a sliding action. This frictional heat creates a thin film of 
melted plastic on the inner barrel surface. (3) As the plastic 
proceeds down the transition, there is more melting and 
more compression. Usually most of the melting takes place 
in the transition zone. Here the plastic is divided into three 
parts: a compacted solid bed, a melt film along the barrel 
surface, and a melt pool. The melt pool is formed as the 
melt filin is collected by the advancing flight. Most of the 
melting continues to be the result of sliding friction of the 
solids bed against the heated barrel. This is a rapid and 
efficient melting action similar to melting an ice cube by 
pushing it against a hot grinding wheel. (4) The channel 
depth continues to decrease as plastic progresses down the 
transition zone. Melting continues and the width and vol- 
ume of the solids bed decreases, while the width and vol- 
ume of the melt pool increases. Unfortunately, as the 
channel gets shallower, shear rate increases. Now the al- 
ready melted plastic continues to be hcated. With too high 
a heating, undesirable conditions can develop such as de- 
grading the plastic. (5) Continuing downstreani through 
the plasticator, the solids bed breaks up; the unmelted plas- 
tics are distributed throughout the channel like ice cubes 
in water. The efficient melting by friction of the solids 
bed against the barrel tends to stop. Now only less efficient 
melting occurs where overheating in the melt continues in 
the shallow metering zone. Within this zone the complete 
melting action should occur. (6) Plastic continues down 
the shallow metering section to its exit from the plasticator 
(screw/barrel). There is a possibility of unmelted plastics 
or that the melt has nonuniform temperature and viscosi- 
ties. This situation of a nonuniform melt usually results 
in poor product performance, color mixing, and so on. 
Improved mixing can be obtained by reducing the screw’s 
channel depth; however, overheating and less output oc- 
curs. Method of feeding piastics from the hopper can help 
(or resolve) this situation. The constant depth metering 
section is not considered a good mixer when improved 
mixing is required in this section. This is because smooth 
laminar flow patterns are established, causing the different 
portions of melt to continue to move in a fairly constant 
pattern so that no mixing action occurs to eliminate the 
problem. Screw design plays an important part in eliminat- 
ing the problem. 
screw action shear rate 
screw and barrel bridging 

See screw shear rate. 
When an empty hopper is 
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not the cause of machine failure, plastic might have 
stopped flowing through the feed throat because of screw 
bridgmg. An overheated feed throat, or startup followed 
by a long delay, could build up sticky plastics and stop 
flow in the hopper throat. Plastics can also stick to the 
screw at the feed throat or just forward froin it. When this 
happens, plastic just turns around with the screw, effec- 
tively sealing off the screw channel from moving plastic 
forward. As a result, the screw is said to be bridged and 
stops feeding the screw. The commoii solution is to use 
a proper rod to break up the sticky plastic or to push it 
down through the hopper. 
screw and barrel clearance The difference in the 
diameters of the screw and barrel bore (diametrical 
clearance) or more commonly one-half the diametrical 
clearance, which is referred to as the radial cleav- 
ance. 
screw and barrel wear Screws and barrels are subject 
to adhesive, abrasive, and corrosive wear. Adhesive wear 
is caused by contact between the flight and the barrel. The 
combination is engineered to minimize such contact, but 
some contact is unavoidable. Plastic material can signifi- 
cantly influence the abrasive and/or corrosive actions. See 
barrel wear; screw wear. 
screw and barrel wobble 
screw and plastic Since practically all plastics processed 
are thermoplastics, most reviews on screw design concern 
processing thermoplastics. When extruding thermoset 
plastics, the screw is usually limited in design to having a 
compression ratio of 1 to eliminate possible overheating 
of the TS. The TS cannot be permitted to overheat in the 
barrel or it will solidify. If it does, the screw must be re- 
moved from the barrel, and the solidified TS removed 
from the screw. The feature coninion to all plastics screw 
plasticators is screws with matching barrels that have at 
least one hopper or feeder iii-take entrance for plastics and 
one discharge podexiting of the melt. The essential factor 
in their “pumping” process is the interaction between the 
rotating flights of the screw and the stationary barrel wall. 
If the plastic ir to be mixed and conveyed at all, its friction 
must be low at the screw surface but high at the barrel 
wall. If this basic criterion is not met, the material niay 
rotate with the screw without moving at all in the axial 
direction and out through the die. The clearance between 
the screw and barrel is usually extremely small. See melt- 
temperature effectiveness; screw compression ra- 
tio; screw compression-ratio determination; screw, 
thermoset type; troubleshooting. 
screw and plastic, general purpose The general-pur- 
pose single screws are designed to suit as wide a range of 
plastics as possible. They are not the ideal answer for the 
extrusion of specific plastics. For example, a screw de- 
signed for a semicrystalline (usually called cryrtulline) must 
provide initially at least a greater heat input than an amor- 
phous thermoplastic. Thus, when a specific material is go- 
ing to be used for a long run, it becomes economically 
very beneficial to use a dedicated screw. The design of a 
screw is determined by the nielt flow or theoretical charac- 

See plasticator wobble. 

teristics of the plastics; plastic material dictates screw de- 
sign. 
screw, auger Refers to the action of the rotating screw 
in advancing the plastic going froni the nnnielted to 
melted stages. See mixer. 
screw axis A reference line of infinite length drawn 
through the center of the rear of the screw shank and the 
center of the discharge end. 
screwback During injection molding, when the con- 
ventional reciprocating screw is preparing the next melt 
shot size, the screw nioves backward. 
screw barrel and feed unit See barrel and feed unit; 
barrel borescoping; barrel grooved feed. 
screw, barrier Screw designs to accelerate melting for 
high-efficiency melting have developed along sometimes 
radically opposed concepts. Usually, the melting rate is 
controlled by providing a barrier between the solid bed 
and the melt pool to ensure that the solid bed does not 
break up prematurely and become encapsulated in the 
melt. An example of this concept, introduced by George 
Kruder of HPM, is called a douhle-umve screw, where the 
conventional feed and melting zones are employed until 
the point at  which about 50% of melting is completed. At 
that section the melt and solids are mixed together. This 
is accomplished by varying the metering channel depth in 
a sinusoidal pattern. The mixing action alternates between 
very shallow, high-shear zones and rather deep, low-shear 
zones. The effect of this action is to promote the distribu- 
tive mixing of the solid bed melt that has been thoroughly 
broken up with the melt pool. Thus, this action uses the 
residual melt pool heat to complete the melting of the 
remaining solids and in turn rewlts in a very low average 
extrudate temperature. Other important developments 
have occurred that include the Uniroyal mixing screw, 
Hartig MC-3 screw, Davis-Standard VPB screw, New 
Castle Industries Efficient screw, Barr I1 screw, and Willert 
I1 screw. See injection-molding nozzle-dispersion 
disk mixer. 
screw blister ring A raised portion of the root between 
flights of sufficient height and thickness to effect a shearing 
action of the melt as it flows between the blister ring and 
the inside wall of the barrel. 
screw channel With the screw in the barrel, the space 
bounded by the interfaces of the flights, the root of the 
screw, and the bore of the barrel. This is the space through 
which the stock (melt) is conveyed and pumped. 
screw-channel axial area The channel measured in a 
plane through and containing the screw axis. The location 
of the measurement is specified. 
screw-channel axis width The distance across the 
screw channel in an axial direction measured to the pe- 
riphery of the flight. The location of nieasurement is speci- 
fied. 
screw-channel bottom The surface of the screw stern 
or root. 
screw-channel depth The distance in a radial direction 
from the bore of the barrel to its root. 
screw-channel depth ratio The factor obtained by di- 
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viding the channel depth to the feed opening by the chan- 
nel depth just prior to discharge. In constant lead screws, 
this value is close to but greater than the compression ratio. 
screw-channel volume developed The axial area of 
the screw channel in one revolution about the screw axis. 
The location of the measurement is specified. 
screw-channel volume enclosed The volume of the 
screw channel starting from the forward edge of the feed 
opening to the discharge end of the screw channel. 
screw-channel width, normal The distance across the 
screw channel in a direction perpendicular to the flight 
measurement at the periphery of the flight. The location 
of measurement is specified. 
screw check up When purchasing a screw, it is inipor- 
tant to fully inspect the screw for at least outside diameter, 
channel profile, shank dimensions, and overall length. See 
screw inspection. 
screw choke ring See screw restriction or choke 
ring. 
screw cleaning See aerated sand cleaning, hot; 
cleaning; mold cleaning. 
screw coating Various wear-resistant and protective- 
coating systems are used to meet the requirements of the 
plastic being processed, which may be corrosive, abrasive, 
or clinging. Types used include chrome plating, nickel 
plating, and those that use carbon, silicone carbide, tung- 
sten carbide, boron, and cobalt. See chrome plating; 
corrosion resistance; mold-cavity coating; nickel; 
nitriding; screw flight land. 
screw compression ratio (C/R) The conipression 
that occurs on the plastic basically in the transition (or 
compression) section. It  is the ratio of the volume at the 
start of the feed section divided by the volunie in the me- 
tering section (determined by dividing the feed depth by 
the metering depth). The C/R should be high enough to 
compress the low-bulk unmelted plastic into a solid melt 
without air pockets. A low ratio will tend to entrap air 
pockets. High percentages of regrinds, powders, and other 
low-bulk materials are usually processed by a high C/K.  
A high C / R  can over pump the metering section. See 
screw, thermoset type. 
screw-compression-ratio determination A coni- 
mon misconception is that engineering and heat-sensitive 
plastics should use a low C/R. This is true only if it is 
decreased by deepening the metering section and not by 
having a shallower feed section. The problem of overheat- 
ing is more related to channel depths and shear rates than 
to C/R. For example, a high C / R  in polyolefins can 
cause melt blocks in the transition section, leading to rapid 
wear of the screw or barrel. For thermosets the C/R is 
usually 1 so that accidental overheating does not occur and 
causes the plastic to solidify in the barrel. Their barrels are 
usually heated using a liquid medium so that very accurate 
control of the melt occurs with no overriding the maxi- 
niuni melt heat. With overheating a TS melt solidifies. If 
it solidifies, the C/R of 1 also permits ease of removal by 
just “unscrewing” it from the screw. C / R  ratio of 1 is 
also used for thermoplastics when the rheology so requires. 

screw compression zone See screw transition 
zone. 
screw, conical See extruder, twin-screw, conical 
or parallel. 
screw constant lead A screw with a flight of constant 
helix angle. Also called unijof0~rn pitch screw. 
screw constant taper 
screw cooling Circulating cooling water or oil through 
the cored center section of the screw. The amount of cool- 
ing required in this pipe depends on screw design and op- 
erating parameters. Cooling is more critical for larger- 
diameter screws because the larger volunie of nielt flow 
requires more cooling (heat control). Superior extrusion 
may be achieved by optimizing cooling, but reduced out- 
put rates or surging may result unless proper processing 
temperatures are maintained. A definite area for cooling 
is at the feed entrance from the hopper. The main objec- 
tive of screw cooling is to enhance the ability of the screw 
to advance the solid plastic feed into the extruder at  the 
steadiest possible rate. This is accomplished by providing 
a more constant and lower coefficient of friction between 
the screw- shank and the plastic. In so doing, the screw is 
able to rotate inside the mass of unmelted plastic solids 
while the forwarding of plastic melt takes place inside the 
barrel surface through the scraping action of the rotating 
screw flights. Various extrusion processors, particularly 
those using PVC, use screw cooling. See coolant. 
screw core A hole or tube in the screw for circulation 
of a heat-transfer medium of a liquid or electric heater 
elements. 
screw decompression zone In a vented barrel, the de- 
compression zone exists between the first and second 
compression zones and allows venting of volatiles without 
the escape of melt. See barrel-venting safety; screw, 
venting; venting. 
screw depth The perpendicular distance from the top 
of the thread to its root. 
screw design The art of screw design is still dominated 
by trial and error approaches that provide the exact capa- 
bilities of the screws for a particular plastic operating under 
specific conditions. However, computer models (bawd on 
proper data input and, very important, the experience of 
the person with a set up similar to the one being studied) 
play a very important role. When new materials are devel- 
oped or improvements in old materials are required, one 
must go to the laboratory to obtain rheological and ther- 
mal properties before computer modeling can be per- 
formed effectively. New screws iniprove one or more of 
the basic screw functions of melt quality, mixing effi- 
ciency, melting performance along the screw, melt heat 
level, output rate, output stability, and power usage or en- 
ergy efficiency. See injection-molding machine down- 
sizing. Thus, this technolob7 is considered to be basically 
empirical or secretive; however, scientific approaches to 
screw designs based on an analytical melting niodel can be 
used. The production rate of an acceptable melt from a 
screw, which is its most important function, is often lim- 
ited by its melting capacity. The nielting capacity of the 

See screw taper. 
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screw depends on the plastic properties, the processing 
conditions, and the particular geometry of the screw. 
Once the melting capacity is predicted, the screw can be 
designed to match the melting capacity. 
screw design performance The rotating geometric- 
helical flighted screw mechanically plasticizes, with the 
help of heat and pressure at a controlled flow rate, and 
advances a melt to be pumped through the barrel. Plastic 
in the screw channel is subject to changes during opera- 
tion. Each operation of the screw subjects the plastic to 
different thermal and shear situations. Consequently, the 
plasticizing process becomes rather complex. However, it 
is controllable and repeatable within the limits of the 
equipment and material capabilities. A fixed screw speed, 
screw pitch, and channel depth determines output. A 
deep-channel screw is much more sensitive to pressure 
changes than a shallow screw. In the lower pressure range, 
a deep channel will provide more output; however, the 
reverse is true at high pressures. Shallower channels tend 
to give better mixing and flow patterns. 
screw diameter It is the diameter developed by the ro- 
tating flight land about the screw axis. 
screw diametrical clearance See screw and barrel 
clearance. 
screw, double-wave mixing See screw, mixing, 
double-wave. 
screw drag flow In the screw metering section, the 
component of total material flow caused by the relative 
motion between the screw and barrel; the volumetric for- 
ward displacement of the plastic in the screw channel. 
Plasticator output is equal to the drag flow less the sum of 
the pressure flow and leakage flow. See flow, drag. 
screw drive The entire electric or mechanical system 
that is used to supply mechanical energy to the input shaft. 
screw drive motor A motor that rotates the plasticat- 
ing screw. See control drive, optimized; drive motor 
control; extruder drive; injection-molding screw 
drive. 
screw face The flight extending from the root of the 
screw to the flight land. The rear face is the side toward 
the feed section, and the front face is the side toward the 
meter end of the screw. 
screw feed See barrel feed housing. 
screw feed grooved 
screw feed side opening An opening that feeds the 
material at an angle into the side of the screw rather than 
the more conventional systeni of feeding vertically down- 
ward on the screw. 
screw feed zone The portion of the screw that picks 
up the plastic at  the feed opening (throat) plus an addi- 
tional portion downstream. Many screws, particularly for 
extruders, have an initial constant lead and depth section, 
all of which are considered the feed section. This section 
can be welded onto the barrel, or a separate part can be 
bolted onto the upstream end of the barrel. The feed sec- 
tion is usually jacketed for fluid heating and/or cooling. 
See screw action. 

See barrel grooved feed. 

screw flight 
metal on the screw. 
screw flight angle See screw flight helix angle. 
screw flight crack A hairline crack in the flight surfac- 
ing material of a screw. This is not a probleni as long as 
pieces do not come out of the surface that usually occurs 
next to the edge of flight. If it happens, the screw must 
be repaired. See screw rebuilding and repair. 
screw flight cutback The portion of the screw at the 
discharge end that is not flighted. This is nornially in- 
cluded as part of the flight length. 
screw flight depth Distance in a radial direction from 
the periphery of the flight and the root. 
screw flight front bottom radius The fillet between 
the front face of the flight and the root. 
screw flight front face The flight extending from the 
screw root to the flight land on the side of the flight toward 
the discharge. Also calledpushing face qffi$,dzt or leading edge. 
screw flight full length The overall axial length of the 
flighted portion of the screw, excluding the nonreturn 
valve or smear head, in an injection-molding screw. 
screw flight helix angle The angle of the screw at its 
periphery relative to a place perpendicular to the screw 
axis. The location of the measurement is specified. 
screw flight land The surface of the radial extremity 
of the flight constituting the periphery or outside diameter 
of the screw. The wear surfaces, primarily the flight lands, 
are usually protected by welding special wear-resistant 
alloys over these surfaces. See screw coating. 
screw flight lead The distance in an axial direction 
from the center of a flight at its outside diameter to the 
center of the same flight one turn away. The location of 
measurement is specified. 
screw flight number of turns The total number of 
turns of a single flight in an axial direction. 
screw flight pitch The distance in an axial direction 
from the center of the flight at its periphery to the center 
of the next flight. In a single flighted screw, pitch and lead 
will be the same, but they will differ in a multiple-flighted 
screw. The location of measurement is specified. Many 
screws have a pitch equal to the diameter of the screw 
(maximum diameter of the flight). This screw is called a 
square pitch screw with a helix angle of 17.7'. 
screw flight rear face The face of the flight extending 
from the root of the screw to the flight land on the side 
of the flight toward the feed opening. Also called trailing 
edge. 
screw front radius The radius at the intersection of the 
front or melt pushing side of the flight and the screw root. 
Usually this radius is smaller than the rear radius and may 
change from one portion of the screw to another. 
screw heat treatment To improve performance and 
reduce wear on screws, different heat-annealing treat- 
ments are used based on the screw material of construction 
and plastics to be processed. Treatments include flame 
hardening, induction hardening, nitriding, and precipita- 
tion hardening. See annealing. 

The outer surface of the helical ridge of 
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screw hub The portion immediately behind the flight 
that prevents the escape of the plastic. 
screw hub seal A sealing device that prevents leakage 
of plastic back around the screw hub and is usually attached 
to the rear of the feed section. 
screw identification Follow OEM screw specification 
for a given machine. 
screw inspection Screws do not have the same outside 
continuous diameter. Specified dimensions (diameters 
versus locations, channel depths, concentricity and 
straightness, hardness, spline/attachment, etc.) need to be 
checked. This information should be recorded so that 
comparisons can be made following a later inspection. 
Some special equipment should be used other than the 
usual methods (micrometer, etc.) to ensure that the in- 
spections can be reproduced accurately. Such equipment 
is readily available and actually simplifies inspections. It 
also takes less time particularly for roller and hardness test- 
ing. Details on conducting an inspection and conducting 
important processing behaviors are available from screw 
and equipment suppliers such as Techware Designs, sub- 
sidiary of Spirex Corp. with a computer software package 
called the Extruder’s Technician (ET). See barrel 
borescoping; barrel inspection; concentricity; in- 
spection; screw check up; screw wear. 
screw inventory See screw-channel volume devel- 
oped. 
screw key The key, or other mechanism, where the 
screw provides the turning motion from the drive to be 
transniitted to the screw. 
screw lead constant A screw with a flight of constant 
helix angle. Also called UY~$J;)YM pitch screw. 
screw lead decreasing A screw in which the lead de- 
creases over the full flighted length, usually ofconstant depth. 
screw leakage flow In the metering section, leakage 
flow is the backward flow of plastics through the clearance 
between the screw flight lands and the barrel. It is usually 
an insignificant component of the total plastic flow. 
screw length Overall axial length of the flighted por- 
tion of the screw, from the start of the feed pocket (throat) 
to the front end of a register or (with extruder screws or 
smear screws) the point where the root diameter begins 
to decrease. Flight length does not include any valves if 
they are in the system. 
screw length-to-diameter ratio (L/D) The length- 
to-diameter ratio of a plasticating screw. With an injec- 
tion-molding screw it does not include the length of the 
check valve, pressure cone, and tip. The diameter of the 
ratio is reduced to 1 so that the ratio is defined evenly, so 
that a 24/1 screw has a screw length 24 times it diameter. 
Based on the melt characteristics, there are general reasons 
for having short or long L/Ds. The advantages of a short 
screw are (1) less residence time in the barrel so that heat 
sensitive plastics are exposed to heat for a shorter time, 
thus lessening the chance of degradation; (2) the plasticator 
occupies less space; (3) the plasticator requires less torque, 
making strength of screw and amount of hp less important, 

particularly in an extruder, and (4) less investment cost 
initially and for replacement parts. Advantages for the long 
screws are that they (1) allow for greater output and melt 
recovery rates, (2) can be designed for greater mixing and 
more uniform output, (3) can be designed to operate at 
higher pressures, and (4) can be designed for greater nielt- 
ing with less shear and more conductive heat from the 
barrel. See aspect ratio; barrel length-to-diameter ra- 
tio; degradation; residence time; screw plasticator; 
screw torque. 
screw marbleizing With inarbleizing or mottling 
screws, no or very little mixing is desired. For example, a 
screw may have only a low compression ratio with a good 
portion of the screw consisting of the feed section fol- 
lowed by a short taper, and usually a metering section with 
few flights. A rnultiflighted screw (or a worn screw) allows 
colorants to stay in their own channels until exiting. These 
screws are used to obtain decorative effects. A typical ap- 
plication is a wonian’s cosmetic case, where a swirling or 
grainy effect is desired in the plastic coloration. This con- 
ventional system produces a similar pattern, but to dupli- 
cate, coextrusion or coinjection processing is used. See 
coextrusion; coinjection molding; color, mottle. 
screw material Most screws and barrels are made from 
special steels. When low-alloy steels are used, a wear-resis- 
tant lined tube is in the bore. See barrel composition. 
screw mechanical requirement Because screws al- 
ways run inside a stronger and more rigid barrel, they are 
not subjected to high bending forces. The critical strength 
requirement is resistance to torque. This is particularly true 
of the smaller screws with diameters of 2.5 in. (6 cm) or 
less. Unfortunately, the weakest area of a screw is the por- 
tion subjected to the highest torque. This is the feed sec- 
tion that has the sniallest root diameter. A rule of thumb 
is that a screw’s ability to resist twisting failure is propor- 
tional to the cube of the root diameter in the feed section. 
Finite element analysis software has been used to obtain a 
more accurate determination of the stress levels. See bar- 
rel composition; torque. 
screw-melt drag flow 
screw melt performance With screws, particularly iii- 
jection types, melt is not perfect-that is, it is not perfect in 
temperature, consistency, or viscosity. With the passing of 
time, melt performance has always improved with better- 
quality controllable plastics and screw designs such as barrier 
screws and different mixing actions. More melt uniformity 
produces better product performance. See melt. 
screw, melt pumping The action of a screw during 
plastic processing behaves like a pump. Melt under pressure 
is being pumped through the barrel output opening. Pres- 
sure starts building up back near the screw’s feed section. 
screw-melt temperature With nearly all machines, 
only the cylinder or barrel temperature is directly con- 
trolled. The actual heat of the melt, around the screw and 
as it exits, can vary considerably depending on the effi- 
ciency of the screw used and the method of operation. 
Factors affecting melt heat include the time that plastic 

See flow, drag. 
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remains in the plasticator (residence time); the internal sur- 
face heating area of the cylinder and the screw per volume 
of plastic being heated; the thermal conductivity of the 
cylinder, screw, and plastic; the heat differential between 
the cylinder and melt; and the amount of melt turbulence 
in the cylinder. In designing the screw, a balance must be 
maintained between the need to provide adequate time 
for heat exposure and the need to maximize output most 
economically. See heat transfer mechanism melt- 
temperature effectiveness. 
screw metering zone A relatively shallow portion of 
the screw at the discharge end with a constant depth and 
lead that usually has the melt move 3 or 4 runs of the flight 
length. See screw action. 
screw, mixing Various screw designs are used to meet a 
plastic's melt requirements. For example, the Spirex Pulsar 
mixing screw is used where low shear action is required. 
The Spirex Z-mixer is for the higher shear melts. See 
mixer; mixing theory. 
screw, mixing and melting A screw without special 
mixing elements does not do a good mixing job, mainly 
because of the nonuniform shear acting in a conventional 
screw channel. Mixing is distributive or dispersive. Dis- 
tributed and dispersive mixing are not physically separated. 
In dispersive mixing there will always be distributive mix- 
ing. However, the reverse is not always true. In distribu- 
tive mixing, dispersive mixing can occur only if there is 
a component exhibiting a yield stress and if the stresses 
acting on this component exceed the yield stress. For a 
dispersive mixing device to be efficient, it should have the 
following characteristics: (1) the mixing section should 
have a region where the plastic is subjected to high stresses; 
(2) a high-stress region should be designed so that expo- 
sure to high stresses occurs only for a short time; arid 
(3) all fluid elements should experience the same high 
stress level to accomplish uniform mixing. In addition, 
they should follow the general rules for niininium pres- 
sure drop in the mixing section, streandined flow, and 
complete barrel-surface wiping action. See compound; 
injection-molding nozzle dispersion disc mixer; 
mixer; mixing, dispersive; mixing, distributive; 
shear stress; static mixer; yield point. 
screw, mixing, concentric See extruder, concen- 
tric-screw mixer. 
screw mixing device In plasticators, barrier-type mix- 
ing devices that can be used in the screws. Many dynamic 
mixers are used to improve screw performance. Static 
mixers are sometimes also inserted at the end of the plas- 
ticator. Proof of their success is shown by their extensive 
use worldwide. Each type of mixer offers its own advan- 
tages and limitations. These mixing elements are usually 
installed as near as possible to the end of the metering zone. 
Where practical they should not be located in a region 
where the melt viscosity is high. With some of these instal- 
lations, such as in extruders, because they rnay have to 
operate at  a lower speed to avoid problems such as surging, 
independently driven mixers can be used so that machines 

can operate at  optimum speed. Other benefits of indepen- 
dently driven mixers involve feeding capability and perfor- 
mance. For example, metering pumps can inject with pre- 
cision liquid additives directly into the mixer. 
screw, mixing, double-wave The double-wave mix- 
ing screw has two equal width channels separated by an 
undercut barrier flight. The roots of each channel go up 
and down like a wave. The channel depth on one is shal- 
low while the channel across the barrier is deep. This coil- 
tinual channel reversing forces melt back and forth across 
the barrier, subjecting the melt to high and low shear. 
Usually these mixing sections are located in the metering 
zone. 
screw, mixing, Dulmage A screw can have a Dul- 
mage section that is incorporated as an integral part of the 
screw. This design was one of the first mixing screws and 
was developed by Fred Dulmage of Dow Chemical Co. 
It  has a series of semicircular grooves cut on a long helix 
in the same direction as the screw flights. There are usually 
three or more sections interrupted by short cylinder sec- 
tions. This design interrupts the riiaterial flow where the 
melt follows the screw channel. It  divides and recombines 
the melt many times. In this way, it works something like 
a static mixer. It  is still used on screws that are processing 
certain materials such as foamed plastics. 
screw mixing, Maddock The Union Carbide nlixer, 
also referred to as the Maddock mixer, was given to the 
public without patent royalty charges. It  consists of a series 
of opposed, semicircular grooves along the screw axis. Al- 
ternate grooves are open to the upstream entry. The other 
grooves are open to the downstream discharge. The ribs 
or flutes that divide the alternating entry and discharge 
grooves also alternate. These flutes are called rnixiti'qjcctes 
and wiping or cleanitESputes. The plastic is forced over the 
mixing flute that has an undercut from the screw's outer 
diameter. The cleaning flute is narrower and has a full di- 
ameter. This mixer does an effective job of mixing and 
screening unmelted plastic. The plastic is pumped into the 
inlet groove, and as the screw rotates, the undercut mixing 
flute passes under it. The melted plastic ends up in the 
outlet or discharge groove. As it goes over the undercut 
niixing flute, it is subjected to high shear but for a very 
short time interval. The plastic is then pumped out of the 
discharge groove as new plastic enters over the full-diame- 
ter cleaning flute. See screw mixing device. 
screw mixing, pin Around 1960, several companies 
started to place radial niixirig pins in the screw root. These 
pins tend to interrupt the laminar melt flow and do a better 
job of mixing than the regular screw. Because these pins 
improved mixing, it is also possible to design the screw a 
little deeper to obtain some more output with the same 
degree of mixing. Many patterns and shapes (streamlined, 
etc.) of pins have been used. In general, they are usually 
placed in rows around the screw. They are located in the 
metering section after most of the melting has taken place. 
A typical arrangement would have three rows, with one 
row at the beginning of the metering section, another row 
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one flight back from the end, and the third row halfway 
between the other two rows. Pins are usually staggered 
from row to row. The pins should be hardened and have 
an interference fit to prevent dislodgment. Pins, unlike 
other mixing devices, are easy to install as an afterthought. 
This is usually done after the screw has been running and 
found to need more mixing capability. 
screw mixing, Pulsar In the Pulsar mixer (from Spirex 
Corp.), the metering section is divided into constantly 
changing sections. These sections are either deeper or shal- 
lower than the average metering depth. This requires all 
the plastic to alternate many times from shallower depth 
and somewhat higher shear to deeper channels with lower 
shear. During this changing action, it experiences a gentle 
tumbling and massaging action. This design interrupts the 
undesirable laminar flow and causes excellent mixing, dis- 
tribution, and melt uniformity without high shear. 
screw mixing, Saxton It has a plurality of minor flights 
and channels on a helix angle that is normally greater than 
that of the primary flight. The minor flights and channels 
are interrupted by major channels that are cut with an op- 
posite hand lead. One drawback with these nonflighted 
interruptions is that the melt no longer has the positive 
forward conveyance other than pressure flow, although 
the interruptions on a helix are much better than tangen- 
tial grooves as some barrel wiping action still takes place. 
The screw was patented in 1961. 
screw mixing section A section added to some plas- 
ticating screws at the output end that intensively mixes the 
plastic. 
screw, multiple See extruder, multiple-screw; ex- 
truder, single-screw; extruder, twin-screw. 
screw, multiple-flighted A screw with more than one 
helical flight, such as double flighted, double lead, double 
thread, or two starts, and triple flighted. 
screw, multiple-stage A screw that introduces special 
mixing sections, such as changes in the flight helix, choke 
rings, venting, or torpedo that combine feeding, mixing, 
and metering. 
screw output The rate of output (throughput), or the 
speed at which plastics is moved through the plasticator, 
has continuously been pushed higher as a result of design 
advances in equipment and materials. Output rates gener- 
ally range from a few kilograms to over 5 tons per hour 
on  single-screw machines. Twin-screw extruder diameters 
have output rates ranging from a few kilograms to at  least 
30 tons per hour. A rough estimate for output rate (OR) 
in lb/h can be calculated by using the barrel’s ID in inches 
and using the following equation: OR = 16 ID’ (Ib/ 
h X 0.4536 = kg/h). However, the output of a screw 
is somewhat predictable, provided that the melt is under 
control and reasonably repeatable. With a square-pitch 
screw (a conventional screw where the distance from flight 
to flight is equal to the diameter), a simplified formula for 
output is R = 2.3 D2 k . N, where R = rate or output 
in lb/h (kg/h), D = screw diameter in inches (nun), h = 

depth in the metering section in inches (nini) (for two- 

stage screw use the depth of the first metering section), 
g = gravity weight of the melt, and N = screw rpni. This 
forniula does not take into account back flow and leakage 
flow over the flights. These flows are not usually a signifi- 
cant factor unless the plastic has a very low viscosity during 
processing or the screw is worn out. The formula assumes 
pumping against low pressure, giving no consideration to 
melt quality and leakage flow of several worn O D  screws. 
See screw volumetric efficiency; troubleshooting. 
screw output loss There are basically two methods of 
evaluating output loss caused by screw wear; one is rather 
accurate and the other is a rough approximation. The ac- 
curate method is to compare the current worn-screw out- 
put with a production benchmark reference output that 
was established when the screw was new. The approxi- 
mate method involves determining screw wear by measur- 
ing the screw, calculating the resultant added screw to bar- 
rel clearance, and estimating the output loss from the 
added clearance. There are three major problems with the 
approximate method. First, it results in about 24 hours of 
machine downtime. Second, it may understate thc extent 
of output loss by as much as 2’/2 times. Third, it does not 
account for the commonly encountered problem where 
the screw’s rpni is simply increased, yet the output loss 
clue to increased melt temperature is not well established. 
screw performance Determination of screw perfor- 
mance usually starts by comparing one screw with another 
screw, assuming one exists for comparison. The parame- 
ters that should be considered include the following: 
(1) output rate, (2) extrudate melt temperature, (3) extru- 
date melt quality, (4) extrusion stability/pumping consis- 
tency, and (5) energy usage. Different processes will re- 
quire different levels for each of the parameters listed, 
and these levels should be understood to allow accurate 
screw-design selection. 
screw pitch 
screw, planetary A multiple screw device in which a 
number of satellite screws, generally six, are arranged 
around one longer and larger diameter screw. The portion 
of the central screw extending beyond the satellite screws 
serves as the final pumping action as in a single-screw ex- 
truder. This screw system provides special compound niix- 
ing actions, such as the discharge of volatiles toward its 
hopper end when processing powders such as dry-blended 
PVC. See mixer. 
screw plasticator The screw in a barrel of a fabricating 
machine that rotates to convey and melt plastic from the 
hopper entrance to the front of the barrel. See concen- 
tricity; plasticator; plasticator safety; screw length- 
to-diameter ratio; shear heating. 
screw plasticator frictional heat The heat that is gen- 
erated within the stock as a result of mechanical working 
that occurs between the screw rotation and the stationary 
barrel. 
screw plasticizing The melting and mixing action that 
occurs during plastication. See injection-molding ma- 
chine downsizing; plasticizing. 

See screw flight pitch. 
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screw plastic volume swept The volume of material 
that is displaced as the screw (or plunger) moves forward. 
It is the effective area of the screw multiplied by the dis- 
tance of travel. See shot. 
screw plunger transfer molding See transfer mold- 
ing, screw-plunger. 
screw pocket A place where a screw flight is initiated, 
usually starting from a cylindrical area or another flight. 
The feed pocket exists on most screws and is located at 
the intersection of the bearing and the beginning of the 
flight. 
screw pressure 
screw pulling See extruder screw pulling; injection 
molding screw pulling; screw removal. 
screw pump ratio (PR) Applies to two-stage, vented 
screws and gwes a measure of the ability of the second- 
stage to pump more than the first-stage delivers to it. A 
high PR will tend to surge, and a low PR will tend to 
cause vent melt flow. See screw, venting. 
screw pushing flight The face or edge of the screw 
flight that drives the plastic forward toward the barrel exit. 
screw pushing side The flight face of the screw flight 
that faces the discharge and runs from the front radius to 
the top of the flight land. This surface is usually close to 
being perpendicular to the axis of the screw. 
screw radial clearance One-half the diameter of the 
screw. 
screw raised register A regster that has a longer diam- 
eter than the adjacent root diameter. This is sometimes 
supplied on injection screws having metering depths too 
deep to match the rear seat of a standard. See screw tip, 
injection. 
screw radius The radius of the intersection of the rear 
or trailing side of the flight and the screw root. Usually 
this radius is larger than the front radius and may change 
from one portion of the screw to another. 
screw, reactive See extruder, reactive-processing. 
screw rear bottom radius The fillet between the rear 
face of the flight and the root. 
screw rear seat A flat, ring-shaped portion of a nonre- 
turn valve that abuts the front vertical face of an injection 
screw and seals the flow of melt by contact with the rear 
conical shaped end of the check ring. See screw tip, in- 
jection. 
screw rebuilding and repair Screws and barrels are 
expensive and can cause downtime when damaged or 
worn. It may be practical (cost-efficient) to repair rather 
than replace. It is connnon practice to rebuild a worn 
screw with hard surfacing materials. Quite often the re- 
built screw will outlast the original screw time in service. 
The larger the screw, the more economical screw re- 
pairing becomes. It usually does not pay to rebuild 2 in. 
(50 mm) diameter or smaller screws. See barrel wear; 
manufacturing, remanufacturing/ rebuilding; screw 
coating; screw strip, polish, plating; screw wear. 
screw, reciprocating See injection-molding ma- 
chine, reciprocating-screw. 
screw recovery rate The volume or weight of a speci- 

See melt flow; screw action. 

fied processable material that is discharged from the screw 
per unit of time, when operating at 50% of injection ca- 
pacity (not applicable to extrusion). A high recovery rate 
can shorten cycle time and eliminate one of the reasons 
for a nozzle shut-off valve. 
screw register The cylindrical portion of an injection 
screw at the most forward end that is accurately machined 
to match the rear seat of the norireturn valve. See screw 
tip, injection. 
screw relief An area of the screw shank of lesser diaine- 
ter than the outside diameter and located between the 
bearing and the spine or key-way. 
screw removal Before shutting down a plasticator, it is 
helpful to stop feeding plastic and then follow up with a 
purge material that will make it easier to pull the screw 
for changeover or maintenance. See extruder screw 
pulling; injection-molding screw pulling. 
screw replacement Many processors run a poorly per- 
forming screw long after it should have been changed be- 
cause replacements are expensive. Converting the cost of 
a screw into an equivalent volume ofplastic or into a profit 
per day will determine payback. Assume that a screw costs 
$30,000 to $40,000 each with output at 3,000 Ib/hr (1,400 
kg/hr) of a $0.40/lb plastic. If you waste 100,000 lb 
(45,400 kg) of plastic, you justified the cost of the new 
screw. A new screw would represent 33 hr of processing. 
It pays to replace the screw. 
screw restriction or choke ring An intermediate por- 
tion of a screw that offers a resistance to the forward melt 
flow of material. 
screw retainer The largest nonreturn valve that threads 
into the injection screw. The forward portion retains the 
front seat or the sliding ring. The front end of the retainer 
is usually a torpedo or conical shape and usually is fluted. 
screw reverse flight A type of extruder screw with left- 
hand flights on one end and right-hand flights on the other 
end, so that material can be fed at  both ends of the barrel 
and extruded from the center. 
screw rifled liner The liner whose bore is provided 
with helical grooves. 
screw root or stem The continuous central shaft usu- 
ally of cylindrical or conical shape. 
screw rotation speed The revolutions per minute 
(rpni) of a screw. See extruder screw speed; injection 
molding screw rotation speed; process control. 
screw rotation speed control Various control systems 
control speed. The arguments for the use of integral or 
derivative control of speed are the same as for temperature 
control. Speed controls pernllt accuracy, such as 0.5% or 
less. See process control. 
screw, self-tapping See joining, self-tapping screw. 
screw shank The rear protruding portion of the screw 
to which the driving force is applied. 
screw shear rate Most of the energy a screw imparts 
to the plastic is by means of shear between the screw and 
barrel surfaces. The rate of energy that is imparted in- 
creases as the shear rate increases. The rate increases as the 
relative speed of the two surfaces increases and as the dis- 
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tance between the surfaces becomes less. See energy; 
flow model; shear rate, melt. 
screw, single-flighted A screw having a single helical 
flight. See extruder, single-screw. 
screw shot size See injection molding machine 
shot size. 
screw speed 
screw, starve feed 
screw static mixer 
screw, stripping torque The torque at which threads 
are stripped out of the molded part. High stripping torque 
is optimal. 
screw strip, polish, plating After a certain period of 
service, most screws become scratched, carbonized, or dis- 
colored due to the melting action. They are difficult to 
clean and tend to lose their original feeding characteristics. 
If they have been plated (usually chrome), the chrome may 
be gone in some places or peeling in others. It  is best to 
refurbish a screw in this condition by stripping the old 
chrome, polishing, buffing, plating, and buffing again. The 
screw will look much better and should also perform bet- 
ter for little cost and a short delivery time. Most screws 
that are rebuilt are also stripped. See surface finish. 
screw, strip-to-drive ratio The ratio of stripping 
torque to driving torque of a self-tapping screw. A high 
ratio provides easier assembly and a higher safety factor. 
screw suck-back See injection molding screw 
suck-back. 
screw taper The conical transition section or conical 
tapered section in which the root increases uniformly in 
diameter so that it is of conical shape. 
screw taper constant A screw of constant lead and 
unifornlly increasing root diameter over the full flighted 
length. 
screw temperature zone A section of the melt-flow 
path that is controlled to the optimum temperature for 
each zone. Small machines may have only one heating 
zone; however, most require froin two to at  least six zones 
providing the proper temperature profile of the melt 
within the plasticator. See process control; screw ac- 
tion; temperature. 
screw, thermoset type The usual TS plastic, being 
very heat sensitive, uses a compression ratio of 1 with a 
water-cooled barrel to provide positive temperature con- 
trol. During plasticizing, if the temperature goes just 
slightly too high, the melt solidifies in the barrel requiring 
screw pulling and its removal. See screw and plastic; 
screw compression ratio; thermoset plastic. 
screw thread, molding See molded screw thread. 
screw thrust The total axial force exerted by the screw 
on the thrust bearing (screw support). For practical pur- 
poses, it is equal to the melt pressure times the cross-sec- 
tion of the barrel bore. 
screw thrust bearing The bearing used to absorb and 
support the thrust force exerted by the screw. See 
bearing. 
screw tip The forward end section of a screw. A variety 
of sizes and shapes are available to meet the requirements 

See screw rotation speed. 
See material starve feeding. 
See static mixer. 

of the plastic being processed, such as their viscosity. See 
viscosity. 
screw tip, back-flow stop valve See screw tip, in- 
jection. 
screw tip, castle valve A value that has a series offin- 
gers that interlock with slots on its retainer ring. This re- 
quires the ring to turn with the screw, which eliminates 
wear between the ring and front seat. Side loading is ap- 
plied to the interlocking components, making this iiiter- 
face critical. 
screw tip, injection When the melt is forced into the 
mold, the screw’s plunger action could cause the melt to 
flow back into the screw flights. Generally, with heat-sen- 
sitive plastics such as PVC and thermoset plastics, a plain 
or smeared head screw tip is used; it has a tapered shape 
that conforms to the barrel taper just prior to the nozzle 
opening, eliminating back flow. For other plastics this is 
not adequate, and a number of different check valves are 
used, each with certain advantages and disadvantages. 
These devices work in the same manner as a check valve 
in a hydraulic system, allowing melt to pass only in one 
direction. They have a sliding ring, restricted floating ball, 
and their combinations. See injection molding ma- 
chine ball-check valve; injection molding machine 
ring check valve. 
screw, thread-cutting See joining, thread-cutting 
screw. 
screw torpedo 1. An unflighted cylindrical portion of 
the screw that is usually located at  the discharge end and 
provides additional shear heating capabilities for certain 
plastics. 2. In an injection-molding plunger machine (no 
screw used), a solid streandined block of metal that fits 
near the exit end of a barrel, restricting the plastic flow. 
I t  causes the melt to develop heat during shearing action. 
Some of these are rotating to provide additional nielting 
action. Also called spwadev. See spreader. 
screw torque The work of melting is done by rotating 
the screw in a stationary barrel. The rotational force called 
torque is the product of the tangential force and the distance 
from the center of the rotating member. For example, if 
a 1 lb (0.454 kg or N) weight was placed at the end of a 
1 ft (0.035 m) bar attached to the center of the screw, the 
torque would be 1 ft X 1 lb or 1 ft-lb (1.36 Nm). Torque 
is related to horsepower (hp), which equals [torque (fi-lb) 
X rpm]/5,252 or kW = [torque (Nni) X rpm]/7,124. 
The torque output of an electric motor of a given hp 
depends on its speed. A 30 hp (22 kW) motor has the 
following torque at various speeds: 87.5 ft-lb (119 Nm) 
at 1,800 rpni, 133 (181) at 1,200, and 175 (238) at 900. 
See extruder specification feed system; joule; screw 
length-to-diameter ratio. 
screw torque speed The speed of a given hp motor is 
built into the motor. Changes in speed and torque can 
also be accomplished by changing the output speed of the 
motor by using a gear train. The change in torque varies 
inversely with the speed. For example, if an alternating- 
current motor is used, it will develop a starting torque of 
almost twice the running torque. The screw has to be pro- 
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tected against overload to prevent screw breakage. This is 
not a problem with hydraulic drives. The drive must sup- 
ply enough torque to plasticize at  the lowest possible screw 
speed but not enough to mechanically shear the metal 
screw. Different torque requirements are used to meet the 
requirements of the different plastics. For example, much 
higher torque is required to plasticize polycarbonate than 
polystyrene. The strength that is used limits the input hp. 
Using little torque to turn the screw indicates that the 
heater bands are providing too much of the energy re- 
quired to melt the plastic, usually as a result of poor or no 
temperature control. Plastication efficiency suffers in these 
conditions, and mixing problems or long, inconsistent re- 
covery times are symptomatic of this condition. 
screw trailing edge The flight face of the screw that 
faces the feed end and runs from the rear radius to the top 
of the flight land. 
screw trailing flight The rearward part of the screw 
flight. 
screw transfer molding See compression molding, 
screw preplasticator; transfer molding. 
screw transition zone The section of a screw between 
the feed zone and metering zone in which the flight depth 
decreases in the direction of discharge. In this zone the 
plastic starts in both solid and molten states with the target 
being to have all molten on leaving this zone. Also called 
the cornpmrion Z J ~ C .  See screw action. 
screw transition zone, conical and involute The 
two basic types of screws are conical and involute (or spi- 
ral), with each providing different situations based on the 
theories used. The conical transition has a root that is cone 
shaped and is not parallel to the axis of the screw. The 
involute transition has a root that is always parallel to the 
screw axis, and the channel depth varies unifornlly. Actu- 
ally, the use of the word invohte is not correct in geometric 
terms, but most people working with screws know about 
this situation. With the involute, one side is deeper than 
the opposite side, causing an unbalanced screw so that at 
high pressures it causes rapid wear. Surges also can occur 
since solid plastic blocks are formed. The disadvantage of 
the conical is that it is more difficult to machine and more 
expensive. 
screw transition zone, wrap-around A transition 
section in which the root is always parallel to the axis of 
the screw. 
screw, twin See extruder, twin-screw; extruder, 
twin-screw, conical or parallel. 
screw, two-stage See screw, venting. 
screw valve See screw tip. 
screw, venting In a plasticator (extruder, injection- 
molding machine, blow-molding machine, etc.) melt 
must be freed of gaseous components such as moisture and 
air from the atmosphere and from plastics, plasticizers, and 
other additives as well as entrapped air and other gases re- 
leased by certain plastics. Gas components such as moisture 
retention in and on plastics have always been a problem 
for all processors. All kinds of problems develop on prod- 

ucts (splay, poor mechanical properties, dimensions, etc.). 
This situation is of particular importance when processing 
hygroscopic plastics. One major approach to this plastic 
degrading situation is to use plasticators that have vents in 
their barrels to release these contaminants. It is very diffi- 
cult to remove all the gases prior to fabrication, particularly 
from contaminated powdered plastics, unless the melt is 
exposed to vacuuni venting (in most vented screws, a vac- 
uum is connected to the vent’s exhaust port in the barrel). 

The standard machines operate on the principle of melt 
degassing. The degassing is assisted by a rise in the vapor 
pressure of volatile constituents, which results from the 
high melt heat. Only the free surface layer is degassed; the 
rest of the plastic can release its volatile content only 
through diffusion. Diffusion in the nonvented screw is al- 
ways tinie-dependent, and long residence times are not 
possible for melt moving through a plasticator. Thus, a 
vented barrel with a two- or three-stage melting screw is 
used. Those with one vent use a two-stage screw that basi- 
cally looks like two single screws attached in series. Where 
the two meet, there is a very shallow channel section so 
that when the melt reaches that section, no melt pressure 
exists. In turn gaseous materials are released through a port 
opening. With those having two vents, a three-stage screw 
is used that provides another stage to eliminate contanii- 
nants. See air vent; barrel-venting safety; bleed; ex- 
truder venting; injection molding, venting; screw 
decompression zone, venting; screw pump ratio; 
venting; venting purifier. 
screw, venting, basic The first stages of the transition 
and metering zones are often shorter than the sections of 
a single-stage conventional screw. The melt discharges at 
zero pressure into the second stage, under vacuum instead 
of pressure. The first-stage extrudate must not be hot 
enough to become overheated in the second stage. And 
the first stage must not deliver more output per screw ro- 
tation at  discharge pressure than the second-stage can 
pump through the barrel under the maximum normal op- 
erating pressure. This usually means that the second-stage 
metering section must be at least 50% deeper than the first 
stage. 
screw venting bleeding The unplanned escape ofmelt 
bleeding through the vent during operation of the vented 
barrel processing. See vent bleed. 
screw, venting ratio In practice the best metering-sec- 
tion depth ratio (pump ratio) is about 1.S:l. The ratio to be 
used depends on factors such as screw design, downstream 
equipment, feed stock performance, and operating condi- 
tions. There is likely to be melt flow through the vent 
(avoid this situation) if the compression ratio is high or the 
metering depth ratio is slightly too low. If the metering 
depth ratio is moderately high, there is a gradual degrada- 
tion of the output. With the screw channel in the vent 
area not filling properly, the self-cleaning action is dirnin- 
ished, and the risk ofplate-out increases. In any case, stick- 
ing or smearing of the melt must be avoided, or degrada- 
tion will accelerate. 
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screw volumetric efficiency The volume of plastic 
that is discharged from the machine during one revolution 
of the screw, expressed as a percentage of the developed 
volume of the last turn of the screw channel. See screw 
output. 
screw wear The wear in screw plasticators generally 
causes an increase in the clearance between screw flight 
and barrel. It often occurs toward the end of the compres- 
sion section. This type of wear is more likely to occur 
when the screw has a high compression ratio. Regardless 
of where this erosion of metal occurs, the plasticator’s 
melting capacity is reduced. If the wear is serious enough, 
it will affect the process so that products exit at a slower 
rate or more likely produce a lower-quality product at the 
end of the line. The mechanism that causes wear includes 
adhesive wear (metal to metal contact under high stress), 
abrasive wear (galling), laminar wear (thin outer layers of 
metal interface wear), surface-fatigue wear (micro- or 
macroscopic separation from the surfaces), and corrosion 
wear (chemical reaction and mechanical attack of the slid- 
ing surfaces). See injection molding reinforced plas- 
tic; screw and barrel wear; screw compression ratio; 
wear. To circumvent this situation the screw should be 
inspected and measured on arrival (or thereafter) and regu- 
larly be inspected and have its dimensions checked. Clean- 
up of the screw is a good time to measure and inspect. By 
extrapolating to the maximum allowable wear, one can 
determine when the screw or barrel should be replaced or 
rebuilt. See concentricity; inspection; screw inspec- 
tion. 
screw-wear loss Output loss due to screw wear can be 
determined by comparing the worn screw’s current output 
with the initial production benchmark, which was origi- 
nally determined by shooting into a “bucket” to check 
the weight for a definite time period. Another approach 
is to measure the worn screw’s clearance to the barrel wall 
(W), which is used along with the original measured screw 
clearance (0), and the metering depth (M) from the screw 
root to the barrel wall. Here the approximate percentage 
output loss (OL), with rpni being constant, is calculated 
from the formula OL = (W - O ) / M  + 100. 
screw-wear protection Most screws are made of me- 
dium-carbon-alloy steel usually hardened to 28 to 32 RC. 
It is then nitrided (gas or ion) or chrome-plated for better 
wear resistance. Screws with improved abrasion resistance 
can be made of vanadium-bearing tool steel hardened to 
54 to 56 R C .  Cost and brittleness generally limit such 
screws to less than 90 mni in diameter. Materials with iin- 
proved corrosion resistance are used such as precipitation- 
hardened stainless steel and nickel alloys. The outer diame- 
ter of the flights is the area of the screw most susceptible 
to wear. The most common means of protecting that area 
is to weld on a hard-facing alloy. 
scrim See fabric scrim. 
SCRIMP See reinforced-plastic SCRIMP process. 
scrubber A device that is used to filter out unwanted 
pollutants, such as acid gas emissions at  combustion facili- 

ties. It is usually a process involving water. See gas burn; 
incineration fume system; pollution, air. 
scrubbing The process for removing one or more com- 
ponents from a mixture of gases and vapors by passing it 
upward and usually countercurrent to and in intimate con- 
tact with a stream of descending liquid, the latter being 
chosen so as to dissolve the desired components and not 
the others. 
scuffing See defect; marking. 
seal 1. A method of bonding mating surfaces under con- 
trolled applications of heat, pressure, and dwell time. See 
packaging. 2. A hermetical seal or weld that is inipervi- 
ous to liquids, air (airtight), or other gases that cannot enter 
or escape. See packaging, modified-atmosphere. 3. A 
continuous joining process of two or more surfaces of 
sheet materials, such as those made by adhesion and fusion. 
See adhesive; fusion; laminate. 4. A seal is required 
in certain products, such as building insulation panels and 
packaging, that require a barrier against liquids, gases, or 
solids. See barrier. 
sealant A material in paste or liquid fonn that is applied 
to all types of joints that cure in-place, forming a seal 
against gases, liquids, or outdoor weather. See adhesive 
gap filling; caulking compound. 
sealant design 
sealing See adhesive; bonding; welding. 
sealing, dielectrically See heating, dielectric. 
sealing, gap-filling See adhesive gap filling. 
sealing, heat A method ofjoining plastic films by the 
simultaneous application of heat and pressure to the areas 
in contact. Heat can be applied using hot plate, dielectric 
heating and radio frequency welding. Also called thermal 
heat sealing or heat sealing. See sealing, impulse; sealing, 
ultrasonic; welding. 
sealing hinge with closure See closure; design 
hinge, integral. 
sealing, hot knife A joining process in which a heated 
tool in the form of a knife blade is passed between the 
parts being joined, so that heat is applied to the seal side 
of the part. The blade is then removed, and surfaces are 
pressed together for a few seconds until the bond solidifies. 
sealing, impulse A radio-frequency pulse applies an in- 
tense thermal energy to the sealing area for a very short 
time period where heat develops, followed immediately 
with cooling the seal. The heated nietal bar could include 
an internal channel for cooling. 
sealing, medical 
sealing, O-ring A product of precise dimensions that 
is molded in one piece to the configuration of a torus with 
circular cross-section and is suitable for use in a mechanical 
groove for static or dynamic service. 
sealing temperature The temperature of a thermo- 
plastic film or sheet that is required to join two or more 
films or sheets in contact by fusion. See sealing, heat. 
sealing, ultrasonic A vibratory mechanical pressure at 
ultrasonic frequencies (20 to 40 kc) is applied to the mating 
thermoplastic parts to produce a bond or seal. Electrical 

See design, sealant joint-shape. 

See medical seal and closure. 
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energy is converted to ultrasonic vibrations through the 
use of either a magnetostrictive or piezoelectric transducer. 
The vibratory action and pressure applied at the interface 
develops localized heat that iiielts the contacting surfaces 
followed by a cooling action. See adhesive; bonding; 
insertion, ultrasonic; sealing, heat; welding. 
search, blind A systematic search that does not involve 
intelligent decision making. 
search, brute force method A means ofproblem solv- 
ing that consists of simply trying all possible solutions 
without regard to using heuristics to eliminate blind paths 
or approaches. 
seat See automotive seat. 
sea water desalination See water, ocean desalina- 
tion of. 
secondary bonding forces, molecular See temper- 
ature and molecular bonding force. 
secondary equipment See auxiliary equipment; 
fabricating processing type. 
segregation 1. In  thernioset plastics, a separation of 
plastic and filler on the surface. 2. With thermoplastics, a 
close succession of parallel, relatively narrow, and sharply 
defined wavy lines and color striations on the surface that 
differ in shade from surrounding areas and create the irn- 
pression that the components have separated. 
Selar DuPont’s trade nanie for its barrier plastic that is 
a modified nylon with a compatibilizer or binder applica- 
ble to other plastics, such as in gasoline PE fuel tanks. 
selecting process See design, optimized; fabricat- 
ing process type. 
selection, material See plastic material selection; 
statistical material selection, reliability of. 
self-cleaning See reaction-injection molding self- 
cleaning. 
self-extinguishing See flame extinguished. 
self-heating See heating, self-. 
self-ignition See combustion, autoignition point. 
selvedge See fabric selvedge. 
semiconductor 1. A material with controllable con- 
ductivities between insulators and conductors. See dop- 
ant; electrical conductivity; element, semiconduc- 
tor; plastic, light-switchable. 2. In pure metals, where 
electrons are excited across the energy gap. 
semicrystalline plastic A material that exhibits a high 
degree of crystallinity with a small degree of amorphous 
structure. However, these plastics are usually called rrystal- 
line plastics. See amorphous plastic; crystalline plastic. 
semifinished product See product, semifinished. 
semipermeable See membrane. 
sensitivity The minimum input capable of producing 
an output motion. Also called gain. 
sensor A device that is designed to respond to a physical 
stimulus (color, gloss, temperature, pressure, motion, illu- 
mination, time, velocity, weight, etc.) and transmit a re- 
sulting signal for interpretation, measurement, or op- 
erating a control. Sensors vary in their sensitivity, 
capability, and repeatability. They include air, beta ray, 

electrical caliper, capacitance, infrared, laser, magnetic re- 
luctance, mechanical motion or contact, nuclear, optical, 
proximity, scales, sonic, strain gauges, thermal element, 
ultrasonic, and x-ray. To select the correct sensor one 
should know something about how they work and limita- 
tions existing such as thickness and type of plastic. There 
are those that transmit or reflect as well as those that have 
contact or noncontact. Also called transducer. See control 
actuator; measurement; plastic, smart; radioiso- 
tope; tensile gauge length; transducer. 
sensor accuracy Available accuracy depends on factors 
such as the static accuracy ratings, source errors, long-term 
repeatability, and noise factors. Some sensors work only 
in certain environments. For sensors’ or transducers’ infor- 
mation to be accurate, they must be properly calibrated. 
See accuracy; design accuracy. 
sensor, beta gauge A gauge that consists of two facing 
elements-a P-ray-emitting source and a P-ray detector. 
For example, when a film or sheet is passed between the 
elements, some of the P-rays are absorbed, and from the 
percentage absorbed the area density and/or thickness can 
be determined. Also called a beta-ray gauge. See beta. 
sensor, caliper A gauge that provides for direct physical 
measurement of the total thickness. Depending on type, 
the sensors may contact on both sides or have one or both 
sides riding on a thin, controlled air film. 
sensor, capacitive A location or thickness sensor that 
uses the presence of the plastic as a dielectric in a circuit 
to provide continuous readouts. 
sensor, chemical indicator See sterilization chemi- 
cal indicator. 
sensor, dual laser A double laser beam is used to mea- 
sure, for example, pipe diameters on two axes during the 
extrusion of pipe. See extruder, pipe and tubing. 
sensor, dynamic accuracy ofa The indication ofhow 
a sensor will operate in the production environment. It  is 
defined as a comparison of sensor readings on, for exani- 
ple, a sheet with actual sarnples taken from the sheet and 
measured. It is a function ofa number ofvariables ofwhich 
sensor static is one. Others include flutter sensitivity, air 
gap temperature, mechanical sensor alignment, and sen- 
sor’s response time. Real-time inspections can be made at 
speeds up to at least 4,300 fi’/min (400 m’/min). Iniper- 
fections down to 125 microns on coated extruded film 
webs can be found at speeds of at least 820 ft/niin for 5 ft 
widths (250 d i n i n  for 1’/z in). See inspection; sensor, 
laser. 
sensor, electron optical A device that produces and 
controls a beam of electrons to produce an image. 
sensor, fiber-optic Strain gauges use fiber optics to 
sense and record mechanical loadings on products. See 
fiber optic; strain gauge; stress-strain curve. 
sensor, film and sheet Sensors for measuring thickness 
usually fall into one of three categories: nuclear, infrared, 
and caliper. 
sensor, gamma backscatter A nuclear gauge that is 
based on the use of a gamma-ray-emitting source and a 
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gamma-ray detector. It can handle thicker sections than 
beta gauge techniques. 
sensor, inductive and capacitive proximity A sen- 
sor that detects the presence or absence of metallic and 
nonmetallic products without physical contact. See bottle 
sorter, optical; contamination; recycling, auto- 
matic-sorting; sensor, nuclear. 
sensor, infrared (IR) A sensor that measures mass per 
unit area and then converts the measurement to a thickness 
value. Unlike nuclear types, which measures the total 
weight of a product, an IR can sometimes be tuned to 
measure different materials independently. However, their 
versatility is not a sign of their universal application. They 
are best applied to clear films and coatings as well as melts 
during processing (extrusion, injection, etc.) and are not 
particularly well suited to opaque films or films containing 
certain additives and fillers. The effect of many of the addi- 
tives and fillers can be minimized through a careful selec- 
tion of the wavelengths measured. During polyethylene 
blown-film manufacture, an IR temperature sensor can 
indicate the bubble’s crystallization or freeze line height. 
These lines correlate with key fabrication variables such as 
blow-up ratio and the film’s properties. There are basically 
the two configurations of transmission and reflection. Each 
is suited to different applications. See electromagnetic 
spectrum; extruder-blown film blow-up ratio; in- 
frared; inspection, infrared. 
sensor, intelligent Intelligent programmable sensors 
enable flexible manufacturing as they are quickly and easily 
reconfigured for small batch runs of a specialty or custom 
product. Many take over the difficult inspection and posi- 
tioning tasks that a few years ago required an expensive, 
full-scale computer-controlled vision-inspection system. 
The sensors are programmable, easy to set up and recon- 
figure, and provide afhrdable and accurate inspection and 
positioning applications. The need for human operators 
is often eliminated. See robot, intelligent; transducer, 
magnetostrictive. 
sensor, laser A sensor that is only effective with opaque 
materials and particularly thick materials. If a processor has 
a sheet product that varies in density and needs to know 
the true thickness, a laser can measure part dimensions and 
control dimensions, such as of an extruded pipe. See ex- 
truder pipe and tubing; laser; strain extensometer, 
laser beam. 
sensor, noise effect Elimination of noise, in regard to 
sensors, is accomplished through an averaging technique. 
This can be done because noise typically takes on a ran- 
dom nature and as a result can be filtered or eliminated 
over time. The error effect of short time variation, which 
is one type of noise, consists of the deviation from the 
average value during a specified sample time period. Noise 
can come from a number of sources, but as long as it is 
random, it can be reduced to acceptable limits ovei suffi- 
cient time. See noise. 
sensor, nuclear A beam of beta or gamma radiation is 
passed through a material that is being measured for thick- 

ness. The greater the inass of material, the less radiation is 
able to pass through the detector. Ifthe materialis ofconstant 
density, sensor calibration can be in units ofthickness. They 
can measure only total thickness, not individual pieces, if 
laminated. Beta provides somewhat faster response; gamma 
can handle much thicker material. See bottle sorter, opti- 
cal; radiation; recycling, automatic-sorting; sensor, 
inductive and capacitive proximity. 
sensor, piezoelectric A sensor that provides readouts 
that can be extremely fine tuned at high speed using the 
piezoelectric effect. See piezoelectric effect. 
sensor, ultrasonic A sensor that is used in different fab- 
ricating processes to control dimensions, such as an ex- 
truded blown-film bubble diameter, or to measure ex- 
truded pipe diameter and concentricity. See ultrasonics. 
sensor vision See computer image-processor; in- 
spection; vision system. 
separator 1. A layer of material that acts as a release film 
during certain processes. 2. A pernieable material, such as 
a fluoroplastic-coated glass-fiber fabric. For example, it is 
used between a reinforced plastic lay-up and a bleeder sys- 
tem to remove unwanted plastic or gases developed during 
a thermoset plastic curing cycle such as during bag mold- 
ing. See reinforced plastic bag molding; reinforced 
plastic separator. 3. In the waste and recycling business, 
separating the different substances that are collected. See 
recycling; waste. 
separator, balisic The balisic machine sorts inorganic 
from organic matter for composting purposes. 
sequencing See production prioritizing. 
sequestering agent A material that prevents metallic 
ions from precipitating from solution by means of reac- 
tions that normally would cause precipitation in the ab- 
sence of this agent. See solution. 
serendipity An unexpected engineering or scientific 
discovery that turns out to be more important than the 
project being researched or developed. 
serum See latex serum. 
serviceability The ability of any equipment or instru- 
mentation to be easily serviced or maintained and thereby 
avoid costly downtime. An important consideration when 
making purchases. See maintenance; technical service; 
troubleshooting. 
service condition The exposure to factors such as heat, 
cold, flexing, impact shock, or creep loads to which a inaterial 
or product will be subjected. The conditions are usually speci- 
fied for different operations, such as fabricating or testing. 
service distribution See plant control. 
servo control A control in which the principle objec- 
tive is to follow a reference value that varies with time. 
With closed-loop servos and digital interfaces, faster flow 
of more information is achieved between the motion con- 
troller and the niotors. This information allows for more 
precise adjustments, faster speeds, higher repeatability, and 
better performance. The results are higher outputs (re- 
duced cycle time, etc.), improved quality, and more pre- 
dictable processes. See computer monitoring infor- 
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mation; drive-system control; computer analog-to- 
digital converter, control, closed loop; control 
drive, optimized; fabricating output; motion-con- 
trol system. 
servo-control-drive reliability Some servo drives 
have a mean time between failures that is measured in de- 
cades. Proven reliability means years of machine uptime. 
Servo systems with brushless AC servo niotors and solid- 
state drive performances can provide extremely high reli- 
ability rates, even in the most demanding environments. 
All-digital servo systems can pinpoint a fault for the hstest 
possible mean time to repair. By replacing mechanical line 
shafts and other gear-train assemblies, servos provide for 
simpler mechanical systems, reducing the rnechanical 
complexity of a machine design. See electric motor 
drive; mean. 
servo system See motion-control system; motion- 
control system type. 
set T o  cause a specific condition, such as solidifying a 
plastic melt. Sets can be designated by different conditions. 
1. Basically the conversion of a liquid plastic into a solid 
or semisolid state. See adhesive set; strain set. 2. The 
strain remaining after coniplete release of the force pro- 
ducing a deformation. See tension set. 3. The conver- 
sion of a plastic into a fixed or hardened state by chemical 
or physical action, such as condensation, polymerization, 
vulcanization, or gelatin. 
set at break See elongation, set at break; test set, 
immediate. 
set immediate See test set, immediate. 
set point 
setting See fabricating process setting. 
setting up Additional hardening time. See molded- 
part setting-up. 
sewer rehabilitation Since at least the 1950s, cured-in- 
place reinforced plastics, such as thermoset polyester plastic 
with hybrid reinforcement fiber felt tube patterns have 
been used to repair deteriorated or corroding municipal 
sewer lines that are made of concrete or steel and that niay 
be only 30 years old. The process may require very little 
(if any) excavation, and sewer lines can be repaired 
quickly, with niiniinal disruption of traffic and services and 
at a significantly lower cost when conipared to other pro- 
cesses. The process uses a prepreg cured-in-place rein- 
forced plastic tube to reconstruct the underground pipe 
inner wall. It starts with a flexible felt tube (round or any 
shape) that is plastic coated on the inside and impregnated 
through the outside principally with Amoco Chemical’s 
purified isophthalic (OIA) thermoset polyester plastic 
(very corrosion resistant, high strength, and easy to pro- 
cess). The uncured wet pliable prepreg tube is inserted 
through an existing manhole or other access point. After 
installation, water pressure is used to force the prepreg 
against the old pipe, and the water is heated to cure the 
plastic. See pipe, deteriorating; prepreg; reinforced 
plastic pipe; reinforced plastic preimpregnated; 
safety; sleeving; underground pipe. 

See fabricating process set point. 

S-glass See fiberglass type. 
shape 
shape and volume change 
shape, blow mold complex 
truder, three-dimensional. 
shape, concave 
the inner surface of a food bowl. See surface. 
shape, convexity 
that protrudes as a roughly spherical shape. 
shape, convex 
the surface of a sphere. 
shape measurement 
ordinated measuring. 
shape, molecular See Staudinger, Hermann. 
shaping mechanically Controlled mechanical opera- 
tions for shaping a product at  temperatures above the re- 
crystallization temperature. See mold. 
shark-skin surface See extruder shark-skin surface. 
Shaw pot 
shear An action of stress that results from applied forces 
and that causes or tends to cause two contiguous parts of 
a body to slide relative to each other in a direction parallel 
to their plane of contact. It is the stress developed because 
of the action of layers in a inaterial attempting to glide 
against or separate in a parallel direction. See orientation, 
accidental. 
shear edge 
shear energy See screw shear rate. 
shear failure The movement that is caused by shearing 
stresses and that is sufficient to destroy or seriously endan- 
ger a structure. Also calledfailure by uuptuve. See rupture. 
shear force A force that is directly parallel to the surface 
elenient across which it acts. 
shear fracture A mode of fracture in crystalline materi- 
als that results from translation along slip planes that are 
preferentially oriented in the direction of the shearing 
stress. 
shear heating The heat that is produced within the 
plastic melt as the plastic layers slide along each other or 
along the metal surfaces in a plasticating chamber of the 
processing machine. See screw action. 
shearing The breaking that is caused by the action of 
equal and opposed forces that are located in the same 
plane. 
shear, interlaminar A shearing force that tends to pro- 
duce a relative displacement between two laminae along 
the plane of their interface. 
shear joint A joint design that is used in welding in 
which the thermoplastic parts melt in a telescoping action 
due to a small interference in one of the mating parts. See 
welding, ultrasonic, shear joint. 
shear melt rate See injection-molding melt-shear 
behavior; melt shear rate; orientation, accidental. 
shear modulus The ratio of shearing stress to shearing 
strain within the proportional limit of the material. See 
modulus of elasticity; proportional limit; stress- 
strain curve; torsional modulus of elasticity. 

See die shape; product shape. 
See dilatant. 
See blow molding, ex- 

A surface that curves inward, such as 

That portion or place on an object 

A surface that curves outward, such as 

See deflection; machine, co- 

See transfer-molding Shaw pot. 

See mold shear edge. 
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shear modulus, complex The vectorial sum of the 
shear modulus and the loss modulus. It  is analogous to 
a complex dielectric constant. See dielectric constant, 
complex. 
shear plane A plane along which failure of material oc- 
curs by shearing. 
shear proportional limit See proportional limit; 
stress-strain curve. 
shear rate The time rate of change of shear strain. For 
a one-dimensional flow, it is the velocity gradient. See 
design, basics-of-flow die; flow model; screw shear 
rate; viscosity; viscosity, non-Newtonian flow. 
shear rate, melt The overall velocity over the cross- 
section of a channel with which molten plastic layers are 
gliding along each other or along the wall in laninar flow. 
See injection-molding melt-shear behavior; mathe- 
matical equation, cross-. 
shear rate, melt sensitivity Most plastic melts are 
pseudoplastic; at  increasing shear rates they become less 
viscous. However, the relative degree of shear sensitivity 
varies greatly from one plastic to another. Generally, 
broadening MWD produces increasing shear sensitivity. 
shear roller See compounding, shear-roll. 
shear, short beam 
shear. 
shear spinning, melt See viscosity. 
shear strain The tangent of the angular change that is 
caused by a force between two lines originally perpendicu- 
lar to each other through a point in a body. With this 
strain, there is a change in shape. Also called a n p l a r  strain. 
See reinforced-plastic test, extensional-shear cou- 
pling; strain. 
shear strength 1. The ability of a niaterial to withstand 
shear stress. It is calculated from the maximum load during 
a shear or torsional test and is based on the original cross- 
sectional area of the test specimen. See sandwich facing 
material; shear; strength; stress; torsional strength. 
2. The stress at which a plastic fails in shear. 
shear strength, short-beam The interlaininar shear 
strength, for example, of a parallel fiber reinforced-plastic 
material as determined by a three-point flexural loading 
of a short segment cut from a ring-type specimen. See 
test, NOL ring. 
shear stress 1. The coniponent of stress that is tangent 
to the plane on which the forces act. Shear strcss is equal 
to the force divided by the area sheared, yielding psi 
(MPa). 2. The stress that is developed in a plastic melt 
when the layers in a cross-section are gliding along each 
other or along the wall of the channel in laminar flow. 
See CAMPUS database; processing fundamental; 
rheometer, dynamic; viscosity. 
shear stress-strain The shear mode involves the appli- 
cation of load to a material specimen in such a way that 
cubic-volume elements of the material comprising the 
specimen beconie distorted, with their volume remaining 
constant but the opposite faces sliding sideways with re- 
spect to each other. Shear deformation occurs in structural 

See flexural test, short-beam 

elements subjected to torsional loads and in short beanis 
subjected to transverse loads. Shear stress-strain data can 
be generated by twisting a material specimen at a specified 
rate while measuring the angle of twist between the ends 
of the specimen and the torque exerted by the specimen 
on the testing machine. Maximum shear stress at the sur- 
face of the specimen can be computed from the measured 
torque and the maxiinurn shear strain from the nieasured 
angle of twist. See stress-strain curve. 
shear stress-torque See torque-shear stress. 
shear stress yield point 
shear test See test, short-time-behavior. 
shear thinning 
shear torsional test 
shear yield point 
sheathing Cellulosic fiberboard that is used in housing 
and other building construction and that may be integrally 
treated, impregnated, or coated (plastics, etc.). It  provides 
additional water resistance. See coating; impregnation. 
sheathing compound See compound, sheathing. 
sheave Pulleys and belts that are made with various ma- 
terials, including plastics, which provide wear and tear re- 
sistance and heat and weather resistance. They are used to 
connect motors and gear reducers in different processing 
equipment. 
sheet Any material that is fabricated into sheet forni and 
cut to suit in further processing or use. See antiblocking 
agent; calender; die, film and sheet thickness; ex- 
truder-blown film; extruder flat film; fiber fibrilla- 
tion; fiber processing; film, cast; paint. 
sheet and film market See film and sheet market. 
sheet and film thickness See die, film and sheet 
thickness. 
sheet blocking The tendency of sheets or films to stick 
together under light pressure, such as when stacked. See 
antiblocking agent; blockage; film blocking. 
sheet casting See film, cast. 
sheeter line Parallel scratches or projecting ridges that 
are distributed over a considerable area of a plastic sheet 
(or film). 
sheet-fed gravure printing 
sheet forming See forming, stretch and draw ra- 
tios for pressure. 
sheeting Plastic whose thickness is extremely small in 
proportion to its length and width and that has plastic pres- 
ent in a continuous phase throughout, with or without 
filler. 
sheet, laminated Plastic sheets that are stacked together 
to form a construction that meets desired requirements, 
such as a thicker material, combining different materials, 
providing some type of barrier, or providing a decorative 
multiple layup. 
sheet manufacture See extruder sheet. 
sheet-molding compound (SMC) Originally SMC 
was called preprcg, which refers to thin or single-ply woven 
reinforced-fiber sheets, usually impregnated with a plastic. 
The term prepreg caused confusion, so the Reinforced Plas- 

See yield point. 

See melt flow analysis. 
See test, torsional. 

See yield point. 

See printing, gravure. 
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tics Division Board Members of the SPI (now called the 
Composite Institute) designated the material sheet-mold- 
ing compound. SMC is usually glass-fiber-reinforced ther- 
moset polyester plastic compound in sheet form. Kein- 
forcement can be of different configurations according to 
performance requirements. Chopped or long fibers are 
used in different woven or nonwoven fabric patterns. The 
sheet can be rolled into coils during their continuous pro- 
cessing operation. A film covering separates the layers to 
prevent contamination, sticking of plies, and monomer 
evaporation. SMC is formulated (prepared) in-house or by 
compounders. See bulk molding compound; direc- 
tional property; fabric; fiber; mixer-blender with 
impeller; mold, compression shear-edge; molding, 
sheet molding compound and vacuum press; poly- 
ester plastic, thermoset; prepreg; reinforced plastic 
sheet molding compound. 
sheet molding compound and bulk molding com- 
pound recycling SMC and BMC scrap is mechanically 
reduced to finely ground powder and used as a filler in 
different plastics. For example, 20wt% of the calcium car- 
bonate in SMC or BMC formulations can be this powder. 
The recycled scrap can be produced by the following pro- 
cedure: (1) preliminary size reduction, (2) metal separation 
and further reduction (hammer mill, etc.), (3) fractionation 
with integrated drying, and (4) sieving. The scrap can also 
be incinerated safely and provide a heating value at least 
equal to domestic refuge (roughly 10,000 kJ/kg). See 
bulk molding compound; calcium carbonate; gran- 
ulator; mill, hammer; reinforced plastic material, 
sheet molding compound; screen. 
sheet molding compound, structural These SMCs 
include the use of continuous and short glass fibers. The 
higher performance type, called SMC-S, contain up to at 
least 65wt% of glass fiber. 
sheet, optical 
sheet orientation See directional property; orien- 
tation. 
sheet overlay Either a nonimpregnated or plastic im- 
pregnated fabric, paper, sheet, film, or other material (alu- 
minum foil, etc.). It  is placed on the surface of a material 
to be processed or bonded during processing or after a 
part has been fabricated to provide certain advantages for 
decorative and industrial sheet, film, laminate, or rein- 
forced plastic. The overlay provides wear resistance, mois- 
ture resistance, or a barrier to certain elements. Impreg- 
nated material is usually translucent when produced but 
becomes transparent when pressed on substrate to become 
a homogeneous part of the structure. The decorative sheet 
may have its decoration on the under side so that it is 
protected, or it may have another, very thin, protective 
overlay to reduce or eliminate abrasion problems when in 
use. Also called su$ucing mat or top sheet. See aluminum 
foil; decorating; impregnation; laminate; rein- 
forced-plastic surfacing mat; reinforced-plastic sur- 
facing veil. 
sheet skiving See film, skived. 

See troubleshooting optical sheet. 

sheet sliced See trim. 
sheet slippage and tearing 
sion control, slipping and tearing. 
sheet thickness 
shelf life The time during which any material retains its 
storage stability under specific temperature environmental 
conditions so that it remains suitable for fabrication. This 
term should not be confused with pot I$e. Also called stovuge 
l$e or working &e. See cure; inhibitor; material han- 
dling; pot life; storage. 
shellac One of the first natural plastics that was used for 
its plastic behavior and originally mentioned in very an- 
cient Indian texts. It  is secreted by the insect Lucc$efer luccu 
(Coccus Iuccu) and deposited on twigs of trees in India. After 
collection, washing, purification by melting and filtering, 
and forming into thin sheets, it is fragmented into flakes 
for use as varnishes and coatings. See lac; varnish. 
shell flour Fillers obtained by grinding the shells ofwal- 
nuts, peanuts, and coconuts. Generally such fillers impart 
a smooth surface and medium gloss to moldings. They 
have lower water absorption and higher dielectric strength 
than cotton and wood additive fillers. See additive; di- 
electric strength; flour. 
shell molding 
shielding See ablative plastic; electromagnetic in- 
terference. 
shim Various materials (reinforced plastic, thermoplastic 
sheet, etc.) are extensively used in correcting mismatching 
or repairs of equipment. 
shine A desirable or undesirable surface texture. When 
not desired, the processing easily can cause it. For example, 
a dirty or worn mold or lack of sufficient pressure during 
molding can be a problem. See molding. 
shipment, material See contamination; material 
contamination; rail car contamination. 
shipper fee See cost, demurrage. 
shock pulse A substantial disturbance characterized by 
a rise of acceleration from a constant value and decay of 
acceleration to the constant value of time. See elastomer. 
shoe See cement construction; filament shoe; nail. 
shoe, upper See poromeric. 
shop-right 
Shore hardness See test, Shore hardness. 
short An imperfection that occurs, such as in a molded 
part, due to an incomplete fill. In molding, usually it is 
called short shot. 
short-chain-branching See molecular branched 
short-chain. 
shortcoming, plastic 
short stopper 
shot In processes such as injection molding, compres- 
sion molding, and rotational molding, the amount of ma- 
terial that is fed into the mold for each complete molding 
operation. See screw plastic volume swept. 
shot capacity The maximum volume of material that 
a machine can process. See injection-molding machine 
shot size. 

See extruder-web ten- 

See die, film and sheet thickness. 

See foundry shell molding. 

See legal matter: shop right. 

See plastic product failure. 
See polymerization, short stopper. 
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shot, cold See extruder cold shot; injection-mold- 
ing cold shot. 
shot peening Impacting the surface of the metal tooling 
with hard, small, round beads of materials to disrupt the 
surface flatness. It is used to stress relieve welds or imper- 
fections in the metal or to improve the release of plastics 
during processing. 
shot, short 1. Insufficient plastic in the mold during in- 
jection molding to mold the desired part. 2. In reinforced 
plastic insufficient plastic causing unacceptable surfaces 
due to poor plastic coverage. See blow molding, injec- 
tion; injection molding. 
shot size The amount of material that is used or dis- 
pensed at one time to manufacture a part. See injection 
molding machine shot size. 
shows and conferences Trade shows and conferences 
pertaining to all aspects of plastics are conducted world- 
wide on a regular-basis. The Kunststoffe (which means 
plastic in German) eight-day show held in Dusseldorf, 
Germany, is the biggest plastic show in the world and 
exhibits equipment, materials, tooling, designs, and ap- 
plications from materials to shipping. It  is identified 
by the year of the show such as K’98 (Kunststoffe 1998). 
At K’98 there were over 2,600 exhibitors from over 49 
countries with attendance of over 265,000 visitors. The 
PLASTICS USA five-day show in Chicago has over 
12,000 worldwide attendees reviewing about 4,500 exhib- 
its. Other shows include PLAST in Milan, Italy; EU- 
ROPLAST in Paris, France; INTEKPLAS in Bir- 
mingham, England; and JapanPlas UP) in Tokyo, Japan. 
See Appendix D, Worldwide Plastics Industry 
Events. 
shredding See communition. 
shrinkable fixture A form, usually of wood or metal, 
that ranges from flat to complex. Shape molded or ther- 
moformed products may be held under light pressure dur- 
ing cooling to maintain the proper shape and dimensional 
accuracy of the product. This approach reduces the cycle 
time used during processing. Also called shrinkage block or 
cooling j x t u v e .  
shrinkable tubing, heat See orientation and heat- 
shrinkability; tubing, heat-shrinkable. 
shrinkage The relative change in dimensions from 
those measured on a molded part after it is cold to those 
of the molded part usually after it is out of the mold for 24 
h. Material behavior and processing conditions influence 
shrinkage. Fillers or reinforcements in materials are used 
to reduce shrinkage. With thermoset plastics there may be 
no shrinkage or a relatively insignificant amount. Many 
thernioplastics do shrink and require understanding of 
their shrinkage behaviors; some have very little shrinkage, 
and some have controllable or repeatable shrinkage. See 
blow molding shrinkage; coefficient of  linear ther- 
mal expansion; design, melt flow Cauchy-Riemann 
differential equation; design shrinkage; molding 
shrinkage; orientation and heat-shrinkability; plas- 
tic, low-profile; plastic properties; thermoplastic; 

thermoset plastic; tolerance and shrinkage; toler- 
ance and warpage. 
shrinkage block jig A metal, wood, or plastic shaped 
block against which parts are held under light or no pres- 
sure while cooling to reduce warpage and distortion. See 
extruder; injection; molding; thermoforming. 
shrinkage, concrete See plastic-concrete com- 
posite. 
shrinkage differential Nonuniform material shrinkage 
in a part. 
shrinkage, fabrication See melting temperature. 
shrinkage index The numerical difference between the 
plastic part and shrinkage limits. 
shrinkage pool An irregular, slightly depressed area on 
the surface of a part that is usually caused by uneven 
shrinkage before complete hardening is attained. 
shrinkage, postmold Shrinkage that occurs after a 
part is removed from the mold. The cause could be in- 
complete or incorrect cure in mold or a material character- 
istic. See design shrinkage; molding shrinkage; 
shrinkage. 
shrinkage, unrestrained A reduction in size of a mate- 
rial that occurs during its hardening or curing solidification 
process with no external forces applied that can inhibit 
such reduction. 
shrink film See orientation and heat-shrinkability; 
orientation, shrink-film. 
shrink fit See ice, dry. 
shrink, low-profile See plastic, low-profile. 
shrink mark See sink mark. 
shrink wrap 
shutdown 
shuttle mark See fabric, shuttle mark. 
shuttle mold See clamping platen, shuttle. 
SI Abbreviation for the worldwide standard prepared by 
the International System of Units. SI is from the French 
name Le Syst6me International d’UnitCs. This standard 
gives guidance for application of the modernized metric 
system developed and maintained by the Group Confer- 
ence on Weights and Measures (CGPM for the official 
French name Conference Generale des Poids et Mesures). 
The SI abbreviations were adopted by the eleventh 
CGPM in 1960. See Appendix B, Conversion Tables; 
decimal number system; measurement; meter; 
number marker. 
Siamese blow See blow molding, extruder-mold 
multiple, Siamese. 
sieve See screen; zeolite. 
sievert See radiation dose equivalent. 
sigma See deviation, standard, measurement. 
signature, printing See printing signature. 
silane coupling agent A gas with a repulsive odor that 
solidifies at -200°C and decomposes in water. In a com- 
pound, it is used as a binder-finish on inorganic materials, 
such as glass, mineral fillers, metals, and metal oxides. O n  
glass fibers it provides bonding of the glass to thermoset 
polyester reinforced plastics. It has been used since the 

See thermoforming, shrink wrapping. 
See fabricating startup and shutdown. 
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early 1940s. See additive, liquid; fiberglass binder/ 
sizing coupling agent. 
silica (SiOz) Natural (quartz, sand, flint, etc.) or syn- 
thetic white powders. The three commercial types are 
fumed (also called pyrogenic or anhydrous silica), precipitated 
(also called hydrated silica), and gel (also called hydrogel, h y -  
drousgcl,  or hydrated silica). The fumed type is used as rein- 
forcing fillers, thixotropic agents, and gel coating. The 
precipitated are used as flatting or matting agents in plastic 
and antiblocking agents in film and sheeting. See glass 
composition; sodium silicate. 
silica coating See barrier, glass-coating. 
silica gel See desiccant drier. 
silicate A material that contains SiOl tetrahedra plus 
metallic salts. See sodium silicate; vermiculate. 
silicon 1. A nonmetallic element that occurs in quartz, 
sand, and many other common minerals. It melts at 
1,410"C and is soluble in hydrofluoric acid and alkalies. 
It is extensively used in organic compounds and used as 
an intermediate for silicon-containing compounds. Sili- 
con, which comprises about 28wt'X of the earth's crust, 
almost never appears alone and is usually found in combi- 
nation with other elements. Silicon is the basis for a family 
of extraordinary, synthetic materials, such as silicones. 
2. Electronic chip. 
silicon-controlled rectifier See electric motor 
drive; servo control-drive reliability. 
silicone (SI) A polymeric organic silicon compound 
that is used as plastics, oils, and greases and provides diverse 
performance properties. Also called polyoyanosiloxaue. See 
mold-release agent. 
silicone adhesive See adhesive, room-temperature 
cure. 
silicone elastomers Cross-linked silicone polymers of 
appropriate molecular weight. Since their introduction in 
1940, they have been used in areas where retention of 
properties at  both high and low temperatures is required, 
such as -50" to 315°C (-58" to 600°F). Many different 
silicone plastic compounds are used. Also called silicone rub- 
ber. See ion-beam surface modification. 
silicone fluid additive A clear polydiniethylsiloxane 
liquid that performs two basic functions. At low concen- 
trations, they are used to process plastic additive improv- 
ers, increasing melt flow and providing self-release. At 
higher concentrations, they are used to form self-lubricat- 
ing plastics for bearings and other mechanical applications. 
See bearing; lubricant. 
silicone, medical Silicones in the form of elastomers, 
plastics, fluids, gels, and copolymers are used in pharma- 
ceuticals, medical devices, and controlled drug-delivery 
systems to provide biosafety. 
silicone molding compound Injection-molded solid 
and liquid silicone rubber that has high tear strength with 
high clarity and scorch resistance. 
silicone plastic The backbone of SIs consists of alter- 
nating silicon and oxygen atoms. Pendant organic groups 
are attached to silicon atoms. They are usually made by 

hydrolyzing chlorosilanes, followed by polycondensation 
and cross-linking. Depending on the degree of cross-link- 
ing and the nature of the pendant groups, SIs can be liquid, 
elastomeric, or rigid plastics. Liquid silicones, with their 
very good antiadhesive properties, lubricity, and resistance 
to heat and chemicals, are used as release agents, molding 
compounds, surface coatings, laminating plastics, surfac- 
tants, and lubricants in plastics. See adhesive, room- 
temperature cure. 

As lubricants they improve wear resistance. Silicone 
elastomers, or rubbers, have high resistance to compression 
set, flexibility, good dielectrics, weatherability, low 
flammability, good moisture barrier properties, and ther- 
mal stability. Their strength tends to be low. Optically 
clear grades are available. They are used in optical fiber 
coatings, electronic connector encapsulations, printed 
circuit board coatings, medical products, seals, and ad- 
hesives. Rigid SI offers good weatherability, flexibility, 
dirt release properties, and dimensional stability and are 
harder and stronger than SI elastomers. They are used in 
many different parts that require their special performance 
qualities. See antifriction compound; methylsilicone 
plastic. 
silicone processing aid These aids provide consistency 
by entangling in the carrier, and distributing in the matrix 
in a uniform and permanent manner. For example, it is 
feasible to concentrate silicone at optimal points near the 
surfaces of both extrusion melt and finished parts. In fin- 
ished parts, they elevate wear and abrasion resistance. See 
wear. 
silicone, room temperature vulcanizing (RTV) 
Silicone that is vulcanized or cured at room temperature by 
a cheniical reaction. RTV is commonly used for silicones 
and other thermoset elastomers. See adhesive, room- 
temperature-cure. 
silicone rubber See silicone plastic. 
silicone surfactant 
factant. 
silk See fiber, silk. 
silk-screen printing A method of transferring designs 
to fabric. Until 1940 the method was used on silk fabric; 
since that time screen printing has been used on predomi- 
nantly plastic fiber fabrics. See printing, screen. 
silo See storage, silo. 
silver streaking See splay mark. 
single-stage plastic See A-B-C stages. 
sinking a mold 
sink mark A shallow depression or dimple on the sur- 
face of a part that is due to the collapsing of the surface 
following local internal shrinkage after the melt solidifies. 
It frequently occurs on the part face that is opposite a face 
in which the section thickness increases, as in a rib. Also 
called shrink mark or inverted blister. See defect. 
sintered metal See metal impregnation. 
sintering 1. Forming parts from fusible plastic powders. 
The process involves holding the pressed-powder (such as 
PTFE and nylon) part at a temperature just below its melt- 

See foamed polyurethane; sur- 

See mold-cavity hobbing. 
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ing point for a prescribed time period based on the plastic 
used. Powdered particles are fused (sintered) together, but 
the mass as a whole does not melt. This solid-state diffu- 
sion results in the absence of a separate bonding phase. 
After being withdrawn, it is heated to a higher temperature 
to completely fuse the sintered coating. This process is ac- 
companied by increase in properties such as strength, duc- 
tility, and usually density. See diffusion; injection 
molding, nonplastic; molding, isotactic. 2. See 
coating, fluidized-bed; coating, sinter; extruder, 
Ballatini process; injection molding, nonplastic; in- 
jection molding, ultrahigh-molecular-weight poly- 
ethylene; laser sintering, selective; powder metal- 
lurgy. 
sisal See fiber, sisal. 
size, industry 
size, molecule See Staudinger, Hermann. 
size, product See product size. 
size-reduction equipment 
tor; pelletizing. 
sizing See fiber sizing. 
sizing coupling agent 
coupling agent; reinforced plastic ignition loss. 
skating rink See ice, synthetic. 
skein See fiber skein. 
skin 1. The dense material that sometimes forms on the 
surface of foamed plastics. See foam. 2. A layer of dense 
material on the surfaces ofthe core that is used in a sandwich 
construction. See sandwich construction. 
skin, synthetic The search goes on for long-lasting 
artificial skin to cover burned or otherwise damaged areas 
of a person. All types of approaches and materials are 
being studied, including plastics such as methacrylate 
mixtures, polypropylene over polyurethane foam, and 
porous polyurethane with polyester. See medical appli- 
cations. 
skiving See film, skived. 
slate A finegrained metamorphic rock of varied compo- 
sition that is used in powder form as a filler, such as in 
vinyl flooring. 
sleeving 1. A mold-bushing-type ejector. See mold 
ejector. 2. A braided, knitted, or woven fabric of cylinder 
shape. It is used in coating or reinforced-plastic structures. 
See sewer rehabilitation. 
slenderness ratio 1. The unsupported effective length 
of a uniform column divided by the least radius of gyration 
of the cross-sectional area. See aspect ratio; reinforce- 
ment, whisker. 2. The ratio of length to the least thick- 
ness of a panel. 
slip A slurry containing chemical additives to control 
rheology. See rheology. 
slip depressant See antislip agent. 
slippage and tearing film/sheet 
tension control, slipping and tearing. 
slip-plane See transparent slip-plane. 
slip promoter See lubricant. 
slitting 

See plastic industry size. 

See dicer; fine; granula- 

See fiberglass binder/sizing 

See extruder web 

Cutting film or sheet into two or more sections 

using cutters such as heavy-duty razor blades. Adequate 
controls are necessary, particularly on speed rate. See ma- 
terial, cutting burr-free. 
sliver 
sludge 1. A water-formed sedimentary deposit, such as 
waste water. See waste. 2. Undesirable residue in a rub- 
ber latex. See latex. 
slug, cold 
slurry A thin, watery suspension. See water of satura- 
tion. 
slurry preforming See preform process, water 
slurry. 
slush molding See casting, slush molding; powder 
molding; rotational molding. 
smart plastic See plastic, smart. 
smog Any contamination in the atmosphere, froin fog 
to smoke. See atmosphere; bloom. 
smoke The airborne solid and liquid particles and gases 
that evolve when a material undergoes pyrolysis, which is 
combustion. Some plastics burn with a relatively clean 
flame, while some gwe off heavy, dense smoke. Others 
give off noxious or hazardous gases. The coniposition of 
the smoke depends on the composition of the plastics and 
the many different additives and fillers used. See fire; 
flame; flammability; phosphorous-base flame re- 
tardant. 
smoke emission When any material burns, some air- 
borne combustion products are always emitted. In the case 
of a very clean coke fire, the emitted product niay be invis- 
ible, tasteless, and dangerous carbon monoxide (CO) gas. 
A small amount of light, visible smoke niay be best to 
ensure protection against CO. See combustion; flame 
extinguished; flammability. 
smoke toxicity See phosphorous-base flame re- 
tardant. 
snap-back forming See thermoforming, snap- 
back. 
snap-fit See design, snap-fit. 
S-N diagram 
snow, artificial A plastic copolymer of butyl and 
isobutyl methacrylate often dispersed from an aerosol 
atomizing package. It  is used in decorative window dis- 
plays. 
soap, metallic A product that is derived by reacting 
fatty acids with metals. It is widely used as a stabilizer for 
plastics. 
social responsibility See World of Plastics Re- 
views: Thinking Like a Manager and Managing for 
the Long Run. 
societies See shows and conferences; Appendix C, 
Worldwide Plastics Industry Associations; Appen- 
dix D, Worldwide Plastics Industry Events; World 
of Plastics Reviews. 
Society of Plastics Engineers See World of Plastics 
Reviews: The Plastics Phenomenon. 
Society of Plastics Industry See World of Plastics 
Reviews: SPI-The Industry’s Voice. 

See fiber sliver, filament sliver. 

See molding cold slug. 

See fatigue S-N diagram. 



504 COnc isK Enryrlopedia qf I ’ lASt iC5 

soda ash See glass, plate. 
sodium carbonate See glass composition. 
sodium hydroxide White deliquescent crystals that ab- 
sorb carbon dioxide and water from air and is soluble in 
water, alcohol, and glycerol. It is used as a chemical inter- 
mediate and a detergent. Also called caustic soda. 
sodium lime glass See glass composition. 
sodium silicate (Na2Si04) A gray-white powder that 
is soluble in alkalies and water, insoluble in alcohol and 
acids, and used to fireproof materials. Its largest single niar- 
ket is in laundry detergents. Other uses include production 
of derivative silicas, precipitated silicas, and aluminosilicas. 
Specialty applications include impregnating/ sealing mate- 
rial such as in metal castings. Also called silicate, waterglass, 
liquidglass, s i h f e  ofsoda, sodium metasilicate, or solubleglass. 
See metal impregnation; silica; silicate. 
sodium stearate A white powder that is used as a non- 
toxic stabilizer. 
sodium treatment See adhesive surface sodium 
treatment. 
softener A substance that is added to rubber and plastic 
compounds to facilitate the addition and dispersion of 
other solid compounding ingredients. It also enhances the 
procegsing propertie$. Softeners used as processing aids for 
the uncured rubber have also been referred to as lubricants, 
plasticizers, t~ctifiers, and dispersing agents. Numerous mate- 
rials are used as softeners, including vegetable and petro- 
leum oils, waxes, and various plastics (coumarone-indene, 
etc.). An important type is factice, which also provides 
some curing action when added to rubber. See adhesive 
softener; factice. 
softening point (SP) The physical properties of soften- 
ing points are determined by a variety of tests that include 
deflection temperature under load, Vicat softening point, 
and shear modulus as a function of temperature. See test, 
deflection temperature under load; test, Vicat soft- 
ening point; test, Martins temperature; thermome- 
chanical analysis. 
softening temperature See temperature, softening 
range. 
software See computer software; control-system 
reliability; legal matter: software and patent; reli- 
ability. 
softwood See wood classification. 
sol A colloidal solution that consists of a suitable disper- 
sion media (which may be gas, liquid, or solid) and the 
colloidal substance (the disperse phase), which is distrib- 
uted throughout the disperrion medium. See gel; gel, 
zero-. 
solar absorptance The ratio ofabsorbed to incident ra- 
diant solar energy, which is equal to unity minus the re- 
flectance and transmittance. 
solar collector A device that collects solar enerhy. 
They are made of aluminized thernioplastic polyester film 
for reflectivity concentration, Fresnel lens, and prisms. See 
Fresnel lens. 
solid Matter in its most highly concentrated form. The 

atoms or molecules of solids are much more closely packed 
than the atoms or molecules of gases or liquids and thus 
more resistant to deformation. See molecule. 
solid geometry modeling See modeling para- 
metric. 
solder See printed circuit board. 
solidification, plastic See cure. 
solidification point An empirical constant that is de- 
fined as the temperature at which a liquid phase of a sub- 
stance is in about equilibrium with a relatively sinal1 por- 
tion of the solid phase. See plastic solidification. 
solid-phase pressure forming See therrnoforming, 
solid-phase pressure. 
solid-phase solution See solution equilibrium with 
solid phase. 
solid sedimentation See Stoke’s law. 
solid-state biostabilizer See waste biostabilizer. 
solid-state extrusion 
processing, solid-state extrusion. 
solid-state material See engineering material. 
solid’s volume See calculus. 
solid waste See British thermal unit; energy con- 
sumption; geomembrane; waste, municipal solid; 
waste, solid; waste, solid commercial; waste, solid, 
council; waste, solid food; waste, solid, manage- 
ment; waste, source reduction of. 
solid-waste volume reduction Decreasing the vol- 
ume of solid waste through compaction or incineration, 
A 50 to 80% reduction is possible through compaction; 
90 to 98% through incineration. See compaction; in- 
cineration. 
solubility The ability or tendency of one substance to 
blend uniformly with another, solid in liquid, liquid in 
liquid, gas in liquid, gas in gas. The solubility of plastics 
differs both qualitatively and quantitatively from that of 
nonplastic solids. In general, one or more solvents exist 
for every plastic. If they are cross-linked or highly crystal- 
line, they will not dissolve, but they niay swell. Solubility 
is the niaximum amount of solute that can be dissolved in 
a given quantity of solvent. See plastic, water-soluble. 
solubility and molecular weight The solubility of a 
plastic in solvents is inverse to its molecular weight. The 
compatibility of plastics with plasticizers niay similarly be 
inverse to the MW, which affects the latitude that is avail- 
able to formulators of plasticized plastics. See compati- 
bility; molecular weight; plasticizer. 
solubility coefficient The volume of gas that can be 
dissolved by a unit volume of solvent at a fixed pressure 
and temperature. 
solubility limit Maximum solute addition without su- 
persaturation. 
solubility parameter The capacity of a material to be 
dissolved in another material, such as a plastic in a solvent. 
It represents the cohesive energy of molecules in a material 
and determines the magnitude of the heat of mixing two 
materials in given concentrations. The niagnitude and sign 
of the heat of mixing determine the sign of the free energy 

See extruder, solid-state; fiber 
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of mixing. The solution occurs when the sign of the free 
energy of mixing is negative. See polarity. 
solubility product The equilibrium constant for the 
solution process of a sparingly soluble salt. 
soluble Capable of being dissolved in a liquid. See im- 
miscible. 
soluble core molding Soluble-core technology (SCT) 
is also called soluble fusible metul-core technology (FMCT), 
fusible-core, lost-core, and lost-wax techniques. In this process, 
a core-usually molded of a low-nielting alloy (eutectic 
mixture) but also water-soluble thermoplastics or wax 
formulations-is inserted into a mold such as an injection- 
molding mold. This core can be of thin-wall or solid con- 
struction. If the part design permits, the core can be sup- 
ported by the mold halves or spider-type pin supports that 
are used to float it within the cavity; during plastic mold- 
ing, the pins will melt. After the plastic solidifies, the core 
is removed by applying a temperature below the melting 
point of the plastic. Core material is poured through an 
existing opening or will require drilling a hole in the plas- 
tic. This technique is similar to the lost-wax molding pro- 
cess used by the ancient Egyptians to fabricate jewelry. 
The lost-wax process was used to bag mold the reinforced- 
plastic sandwich construction of the 1944 all-plastic air- 
plane. See aircraft; automotive intake manifold; 
casting, investment; eutectic mixture; extruder, 
liquid-curing-medium; injection molding, soluble 
core; metal, white; reinforced-plastic molding, lost- 
wax; reinforced plastic soluble core molding; wax, 
soluble core. 
soluble, non- See immiscible. 
solute The material that dissolves in a solvent; the coni- 
ponent of a solution that is usually present in the smaller 
amount. See colligative property; heat of solution; 
molar solution. 
solution A homogeneous mixture of two or niore sub- 
stances, such as liquids, solids in liquids, gases in liquids, 
gases in solids, or solids in solids. 
solution casting See film, cast. 
solution, colloidal A liquid colloidal dispersion is often 
called a solution, but since colloidal particles are larger than 
molecules, it is incorrect to call such dispersions solutions. 
See chemical introfier; colloidal ultrafiltration; lyo- 
philic; molecule. 
solution, dilute A solution that contains a small 
amount of solute. See viscosity, dilute-solution. 
solution equilibrium with solid phase A solution 
that will not dissolve any more solid material. 
solution, heat of See heat of solution. 
solution, ideal 
concentrations. See Raoult’s law. 
solution, ionizing See molecule, polar. 
solution, solid A homogeneous mixture of two or 
inore components, in a solid state, retaining substantially 
the structure of one of the components. 
solution, plastic 
solution, precipitating See sequestering agent. 

A solution that obeys Raoult’s law at  all 

See liquid crystal, lyotropic. 

solution processing See liquid crystal, lyotropic; 
prepreg solution process. 
solution, saturated A solution in which dissolved sol- 
ute and undissolved solute are in dynamic equilibrium. 
See dynamic. 
solution spinning process See fiber processing, 
gel-spinning; fiber processing, solution-spinning. 
solution, unsaturated A solution that contains less dis- 
solved solute than it has the capacity to dissolve. 
solution viscosity Viscosity is ineasured by the flow 
rate through a capillary tube. Temperature and concentra- 
tion are carefully controlled. 
solution volumetric analysis This analysis is coni- 
pleted by measuring the volunie of a solution of established 
concentration that is needed to react completely with the 
substance being determined. It is customary to divide the 
reactions of volumetric analysis into four groups: (1) neu- 
tralization methods (acidimetry and alkalimetry), (2) oxi- 
dation and reduction (redox) methods, (3) precipitation 
methods, and (4) complex formulation (ion combination) 
methods. See ion; redox. 
solvating action A complex ion that is formed by the 
chemical or physical combination of a solute ion or niole- 
cule with a solvent molecule. I t  is also a substance, as a 
hydrate, that contains such ions. See organosol diluent; 
plastisol. 
solvation See plastic solvation. 
solvency Solvent action or strength of the solvent ac- 
tion. 
solvent A substance that is used to dissolve another sub- 
stance. For example, a dissolving liquid can be used to 
thin a plastic that niay be too thick to use during certain 
processes, such as roll coating and impregnation of sub- 
strates. After processing the solvent is driven off by appara- 
tus such as air drying or heating. They should be recovered 
through methods such as condensation for proper disposal 
or reuse. The solubility properties of a solvent vary. Those 
with small, conipact inolecules generally dissolve plastics 
more rapidly than solvents with larger molecules, although 
the molecular structure of the thermoplastic and the sur- 
face condition of the parts also affect solubility. See ace- 
tone; butyl acetate; butyl diglycol carbonate; butyl 
ether; butyrolactone; carbon disulfide; dichloroeth- 
ylene; ethyl benzene; percolation; thinner; xylene 
plastic. Solvents have different classifications, such as al- 
cohol, ketone, ester, glycol ester, ether, hydrocarbon, and 
chlorinated compound. Solvents are used in the pretreat- 
ment of certain plastic parts prior to decoration or finish- 
ing. See decorating pretreatment. 
solvent bonding See adhesive, solvent; plasma are 
treatment. 
solvent-borne coating A solution of plastics and addi- 
tives. After application, they dry by solvent evaporation 
and niay be cross-linked or cured during baking. A clear 
solvent-borne coating is called a lacquer. See coating; lac- 
quer. 
solvent cement See adhesive solvent cement. 
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solvent content See prepreg volatile content. 
solvent cracking 
stress cracking. See environmental stress cracking. 
solvent curing elastomer 
ment. 
solvent degreasing See cleaning, solvent. 
solvent, epoxy See butyrolactone. 
solvent extraction 
traction, and random. 
solvent finish 
solvent fractionation The differential dissolving of a 
mixed plastic stream in selected solvents for later separa- 
tion and recovery by plastic type. Also called polymer disso- 
lution. 
solvent, hydrocarbon A solvent that is used as a dilu- 
ent in many plastic systems and plays an iniportant role 
in coating formulations, in which it is used as an active 
solvent. 
solvent joint See adhesive, solvent. 
solvent, latent A thinner that dissolves constituents of 
surface-coating materials only when activated by mixing 
with a true solvent. 
solventless coating See powder coating. 
solvent, low-flammability See chlorinated com- 
pound solvent. 
solvent, nonpolar A solvent that consists mainly of the 
aliphatic and aromatic hydrocarbons and contains only 
carbon and hydrogen. 
solvent permeation See percolation. 
solvent, polar The formation of emulsions and the ac- 
tion of detergents. See molecule, polar. 
solvent resistance A measure of the ability of a plastic 
to resist deterioration in the presence of a solvent. See 
pigment, metal chelate. 
solvent stress cracking See environmental stress 
cracking. 
solvent stripping See extruder, reactive-proces- 
sing. 
solvent tolerance In the formation of paints and var- 
nishes, the extent to which dilution of a concentrate solu- 
tion of plastic or oil with a solvent is possible before pre- 
cipitation or clouding occurs. It is usually expressed as the 
percentage plastic of the solution at the point where the 
onset of cloudiness is first evident. See paint; tolerance. 
solvent welding See solvent bonding. 
sonic nozzle A pneumatic or vibratory atomizer in 
which energy is imparted at frequencies below 20 kHz to 
the liquid. 
sonic pulse, transverse A sonic pulse in which the de- 
formation is at  right angles to the direction of propagation. 
solvent, reduce See finish system, reduced-solvent. 
sorbent A liquid or solid medium in or on which mate- 
rials are retained by absorption or adsorption. See absorp- 
tion; adsorption; elute. 
sorption The process of taking up or holding a material 
by absorption or adsorption. Sorption is a generalized temi 
that is used to describe the penetration and dispersal of 

An alternate nanie for environnicntal 

See adhesive contact ce- 

See degradation, swelling, ex- 

See finish system, reduced-solvent. 

the molecules of an ambient gas, vapor, or liquid onto or 
throughout a plastic solid to form a mixture. The sorption 
process can be described as the distribution of the mobile 
coniponent between two or more phases to include ab- 
sorption, adsorption, incorporation into microcavities, and 
other modes of mixing. The phenomena of sorption by 
plastics are manifested in a variety of ways. See absorp- 
tion; barrier, vapor. 
sound absorption 1. The process of dissipating sound 
energy. 2 .  The property possessed by niaterials, objects, 
and structures, such as rooms that absorb sound waves. See 
absorption; acoustical board. 3. The metric unit sabin 
is a measure of sound absorption in a specified frequency 
band-the measure of the magnitude of the absorptive 
property of a material or object. 
sound attenuation The reduction of the intensity of 
sound as it travels froin the source to a receiving station. 
sound-deadening Common plastics when modified 
with the right mix of additives can substantially reduce 
noise levels or sound transniissions by absorption due to 
acoustic, vibration, and impact sources. See flocking. 
soybean-filled plastic See plastic, soybean-based. 
soyo bean flour 
space charge 
spacer See mold chase. 
spalling 1. The type of wear that is caused by repetitive 
contact stress. It is a form ofstress fatigue. Also called pitting 
erosion. See fatigue stress, mean; pit; wear. 2. The 
cracking, breaking, or splintering of material due to ther- 
mal stresses. 
spanishing See embossing spanishing. 
spark See static problem. 
spark erosion 
ing; film perforating; mold-cavity hobbing. 
spark test 
special control 
specie A particular kind of atom, atomic nucleus, ion, 
or molecule. 
specification A document that includes all the require- 
ments a material or product has to meet for it to be ap- 
proved. Requirements include dimensions, properties 
(physical, mechanical, chemical, environmental, etc.), and 
appearance. Many organizations are involved in preparing 
or coordinating specifications and standards. They include 
ASTM, BSI, CSA, DIN, DOT,  ISO, JIS, UL, ACS, 
ANSI, ASCE, ASM, ASME, EIA, FDA, IEEE, NEMA, 
NFPA, NIST, PLASTIC, SAE, and TAPPI. See Appen- 
dix A, List of Abbreviations; extruder specification; 
material received, checking; quality system regula- 
tion; standard; test data and uniform standards; 
testing. 
specification, limited-coordination A specification 
or standard that has not been fully coordinated and ac- 
cepted by all interested parties. It generally applies to mili- 
tary agency documents. 
specification qualification See qualified products 
list. 

An organic noncellulose filler. 
See dielectric space charge. 

See electroerosive cutting and sink- 

See test, electrical-spark coating. 
See motion control system. 
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specific gravity (s.g.) The weight of a volume of any 
material compared to the weight of an equal volume of 
water. The temperatures of both are specified and usually 
equal. Examples of s.g. for a few materials are 2.7 alum- 
num, 8.5 brass, 1.27 to 1.63 cellulose acetate, 8.8 copper, 
2.4 to 5.9 glass, 7.0 to 7.9 iron, 11.3 lead, 2.6 to 2.8 mar- 
ble, 1.18 PMMA, 1.25 to 2.1 phenolic, 0.9 to 1.1 general 
plastic, 1.05 to 1.07 polystyrene, 7.6 to 7.8 steel, 1.0 water, 
0.65 to 1.23 hard wood, 0.38 to 0.92 soft wood, and 7.1 
zinc. See mass; melt density; water, property; weight; 
weight, material; wood specific gravity. 
specific gravity, apparent The ratio of the weight in 
air of a given volume of the impregnable portion of a per- 
meable material (that is, the solid matter including its per- 
meable pores or voids) to the weight in air of an equal 
volume of distilled water at a stated temperature. See 
void. 
specific gravity, bulk The weight in air of a given vol- 
ume of a permeable material (including both permeable 
and impermeable voids normal to the material) to the 
weight in air of an equal volume of distilled water at a 
stated temperature. See void. 
specific gravity conversion T o  convert to ounce per 
cubic inch, multiply the s.g. by 0.5778. T o  convert from 
grams to cubic inch, multiply by 16.387. T o  determine 
cost per cubic inch, multiply cost per pound by s.g. and 
also multiply by 0.03163. See cost per volume of 
plastic; volume-to-weight conversion; weight-to- 
volume conversion. 
specific heat See heat capacity. 
specific inductive capacity See dielectric dissipa- 
tion factor. 
specific insulation resistance See electrical-volume 
resistivity. 
specimen A material that is appropriately shaped and 
prepared (temperature, time, etc.) so that it is ready to be 
used for testing. See directional property; testing. 
specimen, dumbbell A flat test specimen having a nar- 
row straight central portion of essentially uniform cross- 
section with enlarged ends. It  is used principally with rub- 
ber or elastomer plastic materials. 
speck, black A defect that appears in or on plastics as 
a small dark spot after processing. Incoining plastic material 
needs to be examined for black spots. There are ways to 
eliminate them that include specifications that can set lini- 
its on amount and size. 
Spectra Allied Signal’s trade name for its ultrathin poly- 
ethylene fibers that are about 10 times stronger than steel. 
See fiber processing, gel-spinning; fiber processing, 
solution-spinning. 
spectrochemical buffer A substance that by its addi- 
tion or presence tends to minimize the effects of one or 
more of the elements on the emission of other elements. 
spectrograph, x-ray An x-ray spectrometer that is 
equipped with photographic or other recording apparatus. 
One application is fluorescence analysis. 
spectrograph, x-ray fluorescence (XRF) In plastics, 

XRF analysis can be used to quantify various pigments, 
flame-resistance, or ultraviolet stabilizer additives that are 
based on elements, such as titanium, copper, zinc, bro- 
mide, or phosphorus. XRF simultaneously measures all 
the elements in 50 s or less. Samples are irradiated by x- 
rays that cause electrons in the atoms of the sample to jump 
to a higher energy level. O n  dropping back to the original 
energy level, the electrons emit x-rays of precise energy 
and wavelength that are characteristic of a particular ele- 
ment. This is the process of fluorescence. See fluores- 
cent; processing via fluorescence spectroscopy. 
spectrometer See infrared spectroscopy. 
spectrometer, mass (MS) A method of substance 
structure analysis that is based on sending an ionized beam 
of substance molecules or molecular fragments through a 
magnetic field to achieve a separation depending on the 
mass-electric charge ratio of the particles. It is capable of 
measuring the respective ion currents. It is used in mea- 
surement of low-molecular-weight polymers. See chem- 
istry, analytical; gas analysis, residual. 
spectrometer, ultraviolet A device that produces a 
spectrum of UV light and is provided with a calibrated 
scale for measuring wavelength. This method of analysis 
is similar to infrared spectrometry except that the spectrum 
is obtained with UV light. It  is sometimes less sensitive 
than the IR method analysis but is useful for detecting 
some plasticizers and antioxidants. It provides a calibrated 
scale for measurement of wavelength. See infrared spec- 
troscopy. 
spectrometer, x-ray See x-ray spectroscopy. 
spectrometry, electrospray mass See electrospray 
mass spectrometry. 
spectrometry, mass (MS) A technique for the molec- 
ular structural analysis of degradable organic plastics in 
which a small sample (micrograms) is ionized by electron 
impact and volatilized ions are separated according to their 
rnass/charge ratios by passing them through electrostatic 
or magnetic fields. The resultant mass spectrum shows the 
variation in intensity. For plastics, the main difficulty, for 
other than low-molecular-weight plastics, is that they are 
not volatile. See molecular structure. 
spectrophotometer A device that does color match- 
ing, sometimes with computer programs. See analytical 
instrument; color evaluation; colorimeter; color 
matching. 
spectroscopic analysis A method of analyzing plastics 
that includes atomic absorption, nuclear magnetic reso- 
nance, infrared, Raman, ultraviolet, luminescence, and 
electron spectroscopy; gas chromatography; mass spec- 
trometry; and electron spin resonance. See chromatog- 
raphy; test, chemical. 
spectroscopy The study of using an instrument for dis- 
persing radiation. It allows visual observation of the radia- 
tion energy emission or absorption by a substance in any 
wavelength of the electromagnetic spectrum in response 
to an external energy source. See dielectrometry; elec- 
tron spin resonance spectroscopy; emission spec- 
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troscopy; infrared spectroscopy luminescent pig- 
ment; photochemical hole-burning spectroscopy; 
processing via fluorescence spectroscopy; reso- 
nance; molecular spectroscopy; optical image spec- 
troscopy; spectrograph, x-ray fluorescence; test 
analysis, micromechanical; testing; thermal anal- 
ysis. 
spectroscopy, absorption A technique of instrumen- 
tal analysis that involves measurement of the absorption of 
radiant energy by a substance as a function of the energy 
incident on it. Either absorption or emission may be ex- 
amined. If the emitted energy is studied, the term res~~nunce 
fluuresceizc-e is used. 
spectroscopy, atomic absorption (AAS) A very sen- 
sitive analytical method that is available for the determina- 
tion ofnietallic elements in solution. The element of inter- 
est in the sample is not excited, but it is merely 
disassociated from its chemical bonds and placed into an 
unexcited, unionized ground state. In this state, it is capa- 
ble of absorbing characteristic radiation of the proper 
wavelength, which is generated in a source lanip coil- 
taining the sample element as an anode. The usual method 
of disassociation is by burning the sample in a flame of the 
appropriate gas or gases. 
spectroscopy, dielectric relaxation The study of the 
frequency dependence of the electrical permittivity or di- 
electric constant. See dielectrometry; test, dielectric. 
spectroscopy, Fourier’s transfer infrared An analyt- 
ical method that is used to automatically advance forms of 
spectroscopic analysis such as infrared and nuclear mag- 
netic resonance spectroscopy. It is widely used for additive 
characterization due to its short measurenient cycle and 
the wealth of molecular information that is provided by 
the fundamental absorption frequencies found in the mid- 
IR regions of most plastics. See absorption; additive; 
infrared; injection-molding infrared temperature 
control; molecular structure. 
spectroscopy, microwave A type of absorption spec- 
troscopy that is used in instrumental chemical analysis that 
involves the use of that portion of the electromagnetic 
spectrum having wavelengths in the range of far infrared 
and radio frequencies between 1 mm to 30 cni. See 
chemical analysis. 
spectroscopy, nuclear magnetic resonance (NMR) 
The measuring of radio-frequency-induced transmissions 
between magnetic energy levels of atomic nuclei. It is a 
powerful method for elucidating chemical structures, such 
as by characterizing material by the number, nature, and 
environment of the hydrogen atoms present in a molecule. 
This technique is used to solve problems of crystallinity, 
polymer configuration, and chain structure. See chemis- 
try, analytical; electron spin resonance spectros- 
copy; thermal analysis. 
spectroscopy position-annihilation (PAS) A method 
of studying thin film properties. 
spectroscopy, Raman A method of measuring the 
molecular motions that cause Raman scattering of ultravi- 

olet light and that also produce infrared absorption bands. 
Macromolecular motions that are uniquely accessible to 
Raman analysis include accordionlike stretching of chains 
in the lamellar regions. Lamellae are sheetlike regions of 
crystalline order that coexist in many plastics with amor- 
phous regions. Kanian spectroscopy thus is important in 
determining maximum theoretical extensions to which 
plastics may be drawn when high-tensile modulus fibers 
are made. See lamella; light scattering. 
spectrum 1. The ordered arrangement of electromag- 
netic radiation according to wavelength, wave number, or 
frequency. 2. The radiant energy emitted by a substance 
as a characteristic band of wavelengths by which it can be 
identified. 3. The complete range of colors in the rainbow 
from short wavelengths (blue) to long wavelengths (red). 
specular transmission The transmission of light across 
clear and colorless test specimens within a very narrow 
range. The T, is related to specinien thickness. Expressions 
such as transparency, clarity, see-through clarity, and in]- 
age resolution are used in this context. See light trans- 
mission. 
spew See die parting line; mold-parting line. 
sphere, hollow micro- See microsphere. 
sphere, solid See glass sphere, solid. 
Spheripol process See polymerization, Spheripol 
process. 
spherulite In plastics, a rounded aggregate of radiating 
lamellar crystals with amorphous material between the 
crystals. Spherulites exist in most crystalline plastics and 
usually impinge on one another to form polyhedrons. The 
range in size from a few tenths of a micron in diameter to 
several millimeters. See annealing; crystalline plastic; 
transcrystalline growth. 
spider See die spider; mold ejector; mold gate, 
spider. 
spider line 
spin axis The axis of rotation of a product, such as a 
wheel, or a process, such as rotational molding or filament 
winding. 
spinneret See fiber spinneret. 
spinning See fiber processing; spinning. 
spinning flash See fabric, nonwoven flash-spun. 
spin trimming A method for removing flash in which 
a container or other circular product is revolved into and 
against a fixed knife. See deflashing; molding flash. 
Spirex software See melt flow analysis; screw in- 
spection; training. 
SPI/SPE Mold Standard Finish See surface finish. 
splay mark Fanlike or streaking on the surface of fabri- 
cated plastic parts. Causes include moisture in the plastic 
material, thermal degradation of plastic material, relatively 
cold plastic on mold or die surface due to too fast an opera- 
tion (called jetting), injection mold gate restriction, and 
foam molding. Also called silver stveak. See injection 
molding, jetting; injection molding splay; injection 
molding venting. 
spline T o  prepare a surface to its desired contour by 

See die spider line. 
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working a paste material with a flat-edge tool. The proce- 
dure is similar to surfacing (screening) of concrete; the 
same tools are used. See surface finish. 
sponge, cellulose 
spontaneous ignition See combustion, autoigni- 
tion point. 
spool 
spray, air atomization In air spraying, the liquid is at- 
omized by a stream of air. See air atomization. 
spray, airless Forcing a paint through a small nozzle at 
a sufficiently high velocity, or impinging the paint stream 
against a part, to cause a sudden change in flow direction. 
In either case, the fluid stream disintegrates into small par- 
ticles. The degree of atomization is rather poor when 
compared to air atomization; however, it is more energy 
efficient, requires less paint, and the transfer efficiency is 
much better. 
spray-and-wipe See decorating, fill-and-wipe. 
spray assist See electrostatic assist. 
spray, centrifugal Spraying the liquid stream against a 
rotating disk or bell-shaped device with electrostatic assist. 
Such sprayers are inore energy-efficient than air or airless 
sprayers. See electrostatic assist. 
spray coating A method of applying liquid that is usu- 
ally accomplished on continuous webs, belts, or suspen- 
sion continuous moving lines. Spray coating is used in dif- 
ferent processing configurations. For example, a 
reciprocating spray nozzle, moving laterally, deposits the 
coating on products that are on a moving belt. 
spray coating, thermal (TSC) A method of coating, 
with or without mask, materials that include pure metals, 
metal alloys, ceramics, and low-temperature plastics. Un- 
like plating operations, TSCs can be applied to almost any 
substrate that includes plastics, metals, or ceramics. Most 
coatings are 0.001 to 0.030 in. (0.003 to 0.08 cni) thick, 
depending on the material used. Some coating materials 
have no thickness limitations. These smooth coatings can 
meet a tolerance of .+-0.0005 in. with general thickness to 
+-0.001 in. The system includes an oxy-fuel combustion/ 
flame sprayer, twin wire electric arc, plasma spray (non- 
transferred arc), plasma arc (transfer), high-velocity oxy- 
fuel (HVOF), and detonation gun. TSC is very cost effec- 
tive. See thermal spray coating. 
spray-coating transfer efficiency The percentage of 
a sprayed coating that lands on its target. For example, air 
atomization is at 3594, air atomization with electrostatic 
assist at 55%, airless atomization at SO%, airless atomization 
with electrostatic assist at 70%, and disk or bell atomization 
with electrostatic assist at 90%. Most sprayers are centrifu- 
gal sprayers with electrostatic assist, and they reach a TE 
of 90%. See electrostatic assist. 
spray degreasing See cleaning, solvent. 
spray, flame See coating, flame-spraying. 
spray, mass spectrometry electro- 
mass spectrometry. 
spray metal 
spray-paint coating 

See cellulose sponge; foam. 

See fiber spool; roving ball. 

See electrospray 

See mold material, sprayed-metal. 
This method is especially attrac- 

tive for parts that have been assembled and have irregular 
shapes or curved surfaces. The material applied is generally 
in the form of paint, which is a combination of plastic, 
solvent, diluent, additive, and pigment. It is usually applied 
at  room temperature, but hot plastic or a plastic completely 
dissolved in a solvent can also be used. Many different 
types of spray guns are available. Typical classifications are 
the method of atomization (air, airless, rotary, or electro- 
static) and the method of deposition assist (electrostatic or 
non-electrostatic). Compressed air spray painting was first 
reported during 1898 as being applied to 400 railroad cars 
per week. See air atomization; coating, air-atomiza- 
tion; electrostatic assist; paint. 
spray-paint coating mask Masks are used to provide 
sharp lines of demarcation, particularly when more than 
one color is used. They are generally made from elec- 
troformed nickel, but sometimes paper, elastomer, and 
plastic are used for short runs. For masks to work prop- 
erly, the surface of the plastic they cover has to fit within 
close tolerances, otherwise leakage or blow-outs will 
occur. 
spray paint, spray and wipe See decorating, fill- 
and-wipe. 
spray, reinforced plastic See reinforced-plastic 
spray-up. 
spray, silver See plating, silver-spray. 
spray-up gun The most common are identified as ex- 
ternal and internal mixers. Some have solvent and paint 
flushing systems. They vary in the number of spray nozzles 
used that provide laminar, turbulent, or distributive (com- 
bining laminar and turbulent flows) mixing. They use dif- 
ferent approaches to mixing plastic, catalyst, additive, or 
whatever paint system is to be compounded in the mixing 
head. 
spreader A streamlined metal block that is placed in the 
path of a melt in the heating cylinder of extruders or injec- 
tion-molding machines to aid in heating the melt by pro- 
viding more contact with the heating areas. The path of 
the melt flow in a plasticator spreads melt into thin layers, 
thus forcing it into intimate contact with the barrel heating 
areas. Also called torpedo. See bank; die-head mandrel; 
doctor blade; doctor roll; injection-molding ma- 
chine, ram; injection-molding melt extractor; screw 
torpedo. 
spreader roll, film See doctor roll; extruder roll, 
spreader/ expander. 
spring See design, spring. 
sprue See mold sprue. 
spur The piece of plastic that is formed in the sprue of 
an injection or transfer molded part. 
squeegee A soft, flexible roll or blade that is used in 
wiping operations, such as screen printing and paint wipe 
and dry. 
squeeze molding See reinforced-plastic squeeze 
molding. 
S-S curve See stress-strain curve. 
stability Resistance to degradation or deterioration 
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from any of a number of conditions such as heat, moisture, 
chemical exposure, prolonged storage, or ultraviolet light. 
Also called duvability. 
stabilization 1. The treatment to which plastics are 
subjected in an effort to control or adjust effectively the 
deteriorative physiochemical reactions at work during 
manufacture, compounding, processing, or use. 2 .  In car- 
bon and graphite fiber forming, the process used to render 
the fiber precursor infusible to carbonization. See fiber, 
graphite. 3. Rendering waste relatively inert, uniform, 
biologically inactive, nuisance-free, or harmless. See 
waste. 
stabilizer An agent or material that is present in or 
added to practically all plastics to improve their peifor- 
mance. Stabilizers inhibit chemical reactions that bring 
about undesirable chemical degradation. For example, sta- 
bilizers in vinyls and polyolefins help them iiiaiiitain prop- 
erties at  or near their initial values during storage, fabrica- 
tion of parts, and service life of the parts. Some impede 
or retard degradation, usually due to heat or ultraviolet 
radiation. The viscosity of certain plastics has to be 
changed prior to processing. In some plastics, particularly 
elastomers, stabilizers assist in inaintainiiig the physical and 
chemical properties during processing and in service. 
There are three major groups: metallic (barium stearate, 
cadmium stearate, etc.), organonietallic (dibutyl tin dilaur- 
ate, etc.), and organic (epoxies, etc.). See acid acceptor; 
additive; anticoagulant; antioxidant agent; anti- 
ozonant agent; barium stearate; butyl diglycol car- 
bonate; butyl stearate; calcium sulfide; carnauba wax; 
dicyandiamide; emulsifier agent; epoxide stabilizer; 
filler; heat; inhibitor; light stabilizer; liquifier; lubri- 
cant; optical brighten agent; oxidizing agent; plastic 
material; processing stabilizer; rodent-resistant addi- 
tive; silicon; slip; ultraviolet absorber; zinc stearate 
type- 
stabilizer, internal An agent that is incorporated in a 
plastic during polymerization as opposed to a stabilizer that 
is added during compounding. 
stadium See grass, synthetic. 
staging See thermoset plastic staging. 
stain, antioxidant non- An additive that does not im- 
part color to the plastic that it is protecting, either initially 
or after degradation. Most thiophenols and peroxide de- 
stroyers are nonstaining. See antioxidant agent. 
stain, color See color-dispersion staining. 
stain, contact The discoloration of a product by an- 
other material or product in the area directly touching it. 
stain-resistant agent A substance that has the ability 
to resist staining plastics. Different agents are used for the 
different plastics. Factors that cause stains include spilled 
food, lipstick, waxing compounds, grease deposits, and 
nail polish. See antioxidant agent. 
staking The forming of a head on a thermoplastic stud 
by cold flowing or melting of the plastic. The stud pro- 
trudes through a hole in the parts being joined, and staking 
the stud mechanically locks the two or more parts to- 

gether. Cold staking or heading uses high pressures, such 
as 6,000 psi (41 MPa), to induce cold flow of the TP. 
Because high stresses are created, only the more malleable 
TPs are used. With heat staking low pressure is used to 
compress and form the stud head. A high-speed method is 
thermostaking, also called thern~opnennzatic stakin'~. A heated, 
hollow tool delivers a low volume of superheated air to 
the stud, followed by a low-pressure cold-stake probe. U1- 
trasonic staking is also used. See adhesive; bonding; 
cold heading; joining, rivet; sealing, ultrasonic; 
welding, ultrasonic. 
stalk 
stamping In the stamping process, a sheet of thermo- 
plastic (unreinforced or reinforced) is precut to the re- 
quired size. The precut sheet is heated to a temperature 
that softens the particular plastics used. O n  being heated 
it is quickly stamped in a press and formed to the shape 
of the forming tools. Also called cold stamping. See 
forming; press; reinforced plastic; thermoforming, 
solid-phase pressure. 
stamping, hot An engraving operation for marking 
plastics in which a roll leaf is stamped with heated metal 
die5 onto the surface of the plastics. Another method is by 
means of felt cover rolls where ink is applied to type and 
by means of heat and pressure, type is impressed. See dec- 
orating; printing, roll-on. 
stamping measurement See pressure-detecting 
film. 
stamping, reinforced thermoplastic A continuous 
extruded thermoplastic sheet is pressure laminated with 
typical 40wt% glass fibers (chopped or continuous) for fab- 
ricating by stamping. Sheet is cut into required sizes, di- 
electrically heated to about 260' to 316OC (500" to 600'F 
depending on the plastic used, such as nylon or PI') for 
subsequent charging to the mold. See directional prop- 
erty; extruder sheet; laminate; reinforced plastic. 
stamping, roll leaf See printing, roll-leaf. 
stamping, rubber See forming, rubber-pad. 
stamping, thermographic transfer See printing, 
thermographic transfer. 
standard A model or rule that has been established by 
authority, custom, or agreement to govern the procedures 
and practices of engineers and its applications. See mate- 
rial received, checking; National Institute of Stan- 
dards and Technology; recommended practice; test 
data and uniform standards. 
standard data See test data and uniform standards. 
standard depth of penetration See electrical eddy 
current, standard depth of penetration. 
standard error See error. 
standard industrial classification (SIC) A system that 
is published by the U S .  Department of Coninierce and 
that classifies all manufacturing industries and services pro- 
duced in the United States (transportation, conimunica- 
tion, electronic, plastic, etc.). The digital numbering sys- 
tem follows a pattern that provides detailed input and 
output information data. Basically the I /  0 program deter- 

The European term for sprnc. See mold sprue. 
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mines what each of about 470 product-level industries 
consumes from each of the other industries. The manufac- 
turing segments of the plastics industry are in the major 
group numbers 28 (chemicals and allied products) and 30 
(rubber and niiscellaneous plastics products) in four-digit 
listings, such as the SIC 2821 (plastics materials), SIC 3081 
(unsupported plastics film and sheet), SIC 3084 (plastics 
bottles), SIC 3086 (plastics foam products), SIC 3088 
(plastics plumbing fixtures), and so on. See fabricating 
process type; plastic industry. 
standard, internal A compound of known behavior 
that is added to a sample to facilitate the analysis. 
standard, medical See electronic standard, inter- 
national. 
starch degradable Biological degradation, such as it 
occurs by compost. This expensive approach is possible 
only if the plastic has molecular structures that can be bro- 
ken down by microorganisnis. The search for inexpensive 
degradables led to the investigation of natural polymers, 
such as cellulose or starch. See biodegradable waste; 
biodegradable versus photodegradable; compost; 
waste. 
starch-oil binder See fiberglass binder/sizing cou- 
pling agent. 
startup 
starved area A localized area of insufficient plastic that 
is uwally identified by IOW gloss, dry spots, or additives/ 
reinforcements visible on the surface. See defect; rein- 
forced plastic. 
starve feeding See material starve feeding. 
static Usually a disturbing effect that is brought about 
by electrical devices. See antistatic agent; electromag- 
netic interference; electrostatic; extruder sheet anti- 
static bath. 
static charge The electrical charge that is produced by 
the relative niotion of a nonconducting material over a 
nonconducting plastic material. Charge separation is due 
to mechanical niotion. This charge is a potential problem 
during the processing of plastics. See electrostatic 
charge. 
static coefficient of friction See coefficient of fric- 
tion, static. 
static conductivity See electrical conductivity; test, 
conductivity. 
static decay rate The measured rate of how quickly a 
static charge is dissipated from a material under controlled 
conditions (Federal Test Method 101, Method 4046). See 
test, conductivity. 
static, destaticization The process of reducing the ac- 
cumulation of static electricity on plastics, usually with the 
objective of nininiizing dust pick-up or sparking. 
static eliminator A mechanical device or additive that 
is used for removing electrical static charge. Creating an 
ionizing atmosphere in close proximity to the surface neu- 
tralizes the static charges. Types of eliminators include ion- 
izing blowers, static bars (in an extrusion film line, etc.), 
and radioactive elements. An example of a low-cost ap- 

See fabricating startup and shutdown. 

proach involves unbraiding strands of copper wire with 
fine threads, letting them slide on the film or sheet being 
processed, and attaching the other ends to the metal ma- 
chine. See extruder-sheet antistatic bath; plastic, 
electrically conductive; static neutralizer. 
static load An imposed stationary force with constant 
magnitude, sense, and direction. 
static load measurement See stress-strain mea- 
surement. 
static mixer A device that achieves a homogeneous 
mix by flowing one or more plastic streanis through geo- 
metric patterns formed by mechanical elements in a tube 
or barrel. The mixers contain a series of passive elements 
placed in a flow channel. These elements cause the plastic 
compound to subdivide and recombine to increase the ho- 
mogeneity and temperature uniforniity of the melt. There 
are no moving parts, and only a small increase in enerby 
is needed to overcome the resistance of the niechanical 
bafies. These mixers are located at the end of the screw 
plasticator, such as an injectioii-molding machine or be- 
fore the screen changer or die of an extruder. In an ex- 
truder if a gear pump is used, the static niixer is lo- 
cated between the screw and gear pump. They can be 
used to mix different plastics and plastics with component 
ingredients, such as color and additives. Also called a 
motionless mixer. See extruder static mixer; mixer; 
screw, mixing and melting. 
static modulus See modulus, static. 
static neutralizer An attachment in a process, such as 
an extruder film line, that removes static electricity from 
the substrate (film, etc.) to avoid trouble with wrap-up. 
See static eliminator. 
static problem Static accumulation and electrostatic 
discharge (ESD) are controlled or eliminated by adjusting 
electrical characteristics of niaterials or their immediate en- 
vironment. Conductive plastics prevent static accuinula- 
tion from reaching dangerous levels by reducing a niateri- 
al’s electrical resistance. This allows static to dissipate 
slowly and continuously rather than accumulating and dis- 
charging rapidly, which could cause a spark. See electri- 
cal conductivity; electromagnetic interference. 
statistic 1. A piece of quantitative analysis data (data 
collection) that pertains to any subject or group, especially 
when the data are systematically gathered and collated. 2. 
The science that deals with the collection, tabulation, anal- 
ysis, interpretation, and presentation of quantitative data. 
See computers and statistics; Japanese workman- 
ship; probability; quality; quantitative analysis reli- 
ability. 
statistical assessment A fabricator’s assessment of its 
use of SPC tools should consist of a formal, documented 
examination of current statistical practices and procedures 
and an evaluation of future plans for improvements of the 
company’s quality control. This assessment should go be- 
yond the compliance-oriented approach that is commonly 
seen in quality audits. Fabricators should set up key objec- 
tives for their assessment of good statistical practices by 
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(1) determining the current state of compliance regu- 
lations, (2) determining impediments to compliance, 
(3) raising awareness of regulations, (4) measuring im- 
provements over time, (5) discovering the best Ftatistical 
practices in use throughout the company and sharing them 
with the rest of the company, and (6) providing advice on 
incorporating statistical tools into the quality improvement 
system. See mixing evaluation; plastic material selec- 
tion; zero defect. 
statistical benefit Using statistical methods in the de- 
sign of experiments and data analysis allows designers, 
compound formulators, and others to attain benefits that 
would otherwise be considered unachievable. Benefits in- 
clude a 20 to 70% reduction in problei~i-solving time; a 
minimum 50% reduction in costs due to testing, machine 
processing time, labor, and materials; and a 200 to 300% 
increase in value, quality, and reliability of the information 
generated. See problems and solutions; quality; reli- 
ability; testing and quality control. 
statistical data collection Data niay be collected di- 
rectly by observation or indirectly through written or ver- 
bal questions. The latter technique is used extensively by 
market-research personnel and public-opinion pollsters. 
Data that are collected for quality-control purposes are ob- 
tained by direct observation and are classified as either 
variables or attributes. Variables are those quality charac- 
teristics that are measurable, such as a weight measurement 
in grams. Attributes are those quality characteristics that 
are classified as either conforming or not conforming to 
specifications. In other words, attributes are either good 
or bad, while variables indicate degree of goodness or bad- 
ness. See mean; risk, acceptable; risk assessment; test 
data and uniform standards. 
statistical effect The response of the process to a 
change in factor level from low to high. 
statistical equivalent loading system The St. Veil- 
ant’s principle states that the stress aiid defection of a part 
(handle, gear, etc.) at points sufficiently distant from points 
of load application may be determined on the basis of a 
statistical loading system. See deformation; stress; 
structure. 
statistical estimation A procedure for making a statis- 
tical inference about the numerical values of one or more 
unknown population parameters from the observed values 
in a sample. See probability. 
statistical factor A process or recipe variable that can 
be controlled independently, such as temperature and the 
ratio of filler to plastic. 
statistical forecasting Procedures that utilize rnathe- 
matical formulas to develop forecasts for sales, R&D, sup- 
plies, and so on. See mathematical equation. 
statistical F-test A standard statistical test that is applied 
to the ratio of two estiniates of variance to determine 
whether there is a statistically significant difference be- 
tween the variances of the distributions from which the 
estimates are made. See mean; variance. 
statistical level A specific setting of a factor such as 
50OC at 45 rpm. 

statistical material selection, reliability of Virtually 
all classical design equations assume single-valued, real 
numbers. Such numbers can be multiplied, divided, or 
otherwise subjected to real-number operations to yield a 
single-valued, real-number solution. However, statistical 
niaterials selection, because it deals with the statistical na- 
ture of property values, relies on the algebra of random 
variables. Property values described by random variables 
will have a mean value, representing the most typical 
value, and a standard deviation, which represents the dis- 
tribution of values around the mean value. This requires 
treating the mean values and standard deviations of partic- 
ular property measurements according to a special set of 
laws for the algebra of random variables. Extensive infor- 
mation can be found in statistical texts. The algebra of ram 
doni variables shares many elements of structure in coni- 
mon with the algebra of real numbers, such as the 
associative and cumulative laws, and the uniqueness of sum 
and product. In combinations of addition and multiplica- 
tion, the distributive law holds true. See design safety 
factor; mean; mean absolute deviation; plastic ma- 
terial selection; reliability; statistical randomization; 
test data and uniform standards; tubing, microbore; 
variance. 
statistical material selection, uncertainty in Some 
engineering random variables carry with thein a degree of 
uncertainty that may be nonstatistical-that is, they can- 
not be described in terms of mean values arid standard de- 
viations. For example, (1) material properties, such as 
strength, may be influenced by time, corrosion, and fluc- 
tuating thermal environments that are not factored into 
the analysis; (2) frequently a stress aiialysis may require sim- 
plifying assumptions so that as a result, uncertainties are 
introduced of unknown magnitudes; and (3) uncertainties 
may arise from processing operations assumed to be coil- 
stant, such as melt flow. The statistical approach compels 
the experimenter to specify accurately and conipletely 
those Eactors that influence the properties under examina- 
tion. Equally important, the techniquc requires that those 
factors that cannot be specified accurately are recognized 
and considered in assessing property values. See mean 
and standard deviation. 
statistical mean absolute deviation See mean abso- 
lute deviation. 
statistical measure Statistic and mathematical function 
of a statistic. 
statistical mechanics Systems that have many degrees 
of freedom and a wide range of possible states. An exact 
clasqical or quantum mechanical description of the full sys- 
tem is usually impossible, but a great deal can be under- 
stood about the average properties of these systems by us- 
ing the concepts and methods of statistical mechanics. 
Plastic systems are naturally adapted to be studied by statis- 
tical mechanics and niay be used for readily illustrating its 
general principles. 
statistical median The middle value in an array ar- 
rangement in sequence. Thus, 1, 5, 9, 13, and 17 results 
in a median of 9. 
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statistical method A method of deriving infomiation 
from a given set of data (analysis) to meet product perfor- 
niance requirements as well as solving problems. Con- 
versely, it nllnimizes the amount of data needed to derive 
specific information. 
statistical mode A frequent value or could be several 
in a set such as bimodal or trimodal. See modal. 
statistical, non- See statistical material selection, 
uncertainty in. 
statistical normal curve Although there are as many 
different statistical universes as there are conditions, they 
are usually described by the cominon types called normal 
cuwe or Guussiun distribution. The normal curve or normal 
universal distribution is a syninietrical, unimodal, bell- 
shaped distribution with the mean, median, and mode 
having the same value. A universal curve or distribution 
is developed from a frequency histogram. Much of the 
variation in industry and in nature follows this frequency 
distribution of the normal curve. The normal curve is such 
a good description of the variations that occur to most 
quality characteristics in industry that it is the basis for 
many quality-control techniques. The area under the bell- 
shaped curve is equal to 1.00 (when using the forniula for 
the nonnal curve) or 100% and therefore can be easily 
used for probability calculations. See brittleness temper- 
ature; mean and standard deviation; quality control. 
statistical parameter A characteristic of a population 
that is constant. 
statistical phase/reasoning Descriptive or deductive 
statistics describe and analyze a subject group. Inductive 
statistics determine from a limited amount of data (san- 
ple) an important conclusion about a much larger amount 
of data (universe). Since these conclusions or inferences 
cannot be stated with absolute certainty, the language of 
probability is often used. See probability. 
statistical population A group that is infinite in size 
and contains all those things of interest that have one thing 
in conmon. 
statistical population parameter A fixed value char- 
acterizing a certain aspect of a statistical population. An 
estimate of the value of the population parameter, derived 
from a sample, is called a sample estimate or statistic. 
statistical precision The limits that, with a given prob- 
ability, include the estimated or obtained value. For exam- 
ple, tensile strength of 25,OOO psi (172 MPa) and ? 2,000 
psi (14 MPa) has a 50% probability. 
statistical probability 6-sigma Based on the statistical 
normal curve evaluation, a statistical probability in manu- 
facturing that, for example, is greater than 99.9% of all 
manufactured products in a lot of one billion will fall 
within specification. See probability. 
statistical process control (SPC) A mcthod by which 
a production process can be monitored and control plans 
can be initiated to keep quality standards within acceptable 
limits. There are basically two possible approaches for real- 
time SPC. The first, done online, involves the rapid di- 
mensional measurement of a part or a nondimensional 
bulk parameter such as weight and is the more practical 

method. In contrast to weight, other dimensional mea- 
surements of the precision needed for S1’C arc gcncrally 
done offline, the second approach, and result in a response 
that is too low. Also obtaining the final dimensional stabil- 
ity needed to nieasure a part may take time. For example, 
amorphous injection molded plastic parts usually require 
at least a half hour to stabilize. Sec amorphous plastic; 
computer processing control, statistical; quality 
control. 
statistical quality control (SQC) A method for mea- 
suring product quality and providing a tracking niecha- 
nism to reveal any shifts in level of quality. It  is a derivative 
practice based on the results of SPC. Conceptually, SQC 
can reject parts that do not conform to the approved stan- 
dard sample. In practice, parts are physically rejected and 
diverted into reclamation or recycling systems. Alarm are 
provided at the machine and at the central computer to 
inform people (workers, management, etc.) of the rejects. 
SQC is a scientific method of analyzing data and using the 
analysis to solve practical problems. See quality control; 
statistical process control; tubing, microbore. 
statistical quality control monitoring See ex- 
truder-web tension control, slipping and tearing. 
statistical randomization A method of sequencing 
experiments by using a random number table so that each 
experiment in the proposed plan has an equal chance of 
being the first, second, or last experiment. This is an ex- 
tremely effective technique for nllnimizing errors. See 
error; error, random. 
statistical range The measured sprcad of data around 
the control value; the difference between the highest and 
lowest values of the variables in the sample. 
statistical R chart 
statistical regression method Statistical procedures 
dealing with the study of the association or relationship 
between two or more variables. 
statistical value See A-basis; B-basis; C-basis; typi- 
cal basis. 
Staudinger, Hermann (1881-1965) In 1920 Her- 
inann Staudinger, a German chemist, put forward a theory 
about the chemical nature of a whole group of substances 
that were natural and synthetic. He called them nzacrornole- 
cnles or the giant molecules. Today we tend to call them 
polymers. It took 15 years to persuade his fellow chemists 
of the validity of his theory. His theory explained the na- 
ture of plastics and also indicated the ways in which they 
could be made. I t  provided the foundation for the world 
of plastics as we know it. In 1953 he received the Nobel 
Prize. 

T o  clarifi the then new chemistry of macromolecules, 
he spoke of the monomer molecules as the building 
blocks. When linked together by polynierization these 
form the structure of the polymer molecule. The size and 
shape of the building blocks and the way they are arranged 
in the polymer molecule will affect the structure and prop- 
erties of the molecules and hence those of the plastics nia- 
terial. Thus the niononier units have the same relationship 
to the plastic products as building bricks have to a com- 

A statistical variation over time. 
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pleted building. Similarly the cement in the building has 
the same function as the bonds that link the monomer 
molecules into the polymer chain. Buildings and mole- 
cules may be large or small, simple or complex. See 
chemical bond; molecular-arrangement structure; 
molecule, macro-; monomer; plastic history; poly- 
merization. 
steady state A characteristic of a condition, such as 
value, temperature, pressure, and amplitude, exhibiting 
only negligible change over an arbitrary long period of 
time. 
steam molding See expandable plastic steam 
molding. 
steam vulcanization cure See extruder wire and 
cable process. 
stearate The metallic salts, such as aluminum, calcium, 
and zinc, ofstearic acid used as lubricants in certain plastics. 
steatite An insulating material that is made from talc 
plus clay. See talc. 
steel See iron; metal. 
steel impregnation See metal impregnation. 
steel modulus versus specific gravity 
versus specific gravity. 
steel, photoetching tool 
steel recycled See recycling steel with vinyl scrap. 
steel resources, limited In 1938 it was predicted that 
U.S. iron ore bodies in the Lake Superior district would 
be exhausted by the early 1970s. It did not occur because, 
as usual, new technologies were developed. See oil re- 
sources, limited; plastic myth and fact. 
steel rod reinforced See coating, steel-rod; con- 
crete, reinforced. 
steel rule die 
steel, stainless 
steel, tool See photoetching tool. 
stencil See printing, screen. 
stenter frame Usually called teiitev-fiame. See orienta- 
tion, tenter frame and roll. 
step-growth polymerization See polymerization, 
bulk. 
steradian See geometric steradian. 
stereoblock plastic A plastic with molecules made up 
of blocks or long sections of identical stereospecific struc- 
tures interspaced with sections of another type of structure. 
stereochemistry See chemistry, stereo-. 
stereograph plastic A plastic consisting of chains of an 
atactic polymer grafted to chains of an isotactic polymer. 
For example, atactic PS plastic can be grafted to isotactic PS 
under suitable conditions to provide different properties. 
stereoisomer See molecular structure, stereo- 
isomer. 
stereolithography modeling See prototyping 
modeling, stereolithography. 
stereoregular, plastic According to IUPAC defini- 
tion, a niaterial the molecules of which can be described 
in terms of only one species of stereo-repeating units in a 
single sequential arrangement. A unit is a configurational 

See modulus 

See photoetching tool. 

See cutter die. 
See iron, stainless steel. 

unit having a defined configuration at  all sites ofisomerism 
in the main chain of a polymer molecule. See molecular- 
arrangement structure. 
stereospecific plastic A term used to describe plastics, 
such as polypropylene, whose arrangement of molecules 
is in a specific order and closely packed together to give 
a high degree of crystallinity. See atactic plastic; crys- 
talline plastic; isotactic plastic. 
steric hindrance A spatial arrangement of the atoms of 
a molecule that blocks a reaction of the molecules with 
another molecule. 
sterile According to the U.S. Food and Drug Adminis- 
tration, the average production lot is thought of as being 
sterile by a majority of the recognized experts in steriliza- 
tion only when the probability of having a nonsterile unit 
is less than one in a million. See probability; quality 
system regulation. 
sterilization The complete destruction of all bacteria 
and other infectious organisms in a product, such as an 
industrial, medical, or food product. Where applicable, it 
is followed by aseptic packaging to prevent contamination, 
usually by hermetic sealing. Various physical and chemical 
sterilization techniques are used, each with its own advan- 
tages and limitations. These include chlorine dioxide, dry 
heat, electron-beam (E-beam) radiation, ethylene oxide 
(EtO), formaldehyde, gamma radiation, gas plasma, glutar- 
aldehyde, hypochlorite, ionization radiation, microwave, 
peracetac acid, phenol, ozone, quaternary salt, steam, ul- 
traviolet radiation, vapor-phase hydrogen peroxide, and 
x-ray. See electron beam; ethylene oxide; packaging, 
aseptic; sterilization, heat. 
sterilization chemical indicator Biological indicators 
(BIs) are used to ensure proper sterilization with chemical 
indicators (CIS) becoming a potential. 
sterilization, gas plasma A method of exposing prod- 
ucts to be sterilized to reactive chemicals that are generated 
by a body of ionized gas or plasma. See ionization. 
sterilization, heat Both steam or dry-heat methods are 
used extensively in hospitals. Steam sterilization, which is 
also known as autoclave, involves exposure of material to 
saturated steam at temperatures higher than 100°C (212'F) 
for a predetermined time. Dry-heat sterilization is carried 
out in a hot-air oven. Because microorganisms are more 
resistant to dry heat than wet heat, the teniperatures used 
are higher and the exposure times longer than those used 
for autoclave sterilization. See autoclave. 
sterilization quality assurance (SQA) A comprehen- 
sive, integrated program that incorporates such interre- 
lated factors as product packaging and process-control 
validation, sterilant selection and sterilizing process valida- 
tion, and control of the manufacturing environment. See 
ISO-9000 certification; quality assurance; quality 
system regulation; sterilization radiation, certifica- 
tion worldwide. 
sterilization, radiation Sterilization through radia- 
tion-that is, the emission of energy such as light and heat 
or the transfer of energy through space by electromagnetic 
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waves. See irradiation; radiation polymerization; 
radiation-resistant plastic. 
sterilization, radiation, certification worldwide 
When choosing irradiation to sterilize medical devices, 
U.S. manufacturers have historically relied on U.S. Food 
and Drug Administration guidance and generally followed 
validation methods prepared by the Association for the 
Advancement of Medical Instrumentation. Even though 
this approach continues, manufacturers in the worldwide 
marketplace now must also consider the European Medi- 
cal Directory. AAMI menibers have been working with 
the International Organization for Standardization and the 
American National Standards Institute (ANSI) to produce 
voluntary, harmonized guidance for validation and testing 
methods. The European Union has also enacted mandatory 
standards for its members to achieve simultaneous compli- 
ance with these various standards. See American Stan- 
dards for Testing Materials; ISO; orientation and 
heat-shrinkability; sterilization quality assurance. 
sterilization, vapor-phase hydrogen-peroxide Liq- 
uid hydrogen peroxide has long been used as a disinfectant 
in both health-care facilities and industrial processes. More 
recently, it has been used as a highly effective sterilant with 
a broader range of operation than ethylene oxide. 
stiffness A measure of the modulus for a material; the 
relation of load to deformation; the ratio between the ap- 
plied stress and resulting strain. The term often is used 
when the relationship of stress-strain does not conform to 
the definition of Young’s modulus. See modulus and 
stiffness; modulus of elasticity; stress-strain stiffness; 
test, Clash-Berg stiffness. 
stiffness, bending The force required to produce a 
bent configuration under specified conditions. 
stiffness in flexure See flexural, apparent. 
stir-in plastic 
stock 1. A charge/quantity of plastic. 2 .  A compound 
in the rubber industry, with compound being the pre- 
ferred term in the plastic industry. Also called melt or plus- 
tic. See compound. 
stoichiometry The control of tolerances, levels, and 
amounts in a chemical mix. When exact amounts neces- 
sary for reactions are present without excess reactants, the 
reaction is said to be stoichiometric. See equilibrium 
constant; reaction quotient; reactor technology. 
stoke See viscosity, stoke. 
Stoke’s law 1. In the atomic process, the wavelength 
of fluorescent radiation, where it is always longer than that 
of the exciting radiation. See fluorescent. 2. The rate at 
which a spherical particle will rise or fall when suspended 
in a liquid medium. It varies as the square of its radius; the 
density of the particle and the density and viscosity of the 
liquid are essential factors. This law is used in determining 
sedimentation of solids. 
stone Various stone aggregates (pebbles, powder, etc.) 
are used as plastic fillers or reinforcements, particularly in 
thermoset plastics. 
storage Keeping (storing) materials, tools, additives, and 

See vinyl plastic, stir-in. 

equipment spare parts. The different products to be stored 
usually have specific requirements, such as temperature, 
height of loads, and handling of plastic forni (pellets, pow- 
der, etc.). See A-B-C analysis; auxiliary equipment; 
blockage; cost, demurrage; data-management sys- 
tem; drying; inventory; material handling; ware- 
housing. 
storage and condensation If a plastic is stored in a rel- 
atively cold area, then when it is brought into the op- 
erating plant, it will often become wet (due to moisture 
condensation) enough to cause processing problems. Dif- 
ferent procedures can be used to eliminate this problem 
area, such as moving inaterial to an indoor closed storage 
bin to expose the plastic to room temperature. See con- 
densation; quality control. 
storage, material All storage and unloading areas 
should be kept clean and dry to minimize fire hazard. The 
store room should be separated from the processing shop 
by fire-resistant doors. Materials should be stored away 
from direct sunlight and in properly constructed racks, 
containers, or silos. Usually the use of unheated storage 
areas with natural ventilation is sufficient. T o  ensure that 
the plastic does not stagnate in storage, adopt a strict first- 
in, first-out (FI-FO) stock-control policy. With stock 
control, if a faulty batch develops, one can find the rest 
of that batch. See barcode; bulk storage; conveying, 
pneumatic; inventory; laser marking; material 
blocking; material handling; plastic material; ware- 
housing. 
storage data See computerized electronic docu- 
ment and retrieval system. 
storage life See shelf life. 
storage, silo For processors that can make (truck or rail 
car) bulk purchases, silos with automatic plastic handling 
systems, though initially costly, will provide economic 
paybacks; provide environmental benefits; save floor 
space, particularly when located outside; reduce work 
hours; and leave no mess on shop floors as with sacks, 
gaylords, or big bags. See auxiliary equipment; bulk 
storage; plastic material. 
storage tank evaporation See microsphere. 
strain The per unit change, due to force, in the size or 
shape of a body referred to its original size and shape. 
Strain is nondimensional but is usually expressed in unit 
of length per unit of length or percent. It is the iiatural 
logarithm of the ratio of gauge length at the moment of 
observation instead of the original cross-sectional area. It 
is applicable to tension and compression tests. Strain aging 
can be induced by cold working the plastic. See design, 
Poisson’s ratio in; tensile gauge length. 
strain, alternating amplitude Analogous to the alter- 
nating amplitude of stress; a sequence of alternating stress 
amplitude. See stress, alternating-amplitude. 
strain amplitude The ratio of the niaxiniuin deforma- 
tion, measured from the mean deformation to the free 
length of the unstrained test specimen. Strain amplitude is 
measured from zero to peak on one side only. 
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strain analysis, moire fringe See test, nondestruc- 
tive moire fringes analysis. 
strain analysis, photoelastic See test, nondestruc- 
tive photoelastic stress-analysis. 
strain and elasticity A plastic where its elasticity per- 
mits recovery of its shape and size after being subjected to 
deformation exhibits a Hookean or ideal elasticity. See 
elasticity; modulus of elasticity; viscoelasticity. 
strain, axial The linear strain in a plane that is parallel 
to the longitudinal axis of the test specimen. 
strain, critical 
strain design factor 
strain deviation See deviation, root-mean-square 
strain. 
strain, elastic See test, nondestructive photoelastic 
stress-analysis. 
strainer A device that forces plastic melt through some 
type of sieve to remove extraneous and contaminated ma- 
terial. See screen pack. 
strain evaluation See test, nondestructive moire 
fringe-analysis. 
strain extensometer A device for determining elonga- 
tion of a test specimen as it is strained when conducting 
tests. See stress-strain measurement. 
strain extensometer, laser beam Strain is monitored 
using laser beam technology. See sensor, laser. 
strain, flexure of fiber The maximum strain in the 
outer fiber occurring niidspan in a reinforced plastic test 
specimen. 
strain, frozen See stress, residual. 
strain gauge A device that measures strain in a stressed 
material based on the change in a wire’s electrical resis- 
tance. See injection-molding machine tie-bar mea- 
surement; sensor, fiber-optic; transducer, magneto- 
strictive. 
strain hardening An increase in hardness and strength 
caused by plastic deformation shear strain at temperatures 
lower than the crystallization range of the plastic. See de- 
formation, plastic; hardening. 
straining See stress softening. 
strain, initial The strain that is produced in a specimen 
by given loading conditions before creep occurs. 
strain, linear During testing (tensile, compression, 
etc.), the change per unit length or percent deformation 
due to an applied force in an original linear dimension. 
strain, logarithm decrement The natural logarithm 
of the ratio of the amplitude of strain in one cycle to that 
in the succeeding cycle during a free vibration. See loga- 
rithm. 
strain, macro- The mean strain over any finite gauge 
length of measurement large in comparison with in- 
teratomic distances. 
strain, mean 
strain, micro- 
comparable to interatomic distances. 
strain, natural See strain, true. 

The strain at the yield point. 
See design, reinforcement. 

See fatigue stress, mean; mean. 
The microstrain over a gauge length 

strain, nominal The strain at a point that is calculated 
in the net cross-section by simple elastic theory without 
taking into account the effect on strain produced by geo- 
metric discontinuities such as holes, grooves, or filters. 
strain rate It  is the rate of change with time. See 
Boltzmann superposition principle; thermoform- 
ing, superplastic. 
strain ratio The algebraic ratio of two specified strain 
values in a strain cycle. Two commonly used ratios are 
that of the strain amplitude and the ratio of the minimum 
strain to the maximum strain. 
strain relaxation The reduction in internal strain over 
time. See creep relaxation; relaxation; stress relax- 
ation. 
strain relief A dimensional change brought about by 
subjecting the material to an elevated temperature. 
strain, residual The strain associated with residual 
stress. See test, nondestructive residual strain. 
strain set The strain remaining after complete release of 
the load producing deformation. See set. 
strain, subpermanent set The strain retained at the 
end of a finite interval following release of stress. 
strain, thermal Linear thermal expansion, sometimes 
called thermal strain (or changes due to the effect of heat). 
It is not to be considered strain in mechanical testing. 
strain, transverse The linear strain in a plane that is 
perpendicular to the loading axis of a test specimen. 
strain, true The natural logarithm of the ratio of gauge 
length at the moment of observation to the original gauge 
length for the specimen subjected to an axial force. Also 
called natural strain or logarithm strain. 
strain, true plastic Inelastic component of true strain. 
strain, winding 
strand See filament strand. 
strand spliced See yarn, spliced. 
strapping tape Narrow-width sheeting that is usually 
oriented to maximize its performance (strength, etc.). It 
has important uses in packaging where only steel straps 
were used in the past. Steel, plastic, and other materials 
have various advantages and disadvantages. For example, 
when strapping is used where heat could fluctuate, as in 
railroad boxcars or storage rooms, the steel at high temper- 
ature would expand and cause what it contained to be- 
come loose. The elastic deformation lets plastic retain their 
tension with temperature change. See extruder flat-film 
tape; orientation; tension tie. 
strategy resource See World of Plastics Reviews: 
Thinking Like a Manager and Managing for the 
Long Run. 
straw See fiber, straw. 
streak A surface blemish on plastic products, particularly 
sheet materials, that occurs in a narrow strip or band. See 
defect. 
streamlined die See die shape. 
strength 1. The stress required to break, rupture, or 
cause a failure of a substance. 2. The property of a material 

See extruder-roll winding strain. 
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that resists deformation induced by external forces. 3. The 
maximum stress that a material can resist without failure 
for a given type of loading. See stress, adhesive dry 
strength; adhesive peel strength; dielectric strength; 
fatigue strength; flexural strength; fracture strength; 
impact strength; melt strength; plastic green 
strength; rupture strength; shear strength; tear 
strength; tensile green strength; tensile strength; 
torsional strength; yield strength. 
strength, cross-breaking The ability of a plastic to 
withstand loads perpendicular to its surface. See flexural 
strength. 
strength, Elmendorf See tear, tear-resistance. 
strengthening plastic mechanism With some excep- 
tions, strengthening of plastics is the work of the polymer 
chemist. Exception5 include strengthening by a postmold- 
ing thermal treatment (such as heat treating steel or even 
heat treating plastics), additives, and stretch-orienting plas- 
tic products or fabricating reinforced plastics. See design 
theory and strength of material; directional prop- 
erty; orientation; reinforced plastic; strength of ma- 
terial. 
strength of material The structural engineering analy- 
sis of a part that determines its strength properties. See 
chemical composition and properties of plastic; de- 
sign theory and strength of material; orientation; 
strengthening plastic mechanism. 
strength, pull Bond strength obtained by a perpendic- 
ular pull applied to a surface of the layer. See bond 
strength. 
strength ratio The hypothetical ratio of the strength of 
a product to the strength it would have if no weakening 
defects are present. 
strength service factor A factor that is used to reduce 
a strength value to obtain an enpee r ing  design stress. The 
factor may vary depending on the service condition, the 
hazard, the length of service desired, and the properties 
required of the product. This factor is part of a safety fac- 
tor. See design safety factor. 
strength, specific The specific strength at the point of 
initial failure. 
strength, ultimate The maximum unit stress a material 
will withstand when subjected to an applied load in a ten- 
sion, compression, or shear test. 
strength, wet The strength of a material determined 
immediately after removal from a liquid in which it has 
been completely immersed under specified conditions of 
time, temperature, and pressure. See joining, wet-in- 
stallation; saturation, wet strength. 
stress The intensity, at a point in a body (product, mate- 
rial, etc.), of the internal forces (or components of force) 
that act on a given plane through the point causing defor- 
mation of the body. It is the internal force per unit area 
that resists a change in size or shape of a body. Stress is 
expressed in force per unit area and reported in MPa and 
psi. As used in tension, compression, or shear, stress is nor- 

mally calculated on the basis of the original dimensions of 
the appropriate cross-section of the test specimen. This 
stress is sometimes called engineering rtresr; it is different 
from true stress. See stress, true; test, residual-stress. 
stress, adhesion See adhesiveness. 
stress, alternating-amplitude A stress that varies be- 
tween two maximum values that are equal but with oppo- 
site signs, according to a law determined in terms of the 
time. Also called alternative stress. See strain, alternating- 
amplitude. 
stress amplitude The ratio of the maximum applied 
force, measured from the mean force to the cross-sectional 
area of the unstressed test specimen. 
stress amplitude, alternating A test parameter of a 
dynamic fatigue test. One-half the algebraic difference be- 
tween the maximum and minimum stress in one cycle. 
stress analysis moire fringe See test, nondestruc- 
tive moire fringe-analysis. 
stress analysis, photoelastic See test, nondestruc- 
tive photoelastic stress-analysis. 
stress concentration Sections, such as sharp corners, 
holes, and notches, in a fabricated part where physical or 
molded-in forces are high and cause stress concentrations. 
See inspection, infrared. 
stress concentration factor The ratio of the maxi- 
mum stress in the region of a stress concentrator, such as 
a hole, to the stress in a similarly strained area without a 
stress concentrator. 
stress, cooling During a melting process, such as injec- 
tion molding, plastic melts are subjected to processing 
pressure forces. The stresses produced can remain in the 
plastics during cooling as frozen stresses and could poten- 
tially cause the product to be damaged. See stress reliev- 
ing; stress, residual. 
stress corrosion An attack on areas under stress in a 
corrosive environment, where such an environment alone 
(no stress) would not have caused corrosion to a material. 
See corrosion. 
stress crack The appearance of external or internal 
cracks in the material as a result of stress that is lower than 
its short-term mechanical strength and is frequently accel- 
erated by the environment to which the plastic is exposed. 
See crazing; environmental stress cracking; orienta- 
tion, accidental; reinforced-plastic microcracking. 
stress-cracking failure The failure of a material by 
cracking or crazing some time after it has been placed un- 
der load. Time-to-failure can range from minutes to many 
years. 
stress-cracking, thermal The crazing and cracking of 
some thermoplastics from exposure to elevated tenipera- 
tures. See crack; crazing. 
stress, cure See curing stress. 
stress decay See stress relaxation. 
stress decrease See stress relaxation. 
stress determination 
toelastic stress-analysis. 

See test, nondestructive pho- 
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stress, elastic-limit The greatest stress which a material 
is capable of sustaining without any permanent strain re- 
maining on complete release of stress. A material passes its 
elastic limit when the load is sufficient to initiate nonre- 
coverable deforniation. See concavity factor; extruder- 
web stretching and tearing; melt elasticity; modulus 
of resilience; stress-strain ratio. 
stress equal in all directions See pressing, isostatic. 
stress, engineering The stress calculated on the basis 
of the original cross-sectional dimensions of a test speci- 
men. See stress, true. 
stress evaluation See test, nondestructive moire 
fringe-analysis. 
stress, fracture In structural design analysis, the true, 
normal stress on the minimum cross-sectional area at the 
start of fracture. See energy absorption; stress whit- 
ening. 
stress, frozen-in An undesirable “frozen-in” or resid- 
ual stress. See adhesive, solvent; orientation, acciden- 
tal; stress, residual. 
stress, hoop The tensile or circumferential stress in a 
wall of a material of cylindrical form that is subjected to 
internal or external pressure. See test, NOL ring. 
stress, inelastic See deformation, inelastic. 
stress, initial The stress that is produced by strain in a 
specimen before stress relaxation occurs. Also called instan- 
taneous stress. 
stress, internal adhesive See adhesive stress, in- 
ternal. 
stress, mass fiber 
stress, mean 
stress measurement See pressure-detecting film. 
stress, nominal The stress at a point calculated on the 
net cross-section without taking into consideration the ef- 
fect on stress of geometric discontinuities, such as holes, 
grooves, slots, or fillets. 
stress, normal The stress component that is perpendic- 
ular to the plane on which the forces act. The principal 
normal stress is the niaxiinuni or minimum value of the 
normal stress at a point in a plane considered with respect 
to all possible orientations of the considered plane. O n  
such principal planes the shear stresses are zero. There are 
three principal stresses on three mutually perpendicular 
planes. The states of stress at a point may be (1) uniaxial 
(a state of stress in which two of the three principal stresses 
are zero), (2) biaxial (a state of stress in which only one 
of the three principal stresses is zero), and (3)  triaxial (a 
state of stress in which none of the principal stresses is 
zero). There is also a multiaxial condition that refers to 
either biaxial or triaxial. See directional property; ori- 
entation. 
stress-number of cycle diagram See fatigue S-N 
diagram. 
stress observed See test, microdynamometer. 
stress, offset yield The stress at which the strain ex- 
ceeds by a specified amount the offset (such as 0.1% of 

See fiber stress, mass. 
See fatigue stress, mean. 

strain) or extension of the initial proportional part of the 
stress-strain curve. It is force per unit area (kPa, MPa, or 
PSI). This measurement is useful for materials whose S-S 
curve in the yield range is of gradual curvature. Also called 
engineering yield strength. 
stress-optical 
stress, plane A state of stress in which the normal stress 
to the plane under consideration is zero. Thus a thin sheet 
parallel to this plane has stress-free surfaces. If the Z-direc- 
tion is that of the normal to the plane, then it is a principal 
direction because the shear stresses are zeros. Also called 
biaxial stress. See Mohr circle. 
stress, pressure See pressure, hydrostatic. 
stress, principal (normal) 
stress ratio The algebraic ratio of two specified stress 
values in a stress cycle. Two commonly used stress ratios 
are (1) the ratio of the stress amplitude to the mass stress 
and (2) the ratio of minimum stress to the maximum stress. 
stress relaxation 1. The decrease in stress after a given 
time at constant strain that can cause warpage, dimensional 
changes, or complete damage to the part. Also called stress 
relieving or stress decay. 2. The time-dependent decrease in 
stress in a solid material or product as a result of changes 
in internal or external conditions. See creep relaxation; 
electroplating; insert molding; Maxwell model; 
modulus, stress relaxation; relaxation; viscoelastic- 
ity; zero time. 
stress relieving Heating a plastic to a suitable tempera- 
ture, holding it long enough to reduce residual stresses, 
and then cooling slow enough to minimize the develop- 
ment of new stresses. 
stress, remaining The stress remaining at a given time 
during a stress-relaxation test. 
stress, residual The stress that exists in a body at rest, 
in equilibrium, and at uniform temperature and is not sub- 
jected to external forces. It  is often caused by the stresses 
remaining in a plastic part as a result of thermal or niechan- 
ical treatment in fabricating parts. Usually it is not a prob- 
lem in the finished product. However, with excess stresses, 
the product could be damaged quickly or after being put 
in service from a short to long time depending on amount 
of stress and the environniental conditions around the 
product. See birefringence; crazing; insert molding; 
light index of refraction; polarized light; stress, 
cooling; stress relieving; test, residual stress; toler- 
ance and warpage. 
stress riser See stress concentration. 
stress, root-mean-square See deviation, root- 
meari-square stress. 
stress, shear See shear stress. 
stress softening The smaller stress required to strain a 
material to a certain strain, after a prior cycle of stressing to 
the same strain followed by removal of the stress. It is pri- 
marily observed in filled elastomers or rubbers (known as 
the Mullen cfect), where it results from the detachment of 
some plastic molecules from filler particles in the first cycle 

See coefficient of optical stress. 

See stress, normal. 
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and therefore cannot support the stress on subsequent strain- 
ing to the same strain level. See test, burst Mullen. 
stress stimulation See plastic, smart. 
stress, specific The load divided by the mass per unit 
length of the test specimen. 
stress, static Stress in which the force is constant or 
slowly increasing with time, such as a test without shock. 
stress-strain Stiffness at a p e n  strain. See design, E1 
theory; melt elasticity; modulus of elasticity. 
stress-strain curve Simultaneous readings of load and 
deformation converted to stress and strain, plotted as ordi- 
nates and abscissas, respectively. The S-S relationship ap- 
plies under test conditions of tension, compression, or tor- 
sion. The area under this curve provides valuable 
information regarding the characteristics of a material such 
as toughness. Also called a S-S curve or stress-strain diagram. 
See concavity factor; cross-linking network charac- 
teristic; directional property, abscissas; directional 
property, ordinate; energy deformation; fatigue 
S-N diagram; shear stress-strain; strain gauge; ten- 
sile stress-strain curve; test, force-extension; tor- 
sional stress; toughness; x-y recorder. 
stress-strain force See test, force-extension. 
stress-strain measurement Testing machines can pro- 
vide and develop stress-strain curves. Different types of 
extensometers are used on test specimens to record and 
plot strain nieasurements versus the increasing stress load- 
ing that result in stress-strain curves. See strain exten- 
someter; strain gauge. 
stress-strain measurement, brittle lacquer technique 
See test, nondestructive stress-strain measurement, 
brittle lacquer technique. 
stress-strain measurement under the curve See 
toughness. 
stress-strain ratio The ratio of stress to strain in a mate- 
rial at a specified stress or strain. When it is below the 
elastic limit, it is known as the sccant modulus. See modu- 
lus, secant; stress, elastic-limit. 
stress-strain stiffness The stiffness expressed in psi or 
MPa at a given strain. See stiffness. 
stress-strain-time See creep isometric and iso- 
chronous graph; test, short-time-behavior. 
stress-strain versus temperature See CAMPUS da- 
tabase. 
stress, thermal See stress, residual. 
stress, true Stress along the axis calculated on the actual 
cross-section at the time of the observation (failure) instead 
of the original cross-sectional area. Applicable to tension 
and compression testing. See stress, engineering. 
stress, uniaxial A load condition where a material is 
stressed in only one direction along the axis or centerline 
of the part. 
stress, waved An alternative stress acting together with 
a permanent stress. 
stress whitening The appearance of white regions in a 
material when it is stressed. Stress whitening or crazing is 

damage that can occur when a thermoplastic is stretched 
near its yield point. The surface takes on a whitish appear- 
ance in regions that are under high stress. It is usually asso- 
ciated with yielding. For practical purposes, stress whiten- 
ing is the result of the formation of microcracks or crazes 
that is a form of damage. Crazes are not true fractures be- 
cause they contain strings of highly oriented plastic that 
connect the two flat surfaces of the crack. These fibrils are 
surrounded by air voids. Because they are filled with 
highly oriented fibrils, crazes are capable of carrying stress, 
unlike true fractures. As a result, a heavily crazed part can 
carry significant stress even though the part may appear 
fractured. It is important to note that crazes, microcrack- 
ing, and stress whitening represent irreversible first damage 
to a material that could ultimately cause failure. This dam- 
age usually lowers the impact strength and other proper- 
ties. In the total design evaluation, the formation of stress 
cracking or crazing damage should be a criterion for failure 
based on the stress applied. Also called crazing. See craz- 
ing; environmental stress cracking; stress, fracture. 
stress wrinkle A distortion in the face of a bonded lami- 
nate that is caused by uneven web tensions, slowness of 
plastic setting or curing, selective absorption during bond- 
ing, or reaction between fillers and/or reinforcements and 
plastic. See laminate; reinforcement. 
stretch An increase or elongation in the dimensions of 
a material. See forming; orientation; thermoforming. 
stretch blow molding See blow molding, stretched. 
stretch elastomer 
stretching See forming; extruder-web stretching 
and tearing. 
stretch ratio See forming, stretch and draw ratios 
for pressure. 
striae See wave. 
striation 1. A longitudinal line in a part that is caused 
by a disturbance in the melt path during fabrication. 2. 
The rippling that occurs in an extruded blow-molded par- 
ison that may or may not damage the blown part. See 
blow-molding extruder parison. 3. The separation of 
color that results in the linear effect of color variation due 
to incomplete mixing or melting of the plastic. 
strict liability See legal matter: product liability 
law. 
strict reliability See legal matter: plaintiE legal 
matter: product liability law; reliability. 
strip 1. To remove relatively volatile components 
within plastics by distillation or evaporation. See distilla- 
tion; evaporation; venting. 2. A transparent or color 
viewing strip that is incorporated during processing, such 
as blow molding, extrusion, and injection molding. Simi- 
lar or dissimilar plastics can be used. See blow-molding 
stripping. 3. To rapidly remove a color from an iniprop- 
erly dyed fiber, fabric, or printing press by a chemical reac- 
tion. Commonly used strippers include sodium hydrosul- 
fide, titanous sulfate, and sodium or zinc formaldehyde 
sulfoxylates. 

See heat effect, Gough-Joule. 
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stripping fork A tool that is usually made of brass or 
plastic used to remove parts from a die, mold, or screw. 
etc. Also called a comb. See cleaning. 
stripping metal surface See coating, fluidized bed 
metal stripping. 
stroboscope An instrument that is used to determine 
speeds of rotation or frequency of vibration made in the 
form of a revolving disk with holes around the edge 
through which an object is viewed or a rapidly flashing 
light that illuminates an object intermittently. See photo- 
elasticity. 
stroke See clamping stroke maximum. 
structural adhesive A substance that is used for trans- 
ferring required loads between adherends that are exposed 
to service environments, such as severe weather conditions 
for automotive and aircraft structures, ocean dock plat- 
fornis, and underground equipment. The adhesives are 
available in forms that include pastes, films, water-base sys- 
tems, solvent-base systems, and hot melts. Plastics used in- 
clude epoxies, nylons, polyimides, silicones, acrylics, and 
polyurethanes. These different fornis and types meet dif- 
ferent performance requirements. 
structural analysis See design safety factor; design, 
sandwich-construction; design technology; statisti- 
cal equivalent loading system. 
structural bond An adhesive bond that joins basic 
load-bearing parts as an assembly. The load may be either 
static or dynamic. See adhesive, structural. 
structural core material See sandwich core mate- 
rial. 
structural design 
structural envelope The cross-sectional area within a 
body structure, excluding clearances, that may be used to 
develop a structure. 
structural fairing See structure, secondary. 
structural material See sheet-molding compound, 
structural. 
structural modification See deformation; oxida- 
tion degradation, thermal; strengthening plastic 
mechanism. 
structural reaction injection molding See reac- 
tion-injection molding, structural. 
structural S-glass See glass. 
structural support See infrastructure. 
structural-web molding See molding, structural- 
web. 
structure A construction of a product made up of de- 
pendent or independent coniponents in a definite pattern 
of organization to meet performance requirements. Geo- 
metric and cross-sectional profiles are used, such as 
spheres, ribs, channels, sandwiches, and many more. Plas- 
tic and reinforced-plastic products meet many different 
performance requirements, and when the price is right, 
plastics continue to enter new markets and expand present 
markets. See plastic and the future. 
structure, micro- A structure that can be seen through 
a microscope. See molecular microstructure. 

See design safety factor. 

structure, monocoque See design monocoque 
structure. 
structure, primary The mainframe of a product is the 
primary structure. Examples include aircraft niain sup- 
ports, building main beams, and automobile frames. If the 
primary structure fails, it would be damaging or cata- 
strophic to the product or people. 
structure, secondary A structure that is not critical to 
the survival of the primary structure. Examples are parts 
in aircraft and aerospace vehicles that are not critical to 
safety of operations. 
St. Venant’s principle See statistical equivalent 
loading system. 
S-twist See twist, direction of yarn. 
styrene A colorless liquid with a strong order. It poly- 
merizes rapidly when exposed to heat, light, or a peroxide 
catalyst; polymerization may cause it to become explosive. 
It is toxic by ingestion and inhalation and presents a mod- 
erate fire risk. It  is used in the plastic production of poly- 
styrene, styrene butadiene rubber, acrylonitrile-butadiene- 
styrene, styrene-acrylonitrile, and reinforced thermoset 
polyester plastic. See catalyst; polymerization; poly- 
styrene plastic; styrol. 
styrene-acrylonitrile plastic (SAN) An amorphous 
transparent thermoplastic that is prepared by emulsion, 
suspension, or bulk polymerization. When compared to 
conventional polystyrene plastics, it provides improved 
toughness, heat resistance under load, chemical resistance, 
resistance to stress cracking (crazing), gloss, hardness, and 
dimensional stability. 
styrene-butadiene elastomer (SBR) A high-volume 
substitute for natural rubber. It does not have NR’s overall 
versatility but meets different performance requirements 
and is low cost. See rubber, natural. 
styrene-maleic anhydride plastic (SMA) A copoly- 
mer that results in higher heat resistance than the parent 
polystyrene and acrylonitrile-butadiene-styrene families. 
styrene-methylmethacrylate plastic (SMMA) A 
material that has better weatherability and impact proper- 
ties than conventional PS plastic. Also called P(S-MMA). 
styrene monomer emission A workplace hazard be- 
cause of its toxic or carcinogenic properties. It presents no 
problems if properly handled. See safety. 
styrene-oligablock elastomer These thermoplastic 
elastomer-styrene (TPE-S) are the oldest and most rub- 
berlike of the TPE types. They are relatively low cost. 
styrene-paramethylstyrene plastic This general-pur- 
pose plastic has comniercial success because of its low cost. 
styrene plastic or styrenic plastic See polystyrene 
plastic. 
styrene-rubber plastic A plastic that is based on sty- 
rene polyniers and rubbers, styrene being the greatest by 
mass. 
styrenic plastic A large group of plastics that is either 
whole or partially polymerized from styrene monomer. 
Styrofoam Dow Chemical’s tradenanie for its family of 
expandable polystyrenes. 
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styrol The name given to styrene by the chemist who 
first observed the monomer in 1839. The name was 
changed to styrene by a German researcher in about 1925. 
subassembly Two or more parts that form an assembly 
but having parts that are individually replaceable. See 
assembly /joining; joining. 
sublimation The direct passage of a substance from 
solid to vapor without appearing in the intermediate (liq- 
uid) state. 
submarine gate See mold gate. 
subminiaturization The technique where plastics are 
involved in packaging miniaturized parts using unusual as- 
sembly methods for increased volumetric efficiency. See 
casting; encapsulation; packaging, electronic. 
substrate Any material that provides a supporting sur- 
face for other materials. Also called web. See web. 
sulfonation The introduction into an organic molecule 
of the sulfuric ester group where the sulfur is linked 
through an oxygen atom to the parent molecule. This 
chemical reaction changes surface properties of plastics. 
See barrier via chemical modification; fluorination; 
gasoline tanks; surface CASING. 
sulfone plastic This family of enpee r ing  plaxics iii- 
cludes polysulfone, polyarylsulfone, polyethersulfone, 
polyphenylsulfo~ie, polyphenylethersulfone, and poly- 
arylether sulfone. They are amorphous engineering ther- 
moplastics whose main features are very good thermal stabil- 
ity, heat and steam resistance, chemical resistance, stiffness, 
and electrical properties. See amorphous plastic. 
sulfuric acid (H,SO,,) A dense, highly corrosive liquid 
that is miscible with water and is produced by burning 
either iron pyrites or brimstone, by the contact or chamber 
process. 
supercritical water oxidation See waste, pressure 
cooking. 
supply chain The series of organizations that produce 
and refine raw materials and process the resulting con-  
pounds into products or components of products. A typi- 
cal plastics supply chain starts with an oil company, then 
extends to refiners and chemical plants, a plastic coin- 
pounder, and a fabricator. At the end of the chain are 
the packaging and distribution channels that lead to a cus- 
tomer and finally the retail operation that presents and sells 
the merchandise or product. It is a synergistic chain where 
the system depends either directly or indirectly on all the 
parts to function. Such systems exist in certain efficient, 
productive, and advanced worldwide production organi- 
zations. See fabricating; plastic products, raw mate- 
rial to. 
surface The exterior of a product; a plane or curved 
two-dimensional surface layer. 
surface appearance The surface which will be seen in 
use has to meet a specified standard. See calendering 
finish; luster. 
surface, asperity Microscopic surface roughness. 
surface CASING A term coined by AT&T Bell Labo- 
ratories (now Lucent Technology) as an abbreviation for 

the process of “cross-linking by activated species of inert 
gases.” I t  was developed to impart printability and adhe- 
sive receptivity to plastics such as fluoroplastics and poly- 
ethylene plastics. In this process the products are exposed 
to a flow of activated inert gases in a glow tube that forms 
a shell of highly cross-linked molecules on the product’s 
surfaces. This cheniically converted surface provides the 
cohesive strength for printing and adhesive bonding. See 
barrier via chemical modification; cross-linking; 
fluorination; sulphonation. 
surface, class A The highest-quality surface that is 
technically achievable on exteriors, auto body panels, etc. 
surface coating A substance that is applied to materials 
of all types to protect or decorate surfaces. See coating; 
decorating. 
surface, concave See shape, concave. 
surface conductivity See electrical-surface con- 
ductance. 
surface etching See chemical etching; photo- 
etching tool. 
surface faying The surfaces of materials that are in con- 
tact with each other and joined or about to be joined. See 
joining. 
surface film See bloom. 
surface finish Some manufactured plastic parts require 
a finishing operation after fabrication. See alligator- 
grained surface; ashing; buffing; calcium silicate; 
decorating; decorating pretreatment; defect; finish; 
finish, blast; finishing, ashing and lapping; gel, 
micro-; lacquer; material tumbling; operation, 
secondary; plastic, low-profile; plating; polishing, 
solvent; product, semifinished; sanding; spline; 
surface treatment; waviness. Tooling surfaces, such as 
mold cavities and die openings, require certain surface 
finishes. Sometimes it is difficult to identiiy the finish re- 
quired other than by stating dull, vapor-honed satin, shiny, 
etc. The SPI (originally SPI/SPE) Mold Standard Finish 
(with six different finish surfaces) and ANSI Standard 
B46.1 Surface Texture (extremely accurate surface mea- 
surements) have been replaced by SPI’s worldwide Mold 
Finish Standard. It has four distinct categories: designation 
A is the highest polish, having a diamond finish; B is a 
paper category; C is a stone finish; and D is a blast finish. 
Each category has three classifications, with 1 being the 
best and 3 the lowest classification. This standard lists the 
final step in the mold benching, polishing operation only. 
The mold surface must be properly prepared by removing 
defects such as machining markings and other marks. See 
finish; mold-cavity surface; molded-material sur- 
face measurement; photoetching tool; polish; screw 
strip, polish plating. 
surface glass coating 
surface imperfection See defect. 
surface measurement See molded-material sur- 
face measurement. 
surface modification, ion beam See hydrophilic 
surface; ion-beam surface modification. 

See barrier, glass-coating. 
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surface mounted technology 
board. 
surface oxidation See transcrystalline growth. 
surface preparation Various methods are used to treat 
plastic surfaces for printing, protective coatings, adhesive 
bonding, and permeation. See flame treatment; so- 
dium treatment; transcrystalline growth. 
surface pumicing A finishing method for molded parts 
that consists of rubbing off traces of tool marks and surface 
irregularities by means of wet pumice stones. See 
pumice. 
surface resistivity See electrical-surface resistivity. 
surface skin The smooth or tailored surface of the plas- 
tic that are formed during processing by contacting a tool 
(die, mold, etc.). 
surface, specific The surface area per unit volunie or 
per unit weight. 
surface tack The stickiness of a surface of a material, 
such as wet paint, when touched. 
surface tension The cohesive force at a liquid surface 
that is measured as a force-per-unit length along the sur- 
face of the work that must be done to extend the area of 
a surface by a unit area, such as a square centimeter. Also 
called j i ee  rufafdce eneyy.  See detergent; polyphospha- 
zene plastic; surfactant. 
surface tension, critical The value of surface tension 
of a liquid below which the liquid will spread on a solid. 
surface treatment The method of treating (chemical, 
flame, electrical, additive, etc.) a part (film, container, etc.) 
to alter its surface and render it receptive to inks, paints, 
and adhesives. Various methods are used to render inert 
plastics (such as polyolefins) more receptive to inks, adhe- 
sives, or various decorations. See abraid; adhesive sur- 
face sodium treatment; barrier; chemical etching; 
chemical milling; chromic acid etching; cleaning; 
cleaning, abrasion; cleaning, solvents; decorating 
preparation problem; electrical corona discharge 
treatment; electronic treatment; film decorating; 

See printed circuit 

MATHEMATICAL SYMBOLS AND ABBREVIATIONS 

flame treating; fluorination; fluorine; ion-beam sur- 
face modification; machining; photoetching tool; 
plasma arc treatment; printing ink; sand blast; sat- 
inizing; sulfonation; tooling coat; transcrystalline 
growth. 
surfacing mat See sheet overlay. 
surfactant A compound that affects interfacial tensions 
between two liquids. It usually reduces surface tension. 
See alkylate sulfonate, linear; detergent; foamed 
polyurethane; silicone; surface tension. 
surging See extruder melt-flow oscillation; ex- 
truder pressure-head safety; extruder surging; screw 
transition zone, conical and involute. 
suspension A liquid medium containing a more or less 
uniform dispersion of fine particles. When the particles are 
so small that they pass through ordinary filters and do not 
settle out when left standing, the suspension is known as 
a colloidal suspension or colloid. See aerosol; colloidal; dis- 
persing agent; lyophilic. 
suture See medical suture. 
swaging An assembly method that is used to form a ring 
or ridge of thermoplastic on one of the matting parts to 
capture or assemble the other part. The method can use 
hot plates, flame, and ultrasonic energy. See peening. 
sweating The exudation of small drops of liquid, usually 
a plasticizer or softener additive, on the surface of the plas- 
tic part. In certain circumstances, sweating acts as a parting 
agent. See additive, slip; antiblocking agent; mold 
sweating. 
swell 1. The increase in volunie of a material that is ini- 
mersed in a liquid or exposed to a vapor. See absorption; 
gel, zero-. 2. The usual action when melt exits a die. 
See design, basics-of-flow die. 
swell degradation See degradation, swelling, ex- 
traction, and random. 
symbols and signs Many different signs and symbols 
represent various characteristics that are referred to within 
and outside the plastic industry. Examples follow: 

plus (addition) 
minus (subtraction) 
plus or minus 
times, by (multiplication) 
divided by (division) 
is to (ratio) 
equals, as, so is 
therefore 
equals 
approximately equals 
greater than 
less than 
greater than or equals 
less than or equals 
not equal to 
varies as 
infinity 

a prime, a second 
a sub one, a sub two 

parentheses, brackets, braces 

angle, perpendicular to 
a square, a cube 
I / a .  I / a '  

the angle whose sine is 
pi = 3.141593+ 
microns = ,001 milliineter 
microniillimeter = .000U01 
summation of 
base of hyperbolic, natural or Napierian logs = 2.71828+ 
difference 
acceleration due to gravity (32.16 feet per second) 
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parallel to 
square root E coefficient of elavticity 

II 
4 
0 square V velocity 
0 circle f coefficient of friction 
0 degrees (arc or theriiioiiieter) P pressure of load 

minutes or feet H P horsepower 
seconds or inches RPM revolutions per minute 

GREEK ALPHABET 

A, a alpha 
B ,  p beta 
r, y gamma 
A, 6 delta 
E, E epsilon 
Z, ( zeta 

H, 11 eta 
Q, 8 theta 
I, I iota 
K, K kappa 
A, h lambda 
M, p mu 

N, v nu 
E, 4 xi 
0, o oniicroii 
n, K pi 
p, P rho 
C, o sigma 

T, T tau 
Y, 2) upsilon 
@> cp phi 
x, x chi 
y> Ur psi 
Q, o omega 

symmetric Having corresponding points whose con- 
necting lines are bisected by a given point or perpendicu- 
larly bisected by a p e n  line or plane. The opposite of 
asymmetric. See geometry. 
synchronization See control drive, optimized. 
syndiotactic Having the asymmetric carbon atoms of 
successive monomer units in opposite steric configura- 
tions. See polystyrene plastic, syndiotactic. 
syndiotactic stereoisomerism See chemistry, ste- 
reo-; molecule, syndiotactic stereoisomerism. 
syneresis See gel, syneresis. 
synergism An arrangement or mixture of substances in 
which the total resulting performance is greater than the 
sum of the effects taken independently such as with 
alloying/ blending. See alloy/blend; compound; hy- 
brid; interpenetrating network; reactor, breeder. 

synergist 
syntactic foam See reinforced plastic, syntactic 
cellular plastic. 
synthesis See chemical synthesis. 
synthetic A chemical compound that is made from ele- 
ments or simple compounds. It  is applied particularly to 
substances that duplicate other substances occurring in na- 
ture. See chemical synthesis; natural; organic; or- 
ganic, in-; plastic; polysaccharide plastic. 
synthetic, natural A synthesized compound that is rel- 
atively identical with natural substances, such as synthetic 
natural gas and synthetic natural rubber. See plastic, nat- 
ural; plastic, synthetic. 
syrup 
system 
that is needed to produce a product. 

A substance that causes synergism. 

A liquid solution of synthetic plastics. 
All of the equipment, such as in processing line, 
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Taber abrasion test 
table-tennis ball 
tablet material 
tack 
forced plastic prepreg. See adhesive tackifier. 
tack control 
tack-free time The time between two stages of prepar- 
ing (mixing and dispensing, coating, etc.), a t  which time 
the surface of the substance can be touched without 
sticking. 
tackifier A substance that is added to a plastic or elasto- 
mer to improve or provide tack. See adhesive tackifier. 
tackiness The pull resistance exerted by a material ad- 
hering completely to two separate surfaces; the slight stick- 
iness of the surface of a coating that is apparent when it 
is pressed by a finger and is related to a characteristic of 
cure. 
tack range 
tack weld See welding, tack. 
tailor-made See designing with plastic tailor-made 
models. 
tailing 1. The impurities that remain after extraction of 
useful materials from ore. See ore. 2. Any residue from 
a mechanical refining or separation process. See residue. 
tailor-made plastic See designing with plastic tai- 
lor-made models. 
take-off The mechanism for drawing calendered, 
coated, or extruded material away from the output of the 
machines. The most common forms are a pair of endless 
caterpillar belts or rolls with resilient grips conforming to 
the cross-section’s shape being drawn (flat, circular, etc.), 
driven at a speed synchronized with the basic machine 
output rate. See cutter; extruder take-off winder; roll. 
talc A natural hydrous magnesium silicate. See filler 
versus unfilled compound; steatite; vermiculite. 
tall Tall oil. The term is derived from the Swedish word 
for pine and is not the same as pine oil. See oil. 
tamper-proof cap See medical seal and closure; 
mold, collapsible-core. 
tangent modulus of elasticity See modulus, tan- 
gent. 
tank Various sizes and shapes are used to fabricate tanks 
from thermoplastics and reinforced plastics and to meet 
different performance requirements. Some can hold highly 
corrosive chemicals or abrasive materials; others can hold 
water or milk. Processes that are used include injection 
molding, blow molding, rotational molding, thermo- 
forming, and filament winding. See rail car contamina- 
tion; reinforced plastic; thermoplastic. 
tanker truck, reinforced-plastic R P  road tankers can 
optimize the transport of hazardous chemicals. US. De- 

See abrasion; testing. 
See cellulose nitrate plastic. 

See concentrate; pellet; preform. 
Stickiness of an adhesive, uncured plastic, or rein- 

See prepreg tack control. 

See adhesive tack range. 

partment of Transportation approvals have been obtained 
for these different applications. They are 2,000 lb (900 kg) 
lighter than steel, carry up to 12wt% larger payloads, re- 
duce overall transportation costs, and have thermal con- 
ductivity 30 to 50 times less than steel. Operational effi- 
ciency is maximized by the ability to clean the tanker 
interior easily and quickly. See rail car contamination; 
truck and plastic. 
tank, jacketed Double wall tank that can provide insu- 
lation to its contents or through which a heat transfer me- 
dium is passed allowing the tank to act as a heat exchanger. 
tank, liquid oxygen compatibility See polyarylene 
ether phosphine oxide plastic. 
tape See extruder flat-film tape. 
tape, lap wrap 
mandrel in an overlapping pattern. 
tape placement wrapped molding 
lagging. 
taper, back See mold undercut. 
tapping Cutting threads in the wall of a circular hole. 
tape strapping 
tare The weight of a container (railroad car, etc.) that 
is deducted in determining the net weight of the material 
in the container. See weight. 
tariff See legal matter: tariff. 
taste See test, organoleptic. 
tax credit, equipment 
vestment tax credit. 
tear, Elmendorf test 
tear failure A tensile failure that is characterized by frac- 
ture initiating at one edge of the specimen and progressing 
across the specimen at a rate slow enough to produce an 
anomalous load-deformation. See burst strength; ex- 
truder-web stretching and tearing; extruder web 
tension control, slipping and tearing; failure; punch- 
ing device; reinforced plastic tear ply; test, impact; 
test, tear-resistance. 
tear resistance, initial The force that is required to ini- 
tiate tearing of a flexible plastic film or thin sheeting at 
very low rates of loading, measured at maximum stress 
usually found at the onset of tearing. 
tear strength The maximum force that is required to 
tear a specimen; the force acting substantially parallel to 
the major axis of the specimen. 
technical development See research and develop- 
ment; revolutionary versus evolutionary develop- 
ments. 
technical conference See shows and conferences. 
technical cost modeling (TCM) A method for ana- 
lyzing the economics of alternative manufacturing 
processes without the prohibitive economic burden of 

Tape wrapped around an object or 

See molding, 

See strapping tape; tension tie. 

See capital equipment in- 

See test, tear-resistance. 
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trial-and-error innovation and process utilization. The 
adoption of any new technology for producing manufac- 
tured products is characterized by a wide range of pro- 
cesses, materials, and economic consequences. Although 
considerable talent can be brought to bear on the pro- 
cessing and engineering aspects, economic questions 
remain. Cost problems are particularly acute when the 
technology that will be employed is not fully understood, 
as much of cost analysis is based on historical data, past 
experience, and individual accounting practices. Histori- 
cally, technologes have been introduced on the shop floor 
incrementally, with their economic sequences measured 
on the shop floor incrementally and their economic con- 
sequences measured directly. Although incorporating 
technical changes in the plant to test their viability may 
have been appropriate in the past, it is usually economi- 
cally not feasible to explore today’s wide range of alterna- 
tives in this fashion. 

T C M  is an extension of conventional process modeling, 
that emphasizes capturing the cost implications of process 
variables and economic parameters. By coordinating cost 
estimates with processing knowledge, critical assumptions 
(processing rate, energy used, plastic consumed, melt be- 
havior, etc.) can be made to interact in a consistent, logcal, 
and accurate framework of economic analysis, producing 
cost estimates under a wide range of conditions. For exam- 
ple, T C M  can be used to determine the plastic process 
that is best for production without expensive expenditure 
of capital and time. T C M  can be used to establish direct 
comparisons between processes, to determine the ultimate 
performance of a particular process, and to identi@ the 
linliting process steps or paranieters. It uses an approach 
to cost estimating in which each of the elements that con- 
tribute to total cost is estimated individually. These indi- 
vidual estimates are derived from basic principles and the 
manufacturing process. TCM reduces the complex prob- 
lem of cost analysis to a series of simpler estimating prob- 
lems, and rather than using intuition, it solves them by 
bringing to bear processing expertise. See cost. 
technical service Frequently the component that 
allows a supplier to retain an advantage over a conipetitor. 
See serviceability. 
technical writing Concise and accurate scientific writ- 
ing is needed in the literature of science and technology 
and in the proposals, reports, manuals, letters, memos, and 
other documents produced in the field. Accurate defini- 
tions are essential. See chemistry; computer database; 
fabricating. 
technology The practice and description of any or all 
the applied sciences that have commercial value. They 
provide the basic knowledge for newly emerging plastic 
products. See art and science; chemistry; comput- 
ers; design, innovative; design technology; pack- 
aging; plastic and the future; profit and technology; 
research and development; revolutionary versus 
evolutionary developments; telecommunication; 
thermodynamics. 

technology assessment An evaluation of the impact of 
technology or intervention on a broad array of costs and 
consequences, including some that may not be quantifi- 
able. The purpose is to identify hidden costs and outcomes 
that, if known, might change resource allocation or pur- 
chasing decisions. See computer monitoring infor- 
mation; cost analysis; purchase order; research and 
development. 
Tedlar DuPont’s tradenaine for its family of biaxial ori- 
ented polyvinyl fluoride plastics. 
Teflon DuPont’s tradename for its family of polytetra- 
fluoroethylene plastics. 
telcothene plastic In 1937 polyethylene was devel- 
oped and produced by ICI-England and was quickly iden- 
tified as the best electrical insulation known. To make it 
extrudable, it was blended with polyisobutylene plastic 
and called telcothene. Later it was identified as being in the 
polyethylene family of plastics. See polyethylene plastic. 
telecommunication Data communication; the trans- 
mission of information from one point to another point 
or from one piece of equipment to another piece of equip- 
ment. 
telescoping Transverse slipping of successive winds of 
a roll of material so that the edge is conical rather than 
flat. See roll. 
telomere See molecule, telomere. 
temper T o  reheat after hardening to some temperature 
below the critical temperature, followed by air cooling to 
obtain desired mechanical and other properties by reliev- 
ing hardened or frozen stresses. See annealing; harden- 
ing, case; stress, residual. 
temperature The thermal state ofniatter as measured by 
a specific scale. It  is a measure of the intensity of the molec- 
ular e n e r g  in a substance. The higher teniperatures have 
more molecular movement. The temperature at which 
molecular movement ceases completely is absolute zero; it 
has been reached theoretically but not yet in actuality. See 
adiabatic flame temperature; antioxidant agent; 
Celsius; Centigrade; Fahrenheit; Kelvin; measure- 
ment; Rankin scale; Reaumur; relative humidity. 
temperature, absolute zero O n  the Celsius scale it 
equals -273.16’C (-459.67g°F), and with Kelvin it 
equals zero. The concept ofabsolute zero stenis from ther- 
modynaniic postulations. See boiling point, absolute; 
temperature, homologous. 
temperature aging See antioxidant agent. 
temperature, ambient Usually synonymous with roonz 
tevnpemture. It denotes the surrounding environniental 
conditions, such as pressure and temperature. 
temperature and crystallinity See glass transition 
temperature and crystalline melting point. 
temperature and deflection See deflection tem- 
perature under load versus crystallinity. 
temperature and heat transfer See thermodynamic 
properties. 
temperature and load See designing with the 
pseudoelastic method; load. 
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temperature and moisture absorption change See 
hygrothermal effect. 
temperature and molecular bonding force The ef- 
fect of temperature on the bonding forces in a thermoplnstic 
(softened by heat) involves two types of bonding forces. 
The bonds between adjacent chains are very weak and are 
weakened further by rising temperature. These are some- 
times called secondary bonding-forces. The other type of bond 
is between monomer units in the polymer chain. These 
valency bonds are strong and relatively resistant to rising 
temperatures. When the temperature of a plastic con- 
taining identical small molecules is raised high enough to 
destroy the secondary bonding forces, then the material 
will melt at one particular temperature. When the niole- 
cules in the plastic are of varying sizes and are so tangled 
together, then instead of one sharp melting point to an 
easy flowing melt, they soften over a much wider range of 
temperatures to form a melt that flows with much more 
difficulty. If the molecules have few branches that increase 
the distance between the main chains, then the parallel 
lengths ofthe chains can form crystalline regions. Since they 
then pack closely together, the density is higher. Many 
branched molecules cannot be close together so there will 
be less crystallinity and the density will be lower. Thus, 
amorphous plastics do not have a sharp melting point, and 
crystalline plastics do have a sharp melting point. See amor- 
phous plastic; crystalline plastic; melt temperature; 
molecular bonding; Staudinger, Hermann; Valence. 
With thermoset plastics, where the molecules in the polynier 
are cross-linked by many valency bonds, then a three- 
dimensional network will be formed that will not be affected 
by heat until the temperature is high enough to break up 
the molecules. Such materials will also be rigid and basically 
insoluble. See thermoset plastic. 
temperature and pressure, standard (STP) 0°C at 
1 atin. 
temperature and pressure uniformity See thermo- 
forming, pneumatic control. 
temperature and toughness See molecular weight, 
toughness, and temperature. 
temperature and volume or pressure change See 
isothermal. 
temperature, Avogadro's law See Avogadro's law. 
temperature conditioning The usual is 23°C + 2°C 
(73°F + 3.6"F) and 50% + 5% relative humidity. See 
laboratory accreditation. 
temperature conductivity, super- The phenomenon 
in which certain materials at temperatures usually near ab- 
solute zero (0°K) lose both electrical resistance and mag- 
netic permeability; they have infinite electrical conductiv- 
ity. See plastic, magnetic. 
temperature controller A checklist for eliminating 
controller problems includes heater element burnout, lo- 
cation and depth of sensor as related to response time, type 
of on or off control action (such as proportional control- 
ler), set point control, and proper basic electrical compo- 
nent selection. Proper depth of the sensor in a barrel 

is necessary to obtain the best reading for the melt; 
the deeper the better. Where water is involved, as in 
mold-cooling controllers, the most common problem 
(due to expansion and contraction not properly allowed 
for) is water leaks. With their external pressure-relief 
valves, they ensure discharge outside the cabinet. With 
inside discharge, severe damage can occur to niechani- 
cal and electrical components. See chiller; control, 
fuzzy-logic; coolant; injection-molding melt tem- 
perature; maintenance; mold cooling; mold heat- 
ing; temperature proportional-integral-derivative; 
temperature shallow well. 
temperature controller, heating overshoot circuit 
A device that is used in temperature controllers to inhibit 
temperature overshooting on warm-up. 
temperature controller rate term A feature that is 
added to temperature controllers to anticipate and greatly 
speed response to changing conditions. 
temperature conversion See Appendix B, Conver- 
sion Tables. 
temperature cooling rate See mold cooling rate. 
temperature, critical The temperature above which a 
gas will not liquefy. 
temperature, damping effect See damping gamma 
loss peak. 
temperature, deflection under load See deflection 
temperature under load versus crystallinity; testing. 
temperature differential by infrared See test, non- 
destructive temperature differential by infrared. 
temperature, dry-bulb The temperature of air as indi- 
cated by an accurate instrument corrected for radiation. 
temperature, ductile-to-brittle transition See mo- 
lecular weight, toughness, and temperature. 
temperature, electrical resistance detector (RTD) 
A temperature sensor that is made froin a material such as 
high-purity platinum wire. Resistance of the wire changes 
rapidly with temperatures. These sensors are about 60 times 
more sensitive than thermocouples. See temperature 
sensor. 
temperature flexibility, plastic Flexible (elastomer) 
plastics at  room temperature become less flexible as they 
are cooled and finally become brittle at some temperature. 
This property is often measured by torsional test over a 
temperature range. See test, torsional; torsional 
strength. 
temperature, freeze The temperature at which mate- 
rial is rigid enough to be parted or ejected from a device 
(mold, continuously casting moving belt, etc.). 
temperature, heat distortion See deflection tem- 
perature under load; testing. 
temperature, homologous The ratio of the absolute 
teniperature of a material to its absolute melting tempera- 
ture, usually measured in Celsius. See melt temperature, 
absolute; temperature, absolute zero. 
temperature index See fire retardance. 
temperature, liquid 
perature. 

See glass filament liquid tem- 
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temperature, low See chemistry, cryo-; cryogen- 
ics; ethylene glycol. 
temperature, Martins See test, Martins tempera- 
ture. 
temperature measurement Temperatures can be 
measured with a thermocouple (T/C)  or resistance tem- 
perature detector (RTD). T/Cs tend to have a shorter 
response time, while RTDs have less drift and are easier to 
calibrate. Traditionally, proportional-integrated derivative 
controls have been used for heating and on-off control for 
cooling. More recently, fuzzy logic control (FLC) has 
been used, which, because of the lack of overshoot on 
startup, results in achieving the setpoint more rapidly. An- 
other unique advantage of FLC is its multivariable control, 
where more than one measured input variable can affect 
the desired output result. With PID one measured variable 
affects a single output variable. Two or more PIDs may 
be used in a cascade fashion, but with more variables they 
are not practical to use. See dilatometer; pyrometer; 
temperature sensor; thermocouple; thermometer. 
temperature, melt See melting temperature. 
temperature method 30/30 See melt-temperature 
effectiveness. 
temperature properties of plastics Most plastics can 
take greater heat than humans or buildings can take. Some 
cannot take boiling water, others operate at 150°C 
(300"F), and a few up to 540°C (1,000"F). Then there are 
plastics that reach 1,370"C (2,500"F) with exposures in 
fractions of a second. Performance is influenced by short- 
to long-time static and dynamic mechanical requirements. 
See ablative plastic; insulation resistance; polymor- 
phism; pyrone plastic. 
temperature proportional-integral-derivative con- 
trol algorithm Pinpoint temperature accuracy is esseii- 
tial to be successful in many fabricating processes. To  
achieve it, microprocessor-based temperature controllers 
can use a proportional-integrated-derivative control algo- 
rithm that is acknowledged to be accurate. The unit will 
instantly identify varying thermal behavior and adjust its 
PID values accordingly. See accuracy; algorithm; con- 
trol drive, optimized; control, fuzzy logic; motion- 
control system; process control; repeatability; tem- 
perature; temperature controller. 
temperature protection See coating, intumescent. 
temperature rate versus chemical reaction See 
chemical reaction versus temperature rate. 
temperature recalescence The increase in ternpera- 
ture that occurs after cooling because the rate of liberation 
of heat during transformation of a material exceeds the rate 
of dissipation of heat. 
temperature resistance See chemical and physical 
characteristics. 
temperature, room (RT) A temperature in the range 
of 20 to 30°C (68 to 86°F) or as specified with an atmo- 
sphere of unspecified relative humidity. See condition- 
ing; service condition; temperature conditioning. 
temperature, room cure See adhesive, room-tem- 
perature cure. 

temperature, self-ignition See combustion, auto- 
ignition point. 
temperature sensitivity It is generally recognized that 
increasing the temperature of plastics increases their 
atomic vibration and molecular mobility, resulting in re- 
duced melt viscosity. Thus, for example, during plastica- 
tion when a plastic melt is too viscous, the first reaction 
could be to increase the temperature of the melt. The ef- 
fect of molecular-weight distribution on this relationship 
beconies complex. With PES broadening the MWD de- 
creases the sensitivity of melt viscosity to temperatures, 
whereas with PSs broadening the MWD increases temper- 
ature sensitivity. Methods of expressing molecular aver- 
ages and distributions, and the combined effects of 
branching, may be responsible for the discrepancy. See 
melt-temperature effectiveness; molecular-weight 
distribution; polymer, branched. 
temperature sensor A device that is used for teiiipera- 
tures in the ranges experienced in plastic processing equip- 
ment. The thermocouple is the most common. The resis- 
tant temperature detector provides stability; its variation 
in temperature is both repeatable and predictable. The 
thermister is also used. See sensor; temperature, elec- 
trical resistance detector; temperature measure- 
ment; thermister; thermocouple; thermometer; 
zero power resistance. 
temperature set The temperature at which a plastic 
material (elastomer, adhesive, etc.) produces a product or 
assembly that is subjected to set (solidify or cure) the niate- 
rial. See cure. 
temperature shallow well The location of a tenipera- 
ture sensor that is more responsive to changes in ambient 
rather than melt temperature in a plasticator. It  is usually 
coordinated with temperature measurements in a deep 
well sensor located near the melt. See temperature con- 
troller. 
temperature shrinkage of plastic See coefficient of 
linear thermal expansion. 
temperature, softening range The temperature at 
which a plastic is sufficiently soft to be distorted easily. 
Various tests exist, and the temperatures arrived at may 
vary according to the particular test method. Softening 
range is sometimes erroneously referred to as the sqfter?in<q 
point. See softening point; thermomechanical anal- 
ysis. 
temperature solidification point An empirical con- 
stant that is the temperature at which the liquid phase of 
a substance is in approxiniate equilibrium with a relatively 
small portion of the solid phase. 
temperature stability The percent change in tensile 
strength or in percent elongation as measured at a specified 
temperature and compared to values obtained at the stan- 
dard conditions of testing. 
temperature-time dependent See designing with 
the pseudoelastic method. 
temperature, time, pressure cycle See cycle; pro- 
cess control. 
temperature timing and sequencing Most processes 
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operate more efficiently when functions must occur in a 
desired time sequence or at prescribed intervals of time. 
In the past, mechanical timers and logic relays were used. 
Now electronic logic and timing devices predominate. 
These programmable logc control devices provide opera- 
tions with sophisticated and controllable functions. 
temperature transition The temperature at  which the 
properties of a material change. Depending on the niate- 
rial, the transition change may or may not be reversible. 
Also called ductile-to-brittle transition temperature. See mold- 
cavity melt-flow analysis. 
temperature versus reaction rate See Arrhenius 
equation. 
temperature versus time See exotherm. 
temperature, wet-bulb The temperature that is 
reached by a wet surface when exposed to air. This teni- 
perature together with dry-bulb temperature can be used 
to determine relative humidity. Measurement is by a psy- 
chrometer instrument where an ordinary mercury ther- 
mometer has its bulb covered with a wet cloth. When the 
cloth is exposed to air, the water evaporates and a tempera- 
ture is indicated. 
tempered Reheated to some temperature below the 
critical heat treating range and subsequently cooled to 
change properties, such as toughness or brittleness. 
tempering See annealing; hardening, case. 
template 
material to required shapes for fabricating or assembly. 
tenacity See yarn tenacity. 
tensile analysis A test that is used to characterize the me- 
chanical properties of niaterials (plastic, metal, wood, etc.). 
Important information is obtained, such as the material’s 
elastic properties, yield, strength, and toughness based on 
the stress-strain data obtained. See stress-strain curve. 
tensile area reduction 
tensile bar 
tensile elastic limit 
tensile elongation, maximum The maximum elon- 
gation at the time of failure. Also called ultimate elongation 
or break elongation. 
tensile elongation, percent The extension of a uni- 
form section of a specimen expressed as percent of the 
original length. 
tensile elongation, ultimate The elongation at the 
time of rupture. 
tensile elongation unit In a tensile test, the ratio of the 
elongation to the original length of the specimen-that 
is, the change in length per unit of original length. See 
elongation. 
tensile extensometer See strain extensometer. 
tensile gauge length The length over which deforma- 
tion is measured for different test specimens. Electronic 
sensors are used to measure the elongation of tensile test 
specimens. The deformation over the gauge length Jeter- 
mines strain. See sensor. 
tensile green strength The tensile strength of a raw 
material, such as unvulcanized rubber or elastomer mate- 
rial. A high green strength is desirable in those processing 

A pattern that is used as a guide for cutting 

See test area reduction. 
See tensile test specimen. 

See stress, elastic-limit. 

operations in which the integrity of a shape piece of the 
material needs to be maintained. While cure is not com- 
plete, it allows removal from the mold and handling with- 
out tearing or permanently distorting the material. See 
plastic green strength; rubber processing; vulcani- 
zation. 
tensile heat distortion temperature See deflection 
temperature under load; testing. 
tensile hysteresis A retardation of the strain when a 
material is subjected to a force or load. See hysteresis 

tensile set The extension that remains after a specimen 
has been stretched and allowed to retract in a specific man- 
ner expressed as a percentage of the original length. 
tensile strain recovery The percent of recoverable ex- 
tension of the total extension that occurs in a material. It 
includes both irnniediate recovery and delayed recoveiy. 
tensile strain rupture The elongation that is necessary 
to cause rupture of the test specimen; the tensile strain at 
the moment of rupture. See rupture. 
tensile strength The niaxiniuni tensile stress that a 
specimen can sustain in a test carried to failure. The maxi- 
nium stress can be measured at or after the failure or 
reached before the failure. Behavior of failure relates to 
the materials viscoelastic behavior. Also called maximum or 
ultimate tensile strength or tensile stren‘qth ut break. See cross- 
linking network characteristic; fatigue strength ver- 
sus tensile strength; fracture strength; neck-in; plas- 
tics, theoretical versus actual values of; strength; 
stress-strain curve; tensile green strength; test, NOL 
ring; yield strength. 
tensile stress The force that is related to the original 
cross-section of the specimen prior to its usual neck-down 
reduction; however, when the neck-down area is used, 
technically the actual stress is obtained. See rheometer, 
dynamic; stress; yield point. 
tensile stress, actual The force that is related to the 
sniallest cross-section of the test specimen at any time of 
the test. 
tensile stress at a given elongation The stress that is 
required to stretch the uniform cross-section of a test spec- 
imen to a given elongation. 
tensile stress necking The localized reduction in cross- 
section of the test specinien that occurs during its elonga- 
tion when the loading is applied. See neck-in. 
tensile stress-strain curve The area under the stress- 
strain curve is proportional to the energy required to break 
the plastic; the larger the area, the more energy required. 
Thus, it is sometimes called the touglzness of the plastic. 
However, certain plastics, particularly reinforced plastics, 
are exceptionally tough, hard, and strong even though 
their area is extremely sniall. See mean and standard 
deviation; stress-strain curve; toughness. 
tensile test See test, short-time-behavior; tensile 
analysis; tensile testing machine. 
tensile testing machine An apparatus that transmits 
the force to apply a load on the test specimen and simulta- 
neously record the specimen’s stretch (strain). A stress- 

loop. 
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strain curve is provided. They can be programmed to be 
extremely useful in quality control. See testing. 
tensile testing-machine test rate The speed at which 
its cross-head moves. An increase in strain rate typically 
results in an increasing yield point and strength. Test 
methods specify speed of testing for the different materials 
(soft to rigid) to be tested since test results can be affected 
by the time-dependent factor. 
tensile test specimen A properly prepared molded or 
machined test specimen of specific diniensions that is used 
to determine the tensile properties. Various shapes and 
sizes are used to meet performance requirements. Also 
called a bar. 
tensile thermal inversion The decrease in tensile force 
with increase in temperature that is necessary to maintain a 
constant length of a plastic such as an elastomer. It  occurs 
only at low elongation (less than 10%); at higher elongation 
thermal-elasticity occurs. It is caused by the thermal expan- 
sion of the elastomer that increases the length in the un- 
strained state and thereby reduces the effective elongation. 
tensile viscoelasticity Plastics respond to stress with 
elastic strain. In these materials, strain increases with longer 
time and higher temperatures. See viscoelasticity. 
tensile volumetric change See tensile stress necking. 
tension A uniaxial force that tends to cause the exten- 
sion of a body or the balancing force within that body 
resisting the extension. 
tension control See extruder-roll tension control; 
extruder-web tension control. 
tension fatigue A fracture through a crack growth of 
a component or test specimen that is subjected to repeated 
tensile defomiation. See fatigue. 
tension impact test A method for determining the en- 
ergy that is required to fracture a specimen under shock 
tensile loading. See test, impact. 
tension, interfacial The contractile force of an inter- 
face between two phases. See interface. 
tension member Any component that carries horizon- 
tal tension loads. 
tension parallel The imposition of a tensile stress that 
acts in a direction parallel to the longitudinal or fiber direc- 
tion of a material such as film, sheet, reinforced plastic, 
or wood. See directional property; film; orientation; 
reinforced plastic; sheet; wood. 
tension-recovery chart In tension testing, a continu- 
ously plotted graph of tension versus extension resulting 
from a tension-recovery cycle. 
tension set The strain remaining after a test piece or 
product has been stretched and allowed to retract. See set; 
strain. 
tension shrink film The force per original average 
cross-sectional area that is developed by a film in a speci- 
fied direction and at a specific temperature in its attempt 
to shrink while under restraint. See orientation; orien- 
tation, shrink-film; thermoforming, shrink wrap- 
ping. 
tension tie The strapping that is applied with mechani- 
cal tools. See strapping tape. 

tension winding See extruder take-off winder; fil- 
ament winding. 
tenter frame See orientation, tenter frame and roll. 
terephthalate An organic chemical that is used in the 
nianufacture of (thermoplastic) linear crystalline polyester 
plastic fi lm and fibers by combination with glycols. See 
crystalline plastic; polyethylene plastic; thermo- 
plastic. 
terpolymer See polymer, ter-. 
test A determination by technical means the properties 
and performances of plastics. It  should involve the applica- 
tion of established scientific principles and procedures and 
should specify what requirements are to be met. Testing 
yields basic information about plastics performance, the 
properties of materials, quality with reference to standards, 
finished products, and designing with plastics. Most tests 
are destructive tests, but some are nondestructive tests. 
Various types of test equipment are available for the de- 
structive and nondestructive evaluation of materials and 
products. Tests can characterize plastic properties in the 
raw material stage, during processing, and in the final fab- 
ricated product. Simple to complex tests are used, de- 
pending on what is required to be determined or analyzed. 
Thermal, optical, chemical, mechanical, physical, and 
electrical tests can be conducted. All kinds of properties 
are determined, such as density, morphology, molecular 
structure, and hot melt strength. See fiber; filament; 
testing; yarn. Tests outlined can be conducted on practi- 
cally any requirement. Many tests are outlined in specifi- 
cations and standards. Most standardized laboratory tests 
are at best a siniplification or approxiniation of what may 
happen to a finished product in use. However, when 
properly analyzed and applied, tests have been exception- 
ally functional in producing successful products with all 
kinds of materials for centuries. See quality control. See 
computer-aided testing; computer database; creep; 
design-failure theory; design, safety factor; fatigue; 
inspection; legal matter: product liability; modulus; 
quality optimization goal; production performance; 
quality assurance; reliability; shear; specification; 
standard; statistical material selection, reliability; 
test analysis, micromechanical; test data and uni- 
form standards; test, nondestructive; test, organo- 
leptic; thermal analysis; torsion. 
test, abrasion A test that determines the abrasion resis- 
tance of materials. For example, the Taber abrasion test 
measures the weight loss of a plastic or other material after 
it is subjected to abrasion in a Taber abrader for a pre- 
scribed number of specimen disk rotations (usually 1,000) 
and at a specific setting of weight and type of grit surface 
used. The abrader consists of an idling abrasive speed-con- 
trolled rotating wheel with the load applied to the wheel. 
The abrasive action on the specimen simulates that ofroll- 
ing with slip. See abrasion. 
test, adhesive scotch-tape A method of evaluating the 
adhesive bond to a plastic substrate. Pressure-sensitive ad- 
hesive tape is applied to an area of the adhesive coating, 
which is sometimes cross-hatched with scratch lines. Ad- 
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hesion is considered to be adequate if the tape pulls off no 
coating when it is removed. 
test, aircraft canopy Early during the 1930s, the U.S. 
Navy developed a useful canopy “chicken” impact test that 
continues to be used with certain modifications. A 4 lb (2 
kg) chicken is fired out of a cannonlike device to evaluate 
and set degree ofimpact damage. See impaction. 
test, aluminum wettability The extend to which the 
residual rolling oil has been removed in the annealing pro- 
cess. The test uses different solutions of ethyl alcohol in 
distilled water, usually in increments of 10~01%. Also 
calledfoil wettability or dryness. See wettability. 
test analysis, micromechanical A method for de- 
termining the strength and endurance of a material under 
stress. Moduli, strain, strength, and toughness are mea- 
sured microscopically. These parameters are useful for nia- 
terial selection and design. Their mechanisms of deforma- 
tion and fracture are affected by the viscoelastic behavior 
of plastics. The fracture behavior of materials, especially 
macroscopically brittle materials, is governed by the mi- 
croscopic mechanisms operating in a heterogeneous zone 
at the crack tip or stress initiation area. T o  supplement 
macromechanical investigations and advance the knowl- 
edge of the fracture process, micromechanical nieasure- 
ments in the deformation zone are required to determine 
local stresses and strains. In thermoplastics, craze zones can 
develop that are important microscopic features around a 
crack tip governing strength behavior. Fracture is pre- 
ceded by the formation of a craze zone that is a wedge- 
shaped region spanned by oriented microfibrils. Methods 
of craze-zone measurements include optical emission 
spectroscopy, diffraction techniques, scanning electron 
microscope, and transmission electron microscopy. See 
brittle; crack; crazing; fracture; modulus; spectros- 
copy; strain; stress; testing; viscoelasticity. 
test area See cleanroom. 
test area reduction The difference between the origi- 
nal cross-sectional area of a tensile test specimen and the 
area of its smallest cross-section after the test expressed as 
a percentage of the original. 
test, bearing-strength A method of determining the 
behavior of materials that are subjected to edgewise loads, 
such as loads applied to mechanical fasteners (plastics, etc.). 
For plastics, a flat rectangular specimen with a bearing hole 
centrally located near one end is loaded gradually either in 
tension or compression. Load and longitudinal deformation 
of the hole are measured frequently or continuously to rup- 
ture, with resulting data plotted as a stress-strain curve. For 
this purpose, strain is calculated by dividing change in the 
hole diameter in the direction ofloading by the original hole 
diameter. Bearing stress is calculated by dividing the load by 
the bearing area and is equal to the product of the original 
hole diameter and specimen thickness. Test results are in- 
fluenced by the edge-distance ratio-that is, the ratio be- 
tween the distance from the center ofthe hole to the nearest 
edge of the specimen in the longitudinal direction and hole 
diameter. See bearing; stress-strain curve. 
test, biocompatibility See ISO-10993 certification. 

test, bubble A form of leak test for a closed gas con- 
tainer in which a leak is indicated by the formation of a 
bubble at  the site of the leak. 
test, burst Mullen A hydraulic bursting strength test for 
materials such as films, sheets, and fabrics using a hydraulic 
diaphragm tester. See burst strength; punching device; 
test, impact; test, tear-resistance. 
test, carcinogenicity A test for determining the poten- 
tial of a device or material that comes in contact with a 
person to cause or incite the growth of malignant cells 
(that is, its carcinogenicity). This issue is addressed in the 
set of biocompatibility standards that were developed as 
part 3 of ISO-10993, the standard that pertains to geno- 
toxicity, carcinogenicity, and reproductive toxicity. The 
standard describes carcinogenicity testing as a means to de- 
termine the tumorigenic potential of devices, materials, or 
extracts to either a single or multiple exposure over a pe- 
riod of the total lifespan of the test animal. The circuin- 
stance under which such an investigation niay be required 
is given in part 1 of ISO-10993. See biocompatibility; 
ISO-10993 certifications test, medical-device com- 
patibility. 
test, cavitation erosion An instrument whose driving 
frequency is in the ultrasonic range of greater than 20,000 
Hz. See cavitation erosion; ultrasonics. 
test certification A written, printed, or signed docu- 
ment that attests to the validity of the test performed. See 
inspection; ISO-9000 certification; ISO-14000 certi- 
fication; processor certification; productivity. 
test, chemical For many problems, spectroscopic tech- 
niques serve to identify unknown plastics rapidly. How- 
ever, depending on the information sought and the avail- 
ability of equipment, simple chemical tests inay serve as 
well or better than elaborate instrumental procedures. For 
example, the way a material burns, solubility or elemental 
analysis, origin, or price inay serve to identify or to allow 
a choice to be made between one of several materials. See 
spectroscopic analysis. 
test, chemical property A inaterial characteristic that 
relates to the structure of a material and its formation from 
the elements. These properties are usually measured in a 
chemical laboratory. They cannot be determined by visual 
observation. It is usually necessary to change or destroy a 
material to nieasure a chemical property. See chemical 
analysis; mechanical property; periodic table. 
test, coating electrical-spark An electrical test in 
which a spark is used to detect discontinuity of a coating. 
test, cold-bend A test that measures the flexibility of 
elastomeric plastics at low temperatures that simulate the 
conditions intended for its use. See bend test; flexural 
property. 
test, color A quantitative analysis of a substance that 
compares the intensity of the color produced in a sample 
by a reagent with a standard color produced in a solution 
of known strength. See colorimeter; color standard; 
test, organoleptic. 
test compliance A term that is used in the evaluation 
of stiffness and deflection. 1. The reciprocal of Young’s 
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modulus. See coefficient of elasticity. 2. The reciprocal 
of shear modulus. 
test, compression-property Most tests that evaluate 
characteristics of plastics are performed in tension or flex- 
ure; thus, compressive stress-strain behavior is not well de- 
scribed for many plastics and not usually necessary for eval- 
uation. Generally behavior differences in compression and 
tension of their stress-strain response can be considered 
negligible and so are neglected. For example, tensile secant 
modulus may be used, and generally the Compression 
modulus is reported as an initial modulus. This determines 
the behavior of a material that is subjected to a uniaxial 
compressive load at a controlled speed until it fails. Load 
arid deformation measurements are made so that a stress- 
strain diagram can be obtained. The S-S diagram deter- 
mines ultimate strength, elastic limit, modulus of elasticity, 
proportional limit, and yield strength. See compression 
plane strain; elastic stability; loading edgewise; 
modulus, secant; modulus, tension; stress-strain 
curve; stress-strain measurement; testing. 
test condition See service condition. 
test, conductivity In evaluating the electrostatic dis- 
charge of plastics, volunie arid surface resistivity, electrical 
resistance, and static decay rate tests are conducted. These 
tests are also conducted for electromagnetic interference 
and radio-frequency interference shielding material, and 
in addition they are subjected to a shielding-effectiveness 
test. See electrical conductivity; electrical surface 
resistivity; electrical-volume resistivity; electro- 
magnetic interference; electromagnetic interference, 
shielding-effectiveness of; insulation resistance; 
static; static decay rate. 
test, consumer and flavor 
test, container column crush A measure of resistance 
of a plastic container to deformation under a vertical load 
that is applied along the container’s vertical axis. 
test coupon A specimen for a specific test. Also called 
tpst specimen. See test method. 
test, crack-growth-resistance In the Di Matteo Flex- 
ing Machine Test, crack-growth resistance may be ex- 
pressed as the number of cycles needed under repeated 
bend flexing to reach a specified crack length or rate of 
cracking during a specified portion of the test. See crack 
growth; fatigue; fracture. 
test, creep 
test, cup-flow A test in which plastic is fed into a speci- 
fied sized mold cavity and the mold is closed under speci- 
fied pressure. The time it takes for the mold to close con-  
pletely, expressed in seconds, is the cup-flow value. See 
test, melt-flow. 
test, curing plastic See flow; test, hardness Barcol; 
test, plastometer melt-flow. 
test data and uniform standards For the initial selec- 
tion of plastic materials, single-point data values are ac- 
ceptable (generally they are the only ones available). For 
applications over given ranges of property requirements 
(based on product perfomiance requirements), the func- 
tional dependency of properties need to be detemiined 

See test, organoleptic. 

See designing with creep data. 

based on factors such as time, temperature, and static and 
dynamic load measurements. Practically all properties re- 
ported on a technical data sheet are so-called standard static 
test conditions, typically at  room temperature. In the real 
world when precision and extreme accuracy is required, 
property results achieved in one laboratory niay not niatch 
those obtained in another laboratory. Fabrication and 
preparation of test specimens, method of running a specific 
test (grip, speed, etc.), and other factors can cause results 
to differ. See computer software; design technology; 
dynamic analysis; plastic material selection; speci- 
fication; standard; statistical material selection, reli- 
ability of; temperature, room; test; test method. 
test, deflection temperature under load (DTUL) 
The temperature at which a sample cantilever beam de- 
flects a given amount under load under specific testing 
conditions. DTUL can be used as a guide with proper 
interpretation. Also called dirtartion temperature. See an- 
nealing; flexural strength; heat deflection tempera- 
ture; test, heat; distortion-point; test, Martins tem- 
perature. 
test, deflection temperature under load versus crys- 
tallinity A high degree of crystallinity, as in HDPE, PP, 
and nylon, has little or no effect on the rigidity of the 
glassy amorphous state at low temperatures and only minor 
effect on the phenomenon of their glass transition. But it 
introduces so much stiffening into the flexible state that it 
becomes quite tough and rigid. This behavior extends to 
much higher temperatures until a true crystalline melting 
occurs quite sharply to a fluid liquid state. See glass tran- 
sition. 
test, degree of If a failure of a part could be catastrophic 
to life, then extensive and usually expensive testing is nec- 
essary. If only a certain weight of the part is required, then 
that test is all that needs to be performed. Where large 
production runs of products are being made, extensive 
testing is required of the raw plastic materials and equip- 
ment operations. 
test, designated No single set of rules designates which 
tests are to be conducted to manufacture a part repeatedly 
with zero defects. The tests depend on the required perfor- 
mance that is usually set by the customer. There are many 
standard, industry-accepted tests that are conducted on 
raw materials such as the melt-index tester and other rheo- 
logical test equipment that can be used as the melting oc- 
curs during fabrication. For example, there are practically 
an unlimited number of ways to run, dimensional tests dur- 
ing fabrication. 
test, destructive A test that destroys the saniples or 
products. See test, nondestructive. 
test, dielectric A test that consists of the application of a 
rated voltage for a specific time to determine the adequacy 
against breakdown of insulating materials under nornial 
operating conditions. See dielectric; test, nondestruc- 
tive electrical; test, nondestructive electrical eddy 
current. 
test, electrical eddy current See test, nondestruc- 
tive electrical eddy current. 
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test, fatigue S-N diagram See fatigue S-N dia- 
gram. 
test, fire cone and lift UL uses several tests to obtain 
fire-performance data. The response of a material to fire 
involves a variety of parameters, including heat-release 
rate, smoke-density rate, time to ignition, and lateral 
flames spread. The cone calorimeter which tests for heat 
and visible-smoke release rate is named for the electrical 
heater rod that is wound into the chape of a truncated 
cone. Rate of heat release is the primary measurement ob- 
tained and probably the most important fire-performance 
measurement, since almost all of the other processes in- 
volved in fire development are driven by heat-release rate. 
The lift test is used for the two procedures of measuring 
ignition and lateral flame spread. See fire; ignition tem- 
perature; Underwriters’ Laboratory fire-resistance 
index. 
test, fire tunnel A test that provides a comparative as- 
sessment of the surface burning characteristics of materials 
on a relatively large scale. Different results are reported. 
Important data are the flame spread distance versus time 
on materials to determine the flame spread index. It is 0 
for incombustible cement-asbestos board and 100 for red 
oak. Values below 25 are materials normally rated as in- 
combustible, 25 to 50 as fire resistant, 50 to 75 as slow 
burning, 75 to 200 as combustible, and over 200 highly 
combustible. Also called the Steinev tunnel test. See fire; 
flammability; limiting index oxygen; test, flame 
spread index; underwriters’ Laboratory. 
test, flame spread index (FSI) A number classification 
indicating a comparative measure derived from observa- 
tions made during the progress of the boundary of a zone 
flame under defined test conditions (ASTM E-84). See 
test, fire tunnel. 
test, flexometer A machine that subjects a test speci- 
men to a cyclic deformation load that may be in compres- 
sion, tension, flexural, or shear. 
test, foam-pressure A test that measures pressure, rise 
height, and temperature and that simulates the foaming 
action during processing. For example, pressure measure- 
ment is valuable for analyzing rigid foams used in cavity 
filling. Also for molded foams where the pressure versus 
time curve helps determine when to open the mold for 
the shortest cycle time without cracking the foam. See 
foam. 
test, force-extension Force-strain is usually called 
stress-strain. The plot or curve that develops depends on 
the rate of extension, the ambient temperature, the type 
of plastic, and its molecular state. From the low-extension 
region of such curves, various moduli can be derived, such 
as from the terminal region (strength), from the overall 
shape of the curve (ductility) and inferences on the poten- 
tial utility of the material. Thus, much useful information 
can be derived from what is a simple test. However, there 
are limitations to the data that stem from this simplicity 
and that apply to the complexity of plastic materials such 
as their viscoelasticity. See modulus; molecular struc- 
ture; stress-strain curve; viscoelasticity. 

test, fusion Kling A method for determining the rela- 
tive degree of fusion of flexible PVC sheets, coated fabrics, 
and thin sections of cast or molded parts by immersing the 
folded specimen in a solvent and noting the time it takes 
for disintegration to occur. Typical solvent systems use 
MEK, ethyl acetate, and carbon tetrachloride. The pre- 
ferred system is one that will initiate degradation within 
5 to 10 min on a fully fused specimen. See coating. 
test, hardness Barcol A test that measures the hardness 
of a plastic by using a Barber Coleman spring-loaded in- 
denter. It gives a direct reading on a 0 to 100 scale, with 
a higher number indicating greater hardness. This test is 
often used to measure the degree of cure for plastics, par- 
ticularly, thermoset plastics. Also called Burcol iwiywsser. 
test, hardness Brinell A common test that is used to 
determine the hardness of a material by indentation of a 
specimen. Pressing a hardened steel ball generally 10 nim 
diameter down on a specimen carries out the test, and the 
diameter of the impression that is formed provides a basis 
for calculating hardness. 
test, hardness Knoop A test that measures hardness by 
a calibrated machine that forces a rhombshape, pyramidal 
diamond indenter having specified edge angles under spe- 
cific small loading conditions into the surface of the test 
material; the long diagonal in the material is measured after 
removal of the load. 
test, hardness Mohs A measure of the scratch resis- 
tance of a material. The higher the number, the greater 
scratch resistance, with number 10 being termed diamond. 
test, hardness Rockwell A number that is derived 
from the net increase in the depth of an impression as the 
load on an indenter is increased from a fixed ininor load 
(10 kgf) to a major load and then returned to the niinor 
load. This number consists of the number of scale divi- 
sions, each corresponding to 0.002 nun vertical movement 
of the indenter. Kockwell scales, designated by a single 
capital letter of the English alphabet (e.g., Rockwell M., 
Rockwell R.); vary depending on the diameter of the iri- 
denter and the major load. 
test, hardness scleroscope A dynamic indentation 
hardness test using a calibrated instrument that drops a dia- 
mond-tipped hammer from a fixed height onto the surface 
of the material being tested. 
test, hardness Shore A test of the indentation hardness 
of a material as determined by the depth of an indentation 
made with an indenter of the Shore-type durometer. The 
scale reading on this (scelroscope) durometer is from zero 
(corresponding to 0.100 in. depth) to 100 for zero depth. 
The Shore A indenter has a sharp point, is spring-loaded, 
and is used for the softer plastics. The Shore B indenter 
has a blunt point, is spring-loaded at a higher value, and 
is used for harder plastics. 
test, hardness Vicat A determination of the softening 
point for thermoplastics that have no definite melting 
point. The softening point is taken as the temperature at 
which the specimen is usually penetrated to a depth of 1 
mm2 (0.0015 in.’) circular or square cross section, under 
a 1,000 g load. 



534 Concise Encycloppedia of Plastics 

test, heat distortion-point The temperature at which 
a standard test bar deflects 0.010 in. under static load either 
at 66 or 264 psi with the temperature increasing 2’C/min. 
See elastic memory; deflection temperature under 
load versus crystallinity; testing. 
test, heat pendulum Wiegand An apparatus that 
demonstrates the Gough-Joule effect. I t  includes a pendu- 
lum 50 that an elastomer or rubber material is loaded under 
stretch conditions. Heat from a lamp causes the niaterial 
to contract and swing the pendulum. This action pulls the 
niaterial into a shaded area, where it extends and moves 
the pendulum back to the original position, whereupon 
the cycle repeats. See elastomer; heat effect, Gough- 
Joule; rubber. 
test, impact A type of test for shock loading where the 
e n e r g  that is required to cause complete failure is re- 
ported. Tests include ball or falling dart using different 
weights and heights, bullet-type instantaneous impacts, 
and pendulum types. See automobile bumper fascia; 
energy absorption; impaction; joule; test, burst 
Mullen; test, nondestructive impact RP coin tap- 
ping; test, tear-resistance. 
test, impact bag-drop Film impact strength can be de- 
termined by several different methods. In the bag drop 
test, materials (sand, beans, golf balls, etc.) are dropped 
from a specific height onto a film that is on a smooth, hard 
surface. The niaxiniuni height that the bag will sustain 
three successive drops without bursting serves as a measure 
of the film’s impact strength. Variations of this test are used 
to end-use requirements, such as film that is clamped into 
a frame so that contact is made only on the free-moving 
film, a bag that contains water or film that is frozen. See 
packaging, grocery-bag. 
test, impact ball-burst film Pendulum impact resis- 
tance determines film toughness. The force required to 
rupture the film is indicated on a scale. See toughness. 
test, impact Charpy A centrally notched (or un- 
notched) sample bar is held at  both ends and broken by 
striking the back face in the same place as the notch. 
test, impact coin See test, nondestructive impact 
RP coin tapping. 
test, impact dart-drop There are several types of fall- 
ing-dart specification tests for plastic films or rigid parts. 
In each of these tests a weight is dropped from a tower 
onto a specimen. The usual steel weight, known as a tub 
orfulling durt, is usually cylindrical with a rounded nose 
that contacts the specimen. Specimens can be on a support 
frame or clamped to a metal ring. The amount of weight 
and the drop height are varied until half (or more in special 
tests) of the specimens break. See toughness. 
test, impact Gardner A falling ball-impact test that 
utilizes the kinetic energy of a free-falling projectile to as- 
sess the impact resistance of a plastic. The energy is varied 
incrementally by c h a n p g  the dart weight and drop 
height. Specimen failure is defined as a visible crack on 
the underside of the specimen. Typical units of energy are 
joule (J) or foot-pound (ft-lb). 

test, impact Izod The energy that is required to break 
a sniooth or a V-notched specimen that is equal to the 
difference between the energy in the striking member of 
the impact apparatus at the instant ofinipact with the spec- 
imen and the energy remaining after complete fracture of 
the specimen. Also called Izod irnpnct eneyy.  
test, impact loading-rate Comparisons strain rates 
versus deforniation of materials can be made where energy 
losses occurring can be related to impact strength. The 
value of inipact strength is influenced by various factors, 
such as contained residual strains, degree of molecular 
crystallization, increases with increasing temperature (es- 
pecially in the regon of glass transition temperature), and 
type of impact device. Tests include creep and stress rup- 
ture, static, rapid, and different impact devices where strain 
rates range from IO”’ to 10‘ in./in./s. 
test, impact notch-factor The ratio of the resilience 
determined on a plain specimen to the resilience deter- 
mined on a notched specimen. See energy absorption; 
notch sensitive. 
test, impact reverse One side of a sheet is struck by a 
pendulum or falling object, and the reverse side is in- 
spected for damage. 
test, impact tensile Sinlilar to the Izod impact test ex- 
cept a tensile specimen is clamped into a fixture attached to 
a swingng pendulum. The swinging pendulum is released 
from a predetermined height and strikes a stationary anvil 
causing the saniple to rupture. Energy absorbed is reported. 
test, impact tub A falling weight (tub) impact test de- 
veloped for pipe and fittings. 
test, infrared A technique in which a sample is irradi- 
ated with electromagnetic energy from the infrared regon 
of the electromagnetic spectrum (wavelength -0.7 to 500 
mm). It  produces an absorption spectrum or “fingerprint”’ 
of the material. It is commonly used to identify plastics, 
additives, and coatings. See infrared; inspection, infra- 
red; test, nondestructive temperature differential by 
infrared. 
test, iodine value The number of grams of iodine ab- 
sorbed by 100 g of Fat or oil. The test p e s  an indication 
of the degree of unsaturation. 
test jaw The elements of a clamping system that grips 
the test specimen. The grip design and grip load that are 
applied to the sample can have a direct influence on the 
repeatability and validity of test results and the outcome 
of test data. Simple rules that are given in specifications 
exist on how to eliiiiinate any major problems. 
test laboratory A laboratory that measures, examines, 
tests, calibrates, or otherwise determines the characteristics 
or performance of materials and products. 
test laboratories, worldwide approval of A US. 
government directory lists the various labs and forms of 
testing that are endorsed by the National Voluntary Ac- 
creditation Program. It is available from National Institute 
of Standards and Technology, NVLAP Directory, AI 24 
Building, Gaithersburg, MD 20899. See government 
contract directory. 
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test, laminated curved-bar delamination analy- 
sis A potential cause of stiffness or strength degradations 
in laminated or reinforced plastics is the delamination be- 
tween their layers. One of the most appealing geometries 
of a test sample for studying this phenomenon is a semicir- 
cular curve bar shape (C-shape). When such a test speci- 
men is subjected to end forces, the peak radial stress and 
the peak shear stress induced will be identical in magni- 
tudes but are out of phase in the tangential direction by 
~ / 2 .  The peak radial stress is located at midspan point of 
the semicircular curved bar, but the peak shear stresses oc- 
cur at  both ends. The radial distance ofboth the peak radial 
stresses and the peak shear stresses are exactly the same. 
This test permits studying the initiation and subsequent 
propagation of delanlination zones. See laminate; rein- 
forced plastic; strain, flexure of fiber. 
test, leakage See container leakage. 
test, least count The smallest change occurring in test 
results that can customarily be determined and reported. 
test, LOX mechanical-impact-sensitivity See poly- 
arylene ether phosphine oxide plastic. 
test machine, constant rate See tensile testing-ma- 
chine test rate. 
test machine, universal A machine that performs dif- 
ferent tests, such as tensile, compression, flexural, or shear 

test, Maxwell-Wagner effect The effect on dielectric 
properties that is caused by discontinuities or inclusions in 
the dielectric. This results in interfacial polarization and 
the occurrence of a dielectric relaxation at low frequency. 
In some cases, the relaxation may be at a frequency that 
is high enough to be caused by a dipolar relaxation, so 
some care must be taken in the interpretation of test re- 
sults. The heterogeneity niay be a crack or void of a crys- 
talline or amorphous boundary or a highly conductive ini- 
purity that is present in the insulating plastic dielectric. See 
dielectric. 
test, medical-device compatibility The tripartite bio- 
conipatibility guidelines for medical devices were intro- 
duced by the medical-device authorities of the United 
States, United Kingdom, and Canada. They established an 
approach for the evaluation of the toxicity of medical de- 
vices. See hemocompatibility; ISO-10993 certifica- 
tion; medical material and the environment; test, car- 
cinogenicity. 
test, melt-flow Various test methods are used to char- 
acterize plastics for high shear melt processing. Some tests 
relate directly to commercial processing, and others have 
little or no relationship to a specific process. The major 
method used is the melt index. The most exact niethod 
for improving quality and process control is the rheometer 
type. General characterization of flow behavior is offered 
by the steady shear test, such as a capillary viscometer or a 
rotational rheometer. However, some tests are conducted 
with a variable force. See melt flow; test, cup-flow; 
testing; test, melt index; test, melt rheometer. 
test, melt-flow Brabender plasticorder rheometer An 

tests. 

instrument that continuously measures the torque exerted in 
shearing a thermoplastic, thermoset, or compounded material 
over a wide range of shear rates and temperatures, including 
those conditions anticipatedin actualmanufacturing. It records 
torque, time, and temperature on a graph called a plustogrum, 
from which much information can be obtained with regard to 
processability of the plastic. It shows the effect of additives and 
fillers and measures and records lubricity, plasticity, scorch, 
cure, shear, heat stability, and plastic consistency. 
test, melt-flow Canadian A method of determining 
the rheology or flow properties of thernioplastics. It  was 
developed by Canadian Industries, Ltd. (CIL). In this test, 
the amount of melt that is forced through a specified-size 
orifice per unit of time when a specified, variable force is 
applied gives a relative indication of the flow properties 
of the plastic. 
test, melt flow plastometer An instrument for de- 
termining the flow properties of a thermoplastic by forcing 
the melt through a die or orifice of specific size at  a speci- 
fied temperature and pressure. See flow; rheometer; 
viscometer. 
test, melt-flow Rossi-Peakkes An instrument that is 
designed to measure the temperature at which a definite 
amount of plastic will flow through a special orifice when 
subjected to a prescribed constant pressure. 
test, melt-flow spiral A method for finding the flow- 
properties of either thernioplastic or thermoset plastics that 
formulates the distance the plastic will flow under specified 
pressure and temperature along a spiral runner in a mold. 
The test is usually performed using injection niolding for 
thermoplastics. With thermosets a compression or transfer 
molding press may also be used. Plastic is fed into the cen- 
ter of the mold where the spiral starts. Under specifically 
controlled molding conditions, the length of the plastic’s 
melt that flows into the cavity and its weight provide an 
indication of the flow properties. It is niore popular with 
thermoset plastics. See compression molding; injec- 
tion molding; test, molding index; test, thermoset 
flow; transfer molding. 
test, melt-index (MI) A low-cost, easy-to-operate, 
widely used test that is basically a rani extrusion plasticator. 
This so-called rheological device is used for examining and 
studying thermoplastics in many different fabricating pro- 
cesses. It  is not a true viscometer, since a reliable value of 
the viscosity cannot be calculated from the flow index. 
However, it does measure isothermal resistance to flow 
using an apparatus and test method that is standard world- 
wide. In this instrument the unmelted-solid plastic is con- 
tained in a “barrel” with a temperature indicator. An elec- 
trically controlled heater that melts the plastic basically 
surrounds it. A weight drives a plunger that forces the nielt 
through the die opening; the orifice is usually 0.0825 in. 
(0.2096 cni) in diameter when subjected to a force of 
2,160 g at  190OC. The usual procedure involves the deter- 
mination of the amount of plastic extruded in 10 niin (af- 
ter initial flow starts). The flow rate is expressed in 
g /  10 min. More than one test is conducted, and in turn an 
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average is reported. As the flow rate increases, the viscosity 
decreases. 

This MI makes a single-point test that provides infornia- 
tion on the resistance to flow only at a single shear rate. 
Note that the extruder normally requires a low MI when 
compared to injection molding, since it requires melt 
strength when extruding into “open” space, whereas IM 
i s  forced into a closed mold. Because variations in 
branching or molecular-weight-distribution of the plastic 
can alter the shape of the viscosity curve, the MI niay give 
a false ranking of plastics in terms of their shear rate resis- 
tance to melt flow. To overcome this situation, extrusion 
rates are sometimes measured for different loads and other 
modifications are made to the instrument, such as chang- 
ing the size of the orifice. Also called MFI, mel t - fow rate, 
melt$ow index, or base resin melt itidex. See blow mold- 
ing, extruder, plastic melt index; injection molding, 
programmed; melt flow; rheometer; test, melt- 
index; test, melt rheometer; viscosity. 
test, melt index, fractional Thermoplastics have a low 
nielt index of <1. These plastics have higher molecular 
weights and are more difficult to process (extrude, etc.) 
because of their lower rate and greater force requirements 
compared to the lower-molecular-weight plastics. They 
are mainly used where exceptionally high performance re- 
quirenients exist. See thermoplastic. 
test, melt rheometer For a “real” method to charac- 
terize plastic’s melt behavior the capillary melt rheometer 
is used. It is fully automated and covers a wide range of 
shear rates. When used online with extruders many op- 
erating benefits are gained such as improving or ensuring 
quality, reducing scrap, and lowering costs. This instru- 
ment is far superior in understanding melt behavior than 
others. See rheometer, capillary online; test, melt- 
index. 
test method A definitive, standardized set of instruc- 
tions for the identification, measuremelit, or evaluation of 
one or more qualities, characteristics, or properties of a 
material. Test methods differ in the degree to which they 
accurately and precisely assess the properties. Refinements 
are made as their inadequacies have been exposed. Inade- 
quacies in the data can arise more from deliberate attempts 
to limit the escalating costs of testing. The tests are satisfac- 
tory when they are used strictly within limits that are de- 
fined by their testing features and the nature ofthe plastics. 
Any interpretation should always be documented with an 
explanation as to why it was made. See practice; test 
data and uniform standards; test specimen. 
test method conformance The agreement of the 
properties of a sample or lot with specification require- 
ments. See quality control. 
test, microdynamometer An instrument for nieasur- 
ing mechanical force and observing the change in micro- 
scopic appearance of a small specimen. 
test, microtoming optical-analysis In this procedure 
thin slices (under 30 pm) of the plastics are cut from the 

part at any level and microscopically examined under po- 
larized light transmitted through the sample. Rapid quality 
and failure analysis examination occurs by this technique. 
This technique has been used for many years in biological 
studies and by nietallurgsts to determine physical and nie- 
chanical properties. Exaniination can be related to stress 
patterns or mechanical properties. See birefringence; in- 
spection infrared; polarized light; porosity; strain, 
residual; test, nondestructive photoelastic stress- 
analysis. 
test, moisture-content reinforced plastic In addi- 
tion to the usual physical moisture-content determination 
tests, electrical systems are used. For example, in unidirec- 
tional reinforced plastics, the normalized change in resis- 
tance is measured and found to vary with the square of the 
moisture content. For multidimemional KPs, a different 
method is used. A modified, four-terminal method utilizes 
resistance of electrical contacts, which eliminates error. 
Resistance measured across the thickness i s  linearly pro- 
portional to the moisture content. See moisture con- 
tent; test, water-absorption. 
test, molding index A test that is used with thermoset 
plastics where a standard flash-type cup mold under pre- 
scribed processing conditions is used. The molding index 
is the total minimuni force that is required in closing the 
mold. See test, spiral melt-flow; test, thermoset flow. 
test, viscosity Mooney A measure of the viscosity of 
a plastic determined in a Mooney shearing disk viscome- 
ter. See nitrile rubber; viscometer. 
test, NOL ring A parallel filament wound tensile hoop 
test specimen of a specific diameter such 15 cni (developed 
by Bob Bennett at Naval Ordnance Laboratory in the 
1950s) provides a simple means to conduct mechanical 
tests. See ABL bottle; filament winding; reinforced 
plastic; shear strength, short-beam; stress, hoop. 
test, nondestructive (NDT) In destructive testing, the 
original configuration of a test specimen (product) is 
changed, distorted, or even destroyed for the sake of ob- 
taining such information as the amount of force that the 
specimen can withstand before it exceeds its elastic limit 
and permanently distorts (usually called yield rtretgth) or 
the amount of force needed to break it (the tensile strcn<ytli). 
These data are quantitative and can be used to design 
structural parts that would withstand a certain oscillating 
load or heavy traffic usage. However, one could not use 
the test specimen in the part. One would have to use an- 
other specimen and hope that it would behave exactly the 
sanie as the one tested. Nondestructive testing, on the 
other hand, examines without impairing ultiniate use- 
fulness. It does not distort the specimen but provides dif- 
ferent types of data. NDT allows suppositions about the 
shape, severity, extent, distribution, and location of such 
internal and subsurface defects as voids, shrinkage, and 
cracks. NI>T methods include acoustic emission, radiogra- 
phy, infrared spectroscopy, x-ray spectroscopy, magnetic 
resonance spectroscopy, ultrasonic, liquid penetrant, pho- 
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toelastic stress analysis, vision system, holography, electri- 
cal analysis, magnetic flux field, nianual tapping, micro- 
wave, and birefringence. See computer-aided testing; 
computer-aided tomography; liquid, elastic; non- 
destructive test, proof load. 
test, nondestructive acoustic emission When flaws 
or cracks grow in plastic, minute amounts of elastic energy 
are released and propagated in the material as an acoustic 
wave. Sensors placed on the surface can detect these waves 
and provide information about location and rate of flaw 
growth. These principles form the basis for nondestructive 
test methods such as sonic testing. See mathematical 
acoustic impedance; test, nondestructive impact RP 
coin tapping. 
test, nondestructive acoustic-holography A tech- 
nique that permits rather precise observation of dimen- 
sional deviations from the reference configuration, so that 
anomalies can be located. Computer reconstruction pro- 
vides the means for storing and integrating several holo- 
graphic images. A reconstructed stored iiiiage is a three- 
dimensional picture that can be electronically rotated and 
viewed in any iniage plane. The images provide full char- 
acterization and detail of buried flaws. This technique has 
been applied to nondestructive inspection of reinforced 
plastics and other structures. The structure is mounted on 
a stable platform and is then subjected to a stress condition, 
either thermal or mechanical. See holography; inspec- 
tion; test, nondestructive evaluation; test, nonde- 
structive ultrasonic. 
test, nondestructive carbon-fiber reinforced plastic 
x-ray scanning Carbon fibers generally exhibit an in- 
homogeneous and anisotropic arrangement of their con-  
ponents. Traditional methods of nondestructive testing, 
such as ultrasound, radiography, and electrical eddy cur- 
rent techniques, have their place but often give less than 
satisfactory results; also optical and thermal methods have 
only limited depth of penetration. X-ray techniques allow 
the material specific detection of a variety of substances. 
With carbon fiber reinforced plastics (CFRPs), the layers 
with uniform fiber orientation can be selected and identi- 
fied. It  provides any three-dimensional examination of the 
interior of a specimen that is in contrast to computer-aided 
tomography. It  is possible to study not only crystalline 
plastic substances but also those that produce diffuse x-ray 
reflexes. This group includes carbon fibers, plastics, and 
glass. See crystalline plastic; fiber, carbon; reinforced 
plastic. 
test, nondestructive curing See thermoset plastic 
curing, electromagnetic. 
test, nondestructive electrical With nondestructive 
testing, the dielectric constant and dissipation factor (or 
loss tangent) can be used for determining variability in 
filled plastics. See test, dielectric. 
test, nondestructive electrical eddy current A 
method in which eddy current flow is induced in the test 
object. Changes in the flow by variations in the test speci- 

nien are reflected into a nearby coil or coils for subsequent 
analysis by suitable instrumentation and techniques. See 
electrical eddy current, standard depth of penetra- 
tion in the. 
test, nondestructive electromagnetic A nondestruc- 
tive test for materials, including different wavelength re- 
gions, that use electromagnetic energy having frequencies 
less than those of visible light to yield information regard- 
ing the quality of materials. See electromagnetic spec- 
trum. 
test, nondestructive evaluation (NDE) Considered 
synonynious with nondestructive inspection (NDI). More 
specifically, the analysis of NU1 findings is to determine 
whether the material will be acceptable for its function. 
test, nondestructive impact RP coin tapping The 
use of a coin (such as a half dollar) to tap a reinforced 
plastic or laminated structure in different spotc to detect a 
change in sound that would indicate the presence of a de- 
fect, such as a delamination, void, or uncured RP. This 
is a surprisingly accurate impact type test in the hands of 
experienced personnel. It  started during the 1940s and 
1950s when large RP radomes were fabricated. It  was ex- 
tensively and successfully used at the time since acoustical 
test equipment was not available. See laminate; rein- 
forced plastic; test, impact; test, nondestructive 
acoustic emission. 
test, nondestructive inspection (NDI) The process 
or procedure, such as ultrasonic or radiographic inspec- 
tion, for deterniining the quality or characteristics of a ma- 
terial, product, or assembly without permanently altering 
the subject or its properties. See inspection; inspection, 
visual; test, nondestructive acoustic holography. 
test, nondestructive moire fringe analysis A test that 
is used for flat surfaces that are not readily conducive to 
stress evaluation by other means. Measurements of strains 
both elastic and plastic as well as evaluation of high teni- 
perature effects on the part are possible. A transparent film 
with a grid of equidistant lines is initially deposed on the 
part. Deformation in the part due to stresses changes the 
spacing between the grid lilies. When a test grid is super- 
imposed on a nondeformed grid, the superposition pro- 
duces an optical effect known as rnoivc.fiiizges. If the test 
part is not strained and the grids are precisely aligned, no 
fringes will be observed. Visible fringes can be precisely 
measured to determine the degree of strain in a part. See 
deformation; strain; stress. 
test, nondestructive photoelastic stress-analysis A 
technique for the nondestructive determination of stress 
and strain components at any point in a stressed product 
by viewing a transparent plastic product or, if not transpar- 
ent, a plastic coating, such as certain epoxy, polycarbonate, 
or acrylic plastics. This test method measures residual 
strains using an automated electrooptical fast system. This 
concept has been known for over a century. Expressed as 
Brewster’s constant law, it states that the index of refrac- 
tion in a strained material becomes directional, and the 
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change of the index is proportional to the magnitude of 
the strain present. Therefore, a polarized beam in the clear 
plastic splits into two wave-fronts that contain vibrations 
oriented along the directions of principal strains. An ana- 
lyzing filter passes only vibrations parallel to its own trans- 
mitting plane. The constructive and destructive interfer- 
ence creates the well-known colorful patterns seen when 
stressed plastic is placed between two polarized filters. 
Some inforniation about the strain gradients comes from 
observations of the patterns that provide qualitative anal- 
ysis. 

T o  solve the measurement problem and obtain quanti- 
tative results (retardation, magnitude of the residual strain, 
etc.), various techniques are used. An example is using a 
very siniple device known as a wedge compensator 
(ASTM D 4093). It is placed between the light coming 
through the sample and the analyzing filter. The compen- 
sator reverses the retarding action of the induced strains 
in the plastic. Strain is calculated in the compensator by 
multiplying the birefringence (retardation per unit thick- 
ness) by a strain-optic response of the plastic being tested. 
Equal but opposite retardation is established and, when 
superimposed on the retardation caused by the induced 
strain, restores a null. The intensity of the transmitted light 
becomes zero. It is revealed by a visible black fringe. A 
scale on the cornpensator supplies a quantitative reading 
of retardation. See birefringence; infrared inspection; 
light index of refraction; orientation and optical 
property; photoelasticity; polariscope; polarized 
light; strain, residual; test, microtoming optical 
analysis; test, nondestructive temperature differen- 
tial by infrared; test, residual-stress. 
test, nondestructive-radiography A frequently used 
test where x-rays or ganiina rays passing through a struc- 
ture are absorbed distinctively by flaws or inconsistencies 
in the material so that cracks, voids, porosity, dimensional 
changes, and inclusions can be viewed on the resulting 
radiograph. See digital imaging; test, nondestructive 
stress-strain measurement, brittle lacquer tech- 
nique. 
test, nondestructive residual strain See test, non- 
destructive photoelastic stress-analysis. 
test, nondestructive stress-strain measurement, 
brittle lacquer technique A test that provides experi- 
mental quantitative stress-strain measurement data. A brit- 
tle coating is sprayed on a part. As the part is loaded in 
proportion to loads that would be encountered in service, 
cracks begin to appear in the coating. The extent of cracks 
is noted for each increment of load. Prior to this action, 
the coating is calibrated by spraying it on a simple beam 
and observing the strain at which cracks appear. This non- 
destructive test method can be used to aid in placing strain 
gauges for further measurements. See photoelasticity; 
stress-strain curve; test, nondestructive radiogra- 

test, nondestructive temperature differential by in- 
frared In this method, heat is applied to a part, and the 
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surface is scanned to determine the amount of infrared ra- 
diation that is emitted. Heat may be applied continuously 
from a controlled source, or the part may be heated prior 
to inspection. The rate at which radiant energy is diffused 
or transmitted to the surface reveals defects within the part. 
Delaminations, unbonds, and voids are detected in this 
manner. This test is particularly useful with reinforced 
plastics. See inspection, infrared; test, nondestructive 
photoelastic stress-analysis; void. 
test, nondestructive transparent medium light 
schlieren Kegions of varying refraction in a transparent 
niediuin that are often caused by pressure and temperature 
differences and are detectable especially by photographing 
the passage of a bemi of light. See transparent. 
test, nondestructive ultrasonic The back and forth 
scanning of a specimen with ultrasonics. This nondestruc- 
tive testing technique can be used to find voids, delamin- 
ations, and defects in fiber distribution. In ultrasonic test- 
ing the sound waves from a high-frequency ultrasonic 
transducer are beanied into a material. Discontinuities in 
the inaterial interrupt the sound beani and reflect the en- 
ergy back to the transducer, providing data that can be 
used to detect and characterize flaws. It can locate internal 
flaws or structural discontinuities by the use of high-fre- 
quency reflection or attenuation (ultrasonic beam). See 
fiber; laminate, de-; reinforced plastic; ultrasonics; 
void. 
test, nondestructive ultrasonic penetration A rela- 
tive term denoting the ability of an ultrasonic testing sys- 
tem to inspect material exhibiting high absorption or scat- 
tering. See inspection. 
test, nondestructive visual See computer image- 
processor; inspection, vision system. 
test, optical See test, microtoming optical anal- 
ysis. 
test, organoleptic A consumer testing procedure that 
is used for food products, plastics, perfumes, and wines, in 
which samples of various products, flavors, or colors are 
submitted to groups or panels. Such tests are a valuable 
aid to determining the acceptance of products and thus 
may be viewed as a niarketing technique. They also serve 
psychological purposes and are an important means of 
evaluating the subjective aspects of taste, odor, color, and 
other related factors. The physical and chemical character- 
istics of foods are stimuli for the eye, ear, skin, nose, and 
mouth, while receptors initiate impulses that travel to the 
brain, where perception occurs. See color standard; 
odor; packaging, food; polypropylene plastic; test, 
color; testing. 
test, oxygen gas transmission rate (OGTR) An ini- 
portant test for food packaging. Measuring the oxygen 
through film and sheet can be done with a coulonietric 
sensor following the protocols of ASTM D-3985. Results 
are reported in cm3/ni2/day at 23OC (73'F). Also called 
02GTR. See barrier plastic; packaging, food; pack- 
aging, oxygen-scavenger food; permeability. 
test, peel See adhesive peel strength; bond 
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strength; reinforced plastic peel ply; sandwich peel 
torque; strength, pull. 
test, permeability An instrument test for the measure- 
ment of the water-vapor transmission rate or gas-trans- 
mission rate at which these permeate through film. See 
coefficient of gas permeability; coefficient of per- 
meability; test, water-vapor transmission rate; wa- 
ter; water-vapor transmission. 
test, phenol Gibbs indophenol A test for detecting 
the presence of phenols iu finished plastic products. 
test, plastic stability See metastable. 
test, processing See processing via fluorescence 
spectroscopy. 
test, product weight Controlling product weight 
tightly pemiits better control of part performance and cost. 
Both overweight and underweight can pose defect prob- 
lems and undue costs. See cost, product. 
test, proof A test ofa part or system at its peak operating 
level to assess its performance requirements, such as load 
or pressure. 
test, prototype See laser sintering, selective; mod- 
eling; prototype. 
test, residual-stress A thin layer of plastic is removed 
by chemical action. It  is used to evaluate stresses in the 
flat specimen. Relieved by the strains in that layer, the 
remaining specimen curves proportionately so that the re- 
sidual stress in the removed layer can be calculated. The 
sample is sectioned into small elements, thus freeing them 
from balancing stresses. A '/win. hole is drilled at the cen- 
ter of a rosette composed of three strain gauges cemented 
to the desired area. From nieasurenients in the relieved 
strains around the hole, the residual strain at  the center of 
the gauge can be calculated. See adhesive, solvent; light 
index of refraction; stress, residual; test, microtom- 
ing optical analysis; test, nondestructive photoelas- 
tic stress-analysis. 
test sample See risk, acceptable; sampling; sam- 
pling plan; sampling size; test specimen. 
test, scorch Mooney The time to incipient cure of a 
compound when tested in the Mooney shearing disc vis- 
cometer under specific conditions. See cure. 
test set, immediate The deformation found by mea- 
surement immediately after the removal of the load caus- 
ing the load. See elongation, set at break; set. 
test, short-time-behavior A test of the behavior and 
response of material under loads lasting usually only a few 
seconds or minutes up to a maximum of 15 minutes. Such 
short-term tests are used to define the basic or reference 
designing and enpee r ing  stress-strain properties of niate- 
rials (tensile, compression, flexural, shear, etc.). 
test, soap-bubble A type of pressure testing in which 
the tracer gas is detected by bubbles formed in a layer of 
soap solution applied to the surface of the test object. See 
container leakage. 
test, softening point Vicat The teniperature at which 
a flat-ended needle of 1 nim2 circular or square cross-sec- 
tion penetrates a thernioplastic specimen in a silicone fluid 

bath to a certain depth, such as 1 nim, under a specific 
load using a uniform rate of temperature rise. It is used 
with polyethylenes which have no definite melting point 
(crystalline type). See softening point. 
test, sonic Test methods range from the relatively unso- 
phisticated tapping coin test to the sophisticated ultrasonic 
testing. See test, nondestructive acoustic emission; 
test, nondestructive impact RP coin tapping; test, 
nondestructive ultrasonic. 
test, spark 
test specimen A specimen for a specific test. Also called 
test coupon. See test; test method. The presence of water 
in a test specimen represents a coninion probleiii that fre- 
quently can distort test results or produce unreliable or 
unrepeatable results. Water may exist as a contaniinant 
from the atmosphere or from a solution in which the sub- 
stance was formed, or it may be bonded as a chemical 
compound (hydrate). Regardless of its origin, water plays 
an iniportant part in determining the composition of the 
sample. If the moisture is considered detrimental, test pro- 
cedures exist that specifj procedures for the standardiza- 
tion of the specimen by exposing specimens to tempera- 
ture and humidity conditions for prescribed periods of 
time, etc. See test sample. Test results also can vary if 
test specimens have been subjected to different melt flow 
and orientation conditions during processing, even though 
they were within the process-control requirements. Kec- 
ords should be kept on how the specimens were prepared, 
which machine was used, and who its operator was. Test 
results can be coinpared based on processing parameters. 
See fabricating; process control. 
test, stiffness Clash-Berg A test that measures apparent 
modulus of rigidity over a wide temperature range by tor- 
sional means. See physical property; qualitative analy- 
sis; test, chemical property; testing and classification. 
test, stress-strain curve See stress-strain curve. 
test, tear-resistance A popular test that is performed 
on film and thin sheet. The Elniendorf pendulum ASTM 
D-1922 test is performed in both the machine and trans- 
verse directions. Directional tear strengths are reported in 
grams. The tear ratio, TD/TM,  is unitless. See punching 
device; tear failure; test, burst Mullen; test, impact. 
test, temperature Martins A measure of the softening 
teniperature of a plastic. Plastic is heated at a determined 
rate and bends to a certain extent under a defined load. It 
is similar to the heat-distortion temperature but gives a 
somewhat different result. In the Martins test, it is the tem- 
perature at  which a flexural bar specimen deflects by a 
specific amount under a four-point bending load and sub- 
jected to a specified bending stress. The bending is magni- 
fied by the use of a loading ami attached to the upper end 
of its vertically mounted specimen. See test, deflection 
temperature under load versus crystallinity. 
test, tensile See tensile analysis; tensile testing ma- 
chine. 
test, thermal See thermal aging, relative thermal 
index; thermal analysis. 

See test, electrical-spark coating. 
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test, thermo See thermogravimetric analysis. 
test, thermoset flow In Disc Flow I ,  a measured quan- 
tity of plastic, usually used for compression molding, at 
room temperature is compressed between two die plates 
at a specific pressure and temperature. The resultant 
molded disc is measured in thickness to determine flow. 
The thicker the disc, the stiffer the flow. The same proce- 
dure is used in Disc Flow 11, except the diameter is con-  
pared to the diameter of five different-size concentric 
rings. The larger the disc, the softer the flow. See test, 
molding index; test, spiral melt-flow. 
test, torsional A test of how a material behaves when 
subjected to twisting loads. A cylindrical specimen with a 
straight reduced section and longitudinal gauge niarks is 
twisted axially to rupture. A torque-twist diagram is plot- 
ted that is analogous to a stress-strain diagram. Properties 
that can be determined include elastic limit, rnaxinium 
torsional deformation, modulus of rigidity/elasticity, pro- 
portional limit, torsional strength, yield point, and yield 
strength. The torsion test is sometimes used in preference 
to the tension test for brittle materials. For large strains, 
torsion data are considered niore valid than tension tests 
and are often used in the solution of certain mechanical 
design problenis involving shear loading. See damping 
index; temperature flexibility, plastic; torsion; tor- 
sional strength. 
test, ultrasonic See test, nondestructive ultrasonic. 
test, unstable specimen See metastable. 
test and verification See design verification. 
test, water-absorption A test that measures the 
amount of water absorbed by a material under specific test 
conditions, such as 24 h in water, conmionly expressed as 
weight percent of the material's dry weight. Usually an 
increase in mass (volume) also occurs. See absorption; 
adsorption; test, reinforced-plastic moisture con- 
tent; water absorption. II 

test, water-vapor transmission rate ( W T R )  An 
important test particularly for food packaging. The test can 
be used with film and sheet and uses a modulated infrared 
sensor, under ASTM F-1249 procedures. Results are re- 
ported in g/m'/day for testing performed at 37.8"C 
(100°F) and 100% relative humidity. See barrier plastic; 
packaging, food; test, permeability; water-vapor 
transmission. 
test, weatherability See aging, artificial; weather- 
ability. 
test, white-box and black-box White-box testing 
methods are used when the tester must verify the internal 
workings of the product software to test it adequately. 
Most manual methods present the product to the tester as 
a black-box. Testers enter user-level inputs and evaluate 
the product response. What occurs in between, inside the 
black-box, is inferred from the results. Such references can 
be nustaken and therefore dangerous. With white-box 
testing, the tester is able to look inside the product and 
create tests to find weaknesses in the program's internal 

logic. It enables the tester to examine communications 
protocols, evaluate data structures, analyze timings, and 
perform other tests that cannot be done any other way. 
See black box; coefficient of scatter; communica- 
tion protocol; computer software; program. 
testing and classification The physical, mechanical, 
and chemical properties of plastics are governed by their 
molecular weight, molecular weight distribution, molecu- 
lar structure, and other molecular parameters; also the 
nonplastic additives, fillers, and reinforcements that en- 
hance certain processing and/or performance characteris- 
tics. Properties are also affected by their previous history, 
since the transformation of plastic iiiaterials into products 
is through the application of heat (different forms) and 
pressure involving many different fabricating processes. 
Thus, definite variations in properties of products can oc- 
cur even with the same plastic and processing equipment. 
See additive; fabricating process type; filler; heat; 
molecular-weight distribution; plastic material se- 
lection; reinforcement. 
testing and people People are involved in testing from 
raw materials to the end of the fabricating line and need 
proper training and experience. New problenis that appear 
online may require the development of new tests. New 
tests inay be unnecessarily complex. 
testing and quality control (QC) The inspection of 
components and parts as they coinplete different phases 
of processing. Parts that are within specifications proceed, 
while others are either repaired or scrapped. The workers 
who made the out-of-spec parts inay be notified so they 
can correct their mistake. This after-the-fact approach to 
QC identifies defects that are already present in the part 
being processed but does little to correct the basic prob- 
lems in production. It constitutes one of the least cost- 
effective ways of obtaining a high-quality part. Quality 
must be built into a product from the beginning, such as 
by following the FALLO approach; it cannot be inspected 
into the process. The target is to control quality before a 
part becomes defective. See FALLO approach; ISO- 
9000 certification; quality control. 
tetrafluoroethylene (TFE) A flamindbk, colorless, 
heavy gas that is insoluble in water and boils at  78°C 
(172°F). It is used as a monomer to manufacture polytetra- 
fluoroethylene plastic. Also called petjluluovoethylene. See 
polytetrafluoroethylene plastic. 
tex A unit for expressing linear density that is equal to 
the mass of weight in grams of 1,000 ni of fiber, filament, 
yarn, or other textile strand. See fiber denier; yarn 
count. 
textile A general term for fibers, yarns, fabrics, and 
products that are made from fabrics and that retain approx- 
imately the strength, flexibility, and other properties of the 
original fibers. See fabric, nonwoven; fabric, woven; 
fiber. 
textile cone In textiles, a package of yarn wound in 
transverse form on a conical shaped tube or bobbin. It is 
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unwound from the small end of the package. It is used 
in filament winding, high-speed wrapping, knitting, and 
fabric weaving. See fabric; filament winding. 
textile warp See yarn warp. 
texture The surface appearance or structure of a solid 
or semisolid (flexible, elastomeric) material. 
texturizing The etching (usually with chemicals or 
with the controlled corrosion method) or cutting of a pat- 
tern on a mold-cavity surface to be reproduced on the 
molded part. Tool texturing was initially used as a method 
to minimize the effect of flow lines, sink marks, and other 
flaws or functional needs on parts and soon became an 
integral part of the fabricated part design. Plaques are used 
to identify the different available surfaces. Tooling issues 
are numerous, such as steel type and hardness, surface fin- 
ish requirements, metal removal for specified patterns, and 
mold-cavity design. Because the process incorporates 
inany hand-applied techniques, access to the surfaces that 
are to be decorated is crucial, and areas with restricted ac- 
cess should also be discussed in the mold design stage. Ad- 
justment of the cavity dimensions may be neccssary to 
compensate for the metal removal that occurs during the 
etching procedure. Knife-edge inserts and caiiis are of par- 
ticular concern. 

The decorating options that are available are numerous 
and elaborate. For example, microtexturing uses a nie- 
chanical abrasion process, coininonly referred to as sand 
blurting, in which usually glass or alurninuni oxide are irn- 
pacted against the surface of the tool, leaving a lightly 
scarred steel surface. The appearances that are available are 
limited to matte textures and some stripes. However, their 
real value is the ability to reduce gloss levels. Graphic de- 
signs such as company logos and written or pictorial infor- 
mation may be etched into tooling surfaces where iiie- 
chanical means may not be suitable. See decorating; 
embossing; film decorating; fiberglass texturizing; 
in-mold operation; mold cavity, etched; photo- 
etching tool; sand blast. 
T, See glass transition temperature. 
T, See melt temperature. 
theorem See mathematical theorem. 
theoretical versus actual properties See plastics, 
theoretical versus actual values of. 
theory A unifying principle that explains a body of facts 
and the laws that are based on those facts. See atomic 
theory; design; design-failure theory; design theory 
and strength of material; empirical; engineering ap- 
proach versus practical approach; mathematical 
theorem; mixing theory. 
theory, polymer See Staudinger, Hermann. 
therimage A decorating process for plastics that trans- 
fers the image of a decorated label to the part under the 
influence of heat and light pressure. See decorating; 
label. 
thermal Referring to the use of heat in any heating or 
curing process and environment. 

thermal aging, relative thermal index The UL 746 
test provides a basis for selecting high-temperature plastics 
and provides a long-term relative thermal-aging index. 
See Underwriters’ Laboratory. 
thermal agitation The thermally induced movement 
of atonis and molecules. 
thermal analysis (TA) Any analysis of physical or ther- 
modynamic properties of materials in which heat is di- 
rectly involved, with the heat either being added or re- 
moved. Different methods are used with each method 
providing certain useful data or information. See chemis- 
try, analytical; chromatography, gel; dielectric anal- 
ysis; differential gravimetric analysis; differential 
scanning calorimeter; differential thermal analysis; 
dilatometer; dynamic mechanical measurement; 
heat capacity; thermodynamic properties; thermo- 
gravimetric analysis; thermomechanical analysis. 
thermal analysis, enthalpimetric A method of mea- 
suring the thermal energy that is released during a co~i- 
trolled reaction of the specimen. Titrimetric and colori- 
metric modes are used to test the temperature change in 
a system while the titrant is gradually added. 
thermal capacity The amount of thermal energy that 
can be stored in a storage device during a period of tinie 
and for a specific set ofvalues-that is, the initial tempera- 
ture of the storage device, the temperature of the entering 
fluid, and the mass flow rate of a fluid through the storage 
systeni. See aerogel; coolant; insulation resistance. 
thermal characteristic See orientation thermal 
characteristic. 
thermal coefficient See coefficient of thermal con- 
ductivity. 
thermal conductance Time rate of heat flow through 
a unit of a body induced by a unit temperature difference 
between two body surhces. 
thermal conductivity (TC) The ability of a material 
to conduct heat. T C  is the rate at which a material will 
conduct heat energy along its length and through its thick- 
ness. Generally, plastics have low TC. Different types of 
plastics provide different degrees in conducting heat. The 
physical constant for the quantity of heat that passes 
through a unit of a substance in a unit of tinie when the 
difference in temperature of two faces is 1°C. It  has an 
important effect on heating and cooling the plastic nielt 
during processing since it tends to be an i~isulator. This 
condition requires special understanding and opcrating 
equipment to maximize heating and cooling efficiencies. 
The T C  ofplastics depends on several variables and cannot 
be reported as a single factor. But it is possible to ascertain 
the two principal dependencies of temperature and inolec- 
ular orientation. In fact, MO may vary within a product, 
producing a variation in thernial conductivity. It  is impor- 
tant for the product designer and processor to recognize 
such a situation. Certain products require skill to estimate 
a part’s performance under steady-state heat flow. See co- 
efficient of thermal conductivity; conduction, heat; 
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melt density; orientation; thermal property; ther- 
modynamic phase transformation. 
thermal contraction See coefficient of linear ther- 
mal expansion. 
thermal data Information about temperature that is 
important to material performance during processing, 
including specific heat with enthalpy curves, heat and 
temperature conductivity, heat transfer coefficient, pres- 
sure-volume-temperature curves, Compressibility, specific 
volume, and coefficient of thermal expansion. See coeffi- 
cient of linear thermal expansion; compressibility; 
enthalpy; heat transfer; temperature properties of 
plastics; thermodynamic properties; volume, spe- 
cific. 
thermal decomposition The effect of external appli- 
cation or internal generation of heat on the properties of 
a material. Also called degradation. See decomposition; 
degradation. 
thermal diffusivity A measure of the rate at which 
enercgy is transmitted through a given plastic. It relates 
directly to processability. It determines a plastic rate 
of energy change with time. This function depends on 
thermal conductivity or specific heat at a constant pres- 
sure and density, all of which vary with temperature; 
nevertheless, thermal diffusivity is relatively constant. 
Metals have values that are hundreds of tinies larger than 
those of plastics. See energy; fabricating processing; 
heat transfer; thermal property; thermodynamic 
properties. 
thermal endurance The time that is required at a se- 
lected temperature for a material or system of materials 
to deteriorate to some predeteriniried level of mechanical, 
electrical, chemical, or other performance under pre- 
scribed test conditions. See endurance. 
thermal energy See ablation. 
thermal expansion See coefficient of linear ther- 
mal expansion; designing with thermal situation. 
thermal expansion/contraction measurement See 
dilatometer. 
thermal expansion molding See autoclave thermal 
expansion molding; molding, thermal expansion. 
thermal fluid See heat-transfer fluid. 
thermal inversion See tensile thermal inversion. 
thermal oxidation See recycling steel with vinyl 
scrap. 
thermal property Plastics need to maintain acceptable 
mechanical and other performance requirements in both 
the normal and extreme operating environments to which 
a product will be subjected, including the environment 
(conditions) during processing to fabricate the product. 
Processes are influenced by factors, such as the thermal 
characteristics of plastics, including nielt temperature (T,,,), 
glass transition temperature (TJ, thermal conductivity, 
thermal diffusivity, heat capacity, coefficient of linear ther- 
mal expansion, and deconiposition temperature (TJ. All 
these properties relate to the selection of the optimum 
processing conditions. There is a niaxiniuni processing 

temperature, or to be more precise a maximum time-to- 
temperature ratio, for all plastics before they initiate de- 
composition or complete destruction. Thermal properties 
also change according to the types of additives in plastics. 
See glass transition temperature; melt temperature; 
thermal conductivity; thermal diffusivity. 
thermal radiation See radiation blackbody. 
thermal reclamation This action goes waste-to- 
energy. See energy reclamation; recycling, thermal 
reclamation. 
thermal resistance Under steady-state conditions, the 
temperature difference that is required to produce a unit 
of heat flux through a specimen. 
thermal resistivity The reciprocal of thermal conduc- 
tivity. See thermal conductivity. 
thermal sealing See sealing, heat. 
thermal shrinkage See coefficient of linear thermal 
expansion. 
thermal spectrometry See differential thermal anal- 
ysis. 
thermal spray coating Spraying finely divided metallic 
and nonmetallic materials in a molten or semimolten con- 
dition to form coatings on all kinds of substrates. See 
spray coating, thermal. 
thermal stability The resistance to permanent changes 
in properties that is caused solely by heat. It is occasionally 
observed that increasing molecular weight produces in- 
creased thermal stability, which in turn gives the processor 
increased latitude during fabrication. See molecular 
weight; phosphorous-base flame retardant. 
thermal transference The steady-state heat flow from 
or to a body through applied thermal insulation and to or 
from the external surroundings by conduction, convec- 
tion, and radiation. It is expressed as the time rate of heat 
flow per unit area of the body per unit temperature differ- 
ence between the body surface and the external surround- 
ings. 
thermister (TM) A semiconductor device with a high 
resistance dependence on temperature. It may be cali- 
brated as a thermometer. The seniiconductor sensor ex- 
hibits a large change in resistance that is proportional to a 
small change in temperature. Normally TMs have negative 
thermal coefficients. Like resistant temperature detectors, 
they operate 011 the principle that the electrical resistance 
of a conductive nictal is driven by changes in temperatures. 
Variations in the conductor’s electrical resistance are thus 
interpreted and quantified as changes in temperature oc- 
cur. See parylene plastic; temperature sensor; zero 
power resistance. 
thermoanalytical method See differential thermal 
analysis. 
thermochemistry See chemistry, thermo-. 
thermocouple (TC) A thermoelectric heat-sensing in- 
strument that is used for measuring temperature in or on 
equipment such as the plasticator, mold, die, preheater, or 
melt. The T C  depends 011 the fact that every type of me- 
tallic electrical conductor has a characteristic barrier poten- 
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tial. Whenever two different metals are joined together, 
there will be a net electrical potential at the junction. This 
potential changes with temperature. See coefficient, 
Peltier; constantin; pyrometer; radiation pyrome- 
ter; temperature measurement; temperature sensor. 
thermocouple burn-out protection The protection 
of the heating system thermocouple when its wire is 
broken. 
thermocouple, differential Two therniocouples placed 
in series position. 
thermocouple in barrel See temperature control- 
ler. 
thermodilatometer See dilatometer. 
thermodynamic phase transformation In thermo- 
dynamic equilibrium a system niay be composed of one or 
several physically distinct macroscopic homogeneous parts 
called phases, which are separated from one another by 
well-defined interfaces. These phases are determined by 
several parameters, such as temperature, pressure, and elec- 
tric and magnetic fields. By continuously varying the pa- 
rameters it is possible to induce the transformation of the 
system from one phase to another. See Reynold’s num- 
ber; thermal conductivity. 
thermodynamic postulations See temperature, ab- 
solute zero. 
thermodynamic properties Heat exchange occurs 
during heat processing. The heat content of the melts 
(about 100 cal/g) together with the low rate of thermal 
diffusion cm2/s) limits the cycle tinie of many pro- 
cesses. Also important are density changes, which for crys- 
talline plastics niay exceed 25% as nielts cool. Melts are 
highly compressible; a 10%1 volume change for 10,000 psi 
(69 MPa) force is typical. Surface tension of about 20 g/ 
cm may be typical for film and fiber processing when there 
is a large surface-to-volume ratio. Themiodynamic prop- 
erties provide a means of working out the flow of energg 
from one system to another. Any substance of specified 
chemical composition perpetually in electrical, magnetic, 
and gravitational fields, has five fundamental thermody- 
namic properties-namely, pressure, temperature, vol- 
ume, internal energy, and entropy. All changes in these 
properties must fulfill the requirements of the first and sec- 
ond laws of thermodynamics. The third law provides a 
reference point, absolute zero temperature, for all these 
properties, although such a reference state is unattainable. 
The proper niodes of applying these laws to the above five 
fundamental properties of an isolated system constitute the 
well-established subject of thermodynamics. See energy, 
law of conservation; energy, plastic work; enthalpy; 
entropy; mold heat-transfer device; pressure; tem- 
perature; thermal analysis; thermal diffusivity; ther- 
mometer; volume. 
thermodynamics The scientific principle that deals 
with the interconversion of heat and other forms of en- 
ergy. Therniodynaniics ( themo  = “heat” and d y n a m i c  = 
“changes”) is the study of these energy transfers. The law 
of conservation of energy is called the first law of therino- 

dynamics. See chemistry, thermo-; energy, law of 
conservation of; heat capacity; melt density; tem- 
perature, absolute zero; thermal conductivity. 
thermodynamics, first law of Energy can be con- 
verted from one form to another, but it cannot be created 
or destroyed. 
thermodynamics, second law of The entropy of the 
universe increases in a spontaneous process and remains 
unchanged in a reversible process. It can never decrease. 
See entropy. 
thermodynamics, statistical This discipline tries to 
compute macroscopic properties of materials from more 
basic structures of matter. These properties are not neces- 
sarily static properties as in conventional mechanics. The 
problenis in statistical thermodynamics fall into two cate- 
gories. The first category involves the study of the struc- 
ture of phenomenological frameworks and the interrela- 
tions among observable niacroscopic quantities. The 
secondary category involves the calculations of the actual 
values of phenomenology parameters, such as viscosity or 
phase transition temperatures from more microscopic pa- 
rameters. With this technique, understanding general rela- 
tions requires only a model specified by fairly broad and 
abstract conditions. Realistically detailed models are not 
needed to understand general properties of a class of niate- 
rials. Understanding more specific relations requires mi- 
croscopically detailed niodels. See mechanical prop- 
erty; statistic. 
thermodynamics, third law of The entropy of a pure 
perfect crystal is zero at absolute zero temperature. 
thermoelastic effect The related effects of temperature 
(enthalpy) and elasticity of a material. For example, the 
temperature of an elastomer increases on stretching and 
decreases on retraction. Also as the temperature of a 
stretched elastonier is increased, the material contracts, 
whereas expansion occurs if it is cooled; the linear coeffi- 
cient of expansion is negative at low elongation, where 
the property of thermoplastic inversion is said to occur. 
See elasticity; enthalpy. 
thermoelastic inversion See tensile thermoelastic 
inversion. 
thermoelasticity The rubberlike elasticity that is ex- 
hibited by a rigid plastic and results froin an increase of 
temperature. 
thermoflow plastic In 1994 researchers a t  Akzo Nobel 
in Arnhem, The Netherlands, reported that a new plastic 
was functioning like a thermoset plastic at low tenipera- 
tures of 1 5OoC (302°F) or lower but like a thermoplastic 
at  higher temperatures. The inaterial is a covalent, cross- 
linked plastic. Its chemical structure disassociates into a 
low-volatile oligomer when heated and returns to the 
cross-linked network when cooled. It has a very low vis- 
cosity of -3.0 Pa at 190°C (374°F). It is targeted for appli- 
cations such as encapsulation, impregnation of porous nia- 
terial, adhesive, and Ianiinate. See plastic and the future; 
research and development. 
thermoforming Thennofomied (3-dimensional shape) 



plastics provide a great variety of marketable products in sizes 
that range from drinking cups to pick-up truck storage wells. 
The process of thernioforming is considered one o f  the four 
niajor fabricating processes, following extrusion, injection 
molding, and blow nioldmg. Since the plastic sheets and film5 
used in themiofomiing are extruded, the name rxtnisioiz 
thermofomzinq is sometimes used. About 30wt% percent of 
all extruded products are therniofoniied. They have many 
advantages over other manufacturing methods. For the mass 
production of products (packaging, picnic dishes, etc.) sheets 
and filnis can be produced i d n e  with thennoforming equip- 
ment. The other niajor procedure is feeding rolls or flat sheets 
or films of materials to the thennofonning equipment. Ex- 
trudnig sheet or film inline requires close control to ensure 
that both the extruder and the thennofonner are operating 
efficiently. Advantages include cost savings. The thenno- 
fornvng process heats the sheet to the point at which it is 
soft and flowable and then applies differential pressure to make 
the sheet confonn to the shape of the mold or die positioned 
below the fiaine. The use of the ternis thennofirwing or-fivriziizg 
in the plastics industry does not include such operations as 
molding, casting, or extrusion, in which shapes or parts are 
“fonned.” Some inline systenis fomi film or sheet products, 
such as food packaging containers. See automobile, com- 
posite; elastic memory; environment and public opin- 
ion; forming; forming, stretch and draw ratios for pres- 
sure; orientation; postforming; thermoplastic. 
thermoforming, air-assist Air flow and air pressure 
are used to preform a heated sheet prior to the final pull- 
down onto the mold using vacuum between the heated 
sheet and mold cavity. 
thermoforming, air-slip A variation ofsnap-back ther- 
nioforming in which the mold is enclosed in a box, such 
that when the mold nmves forward toward the hot plastic, 
air is trapped between the mold and the sheet. On the full 
travel of the sheet, a vacuum is applied to reniove the air, 
providing the sheet with a very snug fit over the mold. See 
thermoforming, drape with bubble stretching. 
thermoforming, billow Heated sheet is clamped over 
a billow chaiiiber. Air pressure in the chamber is increased, 
causing the sheet to billow against a desceiidiiig inale 
mold. See packaging, blister. 
thermoforming, blister-package Thin plastic film is 
therniofornied into siniple to very coiiiplex shapes for 
packaging different products, such candy, fruit, or toys. 
Certain products can be used as molds. See orientation, 
shrink-film; packaging, contour; thermoforming, 
shrink wrapping. 
thermoforming, blowing A method of shaping ther- 
moplastic sheets such as PMMA and CA using conipressed 
air. Process consists of securing the edges of a heated sheet 
to a nietal backing plate and applying about 15 psi (100 
kPa) internal pressure to blow to a desired shape such as 
bubble canopies or aircraft blisters. 
thermoforming, blow molding, stretched See blow 
molding, stretched-operation specialty. 

thermoforming, bubble Sheet is clamped into a frame 
suspended above a mold, heated, blown into a blister shape 
by air, then niolded to shape by nieans of a descending 
male plug applied to the blister, forcing it downward into 
the mold. 
thermoforming, clamshell A variation of blow inold- 
ing and thernioforniing in which two preheated sheets are 
clamped between two halves of a split mold (like a two- 
part mold used to form the final blow molded part). Each 
sheet is drawn into their individual mold cavities by vac- 
uum as air is siriiultaneously injected between the sheets. 
An end contact could include an integral hinge. See 
molding, two-shell. 
thermoforming coextruded film or sheet The per- 
forniaiice advantages of coextrusion car1 be applied to 
thernioforniiiig. See coextrusion. 
thermoforming, cold forming A technique for 
forming thermoplastic sheets at room temperature. Also 
called cold drawing. See forming, cold. 
thermoforming, comoform cold forming/mold- 
ing An extension of the cold-molding (co111o) process 
that utilizes a therniofornied plastic skin to impart excel- 
lent surface and other characteristics to a cold-molded re- 
inforced plastic or laminated cured material. See mold- 
ing, cold. 
thermoforming, drape A method in which the sheet 
is claniped into a movable frame, heated, and draped over 
high points of a inale mold. Vacuum is pulled to complete 
the forming operation. 
thermoforming, drape with bubble stretching A 
modified system of drape forming that produces a more 
unihrni wall thickness and minimizes the dangers of tear- 
ing over the corners of large moldings because of  the pro- 
tective cushion of compressed air above the rising 11iold. 
The film or sheet is heated and blown into a “bubble” so 
that the sheet is prestretched before forming. See ther- 
moforming, air-slip. 
thermoforming draw To stretch a sheet to fit a niold 
and conform to the mold’s cavity shape. See draw. 
thermoforming extruder line The heated sheet or 
film goes directly through a continuous operating thernio- 
forming machine. Also called c7xtvr4dc melt-to-mold pvoress. 
See extruder thermoforming line; postforming. 
thermoforming flat shape 
thermoforming, form and spray Sheet is thernio- 
fornied into a product. To  reinforce it, the back surface 
receives a spray-up of reinforced plastic. See reinforced 
plastic, spray-up. 
thermoforming, form, fill, and seal (FFS) FFS 
pouches are extensively used in packaging. They are ther- 
inofornied online with contents automatically inserted in 
the pouch just prior to the sealing action. Sheets or filins 
are formed using a clan-shaping procedure using two 
sheets or a single sheet that is shaped and sealed where the 
two edges meet to form the pouch just prior to filling. 
Online zippers may be sealed to the pouches or bags. See 

See oil canning. 
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blow molding, extruder blow, fill, and seal; ex- 
truder-blown film-bag manufacturing; medical 
packaging; sealing. 
thermoforming heater Heaters are evaluated based on 
initial cost, operating cost, energy efficiency, durability, 
profile control capability, and how the cycle time is af- 
fected. Most heaters are considered throwaway. Some 
heaters can be repaired, but their designs typically shorten 
the heating element's life. Heaters' average lives, when 
proper maintenance is used, are as follows: 10,000 h for 
quartz tubes, 10,000 to 15,000 h for ceramic elements, 
15,000 to 25,000 h for calrods, 25,000 for panels, and 
10,000 to 12,000 h for gas catalyst. Recognize that cooling 
time usually slows down cycles more than heating. See 
heater; thermoforming, temperature control. 
thermoforming heater, calrod See thermoforming 
heater, metal-sheathed. 
thermoforming heater, catalytic gas These systems 
are the newest heating options and tend to be coiitrover- 
sial. They have lower operating cost (50 to 80%) energy 
saving) but a higher purchase price. The heater is a stainless 
steel panel containing a perforated steel plate to distribute 
the gas over a ceramic-fiber niat that is impregnated with 
a platinuni catalyst. The catalyst converts propane or natu- 
ral gas into carbon dioxide and water without generating 
a flanie. A metal-theathed tubular electric heater is used 
to preheat the panel to 120°C (250"F), the threshold at 
which the catalytic conversion begns. Safety devices are 
used to ensure proper operation. Heater control uses gas 
pressure as a reference rather than the heater temperature. 
Since they operate at a lower watt density and temperature 
than electric heaters, they cannot be used with materials 
that require forming teniperatures above 260°C (500'F). 
thermoforming heater, ceramic A flat or concave 
(with reflectors) heater in which the element focuses the 
energy rather than emitting parallel rays like a flat heater. 
Flat panels do not require a reflector and can be placed 
closer to each other and to the sheet. About 98% of the 
emitted energy is infrared. Ceramic heaters are fairly rug- 
ged (they can be used in the bottom of the oven) and 
cost slightly more than metal-sheathed tubular elements. 
Replacing a tubular with a ceramic of the same watt den- 
sity will save energy because it holds heat longer. The 
drawback is that their many separate elenients could leave 
about 35% of the space in an oven with open gaps that 
can cause striping if the sheet is too close. See ceramic. 
thermoforming heater, electric panel The panel ra- 
diates heat across its entire surface, providing uniform heat 
over a broader area than is provided by separate smaller 
heaters. Both striping arid no-heat zones between ele- 
ments are less of a concern with panel heaters. Emitters 
give off 80 to 90% of their energy as useful heat. 
thermoforming heater, halogen These heaters are 
reported to have the fastest heat-up of all heaters (as little 
as 0.2 s) and emit most of their energy at a wavelength 
of 1 micron at their niaxiiiiuni temperature of 1200°C 

(2,000"F). They provide energy savings of 18 to 20% coni- 
pared to quartz-tube heaters. They heat only the sheet, 
not the ambient air. The coniplete machine that includes 
the molds remains cool enough to touch. Risk of fire is 
lower because of no ambient heat. Sheet heats faster and 
cools faster. Finer temperature control exists than with 
most quartz heaters. See halogen. 
thermoforming heater, metal-sheathed These tu- 
bular heating elements are the inexpensive workhorse of 
the industry and are commonly known as calrod. They 
have a relatively fast heat-up time (1.5 niin), quick re- 
sponse to setpoint changes, and take a lot of abuse. How- 
ever, they radiate in every direction, resulting in low effi- 
ciency. Reflectors redirect the infrared and if kept clean 
can bc helpful. Open-loop heat controls are used. 
thermoforming heater, tubular quartz These heat- 
ers have a helical resistance wire within a quartz tube and 
use a reflector to concentrate the heat on the plastic sheet. 
Their greatest asset is quick heat-up and cool-down ability 
permitting coniplete shut-off between the heating cyclcs 
saving energy. Control is by open-loop. They are about 
60% efficient when new, with a slight drop-off after use. 
They are fragile and are not appropriate for bottom 
heating. 
thermoforming machine A machine that uses precut 
sheets that are manually or automatically fed to the nia- 
chine or continuous sheets that are fed from a roll or di- 
rectly from an extruder into a continuous operating ther- 
moforniiiig machine. Tight synchronization is required to 
avoid constant downtime. Machines call range from 
home-made or equipment niaiiufacturer of simple single- 
ytage operation therinofornier to sophisticated multistage 
computerized machines. 
thermoforming material Various thermoplastics are 
used in thernioforniing, but thernioset plastics (B-,tage) 
can be used. Uniformity in thickness of the sheet or film is 
very important to ensure good repeatability in duplicating 
precision products. Even with products not requiring 
good repeatability, cost advantages can occur with thc 
tighter-tolerance material. The quality of sheets varies de- 
pending on whether they are purchased on the basis of 
weight or length; purchasing by weight with a wide toler- 
ance results in a shorter length. See A-B-C stages; ther- 
moforming thermoset plastic; thermoplastic; ther- 
moset plastic; tolerance. 
thermoforming, melt-to-mold See thermoforming 
extruder line. 
thermoforming mold Tools (molds) for forming are 
of all sizes and shapes. For production runs, they generally 
are made from cast or machined aluminum that include 
many vent holes of approximately 0.001 to 0.002 in. 
(0.003 to 0.005 cni) in width to allow for air nioveinent 
from between the heated sheet and the mold-cavity sur- 
face. Back drilling of larger holes on thc underside can be 
used to aid in the vacuum action. Narrow slots also can 
be used since they offer much less resistance than holes 
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when air is evacuated through the mold. Also used is po- 
rous or sintered metal, which provides exceptional air-re- 
moval capability. These vents are small enough that no 
surface imperfections occurs. Other materials of construc- 
tion include wood, reinforced plastic, steel, and kirksite. 
The material used depends on the heat transfer desired 
(heating the mold to develop improved surface finish and 
cycle time), part quantity, availability, and cost. See auto- 
mobile, composite; electroforming; mold; mold 
cavity; mold material, sprayed-metal; mold, po- 
rous; photoetching tool; plate-out; porous metal; 
vent hole; venting. 
thermoforming package See packaging, blister; 
packaging, contour. 
thermoforming, plug A process in which a plug or 
male mold is used to partially preform the heated part be- 
fore forming is complete using vacuum or pressure. See 
thermoforming, unequal stretch. 
thermoforming, plug and ring A plug functioning as 
a male mold is forced into a heated plastic sheet held in 
place by a clamping ring. 
thermoforming, pneumatic control With a vacuum 
system a sheet is subjected to the required heat for soften- 
ing and forced against a mold cavity. The hot, pliable ma- 
terial is moved rapidly to the mold (for example, by gear 
drives) or is moved by an air-pressure differential that 
holds it in place as it cools. When the proper cooling set 
temperature is reached, the formed part can be removed 
from the machine manually or automatically, depending 
on the machine capability. The two iniportant require- 
ments that are met during this cycle are to maintain uni- 
form temperature and sustain pressure on the sheet. Gen- 
erally, the faster a vacuum is created, the higher the part 
quality. The desired situation is to use a mold where some 
heat can be applied; with proper heat the fast vacuum will 
produce a part with no or relatively little internal stress. 
During forming the vacuum gauge should never fall below 
20 in. of mercury (Hg), which at sea level is 9.82 psi of 
atmospheric pressure on the part. For proper pressure reg- 
ulation, a vacuuni storage or surge tank is necessary to re- 
tain the riiininium even vacuum. For long forming cycles, 
a surge tank will permit the use of a smaller vacuum punip 
than would otherwise be required. It  is sometimes neces- 
sary to prestretch (or preblow) the hot sheet before final 
forming. Usually 3 to 5 psi compressed air is used, which 
results in a greater amount of air being at  atmospheric pres- 
sure than in the processing of nonstretched parts. See 
pressure, absolute; stress, residual. 
thermoforming, prebillow Prestretching of the 
heated plastic sheet by differential air pressure is used prior 
to thernioforniing the part; it provides for ease in forming 
the more coniplicated shapes. 
thermoforming, preprinting Printing of a distorted 
pattern on a plastic sheet that is then therinoforrned to the 
desired shape, bringing the printed pattern into the proper 
undistorted shape. See cut, kerf, and registration; 
printing. 

thermoforming, pressure A process in which pressure 
is used to push a heated sheet to be formed against the 
mold surface as opposed to using a vacuuni to suck the 
sheet against the mold-cavity surface. A combination of 
pressure and vacuum is usually used, particularly with 
complex shapes, to ensure removal of entrapped air be- 
tween the sheet and mold. See forming, stretch and 
draw ratios for pressure; forming, scrapless. 
thermoforming, prestretched Stretching or orient- 
ing the heated sheet (at orientation temperature) prior to 
forming into a shape to take advantage of improved per- 
formance of the orienting operation. See orientation. 
thermoforming, rigidizing See thermoforming, 
form and spray. 
thermoforming sag The condition when the sheet to 
be therrnofornied is heated and droops intentionally. If it 
is unintentional, then it is usually referred to as sayging. 
thermoforming, sandwich heating For typical con- 
ventional electric heaters, the sheet is heated from both 
sides simultaneously prior to forming to ensure fast and 
uniform heating of the sheet from its surface to surface. 
See thermoforming heater. 
thermoforming, scrapless See forming, scrapless. 
thermoforming shrink fixture See shrinkage block 
jig. 
thermoforming, shrink-wrapping A technique of 
packaging in which the strains in a plastic film are released 
by raising the temperature of the film, thus causing it to 
shrink over the package where the package acts as a mold. 
These shrink characteristics are built into the filni during 
its manufacture by stretching it under controlled tenipera- 
tures to produce Orientation of the molecules. O n  cooling, 
the film retains its stretched condition but reverts toward 
its original dimensions when it is heated around the pack- 
age. Shrink film gives good protection and excellent clar- 
ity. See orientation, shrink-film; packaging, con- 
tour, thermoforming, blister package. 
thermoforming, slip Sheet material is allowed to slip 
through mechanically operated clamping rings during 
stretch-forming to produce the desired final shape of the 
part. See forming, slip. 
thermoforming, snap-back Forming technique in 
which an extended heated plastic sheet is allowed to con- 
tract over a male form shaped to the desired contours. 
thermoforming, solid-phase pressure A technique 
that forms a solid thermoplastic. A plastic blank is heated 
and fabricated (forged) by bulk deformation in a forced 
(pressure applied) constraining die/inold (metal male plug 
that matches a female metal cavity). The process is used 
with crystalline plastics; they can be permanently de- 
formed at temperatures below their glass transition ten-  
perature (T,) and melting point (TJ.  Aniorphous plastics 
are generally too stiff to be rapidly formed into stable prod- 
ucts. Also called solid-state rturnpirg. See amorphous plas- 
tic; blank; crystalline plastic; forming, solid-phase 
pressure; glass transition temperature; melt temper- 
ature. 
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thermoforming, stretch A technique that stretches 
heated sheet over a male mold and then draws it to the 
mold form by vacuum or pressure. See orientation. 
thermoforming, superplastic The superplastic form- 
ing (SPF) process is a strain rate sensitive forming process 
that uses characteristics of materials exhibiting high elon- 
gation to failure. See elongation; strain rate. 
thermoforming, temperature control Forming re- 
quires thorough, fast, and uniform radiant heat from the 
surface to the core to the surface. As a general guide, to 
achieve these conditions, sheet plastics over 0.040 in. (1.02 
mm) should use sandwich-type (under and over the sheet) 
heater banks. To  ensure that sufficient heat is used, heaters 
should have capacities of at least 4 to 6 kW/sq. ft. Various 
types of heating elements are used. The cycle time is con- 
trolled by the heating and cooling rates, which in turn 
depend on the following factors: the temperature of the 
heaters and the cooling medium, the initial temperature of 
the sheet, the effective heat-transfer coefficient, the sheet 
thickness, and thermal properties of the sheet. Different 
plastics absorb radiant heat most efficiently at various 
wavelengths, which in turn are affected by the tempera- 
ture of the emitting heater. The proper wavelength must 
be used to achieve the most efficient performance and en- 
ergy cost. With an inline operation from an extruder de- 
livering heated sheet to the thermoformer, energy savings 
from 30 to 40% can occur with reduced floor space. See 
temperature controller; thermoforming heater; 
thermoforming, unequal stretch. 
therrnoforming thermoset plastic Practically all 
thermoforming material used are thermoplastics, but ther- 
moset plastics can be thermoformed. Commercial roll-fed 
thermoforming machines form TS polyimide film (for 
electrical parts) at temperatures as high as 540OC (1,000'F). 
Prior to being roll-fed, they are sheet-fed. Other TS plas- 
tics formed include CPET and reinforced TS polyester 
plastics. All are formed above their glass transition temper- 
atures. Specialty products, such as TS polyester-glass fiber 
reinforced plastics, have been made into boat hulls. See 
reinforced-plastic prepreg; thermoforming mate- 
rial; thermoset plastic. 
thermoforming, thermotropic liquid crystal in A 
liquid crystalline polymer that can be processed using ther- 
moforming techniques. See liquid crystal polymer or 
plastic; thermotropic. 
thermoforming, trimming Unless a scrapless forming 
process is used, thermoformed parts require trimming. 
Various cutters are used, depending on shape of part and 
plastic used. See cutting. 
thermoforming, twin-sheet See thermoforming, 
clamshell. 
thermoforming, unequal stretch With constant suc- 
tion created by the vacuum across the sheet, the major 
portion of the sheet is pulled down until it contacts the 
female mold cavity. But the sheeting at the edges of the 
mold or close to the clamp is stretched most and thus be- 
comes the thinnest portion of the formed part. If this situa- 

tion is not desired, a number of methods are used that 
partially correct this situation. One approach is vacuum 
forming into a female mold with a helper (plug-assist). The 
shaped plug is roughly the shape of the formed part. It 
pushes the heated sheet into the cavity, stretching it to the 
plug shape prior to the vacuum action. The amount of 
stretch can be controlled by means of the plug's variable 
temperature. Thus, the sheet is deformed in its central por- 
tion prior to the vacuum action pulling at the edges. The 
result is a more uniform wall thickness and allows a deeper 
depth-to-diameter ratio. Possible drawbacks are that the 
plug may leave some surface inarks and the clarity or gloss 
may be reduced. With a male mold there is less thinning 
on the edges because the mold acts like the plug-assist 
device. See thermoforming, plug; thermoforming, 
temperature control. 
thermoforming, vacuum A method of sheet thermo- 
forming in which the plastic sheet or film is clamped into 
a stationary frame, heated, drawn down by vacuum into 
a mold, and cooled, producing a predetermined-shape part 
that allows for cooling shrinkage. Also called drapeforming 
or sheetzforming techniques. 
thermoforming versus injection molding Thermo- 
forming can offer certain advantages over injection inold- 
ing. TF requires lower capital equipment investment (par- 
ticularly lower mold cost), shorter mold delivery times, 
and less maintenance. Rather large parts can be formed. 
Parts with different thicknesses can usually be formed on 
the same mold with only minor heating and cooling cycle 
changes. Fewer stresses can occur with no weld lines. 
Many parts that are IM cannot be TF; the most common 
competition is in producing products such as drinking cups 
where both sides have advantages and disadvantages. The 
major advantage with IM is providing parts that meet 
tighter tolerances and quality control as well as a multitude 
of shapes impossible with TF. Over ten times more plastic 
is IM than TF. See plastic consumption. 
thermoforming, web and bridge The undesirable 
excess fold that may occur, particularly with drape form- 
ing. The plastic not being able to shrink as rapidly as it is 
being forced to conform to a shape of the mold by differ- 
ential pressure. 
thermoform A product that has been thermoformed. 
thermogram See differential thermal analysis. 
thermographic transfer process See printing, ther- 
mographic transfer. 
thermography, infrared See injection-molding in- 
frared temperature control. 
thermogravimetric analysis (TGA) A chemical anal- 
ysis by the measurement of weight changes of a system or 
compound as a function of increasing temperature with 
time. Properties measured include thermal decomposition 
temperature, relative thermal stability, chemical composi- 
tion, and the effectiveness offlame retardants. See chemi- 
cal analysis; kinetic; thermal analysis. 
thermogravimetric analysis, vacuum thermobalance 
An instrument consisting of a precision balance and furnace 
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that have been adapted for continuous measuring and re- 
cording changes in weight of a substance as a function of 
temperature. 
thermomechanical analysis (TMA) A test that mea- 
sures the dimensional changes as a function of teinpera- 
ture. The dimensional behavior of a material can be deter- 
mined precisely and rapidly with small samples in any 
form, such as pellet, film, powder, fiber, and molded part. 
Measurements made include coefficient of linear thermal 
expansion, glass transition temperature, softening charac- 
teristic, modulus, deflection temperature under load, and 
degree of cure. Samples can be evaluated that are taken 
from failure sections of parts. It  also provides a fast means 
to evaluate incoming materials. See coefficient of linear 
thermal expansion; glass transition temperature; 
temperature, softening range; thermal analysis. 
thermomechanical spectrum A plot of any mechani- 
cal property against temperature. If the temperature range 
includes the transition zone of viscoelastic behavior, then 
the term viscoelustic spectrum can be used. See viscoelas- 
ticity. 
thermometer An instrument for ineasuring tenipera- 
ture. There are different types: (1) gas, in which either the 
pressure is at constant volume or the volume is at constant 
pressure, measures for extremely accurate thermodynamic 
determinations; (2) bimetallic sensing elements provide a 
range of -185 to 425°C (-300 to 800°F); (3) therinoelec- 
tric or thermocouple measures by the electromotive force 
generated by two dissimilar metals providing a range of 
-200 to 1,800"C (-328 to 3,270'F); (4) the resistance 
type measures temperature by change in the electrical re- 
sistance of a metal, usually platinum, providing a range 
froin -163 to 660°C (-260 to 1,220'F); (5) the optical 
fiber type has a very accurate range up to 2,000"C 
(3,632'F). See temperature measurement; tempera- 
ture sensor; thermodynamic properties. 
thermometer, partial-immersion An instrument that 
indicates temperature correctly when the bulb and a specific 
part of the stem are exposed to the temperature being mea- 
sured. The remainder of the stem containing the liquid iri- 
dex will be exposed to temperatures that may or iiiay not 
be different. For measurements of greatest accuracy, the 
temperatures of the exposed portion should be specified. 
thermonuclear reaction A nuclear fusion reaction 
that occurs at very high temperatures. 
thermoplastic (TP) A plastic that after processing via 
heat and cooling into parts is capable of being repeatedly 
softened by reheating. See commodity plastic; engi- 
neering plastic; recycling; residence time; rubber, 
synthetic; test, melt-index; thermoflow plastic; 
thermoset plastic. 
thermoplastic, cross-linking Certain TPc, such as 
polyethylene plastics, can be converted to thermoset plas- 
tics by chemical cross-linking. See cross-link. 
thermoplastic elastomer (TPE) A plastic or plastic 
blend that resembles vulcanized rubbers in that they can 
be deformed significantly at room temperature, such as 
twice their original length, and return to their original 

shape after the stress is removed. TPEs exhibit widely dif- 
ferent properties. For example, there are low-durometer, 
low-modulus TPEs. They include styrenic block copoly- 
mers, polyolefin blends, and elastomeric alloys. Soft TPEs 
are used in ergonomic product designs incorporating soft- 
touch elements. They compete with thermoset rubbers. 
Also called therinoplustic rubber, TPEL, or TPV. See elasto- 
mer; design energy and motion control; rubber; 
thermoset elastomer; vulcanized elastomer. 
thermoplastic elastomer polyolefin (TPE-0) TPE- 
Os are polyolefins from cross-linked EPM or EPDM, but 
also simple blends of EPM or EPDM with PP or PE. The 
TPE-0's properties depend critically on the particle size 
of the rubber. Also called tlzermtiplustic olcfiw (TPO), coni- 
pounded TPO (CTPO), and reactor-nzude TPO (RTPO). 
See polyolefin. 
thermoplasticity The ability of a material to be de- 
formed without breaking. See plasticity. 
thermoplastic reinforced sheet stamping See 
stamping reinforced thermoplastic. 
thermoplastic-thermoset plastic See thermoflow 
plastic. 
thermoplastic vulcanizate (TPV) A specific type of 
thernioplastic elastomer that is made by alloying a TP with 
rubber, which is partially or fully vulcanized during the 
alloying process. Exaniples are PP and EPDM. These hy- 
groscopic materials have been successful in extrusion blow 
molding, replacing thermoset rubber parts. Processing 
TPVs offers the following advantages when compared to 
thermoset rubbers: they are fully formulated without 
added compounding, can be black or colored, have faster 
cycle times, are recyclable, have tighter part tolerances and 
lower density parts, and are more efficient and cost effec- 
tive. See elastomer; extruder; plastic, hygroscopic; 
vulcanizate. 
thermoset elastomer (TE) A thermoset inaterial that 
provides the characteristic of an elastorner, such as natural 
rubber. See elastomer; rubber; thermoplastic elas- 
tomer. 
thermoset plastic (TS) A plastic that, after final pro- 
cessing into products, is substantially infusible and insolu- 
ble. TSs undergo a chemical reaction (cross-linking) by 
the action of heat and pressure, oxidation, radiation, or 
other means, often in the presence of curing agents and 
catalysts. Curing occurs via polymerization or cross-link- 
ing. Cured TSs cannot be resoftened by heat. However, 
they can be granulated and used as filler in TSs as well as 
TPs. Also called thermoset resin, thei,mosc>tting iresin, or thevmo- 
set elustornrv. See A-B-C stages; cross-link; dielectric 
monitoring; exotherm; gel point; infusible; resin- 
oid; resitol; rubber, synthetic; screw, thermoset 
type; temperature and molecular bonding force; 
vulcanization, de-. 
thermoset plastic binder/matrix Thermoset binders 
are a constituent part of a very large group of engineering 
products. 
thermoset plastic cured-in-place pipe See sewer 
rehabilitation. 
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thermoset plastic curing 
thermoset plastic curing, dielectric monitoring 
Monitoring the cure of a thermoset plastic, which can be 
done by tracking the changes in their electrical properties 
during processing, particularly with reinforced plastics. In a 
typical application, a sensor is placed at the location where 
the cure is to be monitored. During cure the capacitance and 
conductance ofthe material are recorded; measurements are 
taken at several frequencies over several orders ofmagnitude. 
From these data, the value of the ionic conductivity is de- 
duced. There exists a relationship between the ionic con- 
ductivity and the melt viscosity to the degree of cure. See 
cure; curing, dielectric; dielectric monitoring; di- 
electrometry; electrical cure monitoring; reinforced 
plastic. 
thermoset plastic curing, electromagnetic monitor- 
ing A nondestructive irisitu electromagnetic-impedance 
measurement technique. It senses cure-processing proper- 
ties of high-temperature, high-performance thermoset and 
thermoplastic materials. Frequency-dependent impedance 
ineasurenients are particularly important in assuring the 
quality of the plastic and controlling the curing process. 
thermoset plastic curing, fiber-optic sensor With 
some of the methods used to mold or cure thermoset plas- 
tics, the hostility of the eiivironinent both within and 
around a reinforced plastic niay preclude the use of con- 
ventional-style sensors. The situation can be handled using 
fiber-optic sensors to monitor the cure. Because of their 
hair-size, they can remain embedded in the R P  parts. 
They have been extensively used in pultrusion lines. See 
fiber optic; reinforced-plastic pultrusion. 
thermoset plastic melt-flow test See test molding 
index; test, spiral melt-flow; test, thermoset flow. 
thermoset plastic staging Heating a thermoset pre- 
mixed compound, such as a prepreg, until the chemical 
reaction (cure) starts, but stopping the reaction before the 
gel point is reached (B-stage). Staging is often used to re- 
duce plastic flow. See A-B-C stages. 
thermoset rubber See elastomer; vulcanizate. 
thermostamping plastic See stamping. 
thermotropic A material in which the shape and pack- 
ing of the niacroniolecules is affected by temperature. See 
thermoforming, thermotropic liquid crystal in. 
thermotropic liquid crystal See liquid crystal poly- 
mer or plastic; thermoforming, thermotropic liquid 
crystal in. 
thickening agent A material that is added to a plastic 
to thicken it or raise the viscosity index so that it will not 
flow as readily. Agents impart thixotropy. Examples in- 
clude bentonite, calcium carbonates with high oil absorp- 
tion, hydrated siliceous minerals, magnesium oxide, soap, 
stearates, and special organic waxes. They are used in 
molding compounds and coatings. Also called antisag agent 
and thickener. See antistatic agent; plastigel; rein- 
forced-plastic sheet-molding compound; sag; thix- 
otropy. 
thick molding compound See bulk molding com- 
pound. 

See welding, induction. thickness gauge A mechanical-caliper, ultrasonic, or 
magnetic gauge that is used for precise measurement. See 
extruder-blown-film gauge distortion. 
thickness gauge, ultrasonic A gauge that calculates 
part thickness by timing a sound wave emitted from a sen- 
sor. For example, the sensor can be located in a mold wall 
that sends the signal through the material and back and 
then calculates it against a mechanically measured part 
sample. 
thickness tracer See radioisotope. 
thinner A liquid solvent that can extend a solution but 
not reduce the power of the solvent. See solvent. 
Thixomolding This Thixoniat Inc. process includes 
the high-volume injection molding of seniimolten mag- 
nesium alloy chips into high precision complex shapes. 
See injection-molding nonplastic. 
thixotropy The opposite of rheopecticity. See rheo- 
pecticity. A characteristic of material undergoing flow de- 
formation, where viscosity increases drastically when the 
force inducing the flow is removed. The material is gellike 
at  rest but fluid when agtated, such as during molding. It 
loses viscosity under stress. See dilantic; melt strength; 
rheology. Thixotropes, with their dual rheolopcal behav- 
ior, differ from thickeners, with their single rheological be- 
haviors. See silica; thickening agent. Liquids containing 
suspended solids are likely to be thixotropic. They have high 
static shear strength with low dynamic shear strength at the 
same time. For example, these materials can be applied on 
a vertical wall and through quick curing action remain in 
position during curing. See reinforced plastic bulk- 
molding material. 
thread See fiber. 
thread, buttress A type of thread that is used for trans- 
mitting power in only one direction. It has the efficiency 
of the square thread and the strength of a V-thread. 
thread-forming screw A type of self-cutting screw 
that forms threads by displacing and deforming plastic nia- 
terial, which then flows around the screw head. Because 
no material is removed, large thermal stresses are produced 
in the plastic. Stress relieving can take place by applying 
heat if it is practical. See annealing. 
thread molding 
thread pitch diameter The average between the niajor 
(outside) and minor (root) diameter of a thread. For practi- 
cal purposes, this diameter is assumed to be equal to the 
diameter of the smooth shaft prior to threading. See fiber. 
thread-up See extruder operation startup. 
thread, V Thread with leading flank of adjacent thread 
at the thread root. 
three-dimensional blow molding See blow mold- 
ing, three-dimensional. 
three-roll stack See extruder sheet. 
through-hole, printed circuit 
board. 
throughput See fabricating output. 
thyristor A transistor that has a triggerlike characteristic. 
It is used to give high-speed triggering action. See elec- 
tric motor; sensor; transistor. 

See molded screw thread. 

See printed circuit 
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tie-bar growth 
bar growth. 
tiebarless molding See clamping, tiebarless. 
tie layer A material that can provide adhesion between 
layers, such as coextrusion, coinjection, in-mold decorat- 
ing, and laminating. These tie layers join dissimilar materi- 
als to synergize their respective properties. End products 
are as diverse as packaging cheese to automotive fuel tanks. 
See coextrusion; coinjection molding; in-mold dec- 
orating; laminate. 
tie rod 
tile See vinyl composition tile. 
time See measurement. 
time, constant The time required for the output to 
complete 63.2% of the total rise as a result of a step change 
of the input. See fabricating. 
time, dead The interval of time between initiation of 
an input change and the start of the resulting response. 
Also called transportation lag. 
time, lead The total number of calendar or production 
(fabrication) days between the time a purchase order or 
production order is placed until the goods are received or 
production is complete. Also called replenishment time. 
time, life-cycle See aging; life-cycle analysis; plas- 
tics cradle-to-grave; plastic long-life; vinyl compo- 
sition tile. 
time, long life 
time profile The plot of characteristics versus time such 
as modulus or damping of a material. See damping; 
modulus. 
timer An analog or digital device that is used to accu- 
rately control processing equipment requiring timing 
schedules or cycles. 
tin coating 
tint See color tint. 
tire, camelback 
tire cord fabric, weftless 
titanate coupling agent A substance that permits high 
filler loadings, significantly reduces viscosity, and can be 
used with many mineral fillers to improve flow and various 
mechanical properties. It is widely used in applications 
with calcium carbonate fillers, where silanes alone are not 
applicable. These agents serve as molecular bridges be- 
tween inorganic fillers and organic plastics. The reaction 
with the free protons at the inorganic interface results in 
monomolecular layers of organo-functionality joining the 
organic and inorganic elements together. See fiberglass 
binder/sizing coupling agent; reinforced-plastic 
coupling agent. 
titanium alloy See mold-cavity coating. 
titanium dioxide (TiO,) The most important white 
pigment. It accounts for about 65wt% of the total pigment 
consumption. It is a nontoxic, white colored inorganic 
pigment of excellent whitening power. As well as produc- 
ing white color, it is an essential ingredient in the produc- 
tion of all pastel shades. Produced from a naturally oc- 
curring ore, it is suitable for use with all plastics, including 
being used as a filler. See colorant; pigment. 

See injection-molding machine tie- 

See clamping tie bar. 

See plastic long-life. 

See recycling steel with vinyl scrap. 

See rubber tire, camelback. 
See weftless. 

titanium modulus versus specific gravity See 
modulus versus specific gravity. 
titration A method of analyzing the composition of a 
solution by adding known amounts of standardized solu- 
tions until a given reaction (color change, precipitation, or 
conductivity change) is produced. See redox titration. 
toggle clamping action See clamping, toggle-action. 
tolerance A specified allowance on deviation in param- 
eters such as dimensions, weights, shapes/angles, and 
compounding mixtures, at standard or stated environmen- 
tal conditions. See accuracy; concentricity; damage 
tolerance; design clearance; dimensional prop- 
erty; machine quality; mold standard and practice; 
plastic, low-profile; product size; tolerance, full- 
indicator-movement. 
tolerance allowance An intentional difference be- 
tween maximum material limits of mating parts. It is the 
minimum clearance (positive allowance) or maximum in- 
terference (negative allowance) between such parts. 
tolerance analysis 
tolerance and shrinkage Two different forms of 
shrinkage must be considered when designing to meet tol- 
erances: the initial shrinkage that occurs while a part is 
cooling after fabrication, called the mold or die shrinkage, 
and the shrinkage that occurs after as niany as 24 hours, 
called the after-shrinkage or after-swell. Some plastics are ex- 
tremely stable, and some others are very close to being 
stable, so that once cooled, dimensions (and other factors) 
do not change. However, many plastics shrink without 
influencing performance of the parts when in service. In 
many cases low shrinkage may indicate more stability of 
the plastic part. Large, unpredictable shrinkages can make 
close tolerance designing with those plastics almost impos- 
sible. If a part has to be postcured or annealed to relieve 
internal stresses, allowance is to be niade if the material 
shrinks during this secondary operation. See annealing; 
compounding; design shrinkage; melting tempera- 
ture; shrinkage. 
tolerance and warpage Warping is usually caused by 
the shrinkage behavior of plastic that niay be a characteris- 
tic of the plastic but more probably of the way it was pro- 
cessed. Corrective action can be taken by controlling the 
fabricating process to eliminate or (if permitted) almost 
eliminate the warpage, which in turn permits meeting tol- 
erance requirements. See process control; stress, resid- 
ual; warpage. 
tolerance, dimensional tight See zinc. 
tolerance, dimensioning limit See dimensioning limit. 
tolerance, full-indicator-movement (FIM) A term 
that is used to identify tolerance with respect to concen- 
tricity. Terms used in the past were full  irzdicantor readin2 
(FIR) and total indicator reading (TIR). See concentricity; 
extruder roll; runout; screw; tolerance. 
tolerancing, geometric See dimensioning and tol- 
erancing, geometric. 
tolerance information See dimension, reference. 
tolerance, mold filling monitoring 
ing monitoring. 

See design and tolerance. 

See mold-fill- 
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tolerance, molding Various organizations have pub- 
lished tolerance guidelines. For example, the SPI Standards 
and Practices of Plastics Molderr is periodically updated and 
provides typical values that can be used that pertain to wall 
thicknesses, holes, flatness, thread size, corners, ribs, fillets, 
thread sizes, concentricity, draft allow-ances, surface finish, 
and color stability. See fabricating; molding. Selecting 
a tolerance requires careful judgment based on logical cal- 
culations and understanding factors such as material behav- 
ior, processing capabilities, quality control, and cost influ- 
ence. As a general rule, tolerance should be as large as 
possible because it can simplie the fabricating process. 
However, tighter tolerances usually result in significant 
cost reduction for high production quantities (resin reduc- 
tion, energy reduction, etc.). See FALL0 approach; 
plastic material selection. 
tolerance, paint See solvent tolerance. 
tolerance stack-up It is possible for an accumulation, 
or stack-up, of tolerances to cause an inoperable or mal- 
functioning assembly. 
toll See business toll. 
toluene A colorless, flammable liquid with an aromatic 
benzene odor. It is toxic by ingestion, inhalation, and skin 
absorption. It is used as an intermediate for polyurethanes 
and polyesters and as a solvent for certain plastics, vinyl 
organosols, paints, and coatings. 
toluene diisocyanate See foamed polyurethane. 
toming See test, microtoming optical analysis. 
ton weight See mass. 
tomography See computer-aided tomography. 
tooling Tools include dies, molds, mandrels, jigs, fix- 
tures, punch dies, etc. for shaping and fabricating parts. 
See desiccator; die; electroforming; machining; 
legal matter: mold contractional obligation; mold; 
prototype. 
tooling, brass A tool that is used during processing to 
clear or remove melted plastic that may be trapped in the 
hopper throat when melt bridges or may be sticking to a 
screw. The brass does not damage the metal, whereas if 
steel or other metals were used, the steel equipment would 
be damaged. Beryllium tools are sonietirnes used, but they 
are harder than brass. 
tooling coat Surface treatments are used to protect the 
processing tool against abrasion and corrosion due to their 
contact with the melt. An example is the physical vapor 
deposition used to optimize the surface properties in a 
layer up to 10 nim deep that has little effect on the contour 
of the part. PVD coatings lead to an insignificant and usu- 
ally Indiscernible roughening of the surface. Tools that 
have been machine finished can therefore be improved. 
No expensive posttreatment is necessary. In this vacuum- 
chamber [1W2 to lO-"mbar (1 to 0.01 Pa)] process, metals 
are converted to a gaseous state by the introduction of 
thermal (electron beam or arc) or kinetic energy (atomiza- 
tion). They condense on the surface being coated. See 
coating; die; mold; surface treatment. 
tooling, plastic Plastics, both rigid and flexible, such as 
epoxy and silicone, have applications as molds, tooling aids 

(jigs, trim, etc.), prototypes, stretch forms, assembly fix- 
tures, cooling fixtures, and patterns. See mold material. 
tooling, shell A mold or bonding fixture that consists 
of a contoured surface shell supported by a substructure 
to provide dimensional stability. 
tool steel See iron; metal. 
torpedo See die-head mandrel; screw torpedo; 
spreader. 
torque A force, energy, or moment that produces or 
tends to produce rotation or torsion. The twisting force 
consists of the load applied multiplied by the distance per- 
pendicular to the center of rotational vertical axis. Torque 
information is very useful to designers in some product 
designs, such as plasticizing screws and center roller sup- 
ports. See joule; screw mechanical requirement; 
screw torque. 
torque, peel 
torque rheometer A quantitative data output instru- 
ment that measures temperature of fusion, time of fusion, 
and torque (work) required. It provides a standardization 
in extrusion and particularly high-intensity compounding 
mixers. See mixer; rheometer. 
torque-shear stress See moment of inertia; shear 
stress-strain. 
torr A unit of pressure equal to ' h t h  of an atmosphere. 
See pressure, atmospheric. 
torsion Twisting a material and causing it to be stressed. 
torsional analysis See test, torsional. 
torsional deformation The angular twist of a speci- 
men produced by a specific torque in the torsion test. This 
deformation is calculated (radiadin.) by dividing ob- 
served total angular twist, the twist of one end of the gauge 
length with respect to the other, by the original gauge 
length. 
torsional modulus of elasticity It i5 approxiniately 
equal to the shear modulus. Also called rnodriltrs of rkidity. 
See modulus of elasticity. 
torsional pendulum A device for performing dynamic 
mechanical analysis where the test sample is deformed tor- 
sionally and allowed to oscillate in free vibration. Modulus 
is determined by the frequency of the resultant oscillation. 
The decreasing amplitude of the oscillation determines 
damping. See dynamic mechanical measurement; 
nonresonant forced and vibration technique; reso- 
nant forced vibration. 
torsional strength A measure of the ability of a niaterial 
to withstand a twisting load. Also called modulrcs .f rupture 
in torsion and sonietimes in shear strew,eth. See flexural 
strength; modulus of rupture; temperature flexibil- 
ity, plastic. 
torsional stress Shear stress on a transverse cross-sec- 
tion caused by a twisting action. See stress. 
torsional wind-up An effect whereby a torque applied 
to the drive end of a lead-screw rotates it further than the 
output end. 
tort liability 
total indicator runout 
tor movement. 

See sandwich peel torque. 

See legal matter: tort liability. 
See tolerance, full-indica- 
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toughness The ability of a material to absorb energy by 
plastic deformation rather than crack or fracture. Tough- 
ness tends to relate to the area under the stress-strain curve 
for thermoplastic materials. The ability of a T P  to absorb 
energy is a function of strength and ductility, which tends 
to be inversely related. For high toughness, a plastic needs 
b u d  rlic abiliLy io withstand load aiid the ability to elon- 
gate substantially without failing. An exception is in the 
case of reinforced thermoset plastics, which have high 
strength and low elongation. See brittleness; calcium 
carbide; chemical and physical characteristics; de- 
formation and toughness; fracture toughness; en- 
ergy absorption; molecular weight, toughness and 
temperature; polystyrene plastic, impact; rein- 
forced plastic; stress-strain curve; tensile stress- 
strain curve; test, ball-burst film impact; test, im- 
pact. 
toughness, and area under the curve Toughness is 
usually proportional to the area under the load-elongation 
curve, which is the tensile stress-strain curve. However, 
there are exceptions, primarily with thermoset reinforced 
plastics where its area is extreniely small but the material 
has extremely high toughness. See brittleness; hardness; 
stress-strain curve; tensile stress-strain curve. 
toughening agent An additive that increases the 
toughness of plastics. 
tow See fiber tow. 
tower A structure that is used in different processes to 
provide some type of- support in the process of fabricating 
a product. For example, it is required around a blown film 
bubble and supports a collapsible frame, nip rolls, idler 
rolls, or treaters. See extruder-blown film; impregna- 
tion. 
toxicity The propensity of a substance to produce ad- 
verse biochemical or physiological effects on a human. Al- 
though niost neat plastics are nontoxic, compounding ad- 
ditives such as certain plasticizers, colorants, and stabilizers 
could change this condition. If a requirement exists for a 
material to be nontoxic, select the appropriate conipound- 
ing mixture. See biodegradable versus photodegrad- 
able; hazard; ISO-10993; nontoxic; plasticizer, non- 
toxic; plastic, neat; pollution. 
toxicity containment See geomembrane. 
toxicity, reproductive See test, carcinogenicity. 
toxicity, smoke See phosphorous-base flame re- 
tardant. 
toxicology The study of the potential of chemicals, 
plastics, and waste or their mixtures to produce harmful 
effects in living organisms. Adverse effects are taken to 
mean those that are detrimental to the survival or nornial 
functioning of a person. See definition; design, bio- 
medical-product; medical material and the environ- 
ment; risk, acceptable. 
toy Many toy products are made of flexible to rigid plas- 
tics. The use of PVC in soft and flexible toys has become 
increasingly controversial due to concerns regarding 
phthalates. See dioxin; plastic myth and fact; plastics 
and electronic toys; polyvinyl chloride plastic. 

TPX Mitsui Petrocheniical Industries, Ltd.’s tradename 
for its family of polymethylpentene plastic. 
tracer A foreign substance, usually radioactive, that is 
mixed with or attached to plastic material so its distribu- 
tion or location can later be determined. It  is used as a 
trace chernical to determine behavior of the plastic melt 
How through plasticators, molds, and dies. Also called a 
tracer clement or accessory element. See reinforced-plastic 
prepreg tracer. 
tracking See electrical tracking. 
trade See world trade. 
trade, free 
trade magazine 
and Publications. 
trademark 
legal matter: trademark. 
trade name See legal matter: trade name. 
trade show See shows and conferences. 
train A complete processing line, such as an extruding 
sheet train, with all its upstream to downstream equipment 
including all controls. See calendering-in-train; ex- 
truder pipe and tubing; extruder wire and cable 
train; fabricating processing type. 
training In-house training is conducted by qualified 
personnel in plants. Outside training sources include col- 
leges and organizations (such as the Plastics Institute of 
America in Lowell, MA) that have specialized training 
programs. Techware Designs, a subsidiary of Spirex Corp., 
has a computer software package called the Extruder’s 
Technician that provides services for installation and use 
a? well as software upgrades. It is ideal for the processors, 
as well as engineers, salespeople, purchasing agents, nian- 
agers, and anyone involved i t ~  extrusion. Like Techware’s 
injection-molding software program, it explains specific 
extrusion processes that include blown and cast film, sheet, 
coating with wire and cable, pipe and tube, profile, and 
so on. It includes cost-estimating capabilities, engineering 
calculations that can easily be understood and used, refer- 
ence guides, troubleshooting information with problems 
and solutions, and so on. Hands-on training follows coin- 
prehensive classroom education. See computer-based 
training; computer software; cost-effective training; 
education; Plastics Institute of America; process 
simulator; quality; productivity; responsibility; So- 
ciety of Plastics Engineers; World of Plastics Re- 
views: Thinking Like a Manager and Managing for 
the Long Run. 
training, crisis A disaster crisis exercise. Participants 
may regard these exercises as intrusions that disrupt the 
normal work routine and add additional duties onto an 
already heavy workload. The value of crisis drills needs to 
be understood. With worldwide operations, a corporate 
crisis can have global implications (e.g., late ’70s union 
carbide chenical release incident). See management crisis. 
transcrystalline growth A technique that is coin- 
nionly used for polyolefins, polyamides, aiid polyure- 
thanes. In adhesive bonding, it is a surface-preparation 
technique in which adherends are molded against a high- 

See legal matter: tariff. 
See Appendix F, Trade Magazines 

See legal matter: patent infringement; 
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ener‘gy metallic substrate that induces transcrystalline 
growth in the surface regions of the plastic. The formation 
of the crystallites at the surface results in rodlike or colun- 
nar spherulites that form inward from the plastic-metal in- 
terface. These are thought to strengthen the surface by 
driving low-molecular-weight material into the interior. 
Surface oxidation may also occur, increasing surface reac- 
tivity and wettability. This growth effectiveness is depen- 
dent on molding conditions, such as cooling rate and mold 
surface. See adhesive; surface preparation; surface 
treatment. 
transducer A device that converts something measur- 
able into another form. It often converts a physical prop- 
erty, such as temperature, pressure, or flow. For example, a 
piezoelectric device can convert high-frequency electrical 
energy into high-frequency niechauical vibrations. Also 
called sensor. See barrel control transducer; computer 
monitoring information; control, transducer spe- 
cification; injection molding, linear velocity dis- 
placement transducer; linear variable differential 
transducer; measurement; mold filling monitoring; 
piezoelectric effect; sensor; transducer, pressure; 
welding, ultrasonic. 
transducer calibration The standardizing of a sensor. 
If possible, a calibration check should be made on a regular 
basis. I S 0  9000 dictates frequent checks. A visual exami- 
nation should be made before proceeding with the check 
to determine if the diaphragm is flat and free from any 
damage. Zero balance, full-scale sensitivity, and K-cal at 
80% parameter reference points for calibration can be 
used. The transducer manufacturer provides these paranie- 
ters. See ISO-9000 certification. Some of the more 
coninion problems caused by a plant’s hostile environment 
that can affect equipment such as transducers are noise 
interference, mounting holes (must be concentric arid 
clean), installation, diaphragm considerations, and trans- 
ducer calibration. See noise; plant control; plant envi- 
ronment. 
transducer, magnetostrictive (MST) An electrical 
linear position sensor that is used on machines such as the 
injection-molding machine. Although sonietinies referred 
to as an LVDT, LTD, or a control linearpot, the accurate 
terni is a magrzetostvicfive fmrrsdurer. The physical effect that 
it measures was first identified by British physicist J. P. 
Joule during the nineteenth century. The effect is a cross- 
sectional and longitudinal deformation of a ferroniagnetic 
material in the presence of a defined magnetic field. This 
property has also been used in apparatus that generates ul- 
trasound and that measures quickly changing forces, strain 
gauges, and ultrasonic welding. The MST is a waveguide 
that senses and programs linear position such as the IMM 
screw position, feedback on c h i p  stroke, part ejection, 
and other positioning applications. It uses pulse timing to 
measure position. It  is  a noncontact, absolute position, 
shock- and noise-resistant sensor that does not need re- 
homing. See injection molding, linear velocity dis- 
placement transducer; linear variable differential 
transducer; sensor, intelligent; welding, ultrasonic. 

transducer, pressure A sensor that is used in plastica- 
tors to improve output and melt quality, enhance produc- 
tion safety, and safeguard machinery (extruder, injection 
molding, blow molding, etc.). These transducers aid in 
obtaining optiinuni processing pressure to ensure product 
quality, such as output dimensions, surface finish, and 
niininiuni material waste. For example, transducers placed 
at the extruder entrance to the die, in conjunction with a 
pressure-control device, help maintain more stable output. 
Pressure measurements at the screen pack and melt pump 
are also important to provide a constant melt flow. A pres- 
sure gauge niounted downstream of the screen pact will 
alert operators if flow from the screw to the die is re- 
stricted, while a transducer upstream of the screen pack 
will warn of a high-pressure situation that could result in 
excessive wear to the screw’s thrust bearing. See mold- 
pressure transducer; reinforced-plastic pressure- 
curing transducer. 
transducer specification See control, transducer- 
specification. 
transfer molding A method of compression molding 
principally for thermoset plastics. The plastic is first soft- 
ened by heat and pressure in a transfer chamber (pot) and 
then forced by the chamber rani at high pressure through 
suitable sprues, runners, or gates into a closed mold to pro- 
duce the niolded part or parts using two or niore cavities. 
Usually dielectrically preheated circular preforms are fed 
into the pot. Also called mmpression-tran$& moldincq. See 
compression molding; heating, dielectric; molding; 
outgassing; plunger; preform; pressure, locking; 
thermoset plastic. 
transfer molding cull The plastic that remains in the 
transfer chamber after the mold is filled. Unless there is a 
slight excess in this chamber, one cannot be sure that the 
cavity was completely full. 
transfer molding loading space The space that is pro- 
vided in a compression-molding mold or i n  the pot used 
with a transfer mold, to accommodate the molding niate- 
rial before it is compressed. Also called l o a d i q  cliarn- 
ber. 
transfer molding melt flow See test, spiral melt- 
flow. 
transfer molding pot The chamber that holds and 
heats niolding material for a transfer mold. 
transfer molding pot plunger A plunger in the pot that 
is used to force softened material into a transfer mold cavity. 
transfer molding pot retainer A plate that is chaii- 
neled for heat and used to hold the pot of a transfer mold. 
transfer molding pressure The pressure applied to the 
cross-sectional area of the material pot expressed in psi or 
MPa. See pressure. 
transfer molding, screw-plunger In the screw- 
plunger transfer molding method, there is a combination in 
one niachine of first using a reciprocating screw injection 
molding plasticator to prepare the melt prior to entering 
the transfer molding pot. From the pot it follows the usual 
transfer molding cycle. Also called SCIYW fran.sji~ molditg. 
transfer molding Shaw pot A thermoset plastic trans- 
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fer molding started by Shaw of Pennsylvania during the 
1930s. 
transfer molding venting See mold breathing; 
vent hole; venting. 
transfer-point control See injection molding pro- 
cess-control parting line. 
transfer printing A decorating technique that can be 
described as transfer, tamp, or pad printing. See printing; 
printing, pad-transfer. 
transfer time See cycle. 
transformer 
ducer. 
transformer coil See impregnation, trickle. 
transient response See output transient response. 
transient state A state where one or more variables vary 
with time. 
transistor A semiconductor device that is used to am- 
plify the current that is required in different sensing instru- 
ments. The two principle types are field effect and junc- 
tion. See sensor; thyristor; transducer. 
transition, first-order A reversible change in phase of 
a material. In the case of plastics, this is usually crystalliza- 
tion or melting. 
transition, second-order This term has been replaced 
by glass transition tenzperature. 
translucent Transmitting light diffusely but not permit- 
ting a clear view of objects beyond the specimen. See 
light transmission; opaque. 
translucent-to-transparent change See glass, switch- 
able. 
transmission, electron-microscope (TEM) A tech- 
nique that greatly magnifies images of objects by means 
of electronics: (1) it permits the visual examination of 
structures too fine to be resolved with the light micro- 
scope, and (2) it permits the study of surfaces that emit 
electrons. See image; inspection, visual. 
transmission rate See test, oxygen gas transmis- 
sion rate. 
transmission, water-vapor See test, water-vapor 
transmission rate; water-vapor transmission. 
transmittance of light The fraction of the emitted 
light of a given wavelength that is not reflected or ab- 
sorbed, but that passes through a substance. See light 
transmission; optical property. 
transmitter A device that translates the low-level out- 
put of a sensor or transducer to a higher-level signal suit- 
able for transmission to a site where it can be further pro- 
cessed. See molded-material surface measurement. 
transparency improvement For a given crystalline 
plastic (thermoplastic), reducing the size and number of 
the crystal structnres will improve their transparency- 
that is, make the plastic more clear. Quickly cooling or 
using additives such as nucleating agents niay sometimes 
achieve this. For example, by incorporating stiff, aromatic 
segments in the molecular structure of a nylon chain, 
which discourages crystallinity, it is possible to make a 
transparent thermoplastic nylon. Matching the light re- 

See linear variable differential trans- 

fractive index of two plastics, or an additive to a plastic 
material, will g v e  a transparent compound. The transpar- 
ency may match only over a limited temperature range. 
See light index of refraction; molecular structure; 
nucleating agent; nylon plastic, amorphous. 
transparent An amorphous plastic material that trans- 
mits through it a high degree of light that can be easily 
viewed. When bending transparent plastic, one may want 
the finished product to have regular transmission, as if no 
material was in the way of vision and without distorting 
the object to be viewed. Bending is done successfully on 
small to large parts, such as military aircraft canopies, in 
which distortions could be damaging to the pilot. See ad- 
ditive clarifier; amino plastic; amorphous plastic; 
crystalline plastic; decorating, second-surface; elec- 
trical transparent conductor; fiber optic; Fresnel 
lens; glass, switchable; injection-molding aircraft 
canopy; light schlieren system; light transmission 
nylon plastic, amorphous; opaque; optically active 
plastic; plastic, light-switchable; polarized light; 
printing ink, transparent; test, nondestructive trans- 
parent medium light schlieren; translucent. 
transparent internal waviness An appearance of wav- 
iness in a transparent plastic. 
transparent plastic Transparent plastic pedormance is 
based on percent light transmission, refractive index, and 
percent haze. Based on these three optical properties, 
PMMA is up to 92, 1.49, and 1 to 3;  ABS is up to 88, 
1.54, and 7; PC is up to 91, 1.59, and 1.5; PS is up to 
92, 1.57, and 3; SAN up to 88, 1.57, and 1. Aniorphous 
thermoplastics can be transparent; they are available in a 
wider color range than the crystalline types, which have 
been modified to make them transparent. See acrylic 
plastic; acrylonitrile-butadiene-styrene plastic trans- 
parent; allyl diglycol carbonate plastic; allyl ester 
plastic; amino plastic; amorphous plastic; amor- 
phous plastic nylon; crystalline plastic; optical prop- 
erty; pigment, organic; polypropylene plastic. 
transparent plastic, light test See test, nondestruc- 
tive transparent medium light schlieren. 
transparent slip-plane A plane within transparent ma- 
terial that is visible in reflected light due to poor welding 
and shrinkage on cooling. See welding. 
transportation lag See time, dead. 
transportation market Plastics offer a wide variety of 
benefits for vehicles, such as durability, corrosion resis- 
tance, light weight, fuel savings, recyclability, safety (glass, 
crash. etc.), and attractiveness. See automotive market; 
rail car; tanker truck, reinforced-plastic; trucks and 
plastic. 
transportation, material contamination See con- 
tamination; material contamination; rail-car con- 
tamination. 
transport property A plastic’s ability to move through 
some medium or to have some penetrant medium move 
between its constituent segments. This definition encotn- 
passes processes with diverse driving forces, such as con- 
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centration and pressure gradients and even electrical or 
temperature gradients capable of motivating one relative 
to another. See flow; material handling; storage; 
warehousing. 
treater See impregnation. 
triallyl cyanurate (TAC) A colorless liquid or solid 
that is highly reactive. It  is used to copolymerize and cross- 
link with different plastics, resulting in improved prop- 
erties such as heat-resistant polybenziniidazole plastic, 
which was developed in 1952. See polybenzimidazole 
plastic. 
trifluorochloroethylene plastic A fluorocarbon that is 
used as a base for polychlorotrifluoroethylene plastic, 
marked as Kel-F. 
trim T o  remove flash or sharp edges froin a molding 
either by hand or principally mechanically. See defect; 
deflashing; flash; molding flash; tumbling. 
troubleshooting The art and science of remedying de- 
fects after the process has demonstrated the ability to pro- 
duce acceptable production parts. Most defects respond to 
one of a variety of process or material changes. The target 
is knowing when a particular solution will work and cor- 
rectly identifying which problem is actually causing the 
defect. When making adjustments, (1) create a mental im- 
age of what should be happening, (2) look for obvious 
differences, (3) niake only one change at a time, and (4) 
allow the process to stabilize after any change is made. 
Studies have determined that probably 60% of defects re- 
sult from the machine or equipment, 20% mold or die, 
10% material, and 10% operator. Software programs d- 
ready installed on the machine’s process controller or 
available as a software package can provide some help. 
Proper definitions caii eliminate some problems. 

With all types of equipment, materials, and products, 
troubleshooting guides are set up (usually required) to take 
fast, corrective action when products do not meet their 
performance requirements. This problem-solving ap- 
proach fits into the overall fabricating-design interface as 
summarized in the FALLO approach. For example, when 
possible start by feeding low-bulk density plastic in a 
starved fed extruder. To avoid aeration and therefore in- 
creased potential for volunietric feed limitation, minimize 
the free fall path from the feeder to the extruder feed 
throat. If a barrel zone on the barrel constantly overrides 
or requires too much cooling to maintain a set point, it 
may be that the melting is being concentrated in that sec- 
tion. This can exist either because of screw design or an 
improper barrel heat profile. A simple solution is to in- 
crease the melting prior to the “hot zone” of the screw. 
See air entrapment; automation, vision; barrel and 
feed-unit operation protection; barrel borescoping; 
clamping platen, troubleshooting; clean-area fabri- 
cating; computer-aided manufacturing; computer 
software; control-system reliability; DART soft- 
ware; decorating preparation problem; defect; edu- 
cation; extruder cooling and takeoff equipment; 
fabricating output; FALLO approach; maintenance; 

moisture analyzer; problems and solutions; pro- 
cessing-line downtime; processor certification; pro- 
cess simulator; quality-control manual; reliability; 
safety machine-lockout; serviceability; servo-con- 
trol-drive reliability; training. 
troubleshooting by remote control To aid nianufac- 
turing plants, remote troubleshooting is available from dif- 
ferent equipment manufacturers and service facilities. Us- 
ers of certain microprocessor equipment need not be 
concerned about their plant personnel’s ability to service 
and maintain the equipment. Via telephone link froni a 
coniputer controller to the service’s central computer, a 
specialist or automatic device can inmiediately check out 
conditions in your controller as well as in the complete 
production line. This remote diagnostic link can also be 
used to set up preventive maintenance programs. See 
auxiliary equipment; fabricating process type; 
maintenance, preventive. 
troubleshooting guide Various guides are provided by 
equipment and material suppliers. A simplified approach 
to troubleshooting is to develop a checklist that iiicor- 
porates the rules of a problein-to-solution procedure: 
(1) have a plan, arid keep updating it based on the experi- 
ence gained in operating the equipment; (2) watch the 
processing conditions; (3) change only one condition at a 
time; (4) allow sufficient time for each change, and keep 
some kind of a log of the action, with results, that are 
occurring; (5) check housekeeping, storage areas, granula- 
tors, personnel clothing, and behavior; (6) narrow the 
range of areas in which the problem belongs, such as niate- 
rial storage and handling, extruder, die, cooling tank, 
puller, specific control, part design, enviroiinient (humid- 
ity, ventilation location and direction of forced air, dust, 
etc.), people, and management. See problems and solu- 
tions. 
troubleshooting optical sheet Black specks, bubbles/ 
voids, die lines, surging, and surface iniperfections are 
aniong the major problems that processors of optical sheets 
(film, etc.) encounter. Most problems caii be traced to the 
way the plastic was dried and handled. See drying; dry- 
ing operation, hygroscopic plastic; light micros- 
copy; material handling. 
trowelling A method of spreading a plastic material, 
usually manually, using a tool similar to a bricklayer’s 
trowel. However, trowelling is also automated. See adhe- 
sive trowel. 
trucks and plastic Plastics began to be used in trucks 
in the late 1940s. DVR designed and built for Strick Trail- 
ers (32 to 40 ft) plastic floors, side panels, translucent roofs, 
etc. Practically all parts were made of reinforced plastics 
(glass-fiber-thermoset polyester plastic), providing lighter- 
weight trucks, streamlined frontal area, insulators for re- 
frigerator trucks, and lower part costs. The lighter weight 
permitted trailers to carry heavier loads. See automotive 
market; design, spring; market; rail car; tanker 
truck, reinforced plastic. 
tube See extruder pipe and tubing; pipe. 
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tube, blown 
tube, collapsible-squeeze A tube that is usually iden- 
tified as air-tight, collapsible, light-proof, unbreakable, 
convenient and easy to use, sterilizable, and economical. 
Tubes are big business worldwide, with about 30wt%) plas- 
tic (predominately polyethylene or polypropylene ex- 
truded tube bonded to a injection-molded cap), 30% metal 
(aluminum), and 40% laminated (paper, aluminum, with 
Predominately plastic film tape wrap, etc.). Some of the 
aluminum tubes must be coated inside with a plastic bar- 
rier material to protect the aluniinum from certain pack- 
aged products; exteriors may be plastic coated to provide 
special decorations. See barrier plastic; design, corru- 
gated. 
tubing Plastic tubing was introduced during the 1930s 
as a replacement for certain natural-rubber tubing and 
hose. Natural rubber continues to be used, but the larger 
market is for elastomeric plastics, including PES, PPs, PCs, 
silicones, and fluoropolyiriers. These flexible tubes can be 
stressed or bent without breaking. The extent of flexibility 
required is important in selecting the tubing material so 
that kinks do not occur when the tubes are in service. 
Kinks occur because the bending radius reaches the point, 
based on the material used, where the tubing wall col- 
lapses. See design, corrugated; extruder pipe and 
tubing; kink. 
tubing, heat-shrinkable A tubing that is made from 
various plastics, including TFE and TFE copolymers, whose 
inside diameters are reduced by the application ofheat. See 
orientation and heat-shrinkability; shrinkage. 
tubing, microbore Small-diameter (micron sizes) tub- 
ing is extruded to meet the very tight tolerances (ID and 
OD) that are required in various products, such as elec- 
tronics, medical devices, and optical images. Extremely 
tight quality control is required from start to finish, and 
factors considered include raw materials to material han- 
dling inline, designing the coiiiplete extrusion line (die, 
instrumentation, control parameters, pullers, etc.), inspec- 
tion procedures, statistical quality control, and so on. See 
computer control; computer processing control, 
statistical; controller; extruder; extruder pipe and 
tubing; mean and standard deviation; process con- 
trol; quality control; statistical material selection, 
reliability of; statistical material selection, uncer- 
tainty in; statistical probability; statistical quality 
control; zero defect. 
tumbling A finishing or deflashing machine operation 
for relatively small plastic parts by which molded gates, 
flash, and fins are renioved or surfaces are polished by ro- 
tating them in a barrel together with wooden pegs, saw- 
dust, ivory nut chips, felt blocks, and polishing com- 
pounds. There are batch and continuous systems. Also 
called barreling or tmwrbler. See blending; burnish; de- 
flashing, cryogenic; material tumbling; mill; mixer, 
V-blender; trim. 
tumbling agitator A cylindrical or cone-shaped vessel 
that rotates about a horizontal or inclined axis with internal 

See extruder tube, blown. ribs that lift the material and then let it tumble back into 
the charge. Their main use is with dry blends, such as add- 
ing color concentrates in molding conipounds. 
tumbling blender-mixer A device that is used in 
blending powders and pellets. There are three iliain types: 
drum, double-cone, and V-blender-mixers. See material 
blending letdown ratio; mixer. 
tumbling, drum A device that is extensively used to 
mix plastic pellets with color concentrates and recycled 
plastics. The materials are charged into a cylindrical drum, 
which are tumbled end over end or rotated about an in- 
clined axis for a specified time to thoroughly blend the 
component. 
tumbling, wet Finishing plastics in a barrel that con- 
tains a wet abrasive, such as a pumice slurry. See pumice. 
tungsten alloy See injection-molding nonplastic; 
reinforced-plastic cutting. 
turbulent flow See coolant, turbulent-flow; melt 
flow, laminar. 
turnkey operation See fabricating turnkey opera- 
tion. 
turn per inch 
turret winder See orientation, biaxial. 
twist, direction of yarn In yarn or other textile 
strands, the spiral turns about its axis per unit of length. 
Twist may be expressed as  turns per inch (tpi). The letters 
S and Z indicate the direction of the twist, in reference 
to whether the direction conforms to the middle-section 
slope of the particular letter. A yarn or strand has an S 
twist ifwhen held in a vertical position, the spirals conform 
in slope to the central position of the letter S. It has a Z 
twist if the spirals conform in slope to the central portion 
of the letter Z .  Strands that are simply twisted (greater than 
1 t u r d i n .  or 40 turndin) will kink, corkscrew, or unravel 
because their twist is in only one direction. The plying 
operation normally eliminates this problem. For example, 
single yarns having a Z twist are plied with an S twist, thus 
resulting in a balanced yarn. Llepending on the twisting 
and plying operations, different yarn strengths, diameter, 
and flexibility can be obtained to meet different perfor- 
mance requirements of plastic materials, such as coated 
fabrics, reinforced plastics, and pultrusions. See direc- 
tional property; fiber; impregnation; kink; rein- 
forced plastic characterization; yarn twist, hawser. 
twist, zero Twistless; devoid of twist. 
two-color molding See injection molding, two- 
shot. 
two-shot molding See injection molding, two-shot. 
typical basis The typical property value is an average 
value. No statistical assurance is associated with this basis. 
See A-basis; B-basis; C-basis; population confi- 
dence interval. 
Tyvek DuPont's tradename for its spun bonded, tough, 
strong HDPE fiber sheet product. It is uTed in niailing 
envelopes (protects contents, etc.), medical devices, and 
wrapping around buildings. See fabric, nonwoven spun- 
bonded. 

See twist, direction of yarn. 



U 
UL 94 
tory Classification. 
Ultem 
ether-imide plastics. 
ultimate strength See tensile strength. 
ultraocular lens 
ultrasonics The science of the effects of mechanical or 
sound vibrations beyond the limit of audible frequencies, 
greater than approximately 20,000 Hz. It  is used in friction 
welding, drilling hard materials, nondestructive testing, 
cleaning of tools, and cavitation erosion tests. See cavita- 
tion; relaxation, ultrasonic; welding, ultrasonic. 
ultrasonic C-scan See test, nondestructive ultra- 
sonic. 
ultrasonic degradation A type of mechanochemical 
degradation that occurs when a plastic solution is irradiated 
with ultrasonic radiation. Cavitation (rapid collapse of re- 
gions of low pressure) occurs and thc resulting very high 
local shearing forces can cause niechaiiochemical chain 
scission of the plastic, reducing molecular weight. See 
degradation. 
ultrasonic fabrication Ultrasonic assembly of plastic 
parts is done by welding, nietal inserting, staking, spot 
welding, and sewing. In each application ultrasonic vibra- 
tions above the audible range generate localized heat by 
vibrating one surface against another. Sufficient heat is re- 
leased, usually within a fraction of a second, to cause most 
thermoplastics to melt, flow, and fuse. See fabricating 
process; welding. 
ultrasonic, light See test, nondestructive transpar- 
ent medium light schlieren. 
ultrasonic penetration See test, nondestructive ul- 
trasonic penetration. 
ultrasonic surface measurement See molded-ma- 
terial surface measurement. 
ultrasonic testing See test, nondestructive ultra- 
sonic. 
ultrasonic wave A sound wave that has a frequency 
higher than those that can be heard by humans-that is, 
all waves with a frequency of 18,000 cycles/s and above. 
For coniniercial use, such waves are produced mechani- 
cally or by an electrical or electronic generator driving a 
transducer. See welding, ultrasonic. 
ultrasound Mechanical vibrations having the same 
physical nature as sound but with frequencies normally 
above the range of human hearing. See transducer, 
magnetostrictive. 
ultraviolet (W) The zone of invisible radiation be- 
yond the violet end of the spectrum of visible radiation. 
Because UV wavelengths are shorter than visible wave- 
lengths, their photons have more energy, which initiates 

See fire retardance; Underwriters’ Labora- 

GE Plastics’ trade nanie for its family of poly- 

See medical, lens implant. 

some chemical reactions and can degrade certain plastics. 
It  pertains to the region of the invisible clectroniagnetic 
spectruin from about 10 to 400 nm. The term UV without 
further qualification usually refers to the region from 200 
to 400 nm. See chemistry, analytical; dryer, ultravio- 
let; electromagnetic spectrum; optical brightener 
agent; spectrometer, ultraviolet; ultraviolet radia- 
tion; weatherability. 
ultraviolet absorber A low-molecular-weight organic 
compound, such as hydroxybenzopherione derivatives, 
that is capable of absorbing a significant amount of radiant 
energy in the ultraviolet wavelength region. This protects 
the material, such as plastic (in which it is an additive), 
from the damaging (degrading) effect of the energy. An 
UV absorber without significant chemical change dis- 
sipates the absorbed energy. Also called UV stabilizer. 
See optical brightener agent; stabilizer. 

Light itself does not directly hami plastics, but the radia- 
tions and particularly UVs tend to initiate or catalyze 
chemical degradation. The result is oxidation, a process 
that is often referred to as photooxidation. It is the degrada- 
tion occurring in the presence of oxygen. Various plastics 
are susceptible to this degradation. Absorbers and stabiliz- 
ers are used to ensure long outdoor exposure, such as at 
least 50 years with PMMA. A light-stabilizer screen is in- 
soluble in the plastic and thereforc renders a transparent 
material opaque. Carbon black, especially of small particle 
size, is the most effective screen. Other pigments, such as 
zinc oxide, have less screening power and act by reflecting 
rather than absorbing UV. 
ultraviolet radiation Electromagnetic radiation is in 
the 40 to 400 nin wavelength region. The sun is the main 
natural source of UV radiation on the earth. Artificial 
sources are many, including fluorescent UV lamps. UV 
radiation causes certain plastic photodegradation and other 
chemical reactions. See adhesive, one part; printing 
ink, radiation. 
ultraviolet stabilizer A stabilizer that protects plastics 
that are affected by the harmful effects ofthe sun. By iiiter- 
cepting the sun’s rays, they extend the plastic’s retention 
ofphysical properties. Without these additives, the plastic’s 
molecular chains break down at a faster rate. Also called 
UV stabilizer, ultraviolet absorber, or U V  absorber. See car- 
bon black; degradation; oxidation degradation, 
thermal; photooxidation agent; stabilizer. 
ultraviolet stabilizer and color UV stabilizers do not 
permanently improve color stability for colored plastic 
parts. Sunrays cannot reach the plastic’s interior molecular 
chains because the radiation cannot pass through the plastic 
without interacting with an outer plastic chain or the UV 
stabilized molecules. If a system is properly stabilized, then 
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the sun’s energy is prevented from reaching the interior 
chains for a period long enough to permit the part to com- 
plete the expected service life. With opaque plastics if the 
colorant used were not light stabilized, they would fade. 
UV additives might provide negligible protection. 
unary system 
undercured See curing, under-. 
undercut See mold undercut. 
underground pipe Thermoplastic pipes transport gas, 
water, and so on. Where very high loads or corrosive situ- 
ations exist, reinforced-plastic piping is used. See pipe, 
geothermal; pipe, water deterioration; reinforced- 
plastic pipe; safety; sewer rehabilitation. 
underwater processing See molding, isotactic. 
Underwriters’ Laboratory classification UL’s Clas- 
sification and Follow-Up Service is used by manufacturers 
to show that the product bearing the UL marking complies 
with UL’s requirements. See Appendix C, Worldwide 
Plastics Industry Associations. 
Underwriters’ Laboratory electric power See elec- 
tronic standard, international. 
Underwriters’ Laboratory factory inspection UL 
representatives visit factories and other facilities where 
listed, classified, or recognized products are made and con- 
duct examinations or tests of such products. They also ex- 
amine how the manufacturer determines conipliance with 
UL’s requirements. 
Underwriters’ Laboratory fire-resistance index A 
summary of classified fire-resistance products and building 
construction-design fire resistance ratings published for 
general distribution. See test, fire cone and lift. 
Underwriters’ Laboratory Standard UL-544 A gen- 
eral safety standard. See safety. 
Underwriters’ Laboratory UL-94 See fire re- 
tardance. 
uniaxial load See directional property, uniaxial load. 
Unicarb Union Carbide’s trade name for its finish sys- 
tems that compete with solvent organic systems. See fin- 
ish system, reduced solvent. 
unicellular plastic Also called closed-cell -foamed plastic. 
See foam. 
unidirectional fabric See fabric, woven. 
unidirectional property See directional property, 
unidirectional. 
Union Carbide mixing screw See screw mixing, 
Maddock. 
Unipol Union Carbide’s trade name for its low-pressure 
process that made possible the start of the large-volume 
utilization of linear low-density polyethylene and other 
plastics. 
unit 1. A part on which a measurement or observation 
may be made. 2. A precisely specified quantity in terms 
of which magnitudes of other quantities of the same kind 
can be stated. 
unit, coherent system A system of units of measure- 
ment in which a small number of base units, defined as 
dimensionally independent, are used to derive all other 

Composed of one coniponent. 

units in the system by rules of multiplication and division 
with no numerical factors other than unity. 
unit elongation 
unsaturated See chemical unsaturation. 
unsaturated compound A substance with niore than 
one bond between adjacent atoms, usually carbon, and 
thus reactive toward the addition of other atoms at  that 
point. An example is thermoset unsaturated polyester plas- 
tic. See aromatic; compound. 
unsaturation A condition of being partially filled. In 
terms of a compound, it denotes a condition of being able 
to take up or react with niore atoms. See saturation. 
The Unwritten Laws of Engineering: the Professional 
Codefor Engineers A book that sets forth a professional 
code of conduct for engineers that covers everything from 
handling interpersonal relationships with associates to as- 
signing responsibilities for technical projects. Included are 
numerous rules, recommendations, and timeless “dos and 
don’ts’’ for engineers. The book is written by W.J. King, 
and published by the American Society of Mechanical En- 
gineers (Fairfield, NJ, 1997). See ethics. 
upstream That portion of a fabricating line that has not 
yet entered the main processing equipment, such as an 
extruder. See auxiliary equipment; downstream; fab- 
ricating process; processing, in-line; processing line, 
upstream. 
uptime See processing line uptime. 
urea A natural product that is synthesized as white cry- 
tals or powder with a nielting point of 132°C (270°F). It 
is soluble in water, alcohol, and benzene. It is used as a 
flame-proofing agent and in plastics such as urea fornialde- 
hyde plastic. Also called carbamide. 
urea formaldehyde plastic (UF) A synthetic thermoset 
plastic that is derived by the reaction of urea with fornialde- 
hyde or its polymer. The UF plastics are in the amino family 
ofplastics. They are available in a wide range ofcolors from 
translucent colorless and white to a lustrous black. Within 
their range of operating temperatures of-21OC (-60°F) to 
80OC (175”F), they are not affected by heat as with most 
thermoplastics. Higher temperatures over prolonged pe- 
riods of time will cause fading and eventually blistering. 
These nonflammable (self-extinguishing), odorless, and 
tasteless materials char at  about 200°C (395OF). UFs have 
lower hardness, heat resistance, and moisture resistance than 
melamine plastics. They have higher tensile strength and 
hardness than phenolic but have lower impact strength, 
heat, and moisture resistance. UFs are scratch resistant and 
solvent resistant, including hot water. It is used in adhesives, 
cosmetic container closures, tableware, appliance housings, 
laminates for counters, sanitary ware, toilet seats, buttons, 
electrical insulators and accessories, tabletops, adhesives, and 
coatings. Its major use is in wood products, where about 
85wt%) is consumed as wood adhesives in the production of 
particleboard, medium-density fiberboard, and hardwood 
plywood. Also called urea resin or urea plastic. See amino 
plastic; glassine. 
urethane plastic See polyurethane plastic. 

See tensile elongation unit. 
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vacuum In vacuum technology, a given space that is 
filled with gas at pressures below atmospheric pressure. 
See atmosphere; casting, vacuum; cleaning, vac- 
uum-pyrolexis; coating, vacuum; coating, vacuum- 
deposition; distillation, vacuum; extruder vacuum 
box; flashing, vacuum; impregnation; material han- 
dling, vacuum loader and conveyor; metallizing, 
vacuum; mold cooling, vacuum; thermoforming, 
pneumatic control; thermoforming; vacuum; ther- 
mogravimetric analysis, vacuum thermobalance; 
torr; wood compressed; wood-plastic impregnated. 
vacuum condensing point The temperature at which 
the sublimate (vaporized solid) condenses in a vacuum. 
Also called vcp. 
vacuum hot pressing (VHP) A method of processing 
materials, especially those in powder form, at elevated 
temperatures, consolidation pressures, and below atnio- 
spheric pressure. 
vacuum press A molding press, such as a compression 
molding press, can include a vacuum chamber or system 
that is used with the mold to remove air or gases. See 
mold breathing; molding, sheet-molding com- 
pound and vacuum press; reinforced-plastic vac- 
uum-bag molding. 
vacuum sizing A shape-holding fixture that is used to 
set the dimensions of processed plastics by holding the nia- 
terial against a mandrel by means of a vacuum. Also called 
vacuum tank. See extruder vacuum box. 
validating marketing See marketing; World of 
Plastics Reviews: Making Marketing Work. 
validation, medical See sterilization radiation. 
valence 1. The relative ability of a substance to react 
or combine. 2. A positive number that characterizes the 
combining power of an element for other elements, as 
measured by the number of bonds to the other atoms 
where one atom of the given element fornis a chemical 
combination. Hydrogen is assigned a valence of 1, and the 
valence is the number of hydrogen atoms, or their equiva- 
lent, with which an atom of the given element combines. 
The valence-balancing principle gives chemical formulas 
such as H 2 0 ,  Cl2O, NC13, and NzOi, which indicate the 
relative numbers of atoms of these elements in con-  
pounds. Valences of 2 and 3 are called divalent and trivalent. 
See chemical composition and properties of plastic; 
electron; element; Lewis symbol; molecular bond- 
ing; van der Waal’s force. 
valence band The highest energy band that is normally 
occupied by electrons. See chemical reaction, valence 
electron. 
valence bond See temperature and molecular 
bonding force. 

valence, coordinate A chemical bond between two 
atoms in which a shared pair of electrons forms the bond 
and the pair has been supplied by one of the two atoms. 
Also called coordinate bond. 
valence electron See chemical reaction, valence 
electron. 
valence, long pair A valence electron that is not in- 
volved in bond formation. Also called nonbonding electrons. 
valence shell The outer most electron-occupied shell 
of an atom. 
value analysis (VA) VA = (function of product) / (cost 
of the product). Immediately after the part goes into pro- 
duction, the next step is applying the value engineering 
approach and the FALLO approach to produce products 
that meet the same performance requirements but are pro- 
duced at a lower cost. VA can reduce cost, enhance qual- 
ity, and boost productivity. See engineered, re-; 
FALLO approach; plastic material selection. 
value, approximate A value that is nearly but not ex- 
actly correct or accurate. 
value, normal A value that is assigned for the purpose 
of convenient designation but exists in name only. 
value, order of magnitude A range of values that are 
applied to numbers, distances, and diniensions and that be- 
gin at any value and exceed to 10 times that value. For 
example, 2 is of the same order of magnitude as any num- 
ber between itself and 20, and 5 niiles is of the same order 
of magnitude as any distance between 5 and 50 miles. 
value, true See error, percentage. 
vanadium trioxide (V,O,) A toxic, black crystal that 
is soluble in alkalies and hydrofluoric acid, is slightly solu- 
ble in water, and melts at  1,970’C. It is used as a catalyst. 
Also called vanadium sesquioxidc. 
van der Waals adsorption Adsorption in which the 
cohesion between gas and solid arises from the van der 
Waals forces. See adsorption. 
van der Waals force An attractive force between two 
atoms or nonpolar molecules, which arise because a fluc- 
tuating dipole nionient in one molecule induces a dipole 
moment in the other, and the two dipole moments then 
interact. They are somewhat weaker than hydrogen bonds 
and far weaker than interatomic valences. Information re- 
garding their numerical values is mostly seniiempirical, de- 
rived with the aid of theory from an analysis of physical 
and cheniical data. Also called internzolecnIavforce, secondary 
valence .force, dispersion j w c e ,  London dispersion force, or van 
der Waals attimtion. See Boyle’s law; gas pressure and 
temperature; mixing theory; molecular bonding; 
valence. 
van Hoff isotherm See energy, van Hoff isotherm. 
vapor The gaseous form of substances that are normally 



in the solid or liquid state and that can be changed to these 
states either by increasing the pressure or decreasing the 
temperature. See water. 
vapor, condensable Gases or vapors that when sub- 
jected to appropriately altered conditions of temperature 
or pressure become liquids. 
vapor condensation See distillation. 
vapor decreasing See cleaning solvent. 
vapor deposition, chemical See chemical vapor 
deposition; xylylene plastic. 
vapor detector, dielectric An instrunient that mea- 
sures the change in the dielectric constant of gases or gas 
mixtures. It is used as a detector in gas chromatography 
to sense changes in carrier gas. See chromatography, 
gas; dielectric constant. 
vapor diffusion See water-vapor diffusion. 
vaporization See evaporation; volatile loss. 
vaporization point At a given pressure, the tempera- 
ture at which the vapor pressure of the liquid is equal to 
the external pressure or at a stated temperature the external 
pressure on the liquid that is equal to its vapor pressure. 
vapor-liquid-solid process (VLS) Carborunduni 
Co., Niagara Falls, NY, developed a process that produces 
high-quality and rather a large quantity of silicon carbide 
whiskers. See fiber, silicon-carbide; reinforced plas- 
tic, advanced; reinforced, whisker. 
vapor-phase hydrogen peroxide See sterilization, 
vapor-phase hydrogen-peroxide. 
vapor pressure The pressure that is exerted by the va- 
por at  a given temperature of a solid or liquid when in 
equilibrium with the solid or liquid. Also it is the compo- 
nent of atmospheric pressure contributed by the presence 
of water vapor. See distillation, vapor rate of; drying; 
molecular-weight vapor-pressure osometer; Raoult’s 
law; vapor; volatile; water-vapor transmission. 
vapor pressure curve A curve for a substance such as 
water, showing the variation of boiling temperature with 
boiling pressure. It indicates combinations of temperature 
and pressure at which the substance will be in a fluid or 
vapor phase. 
vapor vacuum deposition The condensation and so- 
lidification of the metal or metal containing vapors, under 
high vacuum, to form deposits on a substrate. 
variable A quantity to which any of the values in a 
given set may be assigned. If variable A is a function of 
variable B, then A is the dependent variable, and B is the 
independent variable. The deviation variable is the differ- 
ence between the dependent variable and the steady-state 
value. See control response; extruder instability or 
variability; motion-control system. 
variance The mean square of deviations, or errors, of a 
set of observations; the suni of square deviations, or errors, 
of individual observations with respect to their arithmetic 
mean divided by the nuniber of observations less one (de- 
gree of freedom); the square of the standard deviation, or 
standard error. See mean; statistical F-test; statistical 
material selection, reliability of. 

varnish A nonpigmented coating comprising a solvent 
and (1) a binder that forins a film by oxidation or polymer- 
ization or (2) a binder that forms a film by evaporation of 
the solvent. Type 1 includes drying oils, either alone or 
in combination with natural or synthetic plastics or chlori- 
nated rubber, and uses such solvents as turpentine and 
naphtha. Type 2 includes shellac, cellulose ester, or with 
either alkyd or phenolic plastic, and uses such solvents as 
methanol, isobutyl ketone, butyl acetate, and toluene. See 
aluminum stearate; copal; finish, baking; linseed oil; 
paint; printing and varnish; shellac. 
varnish, cold-cut A varnish or lacquer manufactured 
by dissolving the ingredients in a suitable solvent by me- 
chanical agitation without the application of heat. 
vector See mathematical vector. 
vehicle The liquid medium in which pigments, etc., are 
dispersed in the coating and which enables the coating to 
be applied. See coating; paint; varnish. 
veil A very thin mat that is used to improve plastic sur- 
face characteristics, particularly for reinforced plastics. See 
fiber mat; reinforced plastic. 
Velcro strip A process that uses a continuous injectiori- 
molding operation. The equipment molds the strip from 
the plastic, trims it, conditions it for flatness, applies an 
adhesive backing, and winds it on a reel. The key elements 
are a conventional extruder that combines extrusion with 
injection and a rotating ferris wheel mold. An extruder 
runs continuously, feeding the nielt into the continuously 
rotating mold through a special adapter, mounted on the 
extruder barrel melt outlet. For example, a 2 ft (61 mi) 
diameter niold turns at about 10 rpin, delivering Velcro 
at 60 to 70 ft/niin (18.3 to 21.3 m). The mold contains 
more than 15,000 cavities meeting very tight tolerances. 
Plates (foriiiing cavities) in the mold stack are surface- 
ground to be flat within 0.002 in (0.050 nun) across a 2 
ft (0.6 in) diameter. Also, plate thickness, which deter- 
mines the spacing between adjacent rows of splines as well 
as the quality of the seal between adjacent plates, is con- 
trolled to within 0.0001 in. (0.0025 ium). 

As the niold rotates past the extrusion-injection die head, 
the melt flows onto the circumference of the mold and is 
forced by the melt pressure into the cavities. Enough addi- 
tional melt is supplied to create the base strip a t  the same 
tinie. By the time the inold has conipleted about one-half a 
revolution, the plastic has been cooled and solidified. Mold 
temperature is controlled by an air plenum located about 
one-quarter of a revolution before the injection point; the 
molded Velcro itself is cooled by another plenum ahead of 
the strip-offpoint. The airflow is adjusted to keep the nylon 
(usual plastic used) sufficiently warm and flexible so that the 
projections can pull free from the undercuts in the cavities 
without damage duringstrip-off. See extruder; injection- 
molding, continuous; mold; zipper. 
velocity See calculus. 
veneer Thinly cut wood (usually preriiiuni wood) that 
is applied to a surface laminate such as plastic or wood. 
Thin sheets are also used to produce plywood using low- 
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to premium-grade wood. See adhesive, edge joining; 
laminate; wood, ply-; wood veneer. 
Venetian red 
vent bleed The unplanned escape of melt through the 
air vents that are used during certain fabricating processes, 
such as in molds or vented barrels. See barrel-vent 
safety; bleed; mold-cavity venting; screw, venting. 
vent cloth A layer or layers of open-weave cloth that is 
used to provide a path for a vacuum to reach the area in 
which a reinforced plastic is being cured, such that volatiles 
and air can be removed. It causes a pressure differential that 
results in the application ofpressure to the part being cured. 
It is used in processes such as bag molding, autoclave mold- 
ing, and vacuum bag molding. Also called breather cloth. See 
reinforced-plastic bag molding; venting. 
vented barrel See screw, venting. 
vent hole An opening for the escape of gases during 
processing. Also called port hole. See mold breathing; 
screw, venting; thermoforming mold. 
venting 1. Removing entrapped air and other gases that 
may be produced during fabrication. See extruder vent- 
ing; injection-molding venting; screw, venting; 
venting purifier; volatile. 2. Shallow holes, tubes, or 
channels in a mold that allows gases and air to exit as the 
molding material enters the cavity. See air vent; mold 
breathing; mold-cavity venting; rotational-molding 
venting. 3. See barrel-venting safety; drying opera- 
tion, hygroscopic plastic; mold venting, water 
transfer; safety. 4. A woven or nonwoven fabric layer 
that is used to vent reinforced plastics during fabrication. 
This bleeder cloth is removed after the curing process; it 
is not part of the final RE’ part. See reinforced-plastic 
venting cloth; vent cloth. 
venting, blow molding See blow molding, ex- 
truder-mold. 
venting feeder A controlled material feeding device 
that maximizes the operation of a vented system in equip- 
ment such as an extruder or injection-molding machine. 
The controlled feeding device determines the amount of 
plastic that is being fed into the screw, thereby controlling 
the output of the first stage of a two-stage screw. This 
action should eliminate all cases of possible vent bleeding 
and plugging of the vent hole. By partially filling the screw 
flight channels, the surface moisture that is being driven 
off the plastic has a vapor space in which to evaporate. It 
facilitates control of the amount of shear and energy that 
is delivered to the plastic via the screw geometry, different 
shear history can be provided, etc. Also called stavve-fccder. 
See material starve feeding. 
venting purifier A device that removes and collects ex- 
haust steam and other vapors. The exhaust from vented 
plasticating barrels is almost all condensed steam, but a 
small portion of the vent exhaust can be by-products that 
are released by certain plastics or additives and that can be 
of concern to plant personnel or plant equipment. The 
purifiers include electronic precipitators. See purging; 
purification; screw, venting. 

See pigment, Venetian red. 

venting safety See barrel-venting safety; plastica- 
tor safety. 
venting via water transfer See mold venting, water 
transfer. 
venturi A type of flow meter. It  is a tubelike device 
having broad, flaring ends and a narrow central portion 
(or throat). This shape constricts the passage of a “fluid” 
so that its rate of flow increases while the pressure de- 
creases. The difference in pressure creates a measure of 
the flow. It  is used in many different types of processing 
equipment, such as material conveying systems and 
scrubbers. See cooling ring, venturi; extruded-blown 
film air ring; flow meter; material handling, pneu- 
matic loader and conveyer; pollution, air. 
verification See design verification. 
vermiculite One of the mica groups that are used as 
granular filler of relatively high compressive strength. 
They are a crystalline layer silicate mineral of similar struc- 
ture to talc. However, some of the silicon atonis are re- 
placed with aluminum, producing a negative charge that 
is neutralized by the interlayer cations, mostly magnesium. 
The ionic forces bind the layers together strongly. Water 
molecules in the layers are hydrogen bonded to oxygen 
of the silicates. On rapid heating to about 300°C (572°F) 
the steam produced causes separation of the layers, gving 
an expansion (exfoliation) of up to 30 times. It  is used as 
a special type filler; as an example when mixed with plastic 
to form a filler compound having relatively high conipres- 
sion strength. See filler; silicate; talc. 
vertical rotary wheel molding See blow molding, 
extruder, vertical rotary wheel; clamping platen, ro- 
tary; injection molding, two-shot; press, rotary. 
vessel 
vessel tank See ABL bottle. 
vibration An oscillation wherein the quantity is a parani- 
eter that defines the motion of a mechanical system. See 
attenuation; damping capacity; dash pot; nonreso- 
nant forced and vibration technique; orientation and 
electrical property; resonant-forced vibration; wave. 
vibration, free A technique fix performing dynamic 
mechanical nieasurements in which a sample is deformed, 
released, and allowed to oscillate freely at the natural reso- 
nant frequency of the system. Elastic modulus is calculated 
from the measured resonant frequency; damping is calcu- 
lated from the rate at which the aniplitude of the oscilla- 
tion decays. See damping; resonance; resonant- 
forced vibration. 
vibration frequency See stroboscope. 
vibration, melt 
melt vibration. 
vibration, optical See wave. 
vibration welding 
vibration. 
vibratory cavitation test device 
structive ultrasonic. 
Vicat test 
point Vicat. 

See boat; marine applications for plastics. 

See injection molding, vibrational; 

See sealing, ultrasonic; welding, 

See test, nonde- 

See test, hardness Vicat; test, softening 
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vinyl See polyvinyl chloride plastic; vinyl plastic. 
vinyl acetate A colorless, water soluble, flammable liq- 
uid that boils at 73°C (163°F). It  is used as an intermediate 
additive and in the production of plastics such as polyvinyl 
plastic. 
vinyl acetate plastic See polyvinyl acetate plastic. 
vinyl alcohol A flammable, unstable liquid found only 
in ester or polymer form. Also called ethanol. 
vinylation The formation of a vinyl-derived product by 
the reaction with acetylene. For example, vinylation of 
alcohols gives vinyl ethers, such as vinyl ethyl ether plastic. 
vinyl chloride monomer (VCM) A flammable, ex- 
plosive gas with an ethereal aroma. It  is soluble in alcohol 
and ether and slightly soluble in water and boils at - 14°C 
(7°F). It  is an important monomer for PVC and its co- 
polynier plastics. It is also used in organic synthesis and in 
adhesives. Regnault first prepared VCM in 1835. In 1921, 
Plausen discovered how to polymerize VCM into PVC. 
Commercial production started in 1931. Many new devel- 
opments occurred thereafter. Also called chloroethene or 
rhloroethylcne. See ethylene dichloride; polyvinyl chlo- 
ride plastic. 
vinyl composition tile (VCT) Both environmentally 
and economically, VCT outperforms two other flooring 
products, according to a new life-cycle assessment by the 
US.  National Institute of Standards and Technology. Us- 
ing a newly developed software prograni termed BEES 
(Building for Environmental and Economical Sustainabil- 
ity), NIST compared VCT with linoleum and recycled- 
content ceramic tile. The results show VCT ranks 20 to 
30% higher in environmental performance and 90 to 170% 
higher in economic performance. Criteria for the rating 
include indoor air quality, solid waste, acid rain, global 
warming, and natural resource depletion. The BEES 
model for evaluating building products has been adopted 
as an official tool of the U.S. Creenbuilding Council and 
is used by architects, builders, contractors, and other speci- 
fiers who want to select environiiientally friendly prod- 
ucts. See dioxin; life-cycle analysis; polyvinyl chlo- 
ride plastic; vinyl seagoing bag. 
vinyl dispersion See plastisol. 
vinyl ester plastic A stiff and tough unsaturated ther- 
moset plastic that is cured by both peroxide catalyzed 
addition polymerization of vinyl groups and anhydride 
cross-linking of hydroxyl groups at room or elevated tem- 
peratures. Cured bisphenol-A vinyl esters are character- 
ized by chemical resistance; epoxy novolak vinyl esters by 
solvent and heat resistance; and all types in general are 
tough and flexible in a wide range. Their major use is as 
the matrix in glass-fiber reinforced plastics. They provide 
exceptional high-strength properties in highly corrosive or 
chemical environments when compared to other com- 
mercial R P  matrices. Popular processes include filament 
winding, transfer molding, pultrusion coating, and laini- 
nating. Uses include structural composites, sheet-molding 
compounds, and chemical apparatus. See polyvinylidene 

chloride plastic, reinforced plastic, vinylidene chlo- 
ride plastic. 
vinyl monomer See ionic initiator. 
vinyl plastic Vinyls are a large class of diversified ther- 
moplastics with the most important being polyvinyl chlo- 
ride plastics. Other families are vinyl acetate, vinyl alcohol, 
vinylidene chloride, and vinyl acetal plastics. Their prop- 
erties vary widely. In general, they show good weather- 
ability, barrier properties, flexibility, and low costs; they 
are attacked by many solvents and have limited thermal 
stability. They are used in film and sheet products. See 
chlorine; fusion; organosol; plastisol; polyvinyl 
chloride plastic. 
vinyl plasticizer See plasticizer, phthalic. 
vinyl plastic, stir-in A vinyl plastic that does not re- 
quire grinding to effect dispersion in a plastisol or or- 
ganosol. 
vinyl recycling aid See recycling steel with vinyl 
scrap. 
vinyl seagoing bag Nordic Water Supply (NWS of 
Norway) has a ten-year contract to use plastic water con- 
tainers or bags to transport surplus water from Turkey to 
Cyprus. Tugboats pull several of the water-filled bags. The 
bags which had a volunie of 13,000 cubic yards of water 
when the project started, now have 26,000 cubic yards, 
and are targeted to go to 105,000 cubic yards of water per 
bag. Bags are niade of thernioplastic polyester fabric tex- 
tiles with internal and external layers of vinyl especially 
designed for seawater. This project has shown that trans- 
porting water in vinyl bags is cost effective. See dioxin; 
polyvinyl chloride plastic; vinyl composition tile. 
virus See computer virus. 
viscoelastic creep When a plastic material is subjected 
to a constant stress, it undergoes a time-dependent increase 
in strain. This behavior is called creep. See creep; strain. 
viscoelastic fluid A fluid that exhibits predominantly 
viscous flow behavior but also exhibits some elastic recov- 
ery of the deformation on release of the stress. To  enipha- 
size that viscous effects predominate, the term clartiroviscous 
is sometimes preferred; the terni vircoclastic is reserved for 
solids showing both elastic and viscous behavior. Most 
plastic systems, both nielts and solutions, are viscoelastic 
because their molecules become oriented due to the shear 
action of the fluid but regain their equilibrium in ran- 
dondy coiled configuration on release of the stress. Elastic 
effects are developed during processing such as in die swell, 
melt fracture, and frozen-in orientation. See design die; 
design mold; rheology; stress-strain curve; visco- 
elastic material. 
viscoelasticity A combination of the viscous and elastic 
properties in a plastic with the relative contribution of each 
being dependent on time, temperature, stress, and strain 
rate. It relates to the niechanical behavior of plastics in 
which there is a time- and temperature-dependent rela- 
tionship between stress and strain. A material having this 
property is considered to combine the features of a per- 
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fectly elastic solid and a perfect fluid. The response to stress 
of all plastic structures is viscoelastic, meaning that it takes 
time for the strain to accommodate the applied stress field. 
The time constants for this response will vary with the 
specific characteristics of the plastic and processing tech- 
niques. In the rigid section of a block polymer the response 
time is usually on the order of microseconds to niillisec- 
onds. With resilient rubber sections of the structure the 
response time can be long, ranging from tenths of a second 
to seconds. This difference in response time is the cause 
of failure under rapid loading for certain plastics. 

T o  understand why the possibility for brittle failure 
does, in fact, exist when the response under high-speed 
stressing is transferred froni resilient regions of a block 
polymer, an analysis of the response of the two types of 
materials in the structure is necessary. The elastomeric re- 
gions, which stay soft and rubbery at room temperature, 
will have a very low elastomeric modulus and a very large 
extension to failure. The rigid, virtually cross-linked re- 
gions, which harden together into a crystalline region on 
cooling, will be brittle and have very high moduli and very 
low extension to failure, usually froin 1 to 10%. If the stress 
rate is a sniall fraction of the normal response time for the 
rubbery regions, they will not be able to strain quickly 
enough to acconimodate the applied stress. As a conse- 
quence the brittle, virtually cross-linked regions take a 
large aniount of the stress, and since they have limited 
elongation, they fail. The apparent effect is that of a high- 
stretch, rubbery material undergoing brittle failure at  an 
elongation that is a small fraction of the possible values. 
See brittleness; designing with the pseudoelastic 
method; dielectric Maxwell-Wagner effect; elastic- 
ity; elastic solid; modulus; pseudoplastic; rheology; 
strain; stress. 
viscoelasticity, linear The theory of linear viscoelas- 
ticity is valid only when the deformation is either sniall 
or slow. In the case of oscillatory shear experiments, for 
example, the strain amplitude must usually be low. For 
large and niore rapid deformations, the linear theory has 
not been validated. The response to an imposed deforma- 
tion depends on (1) the size ofthe deformation, (2) the rate 
of deformation, and (3) the kinematics of the deformation. 

The simplest type of viscoelastic behavior is linear visco- 
elasticity. This type of rheology behavior occurs when the 
deforniation is sufficiently niild that the molecules of a 
plastic are disturbed from their equilibrium configuration 
and entanglement state to a negligble extent. Since the 
deforniations that occur during plastic processing are nei- 
ther small nor slow, any theory of linear viscoelasticity to 
date is of little use in processing modeling. Its principal 
utility is as a method for characterizing the molecules in 
their equilibrium state. An example is in the coniparison 
of different plastics during quality control. See deforma- 
tion; kinetic. 
viscoelasticity, nonlinear The behavior in which the 
relationship of stress, strain, and time are not linear so that 

the ratios of stress to strain are dependent on the value 
of stress. The Boltzniann superposition principle does not 
hold. Such behavior is very common in plastic systems, 
nonlinearity being found especially at high strains or in 
crystalline plastics. See Boltzmann superposition prin- 
ciple; kinetic. 
viscoelastic material A plastic for which at long times 
of applied stress, such as in creep, a steady flow is eventu- 
ally achieved. Thus in a generalized Maxwell model, all 
the dashpot viscosities must have finite values, and in gen- 
eralized models they must have zero stiffnesq. For materials 
with very long relaxation time the distinction between a 
viscoelastic liquid and a viscoelastic solid becomes uncer- 
tain. See test analysis, micromechanical; viscoelastic 
fluid. 
viscoelastic modulus See modulus, stress-relaxation. 
viscoelastic spectrum See thermomechanical spec- 
trum. 
viscometer An instrunient that is used for nieasuring 
the viscosity and flow properties of fluids such as plastic 
melts. A coininonly used type is the Brookfield, which 
measures the force required to rotate a disk or hollow cup 
immersed in the specimen substance at  a predetermined 
speed. Other types employ such devices as rising bubbles, 
falling or rolling balls, and cups with orifices through 
which the fluid flows by gravity. Also called a viscosirnctcr. 
Instruments for measuring flow properties, of highly vis- 
cous fluids and molten plastics are niore often called rkeorn- 
eters or plastometers. See rheometer; test, melt-flow; 
test, Mooney viscosity. 
viscometer, capillary An instrument that is used for 
measuring either concentrated solutions or plastic melt? 
(described under capillary rheometer) or dilute solution 
viscosities. The most widely used of the latter type em- 
ploys a glass capillary tube and means for timing the flow 
of a measured volume of solution through the tube under 
the force of gravity. This time is then compared with the 
time taken for the same volunie of pure solvent, or of 
another liquid of known viscosity, to flow through the 
sanie capillary tube. See rheometer, capillary. 
viscometer, Weissenburg effect A phenomenon that 
is encountered in rotational viscometric studies at high 
speeds, particularly when the alignment between cups is 
not perfect, and is characterized by a tendency of the plas- 
tic solution to climb the wall of the cup or cylinder that 
is rotating. See viscosity, non-Newtonian flow; 
Weissenburg effect. 
viscose A highly viscous solution coniposed of cellulose 
xanthate and dilute caustic soda. 
viscose process A process for manufacturing rayon fi- 
ber by treating cellulose with caustic soda and with carbon 
disulfide to form cellulose xanthate, which is then dis- 
solved in a weak caustic solution to form the viscose niate- 
rial. See fiber, rayon. 
viscosity The property of the resistance of flow exhib- 
ited within a body of material. Ordinary viscosity is the 
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internal friction or resistance of a plastic to flow. It  is the 
constant ratio of shearing stress to the rate of shear. Shear- 
ing is the motion of a fluid, layer by layer, like a deck of 
cards. When plastics flow through straight tubes or chan- 
nels, they are sheared, and the viscosity expresses their re- 
sistance. The melt index or melt-flow index is an inverse 
measure of viscosity. High MI implies low viscosity, and 
low MI means high viscosity. Plastics are shear thinniug, 
which nieans that their resistance to flow decreases as the 
shear rate increases. This is due to molecular alignments 
in the direction of flow and disentanglements. 

Viscosity is usually understood to mean Newtonian vis- 
cosity, in which case the ratio of shearing stress to the 
shearing strain is constant. In non-Newtonian behavior, 
which is the usual case for plastics, the ratio varies with 
the shearing stress. Such ratios are often called the apparent 
viscosities at the corresponding shearing stresses. Viscosity 
is measured in ternis of flow in Pa.s (P), with water as the 
base standard (value of 1.0). The higher the number, the 
less flow. See fluidity; melt flow; melt strength; mo- 
lecular weight and melt flow; molecular weight, 
toughness, and temperature; Reynold’s number; 
test, melt index; viscosity, Newtonian flow; viscos- 
ity, non-Newtonian flow. 
viscosity, absolute The ratio of shear stress to shear 
rate. It is the property of internal resistance of a “fluid” 
(plastic melt) that opposes the relative niotioii of adjacent 
layers. It is the tangential force on unit area of either of 
two parallel planes at unit distance apart when the space 
between the planes is filled with the fluid in question and 
one of the planes moves with unit differential velocity in 
its own plane. Its unit is the poise (dyne-sec./cni’). The 
centipoise (0.01 poise) is often used. Also called dynamic 
viscosity. 
viscosity, apparent (AV) The ratio between shear 
stress and shear rate over a narrow range for a plastic melt. 
It is a constant for Newtonian materials but a variable for 
plastics that are non-Newtonian materials. See dilatant; 
mathematical equation, cross-; viscosity. 
viscosity, apparent body Body is the apparent viscos- 
ity of material, such as paint, varnish, or oil, as assessed 
subjectively on application of a shearing force by, for ex- 
ample, pouring from a can or stirring. High-AV material 
is said to be full-bodied or heavy-bodied; low-AV is light- 
bodied. A false-body describes a full-bodied material that, 
on agitation, undergoes a marked decrease in AV and then 
returns to its former condition when left at rest. 
viscosity, breaking A petroleum refinery process that 
is used to lower or break the viscosity of high-viscosity 
residuum by thermal cracking of molecules at relatively 
low temperatures. Also known as vis-bveaking. 
viscosity, coefficient The shearing stress that is neces- 
sary to induce a unit velocity gradient in a material. See 
coefficient of viscosity. 
viscosity, depressant A substance that, when added in 
a relatively minor amount to a liquid, lowers its viscosity. 
Such materials are often incorporated in vinyl plastisols to 

lower their viscosities without increasing plasticizer levels. 
See plastisol. 
viscosity, dilute-solution Measured under prescribed 
conditions, is an indication of the molecular weight of a 
plastic. See diluent; molecular weight; solution, di- 
lute. 
viscosity, dynamic See rheological mechanical 
spectrometer; viscosity, absolute. 
viscosity, Hagen-Poiseuille law of Common meth- 
ods of measuring viscosity by amount of flow through the 
capillary tube make use of this law. See flow, Poiseuille; 
pressure flow; rheometer, capillary. 
viscosity, inherent The logarithniic viscosity number 
that is determined by dividing the natural logarithm of the 
relative viscosity (sometimes called viscosity ratio) by the 
concentration in grains per 100 ml of solution. 
viscosity, intrinsic For a plastic, the limiting value of 
an infinite dilution. It is the ratio of the specific viscosity 
of the plastic solution to its concentration in moles per 
liter. Also called limiting viscosity number. 
viscosity, kinematic The absolute or dynamic viscos- 
ity divided by the density of the fluid with both at the 
same temperature. 
viscosity, K-value A xiumber calculated from a dilute- 
solution viscosity measurement of a plastic used to denote 
degree of polymerization or molecular size. See poly- 
merization, degree of. 
viscosity, Mooney 
viscosity, Newtonian flow A flow characteristic 
where a material (liquid, etc.) flows immediately on appli- 
cation of force and for which the rate of flow is directly 
proportional to the force applied. I t  is a flow characteristic 
that is evidenced by viscosity that is independent of shear 
rate. Water and thin mineral oils are exaniples of fluids that 
possess Newtonian flow. See flow; melt-flow behavior; 
rheological material behavior; rheology; shear rate; 
viscosity, non-Newtonian flow. 
viscosity, Newtonian flow, bingham body A sub- 
stance that behaves somewhat like a Newtonian fluid in 
that there is a linear relation between rate of shear and 
shearing force but it also has a yield value. See rheology. 
viscosity, non-Newtonian flow Some plastic melts or 
liquids have abnormal flow response when force is applied. 
That is, their viscosity is dependent on the rate of shear. 
They do not have a straight proportional behavior with 
application of force and rate of flow; when proportional, 
rhe behavior has a Newtonian flow. Deviations from this 
ideal behavior may be of several different types. One type 
called apparent viscosity may not be independent of the rate 
of shear; it niay increase with shear rate (shear thickening 
or shear dilatancy) or decrease with rate of shear (shear 
thinning or pseudoplasticity). The latter behavior is usually 
found with plastic nielts and solutions. In general such a 
dependency of shear stress on shear rate can be expressed 
as a power law. Another type is where the viscosity niay 
be time dependent, as for materials exhibiting thixotropy 
or rheopexy. The usual type found with plastic melts and 

See test, Mooney viscosity. 
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solutions is where the fluid may exhibit elastic effects that 
are elasticoviscous fluids. Basically flow of a plastic melt is 
characterized by nonproportionality between shear rate 
and shear stress. See flow; melt flow behavior; rheo- 
logical material behavior; rheology; shear rate; vis- 
cometer, Weissenburg effect; viscosity, apparent; 
viscosity, Newtonian flow; Weissenburg effect. 
viscosity, nowNewtonian flow Ellis model A 
model describing the flow behavior of a non-Newtonian 
fluid. The model predicts Newtonian behavior when the 
viscosity is at zero shear rate. See flow model. 
viscosity, reaction See processing, reaction vis- 
cosity. 
viscosity, reduced The ratio of the specific viscosity to 
the concentration. Reduced viscosity is a measure of the 
specific capacity of the plastic to increase the relative vis- 
cosity. The IUPAC term is viscosity number. See liquifier. 
viscosity, relative (RV) The ratio of the absolute solu- 
tion viscosity (of known concentration) and of the abso- 
lute viscosity of the pure solvent at  the same temperature. 
IUPAC uses the term vimsity d o .  
viscosity, shear See CAMPUS database; shear 
stress. 
viscosity, specific The relative viscosity of a solution of 
known concentration of the plastic minus one. It is usually 
determined for a low concentration of plastics, such as 
0.5g/100 ml of solution or less. 
viscosity, stoke The unit of kinetic viscosity. I t  is ob- 
tained by dividing the melt’s absolute viscosity by its den- 
sity. A centipoise is 0.01 of a stoke. See poise.’ 
viscosity susceptibility When not otherwise qualified, 
the degree of change in viscosity with teniperature. 
viscosity test 
viscous A term used more or less exclusively in describ- 
ing liquids and denoting that they are thick and syrupy or 
possess poor flow properties. See Euler equation. 
viscous modulus See creep modulus, apparent. 
viscous process The best and best-known process for 
making regenerated cellulose (rayon) is by converting cel- 
lulose to the soluble xanthate, which can be spun into fi- 
bers and then reconverted to cellulose by treatment with 
an acid. The process starts with wood pulp in a 17 to 20% 
caustic soda. See cellophane; fiber, rayon; xanthate. 
vision correction system A device incorporating 
NASA image processing technology that enables low- 
vision sufferers to better accomplish everything from read- 
ing to walking to working on a coniputer. The project 
founder was Robert Massof, of Johns Hopkins University 
Hospital. Extensive use is made of the head-mounted bat- 
tery-operated video display that serves as a real-time elec- 
tronic telescope. It allows the operator to tune the focus 
and magnification to perform specific tasks. See lens, 
contact. 
vision system inspection See computer image- 
processor; inspection, vision-system. 
visual inspection See inspection, visual; transmis- 
sion electron microscope. 

See test, Mooney viscosity. 

vitreous 
state. 
vitrification See waste vitrification. 
void An air or gas pocket that has been trapped in the 
plastic during processing. See air entrapment; porosity; 
stress whitening; venting. Voids in a plastic can be en- 
trapped air or just a vacuum. Voids within or between 
plastic plies can occur during processing in nonreinforced 
or reinforced plastics. Depending on the application of 
parts, such as outdoor weathering, voids can cause a reduc- 
tion in part perforniance or interference with transparent 
property. If voids are undesirable, procedures can be used 
to reduce or eliminate them, such as applying a vacuum 
during processing. The experimental determination of the 
volume of voids is indirect-that is, it is calculated from 
the measured density of a cured or solid part and the theo- 
retical density of the raw material or compound. See air 
entrapment; air-void curve, zero; reinforced plastic 
void content; specific gravity, apparent; test, nonde- 
structive temperature differential by infrared. 
void, locating See test, nondestructive ultrasonic. 
volatile Readily vaporizable at relatively low tempera- 
tures. A material such as water or alcohol, in a sizing or 
plastic formulation, is capable of being driven off as vapor 
at  room temperature or slightly higher. It has a measurable 
vapor pressure that can be a liquid, such as an organic sol- 
vent, that continually releases vapors in the air until com- 
pletely exhausted. Plastics containing volatiles, if not re- 
leased, can cause bubbles, scarred surfaces, and other 
defects. See drying; ignition loss; outgassing; vapor 
pressure; venting. 
volatile content The percent ofvolatiles that are driven 
off as a vapor from a plastic or an impregnated reinforce- 
ment during fabrication. See devolatilization; prepreg 
volatile content. 
volatile loss Weight loss by vaporization. See evapo- 
ration; volatile loss. 
volatile, non- Not having a measurable vapor pressure. 
volatile organic compound (VOC) Volatile organic 
compound contamination that needs to be removed or 
reduced below maximum regulation levels. VOCs reduc- 
tion involves different plastic processing techniques, such 
as paint systems that use carbon dioxide finishing systems. 
See carbon dioxide; coating, electrostatic-spray; di- 
oxin; finish system, reduced solvent; hazard; incin- 
eration fume system. 
volatility product A product of the concentrations of 
two or more molecules or ions that react to form a volatile 
substance. 
volcano Volcanoes provide rich soils, valuable mineral 
deposits, and geothermal energy. Over geological time, 
they also recycle earth’s hydrosphere and atmosphere. See 
atmosphere; filler, mineral. See deviation, root- 
mean-square voltage; electrical volt; reduction po- 
tential, standard. 
volume 1. It is the synonym for capacity or displace- 
ment. 2. One liquid quart is approximately 0.946 liter (L) 

Material that is glassy or glasslike. See glassy 
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or 946 cm’. 3. A 10 cni X 10 cni X 10 cm cube is one 
dm3; also called one liter or 1000 cni3. See blow mold- 
ing, extruder bottle-volume adjustment; calculus; 
dilatant; electrical-volume resistivity; melting tem- 
perature; solid-waste volume reduction; thermody- 
namic properties. 
volume fraction The fraction of a constituent material 
based on its volume. 
volume, specific 1. The reciprocal of the material’s 
density. 2. The volume of a unit weight of a substance in 
ft’/lb, mi/kg, etc. 3. See thermal data. 
volumeter An instrument that measures the volume of 
a known mass of a substance for the purpose of determin- 
ing its density. 
volume-to-weight conversion Multiplying volunie 
(in3) by specific gravity (s.g.) and dividing by 16.23 will 
equal weight in grams (g). See cost per volume of plas- 
tic; specific gravity conversion; weight-to-volume 
conversion. 
volumetric Referring to the measuring of components 
by volume rather than weight. See chemical analysis, 
volumetric; coefficient of expansion; melt flow. 
volume, unit 
volume versus weight See cost per volume of plas- 
tic; volume-to-weight conversion. 
vulcanizate The product of Vulcanization, such as 
cross-linking rubber or thermoset plastic elastomer. It  is 
an irreversible transformation from a predoniinantly “plas- 
tic” to predoniinantly elastic material by vulcanization 
(chemical curing or cross-linking) using heat, vulcaniza- 
tion agents, or accelerators. See cross-link; elastomer; 
elastomeric alloy; extruder liquid-curing-medium; 
peptizer; plastic, synthetic; thermoplastic vulcan- 
izate; vulcanization, de-; 
vulcanizate backrinding A rupture at  the parting line 
when a vulcanizate (neoprene, etc.) expands when the 
mold is opened. It occurs when the expansion is concen- 
trated in a sinal1 area and the ultimate elongation of the 
vulcanizate is exceeded. To eliminate the problem requires 
filling the cavity with just enough stock (volume), Pre- 
heating to a temperature close to that of the niold may be 
more practical. 
vulcanizate cross-link A chemical bond that is formed 
between plastic chains in rubber as a result of vulcaniza- 
tion. 
vulcanization A process in which rubber or plastic un- 
dergoes a change in its chemical structure brought about 

Weight per unit volume. 

by the irreversible process of reacting the materials with 
sulfur and/or other suitable agents. This cross-linking ac- 
tion result in property changes such as decreased plastic 
flow, reduced surface tackiness, increased elasticity, much 
greater tensile strength, and considerably less solubility. 
Similar cross-linking action occurs with thermoset plastics. 
See adhesive, room-temperature cure; catalyst, 
benzoyl peroxide; extruder, Ballatini process; ex- 
truder wire and cable process, continuous vulcani- 
zation; factice; litharge; masticate; tensile green 
strength; thermoset plastic; vulcanization, de-. 
vulcanization, de- The term is used to describe the 
softening of a vulcanizate caused by heat and cheniical ad- 
ditives during reclaiming or recycling. Technically a nis- 
noiner since vulcanization is irreversible (thermoset ac- 
tion). See thermoset plastic; vulcanization. 
vulcanization, dynamic A process in which the elas- 
tomer phase is cured during mixing of the material rather 
than just mechanically blended. 
vulcanization scorch Premature vulcanization of a 
rubber compound. 
vulcanize T o  subject a niaterial to vulcanization. See 
litharge. 
vulcanized elastomer Producing a material with good 
elastomer properties involves the formation of chemical 
cross-links between high-molecular-weight linear mol- 
ecules. The starting material is of the noncrystallizing type, 
and its glass transition temperature is well below room 
temperature to ensure a rubbery behavior. This formation 
of chemical cross-linking is coninionly referred to as vulcu- 
nization or curing. See cross-linking; elastomeric alloy; 
factice; glass transition temperature; thermoplastic 
elastomer. 
vulcanized fiber A processed regenerated cellulose fi- 
ber or viscose rayon that was patented in 1871. It  is be- 
tween the natural plastics, such as gutta percha and shellac, 
and the synthetics, such as nylon and phenolics. This niate- 
rial was once popular but now is alniost obsolete. See 
fiber. 
vulcanized fiber fish paper Electrical insulation in a 
thin cross-section. 
vulcanizing agent A compounding material that pro- 
duces cross-linking in rubbers or elastomers. 
vulcanizing system The vulcanizing agent and, as re- 
quired, accelerators, activators, and retarders that are used 
to produce the desired degree of vulcanization character- 
istics. 



W 
Wacker process A process for the oxidation of ethyl- 
ene to acetaldehyde by oxygen in the presence of palla- 
dium chloride and cupric chloride. See acetaldehyde; 
ethylene; oxidation. 
wadding See fiber wadding. 
wafer A thin disclike section of a semiconductor crystal 
that is used for the fabrication of semiconductor devices. 
warehousing The storing of raw materials, additives, 
auxiliary equipment, spare parts, molds, dies, tools, and 
processed plastic parts. Various handling and storage pro- 
cedures are used, such as the unit warehouse, which makes 
use of pallets, cages, and similar equipment. It  employs a 
certain organizational scheme for integrating order-pick- 
ing and transportation. The system is perfected by integra- 
tion of the inward and outward flow (input-output matrix) 
of goods, the factory administration, process control, and 
quality control. See bulk storage; container lid, 
stacking/capper; cost, demurrage; fabricating, 
asynchronous; inventory; material handling; pro- 
duction data acquisition; processing, inline; quality 
control; storage. 
warmware See computer warmware. 
warpage The dimensional distortion in a part after pro- 
cessing. The most conimon cause is variation in shrinkage 
of the part. The major processing factors involved are flow 
orientation, area shrinkage, and differential cooling. See 
shrinkage; tolerance allowance; yarn warp. 
warp face 
warranty See legal matter: warranty. 
waste Waste considerations include reduction at  source, 
reducing volume, reusing and recycling materials, collect- 
ing and separating (material recycling, chemical recycling, 
etc.), incineration, and landfill. Each has its advantages and 
disadvantages, particularly when considering efficiency 
and costs. Recovery involves generic material reclamation, 
mixed plastics waste recycling, energy recovery, and re- 
cover as monomers (hydrolysis, pyrolysis, hydro cracking, 
etc.). All kinds of data on contributors exist with a proba- 
ble estimate based on percent by weight and percent by 
volume (wt%/vol%). For municipal solid waste landfill 
there are paper 37/40, yard trimmings 18/18, metal IO/ 
2, glass 9/3, food 8/8, plastic 7/12, and others 11/13. 
Also called refE1se. See aeration; bacteria, aerobic; bio- 
degradable waste; chemical reclamation; commu- 
nition; compost; decomposition; ecology; energy 
efficiency; geomembrane; geotextile; hydrolysis; in- 
cineration; landfill and degradation; osmosis, re- 
verse; plastic and lumber; plastic and pollution; 
polylactic plastic; pyrolysis; recycling; sludge; starch 
degradable; waste, pressure cooking; waste, solid. 

Every Sunday more than 500,000 trees are used to pro- 

See fabric warp face. 

duce the 88wt% of newspapers that are never recycled. 
Americans throw away enough glass bottles and jars to fill 
the 1,350 ft (412 m) twin towers ofthe New York's World 
Trade Center every two weeks. Americans use 2.5 million 
plastic bottles every hour. Americans spend more on food 
packaging than U S .  farmers earn for the food they grow. 
Excess packaging costs the consumer twice: first when 
purchased and then when disposed of. Thus $1 of every 
$10 spent on food is actually paid for the packaging, which 
then becomes one-third of the solid-waste stream. Ameri- 
can consumers and industry throw away enough alunii- 
nuni to rebuild the United States's entire commercial air- 
fleet every three weeks. Americans throw away enough 
office and writing paper annually to build a wall 12 ft (3.7 
ni) high from Los Angeles to New York City. Americans 
throw away enough iron and steel to continuously supply 
all the U.S. automobile makers. See environment and 
public opinion; plastic myths and facts; recycling. 
waste, plastic-bag The Environmental Protection 
Agency has reported that plastic bags and sacks represent 
less than 1 percent by volunie of all garbage sent to land- 
fills. See packaging, grocery-bag. 
waste and plastic packaging Plastic packaging con- 
tributes to the safety of consumers by preventing spoil- 
age, providing tamper-control seals, containing infection, 
and so on. It is lightweight and shatterproof. Plastic 
packaging delivers more than 60'% of all the goods that 
enter U.S. homes and yet accounts for 20% of all the pack- 
aging waste discarded. If all packagmg were replaced with 
other materials, the result could be as follows: weight of 
waste would increase 40496, volume of waste 25694, use 
of energy 201%), and cost of packaging 212%~ See pack- 
aging, pouch heat-sealed wraps and reusable con- 
tainers. 
waste biostabilizer A machine that converts solid 
waste into compost by granulating and aeration. 
waste compaction For recycling mixed or contanii- 
nated plastic waste, one can either separate different ingre- 
dients or conipatibilize the mixture so that it results in 
useful properties. See compaction. 
waste conversion, chemical A technique that in- 
cludes hydrolyzing (PET, etc.) waste and different chemi- 
cal depolyinerization processes. See chemical reclama- 
tion. 
waste, effluent Any gas or liquid emerging from a pipe 
or similar outlet. It usually refers to waste products from 
plants and buildings as stack gases and liquid mix. It also 
refers to exhaust from fuel energy powered machines (au- 
tomobiles, buses, trucks, etc.). 
waste, hazardous In general, all wastes that are primar- 
ily industrial in origin and have corrosive, ignitable, toxic 
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or reactive characteristics, or are a regulated waste because 
of a specific industrial process. Worldwide, most hazardous 
waste is recycled, treated, or disposed of on the property 
where it was created or at comniercial off-site hazardous- 
waste facilities. Various types of regulations exist world- 
wide, such as U.S. Consumer Product Safety Act, U.S. 
Federal Register 29 CFR 1910.1200, U.S. FDA Certifi- 
cations, U.S. EPA Emission Requirements, U.S. OSHA 
Workplace Guidelines, [SO-9000, ECO-Audit (Euro- 
pean), and British Standard 7750. See adulterant; dust, 
industrial; geomembrane; geotextile; hazard; legal 
matter: Consumer Product Safety Act; risk, accept- 
able; safety; styrene monomer emission; toxicity. 
waste, industrial Waste that is generated in industrial 
or manufacturing operations. It is categorized as scrap, 
which can be recycled at a profit, or waste, which cannot 
be recycled or reclaimed but can be incinerated at a profit. 
See material, recovered; osmosis, reverse. 
waste, invisible Dust, moisture, or loose fibers that are 
carried away by the atmosphere. See atmosphere; at- 
mosphere, dry deposition; pollution, air. 
waste, municipal solid Residential and light conimer- 
cial solid waste that is collected from a selected municipal- 
ity or geographic area. It includes sewage sludge as distin- 
guished from air pollution or wastewater. 
waste, plastic See commingled plastic; plastics 
cradle-to-grave; plastic material; recycled plastic; 
waste compaction. 
waste, postconsumer Any material that has been dis- 
tributed to the consumer. After use it is subject to landfill 
or recycling. See material, recovered; preconsumer. 
waste, pressure cooking In the search for ways to 
safely and totally destroy megatons of discarded by- 
products from different sources worldwide, a pronllsing 
technology is emerging called supercritical water oxidation. 
With SCWO, oily material generally does not dissolve in 
water. It floats, and inorganic salts tend to dissolve very 
easily. But when taken up to its critical point (375"C, 
3,200 psi), organic materials dissolve. Thus organic wastes 
dissolve above the critical point, which are not particularly 
high by industrial standards, so that the action results in 
pressure, cooking materials. Once the organic matter is 
dissolved and oxygen added, a conibustion reaction takes 
place in the water stream. Harmful products (COz, NH4,  
N O ,  etc.) or odors are not released as vapors but are con- 
tained in the water stream. 
waste rasp A machine that grinds waste into a manage- 
able material and helps prevent odors. See odor. 
waste, recycling See chemical reclamation; re- 
cycling method, economic evaluation of; recycling 
waste; waste, pressure cooking. 
waste, refuse-derived fuel See energy reclamation; 
refuse-derived fuel. 
waste separation, sink-floatation A method that in- 
volves placing plastics as well as other materials with differ- 
ent densities in a water tank and allowing them to separate 
according to their density. 
waste, solid Materials that are discarded after use, as dis- 

tinguished from air pollution or waste water. It includes 
sewage sludge. Household waste is known as solid waste. 
See bulk factor; communition; landfill and degrada- 
tion; sludge; solid-waste volume reduction; stabili- 
zation; vinyl composition tile. 
waste, solid commercial Wastes produced during whole- 
sale, retail, or service business operations. It is often collected 
by private contractors rather than by public agencies. 
waste, solid, council The Council for Solid Waste So- 
lution (CSWS) of SPI is an organization that provides help 
and solutions to the solid waste situation. 
waste, solid food The food industry-from the farm, 
through shipment and storage, to the end user-produces 
enormous solid waste that is used in landfills and incinera- 
tion. With the help of plastics (films, containers, etc.) food 
waste is reduced. See packaging, food. 
waste, solid, management The systematic manage- 
ment of solid waste froni the point of generation to final 
disposal. It can include source reduction, collection, storage, 
transfer, recycling, recovery, incineration, and landfill. 
waste, solid urban Solid-waste material that includes 
garbage, glass, plastic, and metal. It  does not include air 
pollution or waste-water materials. 
waste, source reduction of C h a n p g  a process or 
product so that less waste material is generated. Source 
reduction is to garbage what preventive medicine is to 
health or preventive maintenance is to equipment. This 
action eliniinates or significantly reduces a problem before 
it can cause problems. See design packaging. 
waste-to-energy The recovery or generation of energy 
through incineration of waste. See energy reclamation. 
waste vitrification A thermal process that involves the 
melting of ash residues from municipal waste-to-energy 
facilities and other combustion systems. The process takes 
place in a sealed electric furnace. 
wastewater treatment See geotextile; water pollution. 
water (H,O) A clear, colorless, tasteless, odorless liquid 
that is essential for animal and plant life. It  is an excellent 
solvent for many substances with a melting point of 0°C 
(32°F) and a boiling point of 100°C (212°F). It is impor- 
tant in the fabrication of most plastic products. It  also in- 
fluences the behavior of certain fabricated plastic products. 
Also called hydrogen dioxide.  See aqua; desiccant; dry- 
ing; hydrological cycle; hydrolysis; hydrophilic; hy- 
drophobic; hygrothermal effect; insoluble; mois- 
ture; plastic, hygroscopic; specific gravity. 
water absorption The ratio of the weight of water ab- 
sorbed by a material to the weight of the dry material un- 
der specific conditions, such as temperature and humidity. 
See absorption; moisture absorption; shell flour; 
test, water absorption. 
water adsorption The pickup of water vapor from air 
only on the surface of the material. See adsorption; wa- 
ter pollution. 
water affinity See hydrophilic. 
water and gel See aerogel. 
water-aqueous 
water. See coating, water-borne system. 

Consisting of water or concerned with 
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water beading 
lets on a polished surface. 
water boiling point 
waterborne coating See coating, water-borne 
system. 
water, brackish Water that is lower in salinity than 
normal salt water and higher in salinity than freshwater, 
rangmg from 0.5 to 30 parts salt per 1,000 parts water. It 
is located between sea water and fresh water. See water, 
desalination of. 
water break The appearance of a discontinuous film of 
water on a surface that signifies nonuniform wetting and 
usually is associated with a surface contamination. 
water brine 1. Water having more than approximately 
30,000 mg/L of dissolved matter. 2. Any solution of so- 
dium chloride and water that usually contains other salts. 
See water, desalination of. 
water channel See barrel cooling; mold water 
channel. 
water conservation and plastic See plastic and wa- 
ter conservation. 
water condensation See hygrometer. 
water contamination See pipe, deteriorating. 
water content, air void See air-void curve, zero. 
water, desalination of Any of several processes for re- 
moving dissolved mineral salts from ocean water, brackish 
water, or other brines. Effective methods for desalination 
of seawater or brackish water include solar distillation, 
electrodialysis, reverse osmosis, and flash distillation. See 
environment and ocean; osmosis, reverse; vinyl sea- 
going bag; water, brackish. 
water flow meter 
water-glass See metal impregnation; sodium silicate. 
water, hard Water that contains certain salts, such as 
calciuni and magnesium, which form insoluble deposits in 
devices such as water cooling of molds. Also called salt 
water. See water, magnetic. Hard water that does not 
contain bicarbonate ions is said to have permanent hard- 
ness. Hard water that contains bicarbonate ions is said to 
have teniporary hardness. 
water, hydrophobic See lyophobic. 
waterlike/water-fearing See hydrophilic; hydro- 
phobic. 
water, magnetic Magnetic water conditioning systems 
are designed to improve the efficiency of existing water sof- 
teners in chillers and other equipment by reducing scale for- 
mation. Iniproved heat transfer in equipment, such as molds, 
that comes in contact with water is a major benefit. This 
technology has been used in other industries since the 1940s. 
Nothing is taken out of the water; nothing changes except 
that the solution is kept so there are no hard crystal fonna- 
tions. Magnetic fields align molecular particles of calcium 
carbonate in water so they cannot form the hard scale that 
adheres to the hot surfaces. The molecules are retained in 
solution and pass harmlessly through the water system. See 
chiller; mold cooling; water, hard; water softening. 
water of hydration Water is in a definite amount and 
attached to a compound to form a hydrate. It can be re- 

The formation of discrete water drop- 

See boiling point. 

See mold-cooling flow meter. 

moved, as by heating (thermal decomposition), without 
altering the coniposition of the compound. Also called 
water of crystallization. See thermal decomposition. 
water of saturation Water supporting colloidal parti- 
cles in a slip (slurry). See saturation; water saturation. 
water property General information follows. One gal- 
lon of water weighs 8.3356 lb at  62°F (air free weighed 
in a vacuum). One gallon of water occupies 231 in.' or 
0.13368 ft3. One ft3 equals 7.4805 gallons. One in' weighs 
0.576 oz. The maximum dcnsity ofwater occurs at  39.1"F. 
Freezing point at sea level occurs at  32°F. One ft' at 39.1"F 
exerts 0.4335 psi. Boiling water at sea level occurs at  
212°F. See specific gravity. 
waterproofing The treatment of a surface or structure 
to prevent the passage of liquid water under hydrostatic, 
dynamic, or static pressure. See aluminum stearate; po- 
rous, micro-. 
water purification See geomembrane; ion ex- 
change, plastic. 
water, recycle See hydrological cycle. 
water repellent A material, or treatment, for surfaces 
to provide resistance to penetration of water. 
water resistance 1. The measured ability of a substance 
to retard both penetration and wetting by water in liquid 
form. 2. The ability of a part to resist deformation or 
change in characteristic, such as color, with immersion in 
water or exposure to water. See water absorption. 
water, salt 
water saturation 1. A solid absorbent that holds the 
maximum possible amount of water under specific condi- 
tions. See saturation; water of saturation. 2. A liquid 
solution in which additional water will cause the appear- 
ance of a second liquid phase. 3. A gas that is at or just 
under its dew point because of its water content. 
water seepage, concrete See plastic-concrete com- 
posite. 
water, soft See water, hard. 
water softening Kernoval of scale-forming calcium 
and niagnesiuni ions from hard water, or replacing them 
by the more soluble sodium ions. This can be done by 
chemicals or ion exchange. See mold cooling; plastic, 
ion exchange; scale; water, magnetic; zeolite. 
water soluble plastic 
water solution See alkali. 
water surface tension See detergent. 
water swell 
sult of water absorption. See absorption. 
water thickener 
water transfer venting 
transfer. 
water treeing 
water-vapor diffusion The process by which water va- 
por spreads or moves through permeable material because 
of a difference in water-vapor pressure. See diffusion. 
water vapor resistance The measured ability to retard 
penetration and permeation by water vapor. 
water vapor resistivity The steady vapor-pressure dif- 
ference that induces unit-time rate of vapor flow through 

See marine applications for plastics. 

See plastic, water-soluble. 

The expansion of material volume as a re- 

See polyvinyl pyrroldone plastic. 
See mold venting, water- 

See cable insulation water treeing. 
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a unit area and a unit thickness of a flat material, or con- 
struction that acts like a homogeneous body, for specific 
conditions of teniperature and relative humidity at each 
surface. See barrier. 
water vapor retarder A material, such as a plastic bar- 
rier, or system that adequately impedes the transmission 
ofwater vapor under specific conditions. Also called watev- 
vapor barrier. See barrier plastic. 
water vapor transmission (WVT) The rate of water- 
vapor flow, under steady specified conditions, through a 
unit area of material, between its two parallel surfaces. The 
metric unit of measurenient is l g i24  h ni2. Perm is a unit 
of measurenient of water-vapor permanence where a met- 
ric perni is 1 g i24  h ni' mni Hg, or of 1 g /h  ft2 in Hg. 
See barrier plastic; membrane; permeability; test, 
permeability; test, water-vapor transmission rate. 
waterway and marine standard See bottle standard 
reference material. 
water wettable See hydrophilic. 
water, white 
watery suspension See slurry. 
watt See electrical watt. 
wave 1. An optical effect that is due to uneven transpar- 
ent material distribution. 2. A disturbance is propagated 
in a medium in such a manner that at any point in the 
niedium the amplitude is a function of time, while at any 
instant the displacement at a point is a function of the posi- 
tion of the point. It is a regular vibration or oscillating 
vibration by which energy is transferred through space or 
some other media. Also called striae. See optical prop- 
erty; vibration. 
wave front A continuous surface drawn through the 
most forward points in a wave disturbance that have the 
same phase. 
wavelength 1. The distance measured along the line of 
propagation of a wave, between two points that are in 
phase on adjacent waves. 2. A measure of the nature of 
incident electromagnetic radiation. See infrared; radia- 
tion, monochromatic. 
wavelength, standard Accurately measured lengths of 
waves emitted by specified light sources for the purpose 
of obtaining the wavelengths in other spectra by interpo- 
lating between the standards. 
wave number The number of waves per unit length. 
waviness A wavelike variation from a perfect surface. 
It is generally much wider in spacing and higher amplitude 
than surface roughness. See kink; surface finish. 
waviness surface See plastic, low-profile. 
wax Any substance that physically resembles beeswax. 
It is a dull, crystalline-solid plastic when warm. Some 
waxes are composed of a mixture of esters, cerotic acid, 
and hydrocarbons. Other waxes are made from various 
animals, vegetables, nlinerals, or synthetic sources. Waxes 
differ from fats in being less greasy, harder, more polishable 
by rubbing, and containing esters of higher fatty acids and 
higher alcohols, free higher acids or higher alcohols, or 
saturated hydrocarbons. Waxes are used with plastics as a 

Having the appearance and clarity of water. 

mold-release agent and as an additive to improve pro- 
cessing andior perforniance. See beeswax; carnauba 
wax; finishing, ashing and lapping; paraffin wax. 
wax, soluble core Wax can be used in certain soluble- 
core moldings instead of using the usual eutectic material. 
See eutectic mixture; reinforced plastic molding, 
lost-wax; soluble core molding; wax. 
wear The cumulative and integrative action of all the 
deleterious mechanical influences that are encountered in 
use and that tend to impair a material's serviceability. For 
example, it is the damage to a solid surface, generally in- 
volving progressive loss of material due to relative motion 
between that surface and a contacting substance. See abla- 
tion; abrasion; abrasion resistance; bearing; cavita- 
tion erosion; frettage; galling; mold-cavity coating; 
rain; screw wear; silicone processing aid; spalling. 
weatherability The ability of a plastic to withstand the 
deleterious or degradation effects of ultraviolet radiation, 
thermal effects (high to low temperature changes), mois- 
ture, air contamination, and other atmospheric conditions. 
The two major testing approaches are natural outdoor 
conditions and accelerated laboratory exposures that simu- 
late outdoor conditions. Natural-exposure methods in- 
clude both direct and under-glass exposure. Since most 
actual weather conditions are not uniform or repeatable, 
the usual approach is to conduct any test that is more se- 
vere than what is expected. In the United States outdoor 
tests are usually conducted in a hot, dry climate such as in 
the Arizona desert and also in a hot, wet cliniate such as 
in Florida. In all areas, controlled conditions are used, such 
as the type and geometry of test specimens, eliniination of 
contact with vegetation, no shading, and no dust blowing, 
and time periods of exposure that range for days, weeks, 
months, and years. Even though most exposure test stands 
are conducted facing the equator at 5 to 45" with most at 
45" froni the horizontal, many are adjustable to accomino- 
date different requirements. A 0" (horizontal) is used for 
roofing material. For drainage and dirt wash-off rains a 5" 
is used. There is also accelerated outdoor exposure, such as 
using a Fresnel-reflector test machine that follows the sun 
so that sunlight is always concentrated on the test specimens. 
A high confidence level cannot be established based on test 
results since weather conditions constantly change, but tests 
provide guidelines for what could happen, particularly if 
very extreme conditions were used such as very long time 
of exposure. See aging, artificial; atmosphere; degra- 
dation; design and weathering; Fresnel lens. 
weather condition, factual Outdoor weathering pro- 
vides conibinations of different factors that range from 
natural cliinatic to industrial environmental conditions. In 
the arctic, temperatures can range from -40 to -70°C; 
the desert is from +60 to -10°C with surfaces reaching 
75°C and relative humidity from 5 to 10% inland; and 
tropical areas range from 20 to 52°C with surfaces reaching 
70°C and relative humidity in excess of 90% at night. Solar 
radiation can cause stresses from cross-linking reactions; 
humidity can cause swelling, leaching, and fatigue stresses; 
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and temperature can cause thermal degradation, thermal 
stresses, thermal fatigue stresses, evaporation of unreacted 
plastics, and loss of volatile additives. Properties of plastics 
affected include strength, dimensions and mass, surface ap- 
pearance, electrical properties, thermal conductivity, and 
bond integrity. Thus, it is iniportant to use the required 
plastic that is properly processed to counter these types of 
weather problems. Some plastics can survive the weather 
conditions: Some plastics have met performance require- 
nients for over a half century in outdoor use worldwide. 
See temperature. 
weather condition, normal The range (actual and an- 
ticipated) of environmental conditions (rain, temperature, 
pollution, etc.) that typically occur in a local cliniatic re- 
gion over several years. See raindrop. 
weathering, artificial The accelerated testing of plas- 
tics to determine their changes in properties. It is usually 
carried out over a short period of time. See aging, arti- 
ficial; weatherability. 
weatherometer An instrument that subjects parts to ac- 
celerated weathering conditions using an ultraviolet source 
and water spray. This is one of many different performing 
instruments that are used to evaluate performance under 
different simulated weather conditions. 
weatherproofing agent See carbon black; photo- 
oxidation; zinc formate. 
weave See fabric, woven. 
web A continuous sheet or film. In flat extrusion, for 
example, it is the extrudate leaving the sheet die. In extru- 
sion blown film, it is the film leaving the collapsing rolls. 
In thernioforniing, it is the continuous-roll stock that is 
fed to the therinoformer. In web coating, it is the substrate 
on which the coating is applied. See calender; extruder- 
blown film; extruder flat film; extruder sheet; sub- 
strate. It can refer to a continuous fabric (also paper, thin 
metal foil, etc.) as contrasted to the same material cut into 
sheets. See fabric, nonwoven; fabric, woven. 
web coating See coating, spread; extruder coating 
and lamination. 
web guide A device for positioning, centering or con- 
trolling both edges of any material that is used in different 
processing lines, such as calendering, extrusion, and fabric 
impregnation. 
website 
web tension control See extruder-web tension 
control; extruder-web tension control, slipping and 
tearing. 
weeping A slow leakage that is manifest by the appear- 
ance of water, or other product such as a plasticizer, 011 a 
surface. 
weft The threads of a woven structure that can run 
across the fabric from selvedge to selvedge at right angles 
to the warp threads. See fabric; yarn fill. 
weftless Applied to a tire cord fabric without any weft 
or cross threads. The individual cords are spaced out, 
passed into a plastic adhesive, dried, and coated with rub- 
ber compound by calendering. 

See Appendix G. Websites on Plastics. 

weight In conimercial and everyday use, we&ht nearly 
always means mass. In science and technology, the terni 
weight usually nieans the force that, if applied to the body, 
would give it an acceleration equal to the local acceleration 
of free fall on the surface of the earth; it is the force that 
gravity exerts on a body. See decimal number system; 
density; load; mass; specific gravity; tare. 
weight, areal See reinforced-plastic weight, areal. 
weight, equivalent See molecular weight. 
weight feeder See feeder, gravity. 
weight, material Materials are weighed in g/cm' 
(lb/ft.'). For example, alunllnuni is 2.68 (167), copper/ 
bronze 8.8 (549), plastic 0.9 to 1.2 (56 to 75), steel 7.9 
(493), wood maple 0.45 (28), and zinc 6.7 (418). 
weight, specific The weight per unit volunie of a sub- 
stance. 
weight-to-volume conversion Divide weight (g) by 
the plastic's specific gravity (s.g.) times 16.36 equals vol- 
ume in in'. See cost per volume of plastic; volume- 
to-weight conversion. 
weight, unit 
weir See extruder pipe, cooling-tank weir. 
Weissenburg effect The tendency of a material to flow 
inward. It is the change in nornial stresses on a non- 
Newtonian, elastic material that causes the material to rise 
on the inner cylinder of two concentric, rotating cylinders, 
despite the centrifugal force. See stress; viscometer, 
Weissenburg effect; viscosity, non-Newtonian flow. 
weld factor The ratio of weld strength to strength out- 
side the welded zone, typically detemiined by tensile spec- 
imen tests. 
welding Joining thernioplastic parts by one of several 
heat-softening processes. Various techniques are used to 
nuke permanent bonds between materials that can meet 
different requirements, such as shapes, thickness, appear- 
ance, bond strength, capability of the different materials 
being bonded, hermetic seal, or effect of additives or fillers 
used in the plastics. Once a process is being used, if the 
compound additives or fillers are changed or added, bond 
performance can change or even fail; with glass fiber fillers, 
which do not melt, welding can fail. See adhesive; auto- 
motive intake manifold; bonding; design disassem- 
bly; fit; joining-and-bonding method; sealing, ultra- 
sonic; staking; ultrasonic fabrication. Weldability is 
influenced by factors such as plastic composition and mois- 
ture content. Certain fillers, particularly in high concen- 
trations, that do not melt can cause parts to have weak or 
disastrous joints after long and even short service. Lubri- 
cating agents, release agents, and glass fibers are examples 
of additives and fillers that interfere with welding ability. 
welding amplitude The amplitude used in a welding 
process. In a vibratory motion such as in a vibration or 
ultrasonic welding, it is the distance from the equilibrium 
position to the point of maximum displacement. Varia- 
tions occur with the welding techniques used and with 
the geometry and composition of the parts. 
welding, dielectric See heat, dielectric. 

The weight per unit volume. 
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welding, electrofusion A process that is comnionly 
used in joining polyethylene plastic pipe. Joints obtained 
are fluid tight and capable of withstanding heavy loads 
for over 50 years. Electricity is applied to a heating ele- 
ment surrounded by two thermoplastic materials that are 
to be joined, such as ends of extruded pipe. The heat pro- 
duced causes the TPs to melt and flow together, forming 
a weld. 
welding, electromagnetic-induction A type of 
welding that uses a radio-frequency magnetic field to ex- 
cite fine, magnetically sensitive particles, either metallic or 
ceramic. The particles are usually imbedded in a preform, 
filament ribbon, coextruded filni, adhesive, or molding 
compound. Often an extra part, such as a preform, con- 
tains the magnetically active particles. The preform is 
placed a t  the joint interface and exposed to an electromag- 
netic field. Electromagnetically induced heat is conducted 
from the particles through the preform and to the part 
joint as the parts are pressed together. 
welding, electron-beam A welding process wherein 
coalescence is produced by the heat obtained from a con- 
centrated beam that is composed primarily of high-veloc- 
ity electrons impinging on the surfaces to be bonded. 
welding, extrusion See extruder welding. 
welding, forced bossed The process starts with insert 
molding. A tapered plastic pin is molded into one of the 
parts, and a mating boss is molded into the other. The 
parts are positioned in fixtures and forced together at very 
high speeds. Frictional heat melts the thermoplastics on 
the mating surfaces, welding the two parts together. Bell 
Laboratories owns U.S. patent 4,997,500, 1991 for this 
process. See insert molding. 
welding, friction A friction provides the heat necessary 
to melt the thermoplastic parts at the joint interface. Vari- 
ous methods are used, such as spin welding and vibration 
welding. See friction; welding, spin. 
welding, fusion Any of various methods of welding or 
bonding plastics where the joint line is melted by means 
of a hot tool. See adhesive, electromagnetic; fusion; 
joining, butt. 
welding heat-affected zone In welding, the region of 
the part that is affected by the heat that is used to melt the 
joining surfaces. The microstructure of the heat-affected 
zone is an important determinant of the mechanical 
strength of the weld. 
welding, hot-gas A method for joining thermoplastics 
in which the parts are softened by hot gas, usually air, from 
a welding torch and joined together at the softened points. 
A filler rod composed of the same material as the part can 
be used to fill and compensate for any gap that may exist 
between the parts. Also called hot-air welding. 
welding, hot-tool A method of joining thermoplastic 
parts in which a hot plate or hot tool is used to provide 
heat to melt the joining surfaces. The tool is then re- 
moved, and parts are pressed together. While in the niol- 
ten state, molecular diffusion across the joint interface oc- 
curs, and a homogeneous, permanent bond is formed after 
the parts are allowed to cool. A hot plate is used for flat 

surfaces, and a hot tool in the shape of the joint for irregu- 
larly shaped surhces. PTFE can be coated on the tool to 
eliminate or reduce sticking. Also calledfusion bonding, hot 
plate, heat sealing, hot-shoe welding, or butt-fusion. See poly- 
tetrafluoroethylene plastic. 
welding, hot-tool, noncontact A form of heated-tool 
welding in which parts are placed near the hot tool but 
not in direct contact with it. Heat is transferred to the 
part surfaces by radiation and convection. The hot tool is 
removed when melting occurs, and parts are then pressed 
together for cooling and solidification. It is used for 
high-temperature plastics when high melting temperatures 
prohibit the use of nonstick coatings on the hot tool sur- 
face. 
welding, induction A type of welding that uses induc- 
tion heating from high radio-frequency alternating current 
to magnetically excite ferromagnetic particles (stainless 
steel or iron) embedded in a bonding agent (with a ther- 
moplastic or adhesive matrix) placed at the joint interface 
of the two parts being welded. The heat released is used 
to melt and fuse the TPs, to heat hot-melt adhesive, or to 
provide rapid adhesive cures for thermoset plastics. Also 
called mapietic induction welding or electvomagnetir (EMA) 
welding. See heating, induction. 
welding, infrared (IR) A welding technique in which 
I R  radiation is used to heat the surfaces of thermoplastic 
parts to their melting temperature. Flow of molten niate- 
rial across the joint interface allows a molecular diffusion 
and weld formation after cooling. IK pertains to the region 
of the electromagnetic spectrum between visible light and 
radar (wavelengths 1 to 15 nni). See infrared. 
welding, infrared, through transmission A welding 
technique in which I R  radiation is transmitted through a 
part composed of a plastic that does not absorb IR energy 
to the other part or composed of a plastic that does absorb 
I R  energy at the weld interface. Heat builds up in the 
absorbing plastic and is transferred to the nonabsorbing 
plastic through conduction, causing the desired melting of 
both plastics at  the weld interface. The final action is cool- 
ing the weld line. 
welding, jig The heat welding between suitable jigs. 
The necessary heat is often introduced to the plastics by 
applying a R F  field and using the jigs as electrodes. Also 
called j e t  welding. 
welding, laser beam A joining method for thermo- 
plastics in which a high-intensity laser beam is used to gen- 
erate heat at  the part surfaces, causing the TP to go above 
its melt temperature and coalesce on cooling. 
welding, microwave A welding technique in which 
high-frequency electromagnetic radiation, usually 2 to 10 
GHz, is used to heat a susceptor material placed at the joint 
interface. Heat conduction from the susceptor to the joint 
interface will melt the thermoplastic parts. The molten 
plastic diffuses together, forming a weld after cooling. Po- 
lyaniline doped with an aqueous acid such as HCl is used 
as a susceptor. 
welding process economic guide Information about 
various welding processes follows: 
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Normal Economic 
Equipment Cost Tooling Cost Typical Output Rates Production Quantities General Kernarks 

Hot gaq 

Hot-plate 

Induction 

Spin 

Ultrasonic 

Vibration 

Very high 

Moderately low to 

Low to moderate 
high 

Moderate 

Moderately low to 
high 

Moderate 

Low (hold- 
ing fixture 

Moderate to 

Low 

only) 

high 

Moderate 

Moderate to 
high 

Moderate 

0.3 to 1.5 m (12 to 60 
in) of weld seam per 
minute 

About 120 parts/h/ 
fixture cavity 

About 900 pdrtT/h, 
manually loaded 

About 640 partslh, 
manually loaded 

About 1,000 parts/h, 
manually loaded 

About 240 parts/h 
from single cavity, 
manually loaded 

Very low Manual operation 

Medium to high Setup time 1 h or less 

High Setup time 1 h or less 

High 

High Automatic operation 

Medium to high 

Setup time 'h h, mecha- 
nization possible 

derired 

multiple cavities and 
mechanized loading 
possible 

Setup time 10 min, 

welding, radio-frequency (r-f) Thermoplastics use a 
radio-frequency electromagnetic source (1 3 to 100 MHz) 
to attain the necessary frequency. The r-f field is usually 
applied with a metal die in the shape of the joint, causing 
an increase in molecular motion in the region of the joint. 
The result is the generation of heat at the joint followed 
by cooling action. It is commonly used for sealing polar 
plastic sheets and films. Also called h&h-fYquency welding 
or heat sealin'q. 
welding, resistance A welding technique in which 
heat is generated by application of an electric current to 
a conductive heating element or implant that is placed at 
the joint interface. Heat is applied through joule heating. 
The conductive heating element is usually stainless steel 
or carbon-fiber prepreg and remains in the joint after 
welding. Thermoplastics at the joint interface melt and 
fuse, forming a weld. Thermoset reinforced plastics or 
composites and metals require a TP interlayer for bonding. 
Also called resistance implant welding. 
welding, seam Forming a welded seam in thernioplas- 
tics. The material is welded by the application of rollers 
as in continuous welding or by the progressive application 
of pressure as in jig or stitch welding. The material may 
be heated by means of a radio-frequency field or by con- 
tact with heated rollers or jigs. 
welding, shear joint See welding, ultrasonic, shear 
joint. 
welding, solvent See adhesive, solvent; plasma arc 
treatment. 
welding, spin A method for joining cylindrical ther- 
nioplastics parts. Frictional heat develops as one-part spins 
against the other stationary part, resulting in melting at the 
joint interface. Spinning is then stopped, and the parts are 
held together under pressure until cooled. Typical cycles 
are 1 to 2 s. High-speed vibrators can be used to feed parts 
into the welding operation. Also called friction welding or 
rotational welding. See welding, friction; welding, vi- 
bration. 

welding, spot The localized fusion bonding of two ad- 
jacent plastic parts. T o  be most effective, it is used where 
two parallel and flat surfaces meet. 
welding, stitch A method of welding thermoplastics 
using a device similar to a sewing machine but fitted with 
two electrodes that weld the plastic progressively. The 
electrodes are fed from a R F  generator. 
welding, tack An initial and brief weld, such as spot 
or buttonlike welds, that holds parts of a weldrnent in 
proper alignment until the final complete weld is per- 
formed. 
welding, thermoband A variation of the hot-plate 
welding method. A nietallic tape acting as an electrical re- 
sistance element is adhered to the material to be welded. 
Low voltage is applied to heat the material to its softening 
point so that the weld forms. 
welding, ultrasonic The most widely used welding 
method for thermoplastics in which energy at ultimate fre- 
quencies (20 to 40 kHz; beyond the range of human hear- 
ing) is used to produce low-aniplitude mechanical vibra- 
tions. The vibratory pressure at the joint interface 
produces frictional heat that melts the parts, allowing them 
to flow together and bond. Parts may require the use of 
an energy director to concentrate ultrasonic energy. High- 
quality welds are easier to obtain with amorphous than 
crystalline plastics. Electrical energy is changed to ultra- 
sonic vibrations by means of either a niagnetostrictive or 
piezoelectric transducer. See piezoelectric effect; 
transducer, magnetostrictive; ultrasonic wave. 
welding, ultrasonic booster In ultrasonic welding, a 
mechanical transformer used to increase or decrease the 
amplitude of the horn. 
welding, ultrasonic far and near field The distance 
that ultrasonic energy is transmitted from the horn to the 
joint interface. Far-field welding occurs when the joint is 
more than 0.25 in. (6.4 mm) from the point at which the 
horn contacts the part. Near-field welding occurs when it 
is equal or less than this distance. 
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welding, ultrasonic gain In ultrasonic welding, the ra- 
tio of output amplitude to input amplitude of a horn or 
booster. 
welding, ultrasonic horn A tool that is used for trans- 
mitting enerby and pressure. Each horn is designed to fit 
a certain contact area and tuned to specific amplitudes to 
efficiently perform the welding operation. 
welding, ultrasonic, nodal point The point or points 
in a booster or horn where little or no linear motion oc- 
curs. 
welding, ultrasonic scan A continuous, high-speed 
ultrasonic assembly technique that is used when at least 
one of the parts to be joined is perfectly flat. 
welding, ultrasonic, shear joint An ultrasonic weld- 
ing joint design where the welding action is parallel to 
each part surface. See shear joint. 
welding, ultrasonic spot An ultrasonic welding 
method in which two parts are joined at localized 
points. 
welding, vibration A method for joining thernioplas- 
tics with high-strength bonds in which frictional heat is 
generated by rubbing the two parts together in a linear or 
angular motion. This action can be accomplished in a short 
time of 8 to 15 s. After the heat melts the two materials 
at the joint interface, vibration action stops and the parts 
are pressed together. After cooling, the bond is completed. 
The vibratory motion is a low-frequency (120 to 240 Hz), 
high-amplitude (0.25 to 0.50 mm or 0.10 to 0.2 in.) of 
linear displacement, reciprocal motion; a rotary motion is 
used for circular parts. Different-size parts are used. It  is 
particularly suited for large parts or irregular joint surfaces. 
Also called jiirtion welding. 
weld line A mark or line when two melt-flow fronts 
meet during the filling of an injection mold. This action 
can also occur during extrusion through a die. Also called 
weld mavk, pow line, or striae. See blow molding, ex- 
truder cut-off; die line; die spider line; extruder 
melt-flow oscillation; injection molding melt-flow 
oscillation; meld line; melt vibration; molding 
weld-line overflow tab. 
well 
wet abrasive See cleaning, abrasion. 
wet ashing The conversion of an organic plastic com- 
pound into ash (decomposition) by treating the compound 
with nitric or sulfuric acid. See finishing, ashing and 
lapping. 
wet felting Forming a fibrous siinple to a coniplex- 
shaped mat from a water suspension. See preform pro- 
cess, water slurry. 
wet installation See joining, wet-installation. 
wet lay-up molding 
wet. 
wet-out See reinforced plastic wet-out. 
wet process, nonwoven 
chanical. 
wet spinning 
wet stretching See orientation, wet-stretching. 

See molding cold slug; mold well. 

See reinforced plastic lay-up, 

See fabric nonwoven me- 

See fiber processing, spinning. 

wet system See reinforced plastic wet system. 
wettability The ability of any surface to be wetted 
when in contact with a liquid. See test, aluminum. 
wetted Pertaining to material that has accepted water 
or other liquid, either on its surface or within its pore 
structure. It is the ability of any surface to be wetted when 
in contact with a liquid-that is, the surface tension of the 
liquid is reduced so that the liquid spreads over the surface 
with ease. Also called wetting. 
wetting agent A substance that is capable of lowering 
the surface tension of liquids, facilitating the wetting of 
solid surfaces with good bonding taking place, and facili- 
tating the penetration of liquids into capillaries. It is a phe- 
nomenon involving a solid and liquid in such intimate 
contact that the adhesive force between the two phases is 
greater than the cohesive forces within the liquid. Thus, 
a solid is wet and, on being reinoved from the liquid bath, 
will have a thin continuous layer of liquid adhering to it. 
See adhesive; impregnation, introfaction. 
wetware 
wet winding See filament winding, wet-winding. 
Wheatstone bridge See electrical Wheatstone 
bridge. 
wheelabrating See deflashing, wheelabrating. 
whisker See reinforcement, whisker. 
whisker, metallic A fiber composed of a single crystal 
of metal. See fiber, metallic; reinforcement, whisker. 
white-box A phrase used to describe a device whose 
method of working is ill-defined or not understood. See 
coefficient of scatter; test, white-box and black-box. 
whitener See calcium carbide; calcium carbonate; 
optical brightener agent; stress whitening. 
white-ware See alumina white-ware. 
wholesaler One who buys in large quantities and sells 
in smaller quantities to a retailer who sells to the consumer. 
With plastic materials, the quantities bought by the whole- 
saler may vary from a fraction of a car load to many car 
loads. See business; sales. 
wicking Passage of a liquid or air in a filled plastic, par- 
ticularly reinforced plastics. With RPs, penetration is lon- 
gitudinally along or between fibers that have been encased 
in plastic during fabrication. This action could be damag- 
ing to the perforniance of the product. 
Wiegand pendulum See test, Wiegand pendulum 
heat. 
Wilhelm, Gottfried See calculus. 
wine taste test See test, organoleptic. 
winder See extruder take-off winder. 
window 
window; safety glass. 
wipe-in See decorating, fill-and-wipe. 
wire and cable From the beginning of the electrical 
industry, plastics have been used for their insulation, semi- 
conductivity, and jacketing capabilities. Various plastics 
are used to meet performance requirements that are elec- 
trical, mechanical, chemical, thermal, and environmental. 
Extensive amounts of polyethylene plastics are used that 

In the computer industry, a person’s brain. 

See plastic, light switchable; processing 
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include low- to high-density compounded grades, cross- 
linked grades, and dry swellable grades that prevent water 
penetration. See extruder wire and cable. 
wire coating See coating; extruder coating and 
lamination. 
wire draw-down ratio and draw-ratio balance See 
draw-down ratio; extruder wire and cable die draw- 
down ratio. 
wire frame modeling 
wire train 
wire-wrapping diameter A measure of wire ductility. 
It is the minimum diameter to which wire can be wound 
without causing failure. 
witness, expert 
Witt theory 
wood Industrial lumber products represent about 
23wt% or 45~01% of all industrial raw materials consumed 
worldwide (about the same volume as building and con- 
struction-concrete, bricks, sand, etc). Wood is a cellular 
form of cellulose; cellulose is the most abundant of all nat- 
urally occurring organic compounds. A number of wood's 
components combine into complex molecules and fibers. 
Because of its fibrous structure, wood's properties are di- 
rectional. They have a high strength-to-weight, good in- 
sulation, and cushioning properties. Wood is hygroscopic, 
absorbing water and moisture in its cell walls, where it 
induces volume changes. It  makes up at least one-third of 
all vegetable matter worldwide. The United States has 
more trees now than it did in 1776. See building and 
construction; cellulose, alpha; injection molding, 
nonplastic; plastic and lumber; plastic consump- 
tion; plastic growth: urea plastic. 
wood and plastic See plastic lumber; wood, com- 
preg; wood compressed. 
wood, balsa Balsa is the lightest and softest wood used 
commercially. It is one-fourth the weight of cork. About 
90wt'% of all balsa is used as a sandwich core material. The 
major market for balsa is the marine industry. See sand- 
wich core material. 
wood classification Woods are classified into soft- 
woods and hardwoods. Softwoods are trees that generally 
have needlelike or scalelike leaves. The term does not refer 
to the actual hardness of the wood. The hardwoods in- 
clude trees whose wood may be hard or soft. 
wood composition board A product that is usually 
made by reducing wood to small particles and reforming 
it into a rigid board. Bonding is by adhesion developed 
from the natural adhesive action of the wood substance or 
through the addition of various binders, such as starch to 
plastics (phenolic, etc.). See adhesive, plywood; 
binder. 
wood, compreg A contraction of compressed plastic irn- 
pvegnated wood that usually refers to wood assembly veneer 
layers and other wood-plastic impregnated conibinations. 
See impregnation; wood-plastic impregnated. 
wood compressed Wood that has been subjected to 
high compression pressure to increase its density with or 

See computer modeling. 
See extruder wire and cable train. 

See legal matter: expert witness. 
See dyeing, Witt theory of. 

without plastics. It is usually supplied in the form of a lami- 
nate in which plastics have been incorporated by drying 
the wood and using a vacuum. Also called dens$ed wood 
or laminated wood. See laminate wood; wood, ply-. 
wood cord A unit volume of cut wood stacked in a 
pile that measures 4 X 4 X 8 ft (1 X 1 X 2 m) containing 
a volume of 128 ft' (3.6 ni'). 
wood flour Finely divided dry wood that is used as a 
filler principally in thermoset plastics (phenolics and ureas). 
Particle size is such that they usually pass through a 40 
mesh screen. Various types of wood can be used. See 
flour; screen. 
wood graining A group of processes (extrusion, coat- 
ing, laminating, injection molding, etc.) that are used to 
impart a woodlike appearance to such products as sheet- 
or molded-shaped products. See mold cavity, etched; 
photoetching tool. 
wood, hard- The wood from trees with leaves, not 
needles. The wood of hardwoods niay be hard or soft. 
This classification is usually given to trees such as oak, 
birch, and maple. See wood, soft-. 
wood impregnation See wood, compreg. 
wood, laminated A high-pressure bonded wood prod- 
uct that is composed of layers of wood with plastic, such 
as phenolic, as the laminating agent. See wood com- 
pressed; wood, ply-. 
wood, modified A wood whose properties have been 
improved by plastics, chemicals, thermal treatments, or 
compression treatments. 
wood, petrified A wood whose original chemical 
components have been replaced by silica. The change oc- 
curs in such a way that the orignal forms and structure of 
the wood are preserved. The Petrified Forest in Arizona 
is known for its petrified wood. 
wood-plastic composite process The processes that 
are used to produce wood-plastic products include extru- 
sion, injection molding, compression molding, and vac- 
uum-bag molding. See plastic and lumber. 
wood-plastic impregnated (WPI) Plastic-loaded 
wood (impregnated) results in significantly increased per- 
formance for the wood, such as higher mechanical proper- 
ties, better hardness, longer life, and better rot resistance. 
Originally (1909), most of the plastics used were phenolics. 
By the 195Os, acrylic and vinyls were used. Vinyl polymer- 
ization was an improvement over phenolic condensation 
polymerization, which left by-products, such as water, that 
had to be removed. A vacuum is used to evacuate the air 
from dry wood. The wood is put into a bath of plastic 
solution. The soaking period, like the evacuation period, 
depends on the type and structure of the wood. Curing 
of plastics is usually by a radiation rather than regular poly- 
merization reactions. Also called cornpreg. See impregna- 
tion; plastic and lumber; polymerization. 
wood-plastic profile Extruded wood-plastic compos- 
ite profiles can contain at least 70wtN wood and produce 
a woodlike appearance. These products compete in differ- 
ent markets, particularly the building and construction 
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market and waterfront locations, like boating docks. 
wood pressure process The treatment of timber to 
prevent decay by forcing a preservative, such as creosote, 
zinc chlorides, or zinc formate, into the cells of wood. See 
zinc formate. 
wood pulp A form of cellulose that is obtained from 
wood or vegetable matter by prolonged cooking with 
chemicals. It  is used in the nianufacture of paper and as a 
source of cellulose. See cellulose acetate plastic pro- 
cess; molding, pulp; paper; viscous process. 
wood pulping The disintegration ofwood (chemically) 
into its fibrous components. The separation ofwood chips 
occurs by chemical treatment to dissolve the lignin that 
bonds the fibers together. 
wood pulp, paper Processed cellulose fibers that are 
made into paper. See fabric, nonwoven mechanical; 
paper. 
wood, soft- A tree that in most cases has needlelike or 
scalelike leaves. This term has no reference to the actual 
hardness of the wood. For example, most softwoods, such 
as pines, are actually harder in texture than hardwoods. 
See wood, hard-. 
wood specific gravity (s.g.) Most corninercial wood 
in the United States is 0.35 to 0.65 s.g. Most woods are 
below 1, with certain species, such as the black ironwood 
in Florida or the axenlaster in Belize, at 1.42 (89 lb/ft’). 
The s.g. of corninercial grades of balsa wood is 0.11 to 
0.16 (6 to 10 lb/ft’). 
wood substitute Recycled plastics are used to replace 
wood in different applications, such as water floating plat- 
forms, park benches, dividing fences or walls, outdoor fur- 
niture, and patios. See Corian; plastic and lumber; re- 
cycled plastic. 
wood veneer A thin sheet of wood, generally within 
the thickness range of 0.01 to 0.25 in. (0.3 to 6.3 mm), 
that is used in laminations. See adhesive, edge joining; 
veneer. 
woof See yarn fill. 

working life See pot life; shelf life. 
work center One or more machines or workstations of 
similar capabilities grouped together for control purposes. 
woven fabric See fabric, woven. 
world trade The following list provides total popula- 
tion in millions for various countries: Argentina 33, Aus- 
tralia 18, Austria 8, Bangladesh 117, Belgium 10, Brazil 
158, Burma 38, Cambodia 10, Canada 27, Chile 14, 
China 1,170, Colombia 34, Cuba 11, Czech Republic 10, 
Denmark 5, Ecuador 11, E g p t  56, Ethiopia 51, European 
Community 350, Finland 5, France 57, Georgia 6, Ger- 
many 80, Greece 10, Haiti 6, Hungary 10, India 886, In- 
donesia 195, Iran 61, Iraq 18, Ireland 4, Israel 5, Italy 58, 
Japan 125, Korea-North 22, Korea-South 44, Malaysia 18, 
Mexico 92, Netherlands 15, New Zealand 3, Nigeria 89, 
Norway 4, Pakistan 121, Peru 23, Philippines 67, Poland 
38, Portugal 10, Romania 23, Russian Federation 150, 
Saudi Arabia 17, Singapore 3, South Africa 42, Spain 39, 
Sudan 28, Sweden 9, Switzerland 7, Syria 13, Taiwan 21, 
Thailand 58, Tunisia 8, Turkey 60, Ukraine 52, United 
Kingdom 58, United States 260, Venezuela 21, Vietnam 
69, and Yugoslavia 10. See gross domestic product; 
legal matter: tariff; market. 
World Wide Web (www) A network of computer 
electronic sites that are linked to form a global electronic 
network for transmitting information in text, graphs, 
audio, video formats, and so on. See website. 
wrinkle A crease. For example, wrinkles can occur 
when the surface of a coating dries before the inner layer 
dries, allowing the inner layer to shrink while it is drying. 
Surface drying can be retarded by the addition of solvents 
with a high boiling point. With reinforced plastics, an ini- 
perfection on the surface can have an appearance ofa wave 
molded into one or more plies of fabric or other reinforc- 
ing material. 
writing, technical See technical writing. 
wysiwyg An acronym for “what you see is what you 
get.” 



X 
xanthate A salt of the series of xanthic acids that is used 
as an accelerator in certain plastics. See viscose process. 
x-axis The horizontal axis in the plane of a material used 
as 0’ reference. The y-axis is in the plane of the material 
perpendicular to the x-axis, and the z-axis is the reference 
axis that is normal to the x-y plane. The term plane or 
direction is also used in place of axi.7. See directional prop- 
erty, abscissas; directional property, ordinate; y- 
axis. 
Xenoy GE’s trade name for its family of thernioplastic 
polyester plastic blends. 
xerographic material See printing, xerography. 
x-radiation See radiation, diffraction. 
x-ray An electromagnetic wave of short wavelength 
0.01 to 50 Angstrom units, which is produced when 
streams of electrons impinge on matter. See lead. 
x-ray analysis See test, nondestructive radiog- 
raphy. 
x-ray diffraction The techniquc o f  using the diffrac- 
tion ofx-rays to study the structure ofplastics to deterniine 
their crystalline structure and to measure their particle size. 
See light scattering. 
x-ray film See digital imaging. 
x-ray fluorescence See processing via fluorescence 
spectroscopy; spectrometer, x-ray fluorescence. 
x-ray ionization method A method of x-ray diffrac- 
tion in which the intensity of the diffracted beam is mea- 
sured by means of an ionization chamber. See ionization. 
x-ray microscopy A technique of cxaniining x-rays by 
means of a microscope. In a variation called point, pvujec- 
tion, an enlarged image is obtained from x-rays emitted 
from a pinhole point source. It  is useful for studying the 
structure of plastics such as reinforced plastics, foams, and 
fibers. See molecular-arrangement structure. 
x-ray radiograph An x-ray film, plate, or paper that is 
placed at the image plane and is used for recording an x- 
ray image of the object being examined. See digital im- 
aging. 
x-ray scanning carbon-fiber reinforced plastic See 
test, nondestructive carbon-fiber reinforced-plastic 
x-ray scanning. 
x-ray scattering, long period A morphological pa- 
rameter that is obtained from small-angle x-ray scattering. 
It is usually equated to the sum of the lamellar thickness 
and the amorphous thickness. See amorphous plastic 
scatter. 
x-ray sensor See sensor, nuclear. 
x-ray sorter 
x-ray spectrography See spectrograph, x-ray. 

See bottle sorter, optical. 

x-ray spectroscopy An instrument for producing the 
x-ray spectrum of a material and measuring the wave- 
lengths of its various components by observing their dif- 
fraction by crystals of known lattice spacing. This method 
identifies crystalline compounds by the characteristic x- 
ray spectrum that is produced when a sample is irradiated 
with a beam of sufficiently short-wavelength x-radiation. 
Diffraction techniques produce a fingerprint of the atomic 
and molecular structure of a compound aiid are used for 
identification. Fluorescence techniques are used for quan- 
titative elemental analysis. Also called rocngcw spectrometry 
or x-ray spectrornetvy. See chemistry, analytical; differ- 
ential scanning calorimetry; molecular-arrange- 
ment structure. 
XTC plastic 
XT plastic See plastic, XT. 
Xydar Anioco Performance Products Inc.’s tradenaine 
for its family o f  liquid-crystal polymers. 
xylene A colorless aromatic hydrocarbon liquid. It is 
used as a solvent, in the manufacture of polyester plastics, 
aiid as a chemical intermediate. 
xylenol plastic A phenolic-type plastic that is produced 
by condensing xylenol (a coal tar derivative) with alde- 
hyde. 
xylylene plastic In a coating process, a plastic that is 
capable of producing extremely thin (microns) pinhole- 
free coatings of outstanding conformity and thickness uni- 
formity by the chemistry of the xylylene monomer. A sub- 
strate is exposed to a controlled atmosphere of pure gas- 
eous monomer p-xylylene (XP). The process is a vapor 
deposition polynierization (VUP). The iiiononier itself is 
thermally stable but kinetically unstable. Although it is sta- 
ble as a gas at  low pressure, on condensation it spontane- 
ously polymerizes to produce the coating of a high-niolec- 
ular-weight linear poly(p-xylylene) (PPX). Also called 
polyxylylene or PX. See chemical vapor deposition. 
xylyl mercaptan An efficient peptizing agent for natu- 
ral rubber. It  is also used as a bleaching agent in the prepa- 
ration of pale crepe rubber. 
x-y recorder An instrument that is designed to plot 
graphs in a Cartesian-coordinated system. A Cartesian-co- 
ordinated system is a two-dimensional system having an 
abscissa (x-axis) and an ordinate (y-axis). The recorder 
plots the relation between these two variables, which can 
be stress and strain. See directional property, abscissa; 
directional property, ordinate; stress-strain curve. 
x-y-z axes See x-axis. 
x-y-z blow molding 
three-dimensional. 

See reinforced plastic, XTC. 

See blow molding, extruder, 



Y 
yard A unit of measure that in the United States equals 
0.9144018 in and in the United Kingdom equals 0.914399 
m. 
yardage The number of yards of yarn, roving, or strand 
per pound of glass fibers; the reciprocal of weight per yard; 
the length of a product on a reel. 
yarn A generic term for an assemblage of twisted fibers 
or strands, either natural or manufactured, that form con- 
tinuous yarn (thread) suitable for use in weaving or other- 
wise interweaving into textile materials. It is used in plas- 
tic-coated materials, in reinforced plastics, and as a filler 
with plastics. See fiber. 
yarn breaking length A measure of the breaking 
strength of reinforcing yarn. The length of a yarn speci- 
men’s weight is equal to the breaking load. 
yarn, carded A yarn that is niade from fibers that have 
been carded but not combed in the manufacturing process. 
Most spun yarns are of this type. See fiber carding. 
yarn, combed A yarn that is niade from fibers that have 
been carded and combed in the manufacturing process. 
Coinbed yarns are generally cleaner, smoother, and more 
lustrous than carded yarn. 
yarn, combination A ply of yarn that is twisted from 
single yarns of different fibers, such as glass and rayon fi- 
bers. 
yarn, commingled A hybrid yarn that is made with 
two types of materials that are intermingled in a single 
yarn. For example, thermoplastic filaments may be coni- 
mingled with carbon fibers. See hybrid; recycling com- 
mingled plastic. 
yarn construction number A system that shows yarn 
construction-namely, the cut of the single yarn, the 
number of plies, and whether reinforcements are present. 
Yarns up to nine-cut, inclusive, have three-digit construc- 
tion numbers with the first digit indicating the cut, the 
second the number of plies, and the third the number of 
reinforcements. Thus, a No. 1420 yarn has l/l-cut, two- 
ply, and no reinforcement. See fiber count. 
yarn, continuous filament A yarn that is formed by 
twisting two or more continuous filaments into a single, 
continuous strand. 
yarn count The relationship between yarn weight and 
length. The basic unit is 10. See fabric count; fiber de- 
nier; tex. 
yarn denier specification 
yarn designation The number of original singles 
(strands) that are twisted and the number of these units 
that are plied to form a yarn or cord. The first letter indi- 
cates glass composition, the second letter represents 
whether it is continuous or staple fiber, and the third letter 
indicates the diameter range of the individual fiber. For 

See fiber denier. 

example, CD identifies type E glass with continuous fiber 
(C) of 0.00023 in average fiber diameter (1)). See fiber- 
glass type. 
yarn density, linear Mass per unit length of yarn ex- 
pressed as g/cm or its equivalent. 
yarn distortion In woven fabrics, a condition in which 
the symmetrical surface appearance of a fnbric is altered by 
the shifting or sliding of warp or filling yarns. 
yarn end A group of filaments before they are twisted. 
After the filaments are twisted, they become a yarn. There 
are warp yarn thread, thread, fiber, and roving. 
yam fill The transverse threads or fibers in a woven fab- 
ric; those fibers running perpendicular to the warp. Also 
called wjit or w0.J: See weft; yarn warp. 
yarn, final twist The number of turns per unit length 
in a single yarn coniponent of a plied yarn or the plied 
yarn component of a cabled yarn as the component lies 
in the more complex structure. Also called “us-is” twist. 

yarn grex A universal yarn numbering system in  which 
the yarn number is equal numerically to the weight in 
g /  10,000 ni. 
yam, knot tenacity The tenacity or knot strength in 
grains per denier (g/den) of a yarn where an overhand 
knot is put into the filament or yarn being pulled to show 
sensitivity to conipressive or shearing forces. 
yarn, multifilament A niultitudc of fine continuous 
filaments, often of 5 to 100 individual filaments, usually 
with some twist in the yarn to facilitate handling. Their 
sizes are described in denier and range from 5 to 100 deni- 
ers. The larger deniers, even in the thousands, are usually 
obtained by plying smaller yarns together. 
yam nib A sinal1 thickened location in a yarn or fabric. 
yarn number See yarn count. 
yarn package A length or parallel lengths of yarn in a 
form suitable for handling, storage, or shipping. 
yarn, plied The number of single yarns that are twisted 
together to form a plied yarn. One of the layers niakes up a 
stack or laminate. Normally the yarns are twisted together. 
Those collected without twist are also used in reinforced 
plastic lay-ups. See reinforced plastic. 
yarn, spliced The joining of two ends of glass-fiber 
yarn or strand, usually by means of an air-drying adhesive. 
yarn strand count The number of strands in a plied 
yarn or roving. 
yarn stress, critical longitudinal The longitudinal 
stress necessary to cause internal slippage and separation of 
a spun yarn. It  is the stress necessary to overcome the in- 
terfiber friction that develops as a result of twist. 
yarn tenacity In yarn manufacture and textile engi- 
neering, the strength of a yarn or a filament for its given 
size. Numerically it is the grams (of breaking force) per 
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denier unit of yarn or filament size (gpd). The yarn is usu- 
ally pulled at the rate of 5 in./ni (12 cm/m). Tenacity 
equals breaking strength (g) divided by denier. Also called 
breaking strength. See fiber denier. 
yarn, turn per inch (TPI) A measure of the amount 
of twist produced on a yarn, tow, or roving during its 
processing cycle. It represents the lead rate of a hoop layer 
at  a specified bandwidth. See yam twist, direction of. 
yarn twist, balanced An arrangement of twists in a 
combination of two or more strands that do not kink or 
twist when the yarn produced is held in the form of an 
open loop. For example, single-S twist fiber plied with a 
Z fiber results in “balancing” the fibers. The amount of 
twist with plying provides many combinations that are 
useful in various applications. Filament yarns can exist in 
an almost twistless form, but this is not the case for staple 
fiber yarns. See cordage; dope; kink; twist, direction 
of yarn. 
yarn twist, direction of In yarn or other textile strand, 
the spiral turns about its axes per unit length. Twist may 
be expressed as turns per inch. The letters S and Z indicate 
the direction of twist, which refers to whether the twist 
direction conforms to the middle-section slope of the par- 
ticular letter. See twist, direction of yarn. 
yarn twist, hawser The construction of cabled yarn, 
cord, or rope in which the single and first ply twists are 
in the same direction and the second ply is in the opposite 
direction. 
yarn warp 1. The yarn running lengthwise in a woven 
fabric. 2. A group of yarns in long lengths and approxi- 
mately parallel, put on beams or warp reels for further tex- 
tile processing including weaving, knitting, dyeing, etc. 
See yarn fill. 
yarn weight See fiber denier. 
y-axis A line perpendicular to two opposite parallel 
faces. See x-axis. 
yellowing Developing a yellow color in near-white or 
near-transparent plastics (coatings, film, etc.). It is the re- 
sult of degradation on exposure to light, heat aging, or 
weathering. Usually it is measured in terms of a yellowness 
index. See pigment, fluorescent; yellowness index. 
yellowness An attribute by which an object color is 
judged to depart from colorless or white toward yellow. 
Negative values denote blueness. 
yellowness index A number that is computed by a 

given procedure from colorimetric or spectrophotometric 
data and that indicates the degree of departure of an object 
color from colorless or from a preferred white toward yel- 
low. See colorimeter. 
yellow oxide An inorganic pigment that is based on 
iron oxide. 
yield The ratio of actual yield to theoretical yield multi- 
plied by 100. 
yield, plastic Nonelastic deformation. See deforma- 
tion. 
yield point In engineering terms for tensile, conipres- 
sion, or shear test specimens, the first stress in a material, 
less than maximum attainable stress, at which the strain 
increases at a higher rate than the stress. It is at the point 
where permanent deformation of a stressed specimen starts 
to take place. Only materials that exhibit yielding have a 
yield point. For materials that do not exhibit a yield point, 
yield strength serves the same purpose as the yield point. 
See elastic-plastic transition. 
yield point elongation In materials that exhibit a yield 
point, the difference between the elongation at the coni- 
pletion and the elongation at  the start of discontinuous 
yielding. 
yield strength The stress at  the yield point where a ma- 
terial exhibits a specified limiting deviation froni the pro- 
portionality of stress to strain. The lowest stress at  which 
a material undergoes plastic deformation. Below this stress, 
the material is elastic; above, the material is viscous. It is 
often defined as the stress needed to produce a specific 
amount of plastic deformation, such as 0.2% change in 
length. 
yield strength, offset The stress at which the strain ex- 
ceeds by a specific amount (the offset) which is an exten- 
sion of the initial, approximately linear, proportional por- 
tion of the stress-strain curve. It  is expressed in force per 
unit area. 
yield, theoretical The amount of product that is pre- 
dicted to be present after all the limiting reagent has been 
utilized. See compounding. 
yield value The stress, either normal or shear, at which 
a marked increase in deforniation occurs without an in- 
crease in stress (load). 
Y-joint See filament-winding knuckle area. 
Young’s modulus See modulus of elasticity. 



Z 
zanja An irrigating canal. 
zapping See film, electrostatic charge. 
z-average, molecular weight 
molecular-weight determination. 
z-axis 
See x-axis; y-axis. 
Z-blade mixer See mixer, sigma-blade. 
Z calender A four-bowl calender in which rolls 1 and 
2 are situated in a horizontal plane. Roll 3 is below roll 
2, 1 and 4 are therefore offset. Also called Z-cylindev. See 
calender. 
Z direction See stress, plane. 
zein plastic A naturally occurring, high-molecular- 
weight copolymer of amino acids that are linked to peptide 
bonds, derived from corn. It is a member of the protein 
family of plastics with the main member being casein plas- 
tic. It has been used for fibers, films, and coating but is 
now rarely used. 
zeolite A naturally occurring hydrated silicate of cal- 
cium and aluminum. This name is also given to synthetic 
substances with a similar crystalline structure. Both natural 
and artificial types are used extensively for cracking cata- 
lysts, detergent builders, water softening, and molecular 
sieves. See catalyst, zeolite. 
Zepel DuPont’s trade name for its family of fluorocar- 
bon textile finishes that are used as a durable oil and water 
repellent. 
Zerion Dow Chemical’s trade name for its family of 
methyl methacrylate-styrene copolymer. 
zero absolute temperature See temperature, abso- 
lute zero. 
zero air-void curve 
zero balance High performance for materials and fabri- 
cating processes that avoids excessive losses that were not 
originally included in the design. When something is 
gained, something usually is lost; the goal is not to let that 
loss influence product performance. 
zero bleed 1. A fabrication procedure that does not 
allow loss of plastic during solidification or cure. 2. Pre- 
preg or other reinforced plastic made with the amount of 
plastic matrix desired in the final part, such that no plastic 
is lost or has to be removed during processing. See lami- 
nate; reinforced plastic. 
zero crossing See mean crossing. 
zero defect The ultimate performance for any supplier 
in terms of meeting design perforniance requirements at 
the lowest cost. Unfortunately, quality-control procedures 
are usually taken only after production and are based on 
the acceptance of a certain level of failure. Effective quality 
standards must be applied early in the process and be fully 

See molecular mass; 

The reference axis perpendicular to x and y axes. 

See air-void curve, zero. 

supported by management. See failure, fault-tree anal- 
ysis of; FALL0 approach; feature defect, zero; mean 
and standard deviation; quality control defined; sta- 
tistical assessment; tubing, microbore; World of 
Plastics Reviews: Thinking Like a Manager and 
Managing for the Long Run. 
zerogel See gel, zero-. 
zero power resistance The resistance of a thermister 
or resistance temperature detector element with no power 
being dissipated. See temperature sensor. 
zero time The time when the given loading or constant 
conditions are initially obtained in creep and stress relax- 
ation tests, respectively. See creep; relaxation; stress. 
Zetafin Dow Chemical’s trade name for its family of 
ethylene vinyl acetate plastics. 
Ziegler-Natta catalyst See catalyst, Ziegler-Natta. 
Ziegler process A process for the low-pressure linear 
polymerization of ethylene and stereospecific polymeriza- 
tion of polypropylene. The product is a high-density plas- 
tic or elastomer. It is named for Karl Ziegler, the German 
scientist who was corecipient (with Giullo Natta, Italy) of 
the Noble Prize in 1963. See catalyst; polymerization; 
polymerization history. 
Zimmermann reaction See chemical reaction, 
Zimmermann. 
zinc (Zn) An inexpensive metal whose alloys are 
stronger, tougher, and more ductile than aluminum (Al). 
In addition to its metal- and die-casting alloy forms, Zn 
is also used to extend the life of other materials, such as 
steel (by hot dipping or electrogalvanizing), plastic and 
rubber (as an aging inhibitor), and wood (in paint coat- 
ings). It is a strong alternative to A1 in die or mold castings 
since they can last five to 10 times longer. Dimensional 
tolerances can often be tight enough to reduce or elimi- 
nate the need for machining that Al requires. See injec- 
tion molding, nonplastic; tolerance. 
zinc acetate A white, monoclinic, pearly luster, crystal- 
line-plate structure that has a faint acetone odor. It  is solu- 
ble in water and alcohol. It is used as a cross-linking agent 
for plastics. See cross-linking. 
zinc alloy 
zinc borate Any white, amorphous powder of various 
compositions that contains various amounts of zinc oxide 
and boric acid. They are used as fire retardants in PVC, 
PVDC, polyesters, and polyolefins, usually in combination 
with antimony oxide. 
zinc carbonate (ZnC03) A white, crystalline powder. 
It is soluble in acids, alkalies, and ammoniuni salt solutions 
and insoluble in water. It is used as a fireproofing filler. 
zinc coating See recycling steel with vinyl scrap. 

See die-casting alloy; mold material. 
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zinc diethyl dithiocarbamate An ultra accelerator 
that is too scorchy for use as a sole accelerator in dry rubber 
compounding but is used in latex work. 
zinc formate Toxic, white crystals that are soluble in 
water and insoluble in alcohol. It is used as a catalyst, 
weatherproofing agent, and wood preservative. See 
wood pressure process. 
zinc gray 
zinc hydroxide (Zn(OH),) A colorless, water soluble 
crystal that decomposes at 125°C (257°F). I t  is used as a 
chemical intermediate and in rubber compounding. 
zinc isopropyl xanthate An ultra accelerator of vulca- 
nization at temperatures as low as 38°C (100°F). In niix- 
tures with dithiocarbamate accelerators, it is used for 
room-temperature vulcanization. See adhesive, room- 
temperature cure. 
zinc molding See injection molding, nonplastic. 
zinc nitrate Colorless lumps of crystals, that are soluble 
in water and alcohol. It is used as a latex coagulant, re- 
agent, and acidic catalyst. See catalyst; latex. 
zincograph See printing, photoengraving. 
zinc oxide (ZnO) An infusible amorphous light white 
powder that is obtained by heating zinc carbonate. It is an 
activator in rubber conipounds containing organic accel- 
erators. In polychloroprene, it is considered to be the ac- 
celerator rather than the activator. Its use as a filler and 
white pigment in plastics is rather obsolete. It has a high 
ultraviolet light absorbing power of all commercially avail- 
able pigments. 
zinc stearate A white powder that is used as a lubricant 
and dusting agent. 
zinc sulfide (ZnS) A naturally occurring white ainor- 
phous precipitate that is used in a compound to exhibit 
phosphorescence. See phosphorescence. 
zink mark A shallow depression in the surface that is 
visible because of a sharply defined rim or a roughened 
surface somewhat sindar to a sink mark. See sink mark. 
zipper In 1851 Elias Howe, Jr. patented a device com- 
posed of a series of clasps and ribs that would join two 
pieces of material. Even though the concept had merit, 

Zinc dust used as a pigment. 

he abandoned it to concentrate on the sewing machine. 
Howe’s invention remained forgotten until the turn of the 
twentieth century, when it evolved into what is known 
now as the zipper. It  was first used to close money belts 
and tobacco pouches and was not widely accepted by the 
apparel industry until the 1940s. Various materials are 
used, including brass, aluminum, and plastics (especially 
polyesters and acetals). See grass, synthetic; injection 
molding; Velcro strip. 
zipper plastic bag See extruder-blown film-bag 
manufacturing; thermoforming, form, fill, and seal. 
zirconium (Zr) A material of construction that is used 
in many chemical environments because of its excellent 
corrosion resistance. It is one of a few metals that can be 
used in chemical processes requiring alternate contact with 
strong acids and alkalies. Zr and its alloys are resistant to 
HCl at all concentrations and at temperatures above the 
boiling point. See acid; chemical reaction; hydro- 
chloric acid. 
zirconium hydride (ZrH,) A flammable, gray-black 
powder that is used as a reducing agent. 
zirconium oxide A white amorphous powder that is 
used as a pigment when good electrical properties are re- 
quired. 
Z-N and metallocene catalyst comparison See cat- 
alyst, metallocene, Z-N, comparison. 
Z-N catalyst See catalyst, Ziegler-Natta. 
zone A location in a plasticating screw. See screw feed 
zone; screw metering; screw transition zone. 
zone axis A group of crystal planes that are all parallel 
to one line is called the zone axir. 
zorro Tropical American timber trees (Astroniuni 
graveolens) with the color of mahogany. 
Z-twist 
zymoplastic A substance that is not an enzyme but is 
believed to participate in the formation of enzymes. See 
catalyst, enzyme; decomposition; degradation. 
zymurgy The branch of applied chemistry that has to 
do with fermentation processes. See decomposition; 
waste. 

See twist, direction of yarn. 



Appendix A 

LIST OF ABBREVIATIONS 
The following extensive guide to abbreviations used in the plastics industry worldwide includes some of those used 
throughout this book. Some terms have more than one abbreviation or share the same abbreviation. 

A 
A 

A 
A 
A 
A. 
AA 
AA 
AA 
AAAS 

AAc 
AAC 
AAE 
AAES 

AAEZ 

AAGK 
AAm 
AAMI 

AAMA 

AAK 
AAS 
AAS 

AAS 
AATC 

AB 
ABA 
ABA 
abbr. 
ABC 
ABC 
ABEA 
ABL 
ABK 
ABC 

abs. 
ABS 
ABS 
AC 
AC 
AC 

- 

acetaldehyde 
acetone, acrylate, acrylonitrile, alkyd, 
amide, etc. 
ampere 
angstrom 
area 
acetic aldehyde 
acrylamide 
Aluminum Association 
atomic absorption 
American Association of the Advance- 
ment of Science 
acrylic acid 
amyl acetate 
American Association of Engmeers 
American Association of Engineering 
Societies 
American Association of Enterprise 
Zones 
average annual growth rate 
acrylamide 
Association for the Advancement of 
Medical Instrumentation 
American Architectural Manufacturing 
Association 
Association of American Kailroads 
acrylate-styrene-acrylonitrile 
Association of the Advancement of Sci- 
ence 
atomic absorption spectroscopy 
American Association of Textile Cheni- 
ists 
antiblock 
acrylonitrile-butadiene-acrylate 
American Bar Association 
abbreviation 
activity-based costing 
atomic, biological, chemical 
azobisformamide 
Allegheny Ballistic Laboratory 
acrylate-butadiene rubber 
activity based costing 
acetal (see POM) 
absolute 
absorbance 
acrylonitrile-butadiene-styrene 
acetal (polymer) 
advanced composite 
alternating current 

AC 
ACC 
ACCS 

ACF 
ACG 
ACGI€ 

AC I 
ACM 
ACM 
ACM 
ACM 
Acn 
ACMS 

ACN 
ACPES 

ACR 
ACR 
ACS 

ACS 
ACS 
ACS 
ACT 
ACTC 

A / D  

AD 
AD 
ADA 
ADA 
ADC 

ADC 
ADC 

ADCB 
adh. 
ADS 
ADS 
AE 
AE 
AEB 
AEC 
AECO 

cellulose acetate 
Automotive Composites Consortium 
advanced composite construction 
system 
activated carbon fiber 
Advanced Composites Group 
Ainericari Conference of Government 
Industrial Hygienists 
American Concrete Institute 
acrylate rubber 
acrylic acid ester rubber 
advanced cure monitor 
American Chemical Manufacturers 
acetone 
Advanced Centre for Material Science 
(India) 
acrylonitrile 
acrylonitrile-chlorinated polyethylene- 
styrene 
acrylated chlorinated rubber 
acrylic fiber 
acrylonitrile-chlorinated polyethylene- 
styrene 
American Ceramic Society 
American College of Surgeons 
Australian Custom Service 
amplitude correlation time 
Advanced Composite Technology Con- 
sortium 
analog-to-digital (conversion) (also 
called ADC) 
apparent density 
average deviation 
adipic acid 
Americans with Disabilities Act 
allyl diglycol carbonate (also see 
CK-39) 
ammonium dichromate 
analog-to-digital conversion (also called 
A/D) 
asymmetric double cantilever beam 
adhesive 
additive delivery system 
air dried sheet 
acoustic emission 
auxiliary equipment 
average extent of burning 
acrylonitrile-ethylene-styrene 
epichlorohydrin rubber 
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AED 
AEF 
AES 

AF 
AF 
AFB 
AEPDM 

AES 
AFBM 

AFCMA 

AFI 
AFK 
AFMA 

AFML 
AFNOR 
AFPA 
AFPR 

AFRP 

AGA 
AGE 
AGE 
AHMA 
AHT 
AI 
AIA 
AIA 
AIAA 

AIC 
AIChE 

AIDS 
AIMBE 

AIMCAL 

AIMMPE 

AIP 
AISE 
AIS1 

AK 
A1 
A1 
alc 
A1203 
ALU 
AMA 
AMA 

A% 

AJT 

atomic emission detector 
advanced engineering fiber 
acrylonitrile-ethylene-propylene- 
styrene 
U.S. Air Force 
asbestos fiber 
phthalic anhydride 
acrylonitrile/ ethylene-propylene- 
diene/styrene 
acrylonitrile-ethylene-styrene 
Anti-Friction Manufacturers’ Associa- 
tion 
Aluminum Foil Container Manufactur- 
ers’ Association 
aluminum fiber 
asbestos fiber reinforced plastic 
American Furniture Manufacturers’ As- 
sociation 
h r  Force Material Laboratory 
Association Francais de Normalization 
American Forest and Paper Association 
Association of Foam Packaging Recy- 
clers 
aramid fiber reinforced plastic 
silver 
American Gas Association 
aging resistance 
allyl glycidyl ether 
American Hotel and Motel Association 
aluminum hydroxide trihydrate 
artificial intelligence 
Aerospace Industries Association 
allylamine 
American Institute of Aeronautics and 
Astronauts 
Automation Industry Council 
American Institute of Chemical Eng- 
neers 
acquired immune deficiency syndrome 
American Institute for Medical Biologi- 
cal Engineering 
Association of Industrial Metallizers, 
Coaters, and Laminators 
American Institute of Mining, Metallur- 
gical, and Petroleum 
American Institute of Polymers 
Association of Iron and Steel Engineers 
American Iron and Steel Institute 
air-jet texturing (yarn) 
acrylate rubber 
aliphatic 
aluminum 
alcohol 
aluminum trioxide (alumina) 
arithmetic-logic unit 
Adhesives Manufactures’ Association 
American Medical Association 

AMAB 

AMBA 
AMC 
AMD 
AMMA 
AMP 
AMPP 
AMS 
AMS 
aniu 
AN 
ANFI 

ANI 
ANM 
ANRA 
AN/S 
ANSI 
ANTEC 
A 0  
A 0  
AOCS 
AOZ 
APA 
APA 
APC 
APC 
APD 
APEC 
APET 
APF 
APG 
API 
API 
API 
APME 

APO 
APP 
APPR 

approx. 
APRA 
APT 
APU 
APY 
AQ 
AQL 
Ar 
Ar 
A R  
A R  
A R  
AK 
A R  
ARC 

acrylonitrile-methyl acrylate-acryloni- 
trile-butadiene (rubber) 
American Mold Builders Association 
alkyd niolding compound 
acrylamide 
acrylonitrile-methyl-methacrylate 
automated molding plant 
acrylic modified polypropylene 
aerospace material specification 
alpha methyl styrene 
atomic mass unit 
acrylonitrile 
Association of Nonwoven Fibers In- 
dustry 
aniline 
acrylate rubber 
African Natural Rubber Association 
acrylonitrile-styrene copolymer 
American National Standards Institute 
Annual Technical Conference (SPE) 
antimony oxide 
antioxidant 
American Oil Chemists’ Society 
antiozonant 
American Plywood Association 
amorphous polyamide 
air pollution control 
American Plastics Council 
ablative photodecomposition 
Asian Pacific Economic Committee 
amorphous polyethylene terephthalate 
Association of Plastics Fabricators 
automatic pressure gelation process 
addition reaction polyimide 
American Paper Institute 
American Petroleum Institute 
Association of Plastics Manufacturers in 
Europe 
aluminophosphate 
atactic polypropylene 
Association of Postconsumer Plastics 
Recyclers 
approximate 
Australian Plastics Research Association 
automatically programmed tool 
auxiliary power unit 
annual percentage yield 
aqueous 
acceptable quality level 
argon 
aromatic 
acceptable risk 
alkaline resistant 
aramid fiber 
aromatic 
aspect ratio 
abrasion-resistant coating 
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ARL 
ARM 
ARM1 

ARP 
ARP 
ARPA 
As 
AS 
ASA 
ASA 
ASA 
ASAP 
ASBE 
ASC 
ASC 
ASCE 
ASCII 

ASD 
ASEP 

ASL 
ASM 
ASME 

ASNT 

ASQC 
AS/RS 
Assn 
Assoc. 
AST 
ASTM 

ASW 
ASWAN 

ATA 
ATB 
ATC 
ATE 
ATH 
atm. 
ATMI 

at. no. 

A T 0  
ATP 
ATPE 
ATV 
at. wt. 
Au 
av. 
avdp 
AW atomic weight BM 

Army Research Laboratory 
Association of Rotational Molders 
Association of Rubber Manufacturers 
of India 
advanced reinforced plastics 
aromatic polyester 
Advanced Research Projects Agency 
arsenic 
asbestos 
acrylic-styrene-acrylonitrile 
American Standard Association 
American Statistical Association 
as soon as possible 
American Society of Body Engineers 
Adhesives and Sealants Council 
American standard code 
American Society of Civil Engmeers 
American Standard Code for Informa- 
tion Interchange 
adjustable speed drive 
American Society of Electroplated Plas- 
tics 
antislip 
American Society for Metals 
American Society of Mechanical Engi- 
neers 
American Society for Nondestructive 
Testing 
American Society for Quality Control 
automated storage and retrieval system 
Association 
Association 
antistatic 
American Society for Testing Materi- 
als 
antisubmarine warfare 
Association of Southwest Asian Na- 
tions 
Air Transport Association 
average time of burning 
assembly test chip 
alumina trihydrate 
aluminum trihydrate 
atmosphere or atmospheric pressure 
American Textile Manufacturers’ Insti- 
tute 
atomic number (colloquialism); official 
is Z 
antimony trioxide 
advanced technology program 
atomic amine terminated polyether 
all-terrain vehicle 
atomic weight 
gold 
average 
avoirdupois 

AWJ 
AWS 
AWWA 
AZ 
AZI 

b 
B 
B 
Ba 
BA 
BA 
BA 
BAc 
BAR 
BaS 
BASA 

BASIC 

BATF 

bbl 
BBP 
BC 
BCU 
BCB 
BCS 
BC1, 
BCO 
BD 
B1) 
bd. Et. 
BDP 
Be 
BE 
BeCu 
B E 0  
BER 
BES 
BF 
BFKL 

BHHS 
Bhn 
Bi 
BI 
BIB 
BIE 
BIF 
BING 

BIOS 
Bis-A 
bit 
BLK 

abrasive-water (cutting) jet 
American Welding Society 
American Water Works Association 
azodicarbonamide 
American Zinc Institute 

width of section 
benzyl, butadiene, butyl, butyrate, etc. 
boron 
barium 
bachelor of arts 
blowing agent 
butyl acrylate 
butyl acetate 
barrier 
barium sulfate 
British Adhesives and Sealants Associa- 
tion 
beginners all-purpose symbolic instruc- 
tion code 
U.S. Bureau of Alcohol, Tobacco, and 
Firearms 
barrel 
benzyl butyl phthalate 
bioconiputing 
biocompatible 
bisbenzocyclobutene 
binary coded decimal 
boron trichloride 
block copolymer 
bidirectional 
Brownian dynamics 
board foot 
biodegradable (aliphatic) polyester 
beryllium 
binding energy 
beryllium copper 
butadiene epoxide 
bit error rate 
benzoic acid 
boron fiber 
Building and Fire Research Laboratory 
(NIST) 
British Health and Human Resources 
Brinell hardness number 
bismuth 
biological indicator 
bag-in-box 
boundary integral equation 
benchmark interface format 
Federation of European Rigid Polyure- 
thane Foam Association 
basic input/output system 
bisphenol-A 
binary digit 
black 
back molding 



BM 
BM 
BM 
BMC 
BMI 
BMW 
AMWD 

Bn 
Bnz 
BO 
BOA 
BOA 
BOM 
BOPS 

BP 
BP 
BPA 

BPET 
NSF 

BPI 
BPO 
BPTA 

BR 
Br 
BK 
B R  
B R  
BRBA 
BS 
BS 
BS 
BS 
BSC 
BSI 
BSK 
ETA 

BTC 
BTK 
BTT 
Btu 
BTV 
BTX 
Bu 
BuAer 
BuMed 
BUN 
Buna 
B U R  
Butyl 
BVM 
BW 

bp 

bpd 

bp1 

BQ 

bag molding 
bending moment 
blow molding 
bulk-molding compound 
bismaleimide 
broad molecular weight 
broad molecular-weight distribu- 
tion 
billion 
benzene 
biaxially oriented 
benzyl octyl adipate 
broad ocean area 
bill of material 
biaxially oriented polypropylene 
boiling point 
British Petroleum 
polybutadiene rubber 
bisophenol-A 
barrels per day 
branched polyethylene terephthalate 
British Plastics Federation 
bits per inch 
Banbury processability index 
benzyl peroxide 
British Polymer Training Association 
becquerel 
blow ratio (also see BUR) 
bromine 
bronze 
burst strength 
butadiene rubber 
Buy Recycled Business Alliance 
bachelor of science 
barium stearate 
British Standard 
butadiene styrene rubber 
bottle stress crack 
British Standard Institute 
bearing stress ratio 
methylmethacrylate-butadiene-styrene 
terpolymer 
Bottling Technology Council 
benzyldithiocarbamate 
breakthrough time 
British thermal unit 
Brookfield thermoset viscosity 
benzene-toluene-xylene 
informal abbreviation for butyl 
Bureau of Aeronautics 
Bureau of medicine 
blood urea nitrogen 
polybutadiene 
blowup ratio (see also BR) 
butyl rubber 
bulk viscosity modifier 
bandwidth 

BX 
BzMA 
BzO 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
Ca 
ca. 
CA 
CA 
CA 
CAA 
CAB 
CaCO, 
CAc 
CAD 
CAD 
CAD 
CAD 
CADA 
CADD 
CAE 
cal 
CAF 
CAFE 
CAFG 
CALED 
CAM 
CAM 
CAM 
CAM 
CAMG 
CAMP 
CAMPUS 

CAN 
CAO 
CAP 
CAP 
CAP 
CAPE 
CAI’P 
CAYP 
CAR 
CARE 

Bureau of Export Administration 
benzyl methacrylate 
benzoyl peroxide 

centi (IO-2) 
carbonate, cellulose, chloride, etc. 
calorie (also cal) 
carbon 
casting 
cellophane 
Celsius 
Centigrade (preference Celsius) 
channel black 
compliance 
composite 
coulomb 
stiffness constant 
calcium 
circa (or approximate) 
carbonization agent 
cellulose acetate (CAc) 
compressed air 
Clean Air Act 
cellulose acetate butyrate 
calcium carbonate (lime) 
cellulose acetate 
charged area development 
compact audio disc 
computer-aided design 
computer-aided disc 
computer-aided data acquisition 
computer-aided design and drafting 
computer-aided engineering 
calorie (see also C) 
calcium fluoride 
corporate average fuel economy 
conductive anodic filament growth 
calculated 
composition and makeup 
Compressed Air magazine 
computer-aided manufacturing 
computer-assisted makeup 
computer-aided molecular graphics 
Clean Air Management Partnership 
computer-aided material preselection 
by uniform standards 
cellulose acetate nitrate 
computer-aided optimization 
cellulose acetate propionate 
computer-aided planning 
controlled-atmosphere packaging 
computer-assisted polymer engineering 
chlorinated atactic polypropylene 
computer-aided process planning 
carbon fiber 
Cooperative for American Relief Ev- 
erywhere 
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CAS 
CAT 
CAT 
CAT 
cb 
CB 
CB 
CBA 
CBA 
CBAO 
CBOT 
CBR 
CBT 
CC 
C C  
CCA 
C C O  
C C C  
C C C  
CCD 
CCD 
CCE 
CCL 
CCM 
CCM 
CCPIA 

C C R  
C C T  
CCV 
cd 
Cd 
CD 
CD 
C D  
CDA 
CDB 
CDER 

CDMA 

CD-ROM 
CE 
CE 
CE 
CE 
CEFIC 

CEG 
CEL 
CEN 

CEO 
CEPP 

CEQA 

Chemical Abstracts Service 
computer-aided technology 
coniputer-aided testing 
computer-aided tomography 
colurnbium 
carbon black 
collapsible bottle 
chemical blowing agent 
cost-benefit analysis 
chain-breaking antioxidant 
Chicago Board of Trade 
butadiene rubber 
computer-based training 
centrifugal casting 
cone calorimeter 
cellular cellulose acetate 
copper chrome arsenate 
Chlorine Chemistry Council 
computer command center 
chemical composition distribution 
charge couple device 
coefficient of crystalline expansion 
commodity control list 
compression coniposite molding 
computer cost modeling 
China Plastics Processing Industry Asso- 
ciation 
chemically coupled reinforcement 
cone calorinieter test 
Composite Concept Vehicle 
candela 
cadmium 
compact disk (disc) 
composition distribution 
continuous vulcanization 
cellulose diacetate 
conjugated diene butyl 
Center for Drug Evaluation and Re- 
search (FDA) 
Chemical Development and Marketing 
Association 
compact disc read-only meniory 
cellulosic plastic 
chemical engineer 
compensation effect (aging) 
cost effective 
European Industry Council (French ac- 
ronym) 
carboxy end group 
cellulose 
European Committee for Standardiza- 
tion 
chief executive officer 
Chemical Emergency Preparedness Pro- 
gram 
California Environmental Quality 
Act 

CERCLA 

CET 
CF 
CF 
CFA 
CFC 
CFCC 
CFE 
cfm 
CFP 
CFR 
CFR 
CFRM 
CFRP 
CFRTP 

CFT 
CFT 
cg 
CG 
C G  
CGATS 

CGCT 

CGMP 
CGNP 
CGPM 

CGTT 
CHDM 
C H R  
Ci 
CI 
CI 
CI 
CI 
CIA 
CID 
CIE 

CIIM 
CIIT 
CIL 
CIM 
CIM 
CIM 
CIP 
CIP 
CIP 
CIV 
c1 
CIQ 

Comprehensive Environmental Re- 
sponse compensation and Liability Act 
(or Superfund) 
controlled-emission technology 
carbon fiber 
cresol formaldehyde 
chemical foaming agent 
chlorofluorocarbon 
continuous fiber ceramic composite 
chlorotrifluoroethylene 
cubic foot per minute 
collated fibrillated polypropylene 
Code of Federal Regulations 
cresol-formaldehyde plastic 
continuous filament roving and mat 
carbon fiber reinforced plastics 
continuous fiber reinforced thernioplas- 
tics 
critical flocculation temperature 
cup foam test 
center of gravity 
chopped glass 
computer graphics 
Committee for Graphic Arts Technolo- 
gies Standards 
constrained geometry catalyst tech- 
nology 
current good manufacturing practice 
current gross national product 
Conference General des Poids et Mea- 
sures (French General Conference on 
Weights and Measures) 
critical gel transition temperature 
cyclohexanedime thanol 
chemical resistance 
curie 
chemical indicator 
cheniical ionization 
clearness index 
Composite Institute (SPI) 
computer-image analysis 
coating in depth 
Comniission Internationale de 1’Eclair- 
age (French International Comniission 
on Illumination) 
computer-integrated injection molding 
Chemical Institute 
Canada Industries Ltd. 
computer-integrated machine 
computer-integrated manufacturing 
confusion in manufacture 
cleaning-in-place 
computer-integrated production 
craze initiation pressure 
composite intensive vehicle 
chlorine 
computer-integrated quality 
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CIR 
CIS 

C1 
CL 
CL 
CLA 
CLD 
Cl-HC 
CLF 
CLPT 
CLTE 

C M  
C M  
CMA 
CMAT 
CMC 
CMC 
CMC 
CMM 
CMM 
CMP 
C N  
CNAMM 

C N C  
C N G  
CNG 
CNS 
c /o  
Co  
CO. 
C 0 
C O  
C 0 2  
C O D  
coef. 
COF 
COFO 
CONEG 
C O P  
COPA 
Co-Pak 

COPE 
COPE 

Corp. 
COS 
COTSE 
CP 
CP 
CP 
CP 
CP 

C l l l  

cumarone indene resin 
Commonwealth of Independent States 
(formerly USSR) 
chlorine 
clay 
computerized library 
cross-linking agent 
compression load deflection 
chlorinated hydrocarbon 
cutter location file 
classical laminate plate theory 
coefficient of linear thermal expansion 
centimeter 
Cincinnati Milacron 
compression molding 
Chemical Manufacturers’ Association 
color matching aptitude test 
carboxymethyl cellulose 
ceramic matrix composite 
continuous-molding compound 
composite metal matrix 
coordinate measuring machine 
code of management practices 
cellulose nitrate (celluloid) 
Coalition of North American Machin- 
ery Manufacturers 
computer numerical control 
compressed natural gas 
continuous glass 
copper nonstaining (vulcanization) 
care of 
cobalt 
company 
carbon monoxide 
cotton 
carbon dioxide 
cash on delivery 
coefficient 
coeficient of friction 
coforming (DOW Chemical) 
Coalition of Northeast Governors 
copolyester 
copolyamide 
corona packaging (National Can’s pro- 
cess) 
copolyester 
Council on Packaging in the Environ- 
ment (previously COPPE) 
Corporation 
coefficient of optical stress 
corotating twin-screw extruder 
centipoise 
Canadian Plastics 
cellulose propionate 
cerainic powder 
chemically pure 

CP 
CP 
C I’ 
CPC 
CPC 
CPC 

CPE 
CPE 
CPEC 
CPET 
CPET 
CPI 
CPI 
CPI 
cpm 
CPM 
CPP 
C P R R  

CPS 
CPS 
CPSA 
CPSC 
CPSF 
CPTC 
CPU 
CPVC 
CPW 
Cr 
C R  
C R  
C R  
C K  
C R  
C X  
C R  
CK 
CR-39 

CR 
CRA 
CrC 
C R C  
CRE 
C R I  
CRI  
CRI  
CRL 
C R M  
CrN 
C R P  
C R P  
CKS 
CRS 
CKS 

cpd 

chlorinated polyethylene 
coefficient of permeability 
cross-polarization 
cavity pressure control 
continuous process control 
critical point control 
compound 
chlorinated polyethylene 
copolyester elastomer 
Centrally Planned Economy Countries 
chlorinated polyethylene terephthalate 
crystalline polyethylene terephthalate 
Canadian Plastics Institute 
condensation reaction polyimide 
consumer price index 
cycles per minute 
cold pressure molding 
cast polypropylene 
Center for Plastics Recycling Research 
(Rutgers University) 
characters per second 
cycles per second 
Consumer Product Safety Act 
Consumer Product Safety Coinniission 
counter pressure ctructural foam 
Canadian Plastic Training Centre 
central processing unit 
chlorinated polyvinyl chloride 
chlorinated paraffin wax 
chromium 
catalyst residue 
chemical recycling 
chemical resistance 
chloroprene rubber 
compression ratio 
coiitrolled release 
controlled rheology 
cross-reference 
diethylene glycol bis-allyl carbonate 
(see also ADC and PALX) 
polychloroprene rubber (neoprene) 
coiitrolled release additive 
chromium carbide 
crystallization rate coefficient 
constant rate of extension 
Carpet and Rug  Institute 
Container Recycling Institute 
cure-rate index 
constant rate of load 
certified reference material 
chromium nitride 
carbon reinforced plastics 
creep resistance 
cold rolled steel 
Committee on Resin Statistics (SPI) 
creep-rate spectroscopy 
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C K T  
C R T  
CRTSE 

CS 
C / S  
CSA 
CSD 
CSF 
CSI 
CSM 
CSM 
CSPE 
CST 
C R T  
CSW 
CSWS 
C T  
C T  
C T  
C T  
CTA 
CTA 
CTD 
CTE 

CTFA 

CTFE 
CTL 

Cu 
Cu 
C U  
C U  
cu. in. 
cu. ni. 
CV 
CV 
CV 
CV 
cv 
CV 
CV 
CVC 
CVD 
CVI 
CVR 
C W  
CWA 
C Z  

cu 

d 
d 
3D 
3DP 

cathode ray tube 
constant rate of transverse 
counterrotating nonintermeshing twin- 
screw 
casein 
cycles per second 
Canadian Standards Association 
carbonated soft drink 
casein formaldehyde 
silicone rubber 
chopped strand niat 
continuous strand mat 
chlorosulfonated polyethylene 
classical shell theory 
critical surface temperature 
consumer solid waste 
Council of Solid Waste Solutions (SPI) 
chain transfer 
computerized tomography 
continuous thread 
triacetate 
cellulose triacetate 
chain transfer agent 
cumulative trauma disorder 
coefficient of thermal expansion (use 
CLTE) 
Cosmetic, Toiletries, and Fragrance As- 
sociation 
chloro trifluorethylene 
close tolerance 
cubic 
copper 
curie 
computer unit 
control unit 
cubic inch 
cubic meter 
cardiovascular 
coefficient of variation 
computer vision 
constant viscosity 
continuous vulcanization 
regenerated cellulose 
viscose 
chemical vapor curing 
chemical vapor deposition 
chemical vapor infiltration 
computerized virtual reality 
coarse wood 
Clean Water Act 
carbazole 

denier (preferred DEN) 
density 
three dimension 
three-dimensional printing 

D 
D 
D 
D 
DA 
D / A  
DABCO 
DAC 
DAC 
DACC 
DAF 
DAF 
DAIP 
DAM 
DAM 
DAM 
DAMS 
DAOP 
DAP 
DAT 
DAT 
dB 
DBE 
DBM 
DBM 
DBMS 
DBP 
DBS 
DBS 
DBTT 
D C  
D C  
D C  
D C  
DCIM 
DCP 
DCPD 
DCDT 
D D  
D&D 
DDA 
DDC 
DDP 
D D R  
D D R  
DE 
DEA 
DEA 
DEC 
DEHP 
DEN 
Den/Fil 
DEP 
DETDA 
DF 
DFA 

decyl 
derivative 
diameter 
dimensional (like 2D, 3D, etc.) 
diffuse attenuation 
digital-to-analog (conversion) 
diazobicyclooc tane 
diacetate, diacetate 
diallyl chlorendate 
data acquisition and command center 
diallyl fumarate 
direct-access file 
diallyl isophthalate 
days after manufacture 
diallyl maleate 
diallyl inetaphthalate 
dental amalgam mercury syndrome 
diallyl orthophthalate 
diallyl phthalate 
data acquisition terniinal 
digital audio tape 
decibel 
dibasic ester 
dibutyl maleate 
dip blow molding 
database management system 
dibutyl phthalate 
dibutyl sebacate 
direct broadcasting satellite 
ductile-to-brittle transition temperature 
design control 
direct current 
Dow Chemical 
Dow Corning 
direct compounding injection molding 
dicapryl phthalate 
dicyclopentadiene 
direct current displacenient transducer 
dipolar decoupling 
dos and don’ts 
didecyl adipate 
dynamic differential calorimeter 
didecyl phthalate 
disc ring reactor 
draw down ratio 
diatomaceous earth 
dielectric analysis 
differential enthalpic analysis 
decompose 
di (2-ethexy) phthlate 
denier (or U) 
denier per filament 
diethyl phthalate 
diethyltoluenediainine 
dissipation factor 
design for assembly 
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DFCA 
DFD 
DFM 
DFMA 

DFR 
DGA 
DGT 
DH 
DHP 
diam 
DIDP 
DHP 
DIBP 
DIDA 
DIF 
DIM 
DIN 

DIOA 
DIOP 
DIS 
DIS 
distn. 
DIV 
DLG 
DMA 
DMA 
DMA 
DMC 
DMC 
DMC 
DMC-12 
DMDI 
DMP 
D M R  
DMS 
DMT 
DMTA 
DMW 
DMW 
D N  
D N  
DNA 
DNA 
D N C  
DNP 
DOA 
D O C  
D O C  
D O D  
DOD 
DODP 
DOE 
DOE 
DOP 
DOS 

DFQ 

design for competitive advantage 
design for disassembly 
design for nianufacturability 
design for nianufacturability/assembly 
design for quality 
design-for-recycling 
differential gravimetric analysis 
dynamic gel temperature 
degree of hydrolysis 
diheptyl phthalate 
diameter 
di-iso-decyl phthalate 
diheptyl phthalate 
diisobutyl phthalate 
diisodecyl adipate 
diffusion coefficient 
design integrated manufacturing 
Deutsches Institut fur Normung (Ger- 
nian Standard) 
diisooctyladipate 
diisooctyl phthalate 
dispersibility 
draft international standard (ISO) 
distillation 
division 
design law group 
direct money access 
dry as molded 
dynamic mechanical analysis 
dimethyl carbonate 
dough molding compound 
dynamic matrix control 
IIeLorean motor car (plastic body) 
diphenylmethane diisocyanate 
dimethyl phthalate 
device master record 
dynamic mechanical spectroscopy 
dimethyl ester of terephthalic acid 
dynamic mechanical thermal analysis 
demineralized water 
drain, waste, and vent 
Design N ~ U J S  
Deutscher Normenausschus 
deoxyribonucleic acid 
dinonyl adipate 
direct numerical control 
dionyl phthalate 
dioctyl adipate 
U.S. Department of Commerce 
dissolved organic compound 
degree of disorder 
U.S. Department of Defense 
dioctyl decyl phthalate 
U.S. Department of EnerbT 
design of experiment 
dioctyl phthalate 
U.S. Department of State 

DOS 
DOS 
D O T  
D O T  
DOTP 
Dow 
D O X  
DOZ 
DP 
DP 
DP 
DPA 
DPC 
DPC 
DPCF 
IIPF 
DPM 
DPOF 
DPSC 
IIPSU 
D R  
D R  
D R  
DRAM 
DRAW 
DRB 
D R C  
d-RDF 
D R I  
L> S 
DS 
D R  
DRE 
D R R  
DRS 
I) S 
DS 
DS 
DSC 
DSD 

DSI 
DSM 
DSMO 
DSPC 

DSR 
DSS 
DSSP 
DST 
DSV 
DTA 
DTGA 
D T H  
DTM 
DTMA 
DTP 

DSQ 

dioctyl sebacate 
disc operating system 
U.S. Department of Transportation 
dual-ovenable tray 
dioctyl terephthalate 
Dow Chemical 
design of experiments methodology 
dioctyl azelate 
degree of polymerization 
average degree of polymerization 
dew point 
diphenolic acid 
Degradable Plastics Council 
degree of packing cutoff 
diphenyl cresyl phosphate 
density performance factor 
discrete polymer modifier 
diphenyl 2-ethylhexyl phosphate 
data processing service center 
diphenylsulfone 
degree of reaction 
drag reduction 
draw ratio 
dynamic random access memory 
direct read-after write 
draw ratio balance 
design rules checking 
density-refused-derived fuel 
Dow rheology index 
degree of saturation 
degree of substitution 
draw ratio 
Draw resonance eliminator 
disc ring reactor 
dielectric relaxation spectroscopy 
dimensional stability 
degree of substitution 
dust suppressed 
differential scanning calorimeter 
Duales System Deutschland (German 
Recycling System) 
die slide injection 
demand-side nianagenient 
dimethyl sulfoxide 
direct shell production casting 
German Society for Quality 
dynamic stress rheometer 
digital satellite system 
deep submergence system program 
direct screw transfer 
dilute solution visconieter 
differential thermal analysis 
differential thermogravimetric analysis 
direct to home 
desk top manufacture 
dynamic thermomechanical analysis 
desk top publishing 
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DTS 
DTUL 
DV 
DV 
DV 
DVD 
DVEA 
DVNR 
DVR 
DVR 
DVR 

DVK 
DWP 
DWV 
dYn 

E 
E 
E 
E 

E 
E,. 
E I< 

E, 
EA 
EA 
EA 
EA 
EAA 
EAc 
EAC 
EAD 
EAM 
EAN 
EAR 
EB 
EB 
EB 
EBA 
EBM 
EBR 
EC 
EC 
EC 
ECB 
ECH 
ECL 
ECM 
ECN 
ECN 
ECO 
ECP 
ECP 
ECPE 
ECTFE 

decision technology system 
deflection temperature under load 
design verification 
devolatilization 
direct vulcanization 
digital-versatile-disc 
dynamic vulcanizate elastomer alloy 
dynamically vulcanized natural rubber 
dimensional velocity research 
design value resource 
Druckverfomiungsrest (compression 
set/Gennan) 
dynamic velocity ratio 
design with plastics 
drain-waste-vent (piping) 
dyne 

elongation 
ethanol 
expoxidized, ester, ethyl, ethylene, etc. 
modulus of elasticity or Young’s mod- 
ulus 
ethylene (monomer) 
modulus, creep (apparent) 
modulus, relaxation 
modulus, secant 
elastomeric alloy 
energy absorber 
epoxy acrylate 
ethyl acrylate 
ethylene acrylic acid 
ethyl acetate 
environmentally assisted cracking 
extrusion area diagram 
electronic accounting machine 
European article number 
ethylene acrylic rubber 
electron beani 
elongation at  break 
ethyl benzene 
ethylene butyl acrylate 
extrusion blow molding 
edge-bead reduction 
electrochemical 
ethyl cellulose 
European Comniunity 
electrochemical battery 
epichlorohydrin 
electrochemical luminescence 
electronic countermeasure 
electrochemical noise 
engineering change notice 
epichlorhydrin rubber 
electrical conducting polymer 
electrochemical polymerization 
extended chain polyethylene 
ethylene-chlorotrifluoroethylene 

ECVM 

ED 
EDA 
EDB 
EDC 
EDC 
EDD 
EDF 
EDG 
ED1 
ED1 
EDM 
EDM 
EDM 
EDP 
EDP 
E-Draw 

EDR 
EDK 
E/E  
EEA 
EEC 
EEO 
EET 
EET 
EFU 
e.g. 
EG 
E-glass 
EGM 
EHS 
E1 
E1 
E1 

EIA 
FIFO 
EIP 
EL 
FLC 
ELL 
ELO 
ELS 
EMA 
EMAA 
EMAA 
EMAC 
Email 
EMB 
EMC 
EMC 
EMC 
emf 
EMF 
EM1 

European Council of Vinyl Manufac- 
turers 
electron diffraction 
ethylene diamine 
electronic database 
ethylene dichloride 
Eurocomp design code 
engineering design database 
Environmental Defense Fund 
electronic dot generation 
electronic data interchange 
electronic data interface 
electric discharge machining 
engineering data management 
engineering development model 
electron diffraction pattern 
electronic data processing 
erasable direct read after write (informa- 
tion disc) 
external draw ratio 
extrusion draw ratio 
electrical / electronics 
ethylene-ethyl acrylate 
European Economic Comniunity 
equal employment opportunity 
electronic excitation transfer 
electronic excitation transport 
entropy of fusion 
for example 
ethylene glycol 
glass fiber 
external gas molding 
environmental, health, and safety 
electron inipact 
emotional intelligence 
modulus (times) moment of inertia (or 
stiffness) 
Electronic Industries Association 
first-in / first-out 
electronic image processing 
elastonier 
fuzzy logic control 
electroluminescent lamp 
epoxidized linseed oil 
elastic light scattering 
ethylene-methyl acrylate 
Envelope Manufacturers’ Association 
ethylene methyl acrylate acid 
ethylene-methyl acrylate copolymer 
electronic mail 
electromechanical battery 
electromagnetic compatibility 
electromagnetic compliance 
epoxy molding compound 
electromagnetic frequency 
electroniotive force 
electromagnetic interference 
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EMP 
EMPP 
EMR 
EMR 
EMS 
EMS 
EMT 
EMU 
EMU 
EnBA 
EnC 
E O  
EO 
EOQ 
E O K  
EP 
E / P  
EPA 
EPA 
EPC 
EPC 
EPD 
EPD 
EPDM 
EPF 
EPIC 

EPM 
EPP 
EPR 
EPRI 
EPS 
EPT 
E R  
E R M  
ERRA 

ES 
ES 
ES 
ES 
ESA 
ESC 
ESCA 

ESCR 
ESD 
ESD 
ESD 
ESE 
ESI 
ESI 
ESM 
ESO 
ESMS 
ESR 
est. 

electroniagnetic pulse 
elastomer modified polypropylene 
electromagnetic radiation 
external mold release 
electromagnetic shielding 
environmental management system 
elastonier modified thermoplastic 
electromagnetic unit 
European Monetary Union 
ethylene normal butyl acrylate 
encapsulation 
electro-optic 
ethylene oxide (also EtO) 
economic order quantity 
enhanced oil recovery 
epoxy, epoxide, or ethylene-propylene 
ethylene/propylene 
enthalpimetric analysis 
U.S. Environmental Protection Agency 
ethylene-plasma coated 
ethylene propylene rubber 
electrical power disturbance 
ethylene-propylene diene 
ethylene-propylene diene monomer 
expandable plastic foam 
Environmental and Plastic Institute of 
Canada 
ethylene-propylene rubber 
expandable polypropylene 
ethylene-propylene rubber 
Electric Power Research Institute 
expandable polystyrene 
ethylene-propylene diene terpolymer 
epoxy resin 
elastic recovery molding 
European Recovery and Recycling As- 
sociation 
electrical schematic 
emission spectroscopy 
engineering specification 
extrudate swell 
electrostatic assist 
environmental stress cracking 
electron spectroscopy for chemical anal- 
ysis 
environmental stress cracking resistance 
electronic system development 
electrostatic discharge 
electrostatic dissipation or discharge 
electron spin echo 
electron spectroscopic imaging 
ethylene-styrene interpolymer 
electron scanning microscopy 
epoxidized soya bean oil 
electrospray mass spectrometry 
electron spin resonance 

EST 
ESU 
Et 
ET 
ET 
et al. 
etc. 
ETE 
ETER 

ETFE 
ET1 
E t 0  
ETP 
EU 
EU 
EUPC 

EUPE 

Euro 

EUROMAP 

eV 
EV 
EV 
EVA 
E/VAC 
EVAL 

EVD 
EVE 
EVOH 

EW 
EWC 
EWF 
Ex 
ExCM 
ExM 
EXTR 

F 
F 
F 
F 
F 
F, 
FA 
FA 
FAA 
FAAS 
fab 

estimate FAB 

electric surface treatment 
electrostatic unit 
ethyl group 
ethylene toluene 
extruder’s technician 
and others 
and so forth 
engineering themioplastic elastomer 
perfluoroethylene propylene ter- 
polymer 
ethylene terafluoroethylene 
ethylene terminated imidothioether 
ethylene oxide 
engineering thermoplastic 
entropy unit 
European Union 
European Association of Plastics Con- 
verters 
European Union of Packaging and En- 
vironment 
European currency (started 1 January 
1999 and completed 31 December 

European Committee of Machine Man- 
ufacturers for the Rubber and Plastics 
Industries (Zurich, Switzerland) 
electron volt 
electric vehicle 
exclude volume 
ethylene-vinyl acetate 
ethylene/vinyl acetate copolymer 
ethylene-vinyl alcohol copolymer (or 
EVOH) 
extrusion volume diagram 
ethylene vinyl ether 
ethylene-vinyl alcohol copolymer (or 
EVAL) 
equivalent weight 
equilibrium water content 
essential work of fracture 
extrusion 
extrusion continuous molding 
extrusion molding 
extruder or extruding 

2001) 

coefficient of friction 
Fahrenheit 
Faraday 
fluoride, formaldehyde, phosphate, etc. 
force 
fluorine 
fatty acid 
fumaric acid 
U S .  Federal Aviation Administration 
flame atomic absorption spectrometer 
fabric 
fast atom bombardment 
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FALL0 
FAMC 

FAN 
F A 0  

FAP 
FAP 
FAST 
FB 
FBA 
FBR 
FBVF 

FC 
FC 
FCBA 
FCC 

FCC 
FCP 
FDA 
FDA 
FDEMS 

Fe 
FE 
FEA 
FEA 
FEM 
FEM 
FeO 
FEP 
FF 
FFF 
FFM 
FFR 
FFRP 
FFS 
FFTA 

FG 
FHA 
FHSA 
FHWA 
FI 
FIB 
FIF 

File 13 

FIM 
FIM 
FIM 
FIR 
F1 
FLC 

FI-FO 

Follow ALL Opportunities 
flexible automated manufacturing con- 
cept 
flow analysis network 
U.N. Food and Agricultural Organiza- 
tion 
fastener accreditation progress 
food additive petition 
fabric assurance by siniple testing 
fishbone 
Flexible Packaging Association 
fluid bed reactor 
fiber (glass) backed vacuum thermo- 
forming 
flow casting 
fluorocarbon 
fluorochlorobroniacetaldehyde 
U.S. Federal Coinniunications Coin- 
mission 
first critical concentration 
fatigue crack propagation 
flocculating and dewatering apparatus 
Food and Drug Administration 
frequency-dependent electromagnetic 
sensor 
iron 
finite element 
U.S. Federal Energy Agency 
finite element analysis 
finite element modeling 
flexural elastic modulus 
ferrous oxide (iron oxide) 
fluoronated ethylene propylene 
furan-fornialdehyde 
field-flow fractionation 
friction force microscopy 
finite fiber reinforcement 
flax fiber reinforced plastics 
form-fill-seal 
Foundation of Flexographic Technical 
Association 
food grade 
U.S. Federal Highway Adniinistration 
Federal Hazardous Substances Act 
U.S. Federal Highway Administration 
factor of ignorance 
flow induced birefringence 
foam-in-fabric 
first-in, first-out 
waste, paperwork, etc. to throw away/ 
destroy 
film insert molding 
finite element method 
full indicator movement 
full indicator reading 
flax 

FLK 
FM 
FM 
FM 
FMC 
FMCT 
FMEA 
FML 
FML 
FMR 
FMS 
FMT 
FMV 
FMW 
FOB 
FOI 
FP 
FP 
FPA 
FPI 
FPL 
fp ni 
FPO 
FPVC 

FK 
FR 
FR 
FRCA 

FRP 
FRTM 
FRTP 
FRTS 
FS 
FS 
FS 
FSI 
FSTS 
FT 
FTA 
FTC 
FTIK 
FU 
FUN 
FV 
FW 
FWA 
FY 
FYI 

FQC 

g 
G 
G 
G 
G 

fuzzy logic control G 

flock 
ferromagnetic 
foamable 
formal 
flexible manufacturing cell 
fusible metal core technology 
failure mode and effect analysis 
flexible inanufacturing line 
flexible membrane liner 
Factory Mutual Research 
flexible manufacturing system 
flow molding technique 
fair market value 
forriiulated molecular weight 
free on board 
freedom of information 
fluoroplastic 
freeze point 
Flexible Packaging Association 
Foodservice and Packaging Institute 
Forrest Products Laboratory 
feet per minute 
flexible polyolefin 
flexible polyvinyl chloride 
free to qualified custonier 
fiber reinforcement 
flame retardant 
flow rate 
Fire Retardant Chemicals Associa- 
tion 
fiber reinforced plastic 
flexible resin transfer molding 
fiber-reinforced thermoplastic 
fiber-reinforced thermoset 
factor of safety 
flexible strength 
fluorosilicone 
flame spread index 
Fire, Smoke, and Toxicity Standard 
Fisher-Trosch 
fault tree analysis 
U.S. Federal Trade Commission 
Fourier transform infrared 

furan 
free volume 
filament winding 
fluorescent whitening agent 
fiscal year 
for your information 

follow up 

gram 
gausc 
gelatin 
geosyn thetic 
giga (IO') 
gravity 
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G 
G 
Ga 
GA 
GAIN 
GAIM 

GAO 
GAP 
gas 
GATT 

GB 
GB 
GC 
GC 
GCD 
GCP 
g/Den 
GDP 
GD&T 

Ge 
GE 
GEX 
GF 
GFA 
GFM 
GFRP 
gf/Tex 
GHK 

gal 

GHP 
GID 
GIGO 
GIM 
GINA 
GlPT 
GIT 
GLAT 

GM 
GM 
GMA 
GMA 
GMAW 
GMC 
GMI 
g-Mol 
GMP 
GMTP 
GNP 

GlY 

gov’t 
GP 
GP 

shear modulus (modulus of rigidity) 
torsional modulus 
gallium 
genetic algorithm 
gas-assisted injection 
gas-assisted injection molding 
gallon 
U.S. General Accounting Office 
glycidyl acrylate polynier 
gasoline 
General Agreement on Tariffs and 
Trade 
gigabyte (billion bytes) 
glass bead 
gas chromatography 
glass coupled 
U.S. government contracts directory 
gas counterpressure 
gram per denier 
gross domestic product (see also GNP) 
geometric dimensioning and toler- 
ancing 
germanium 
General Electric 
generalized exponential sum 
glass fiber 
glass flake 
generalized fracture mechanics 
glass fiber-reinforced plastic 
gram-force per Tex 
Gewerkschaft Holzund Kunststoff 
(wood and plastic processors, Ger- 

guarded hot plate 
gas internal pressure 
garbage in, garbage out 
gas injection molding 
graphical integrated numerical analysis 
granular injected paint technology 
gas injection technology 
government lot acceptance testing 

General Motors 
glass mat 
glycidyl methacrylate 
Grocery Manufacturers of America 
gas metal arc welding 
granular molding compound 
geometric modeling system 
gram-molecule 
good manufacturing practice 
glass mat reinforced thermoplastic 
gross national product (GDP replaced 
GNP in the United States 1993) 
government 
general purpose 
gutta percha 

many) 

glycol 

GPa 
GPC 
GPC 

GPD 
GPEEK 
GPI 
GPIA 

gpd 

gPm 
GPMS 
GPPS 
GPS 
gr 
G R  
GR-1 
GRAS 
GRG 
G R N  
GR-N 
GRP 
GRP 
GRS 

GS 
GS 
GSA 
GSC 
GSE 
GT 
GTM 
GTP 
GTK 

GY 

h 
H 
H 
H 
H 
H2 

HA 
HA 
HAF 
HALS 
H A 0  
HAR 
HAS 
HAZ 
HB 
HB 
HBT 
HC 
H C C  
HCCN 
HCF 

GY 

giga Pascal 
gel permeation Chromatography 
graphics performance characterization 
grams per denier 
gas phase deposition 
glass-reinforced polyetheretherketone 
Glass Packaging Institute 
general purpose instrumentation 
bus 
gallons per minute 
general purpose metering screw 
general purpose polystyrene 
general purpose screw 
grain 
glass reinforced 
butyl rubber (former U.S. acronym) 
generally recognized as safe 
general rubber goods 
granular 
nitrile rubber 
glass fiber-reinforced plastic 
graphite powder 
styrene-butadiene rubber (former U.S. 
acronym) 
glass sphere 
green seal 
U.S. General Service Administration 
gas solid chromatography 
gas structural element 
glass tape 
gas transfer mold 
group transfer polymerization 
gas transmission rate 
Gray 
graft yield 

hour 
Henry 
heptyl 
hydrogenation 
hysteresis 
hydrogen 
hindered amine 
human hair 
high abrasion furnace (black) 
hindered amine light stabilizer 
higher alpha olefin 
high aspect ratio 
hindered amine stabilizer 
heat-affected zone 
hole burning 
Brinell hardness number 
horizontal burn test 
hydrocarbon 
high color channel (black) 
honeycomb core crush number 
high coefficient of friction 
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HCFC 
HCl 
HCPP 
HCR 
HCV 
HDB 
HDBK 
H D C  
HDG 
HI> I 
HDP 
HDPE 

H D T  
HDT 
HDTUL 
HDTV 
He 
HEA 
HEC 
HEIB 

Hex 
HEXA 
HF 
HF 
HF 
HFC 
HFC 
HFE 
HFGD 
HFM 
HFP 

H H  
HHV 
HI 
HIC 
HID 
HIM 
HIMA 

HIP 
HIP 
HIPP 
HIPS 
HK 
H M  
HMA 
HMB 
HMC 
HMDI 
HMF 
H M R  
H M R M  
HMS 
HMW 

HeP 

Hg 

hydrochlorofluorocarbon 
hydrogen chloride 
high crystalline polypropylene 
heat-cured rubber 
heat-curable vulcanizate 
hydrostatic design basis 
handbook 
hydrodynamic chromatography 
highly dispersed graphite 
hexamethyl diisocyanate 
hispanic employment program 
high-density polyethylene (also PE- 
HD) 
heat deflection temperature 
heat distortion temperature 
heat deflection temperature under load 
high definition television 
helium 
hydroxyethyl acrylate 
hydroxyethyl cellulose 
high-energy ion-beam irradiation 
heptane 
hexane 
hexamethylenetetramine 
heat flow 
high frequency 
hydrogen fluoride 
high-frequency current 
hydrogen fluorocarbon 
hydrofluoroether 
high-frequency glow discharge 
heat flow meter 
hexafluoro propylene 
mercury 
hydrazine hydrate 
high calorific value 
high impact 
household and industrial chemicals 
high-intensity diffusion 
high-intensity mixing 
Health Industry Manufacturers’ Associa- 
tion 
hot isostatic press 
hot isotactic pressing 
hemi-isotactic polypropylene 
high-impact polystyrene 
hardness, Knoop 
high modulus 
hot-melt adhesive 
hexamethylbenzene 
high-strength molding compound 
diisocyanate dicyclohexylmethane 
heavy-metal free 
Hazardous Materials Regulation 
hot-melt road marking 
high-melt strength 

HMW-HDPE 

HMWPE 
H M W R  
H-NBR 
HNP 
H N R  
H2O 
H-P 
HP 
H P  

HP 
HPF 
HPLC 

HPLC 
HPM 
H P O  
hr 
H R  
HR 
HRc  
H R C  
HRIM 
HRIT  
HRR 
HS 
HS 
HSc 
HSE 
H2S04 
HSR 
H T  
HTBA 
HTE 
HTF 
HTP 
HTS 
HTV 
H U D  
HV 
HV 
HVAC 

HVEM 
HVI 
HVOF 
Hx 
HY 
HYP 
Hz 
Hz 

I 
I 

hP 

high molecular weight I 

high-molecular-weight high-density 
polyethylene 
high-molecular-weight polyethylene 
high-molecular-weight rubber 
hydrogenated nitrile rubber 
high-nitrile plastic 
high-nitrile resin 
water 
Hagen-Poiseuille 
high performance 
high pressure 
horsepower 
hot plate 
high-pressure forming 
high-performance liquid chromatog- 

high-pressure liquid chromatography 
hot-pressure molding 
hydrogen peroxide 
hour 
heat resistance 
high resilience 
hardness Rockwell cone 
high-resolution chromatography 
horizontal reaction-injection molding 
high-rate impact test 
heat-release rate 
heat stabilized 
high-percent solids 
hardness scleroscope number 
heat sealable 
hydrogen sulfate (sulfuric acid) 
high shear rate 
high temperature 
high-temperature blowing agent 
hydroxyl terminated polyether 
heat-transfer fluid 
high-temperature polymerization 
high-temperature superconductor 
high-temperature vulcanization 
U.S. Housing and Urban Development 
hardness, Vickers number 
high viscosity 
heating, ventilation, and air condi- 
tioning 
high-voltage electron microscopy 
high-volume instrumentation 
high-velocity oxy-fuel 
hexyl 
hybrid 
hydroxyproline 
goat hair 
Hertz (cycles) 

raphy 

initiator 
integral 
iodine 
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I 

IAI 
IAPD 

IB 
IBACOS 

IBC 
IBC 
IBI 
IBM 
IC 
ICBM 
ICC 
IC1 
ICM 
ICM 

ICMA 

ICP 
ICP 
ICP 
ICR 
ICST 

ICT 
ID 
ID 
IDB 
IDE 
IDF 
IDM 
IDP 
IDPA 
IDSA 

IDT 
IDT 
IDT 
IDT 
i.e. 
IEC 
IEC 

IEEE 

IEN 
IEP 
IF 
IFR 
I GA 
IGC 
IGM 
IGP 
IH 

Iahs 

moment of inertia 
intensity of absorbed light 
impact-after-impact 
International Association of Plastics Dis- 
tributors 
isobutylene 
integrated building and construction so- 
lutions 
internal bubble cooling 
iodine binding capacity 
isoprene-butadiene-isoprene copolymer 
injection blow molding 
integrated circuit 
intercontinental ballistic missile 
U.S. Interstate Commerce Commission 
Imperial Chemical Industries 
injection-compression molding 
intermolecular cross-linked macromole- 
cule 
International Card Manufacturers' Asso- 
ciation 
inherently conducting polymer 
intrinsically conductive plastic 
intrinsically connecting plastic 
internal cooling system 
Imperial College of Science and Tech- 
nology 
intramolecular charge transfer 
industrial design 
internal diameter 
internal double bond 
investigation device exemption 
insulation displacement function 
intelligent decision module 
inherently dissipative polymer 
isophorone diamine 
Industrial Designers Society of 
America 
initial decomposition temperature 
ink-diffusion technology 
intelligent-data terminal 
interdigital transducer 
that is 
inelastic energy curve 
International Electrochemical Commis- 
sion 
Institute of Electrical and Electronics 
Engineers 
interpenetrating elastomer network 
isoelectric point 
integer-fold 
intumescent flame retardant 
isothermal gravimetric analysis 
inverse gas chromatography 
internal gas molding 
internal gas pressure 
inhibitor 

IH 
IHBM 
IHPN 

IIE 
111 
IIR 

ILD 
ILS 
IM 
IM 
IM 
IM 
IM 
IMC 
IMC 
IMC 
IMD 
IMD 
IMI 
IML 
IMM 
IMR 
IMT 
IMW 
in. 
In 
IN  
Inc. 
INB 
INS 
insol 
I" 
I /O 
IO 
IO1 
IOP 
IOT 
IOU 
IPA 
IPC 
IPDF 
IPE 
IPI 
IPM 
IPN 
ipr 
IPS 
ips 
IPT 

IPTS 

Ir 
IR 
IR 

IQI 

in-house 
in-house blow molding 
interpenetrating homopolymer net- 
work 
International Institute of Entomology 
International Isocyanates Institute 
butyl rubber (isobutylene-isoprene 
rubber) 
indentation load deflection 
interlaminar shear 
impact modifier 
infusion molding 
injection molding 
intermediate modulus 
polyisobutylene rubber 
in-mold coating 
internal model control 
intramolecular cyclization 
Injection Molding Division (of SPE) 
in-mold decorating 
Industrial Materials Institute of N R C  
in-mold labeling 
injection-molding machine 
internal mold release 
ion microtomography 
intermediate molecular weight 
inch 
indium 
inorganic 
Incorporated 
inline bidding 
inelastic neutron scattering 
insoluble 
intensity of incident light 
input / output 
iononier 
I owe industry 
Institute of Physics (UK) 
initial oxidation temperature 
I owe you 
isophthalic acid 
interfacial polycondensation 
isophoron diisocyanate 
intelligent processing equipment 
isoprene diisocyanate 
intelligent processing of materials 
interpenetrating polymer network 
inches per rack 
impact-resistant polystyrene 
inch per second 
injected paint technology or in-mold 
painting technology 
international practical temperature scale 
image quality indicator 
iridium 
infrared 
isoprene rubber (synthetic) 
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IRAS 

I R C  
IRDG 
I R E  
IRIA 
IRIS 
IRM 
IRPI 
IRS 
IRS 
IRS 
I R T  
IS 
IS 
ISBM 
ISC 
ISD 
ISF 
ISF 
ISIF 
ISM 
I S 0  

I S 0  
ISP 
ISS 
ISS 
IST 
ISTS 
ISV 
IT 
IT 
ITC 
ITE 
ITGA 
I T 0  
ITP 
ITS 
ITT 
IU 
IUPAC 

IV 
IV 
IV 
IVD 
IVE 

infrared reflection-absorption spectros- 
COPY 
International Rubber Conference 
instability-related delamination growth 
internal reflection element 
Indian Rubber Industries Association 
integrated real-time inspection system 
interference reflection microscopy 
infrared polymerization index 
Institute for Standard Research 
internal reflection spectroscopy 
Internal Revenue Service 
insect resistant treated 
injection stamping 
insoluble sulphur 
injection stretch blow molding 
intersystem crossing 
in-mold surface decoration 
in-mold surfacing film 
International Science Foundation 
interfacial stress intensity factor 
injection-spin welding 
International Standardization Organiza- 
tion or International Organization for 
Standardization 
reactive isocyanate 
isopropyl alcohol 
interfacial shear strength 
ion spectroscopy scattering 
irreversible stochistic transition 
impulsive stimulated thermal scattering 
internal state variable 
information technology 
innovative technology 
is0 thiocyanate 
information technology equipment 
isothermogravimetric analysis 
indium-tin oxide 
interpenetrating thickening process 
interfacial testing system 
impact transition temperature 
international unit 
International Union of Pure and Ap- 
plied Chemistry 
inherent viscosity 
intravenous 
intrinsic viscosity 
in vitro diagnostic 
isobutyl vinyl ether 

joule 
polar moment of inertia 
Japan Electron Optics Laboratory 
Japanese Industrial Standard 
just-in-time 
just-in-tolerance 
jet molding 

JWTE 

K 
K 
K 
K 
K 
K 
K 
KAB 
KB 
kB 
KBE 
KBS 
kc 
kcal 
KE 
Ker 
Ket 

KGM 
KI 
KIE 
KISS 
KISS 
KISS 
KK 
Km 
KM 
KMC 
km/h  
K O  
KOH 
kPa 
Kr 
KrF 
KRF 
ksi 

kg 

kV 
KWIC 
KWOC 
Kz 

1 
L 

LAB 

just noticeable difference 
jute reinforced plastic 
jet spinning 
Japan Society for Promotion of Sci- 
ence 
Japanese SBR 
Japan Steel Works 
jute 
Japanese Union of Science and En@- 
neering 
Japan Weathering Test Center 

bulk modulus of elasticity 
carbazole 
coefficient of thermal conductivity 
Kelvin 
potassium 
temperature conductivity factor 
Kunststoffe (German for plastic) 
keep America beautiful 
kilobyte (1,000 bytes) 
knowledge-based 
knowledge-based engineering 
knowledge-based system 
kilocycle 
kilogram calorie 
kinetic energy 
kerosene 
ketone 
kilogram 
kinetic gelation model 
potassium iodide 
kinetic isotope effect 
keep it short and simple 
keep it simple and safe 
keep it simple, stupid 
thousand 
kilometer 
Kubelka-Munk theory 
kneader molded compound 
kilometer per hour 
knockout 
potassium hydroxide 
kilopascal 
krypton 
krypton fluoride 
Korea (South) Research Foundation 
thousand pounds per square inch 
(psi X IO3) 
kilovolt 
keyword-in-context 
keyword-out-of-context 
cashmere wool 

length 
litre (U.S. liter) 
laboratory 
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LAN 
LANL 
LAOS 
LAPP 
LAS 
LASE 
LASER 

LAT 
lb 
lbf 
LBR 
LBR 
LC 
LC 
LC 
LCA 
LCA 
LCB 
LCCM 
LCD 
LCD 
LCI 
LCL 
LCM 
LCM 

LCMP 
LCMS 

LCP 
LCP 
LCP 
LCR 
LCT 
LD 
LD 
L/D 
LDEF 
LDF 
LDI 
LDM 
LDPE 
LDR 
LDV 
LEA 
LEC 
LED 
LEED 
LF 
LF 
LFP 
LGF 
LGL 
Li 
Li-Fo 
LI 

local area network 
Los Alamos National Laboratory 
low-amplitude oscillatory shear 
labeled atactic polypropylene 
linear alkylate sulfonate 
load at specified elongation 
light amplification by stimulated emis- 
sion of radiation 
lubrication approximation theory 
pound 
pound-force 
low birefringence 
solution butadiene rubber 
liquid chromatography 
liquid coating 
load condition 
life-cycle analysis 
life-cycle assessment 
long-chain branching 
liquid composite compression molding 
liquid crystal display 
lowest common denominator 
life-cycle inventory 
lower control unit 
liquid composite molding 
liquid curing medium (salt-bath vulca- 
nization) 
lowest critical melting point 
liquid chromatography mass spectros- 
COPY 
layer control plate 
liquid crystal polymer/plastic 
lower cloud point 
low crystallinity 
liquid crystalline thermoset 
laser desorption 
laser disc 
length-to-diameter (ratio) 
long duration exposure facility 
long discontinuous fiber 
laser direct image 
light depolarization microscopy 
low-density polyethylene (also PE-LD) 
linear dynamic range 
laser doppler velocimetry 
leather 
liquid elastomer connector 
light emitting diode 
low-energy electron diffraction 
lattice fluid 
long fiber 
long-fiber prepreg 
long glass fiber 

lithium 
last in, first out 
linen 

low gloss 

LI 
LIB 
LIF 
LIFT 
LIL 
LIM 

LIM 
LIMM 
LIMS 
LIPN 
LIPP 
LIS 
LIS 
L-L 
LLDPE 

LLE 
LLM 
lm 
LM 
LMC 
LMC 
LMDPE 
LMI 
LMI 
LMM 
LMR 
LMS 
LMW 
Ln 
LNG 
LNP 
L N R  
LNS 
LOD 
LODP 

LO1 
LO1 
LOM 
LOX 
LP 
LP 
LP 
LPA 
LPD 
LPE 
LPET 
LPG 
LPG 
LPIM 
LPMC 
LPP 
LPPP 
LPR 
LPSF 

1% 

flax 
liquid isothermal (spinning) bath 
laser-induced fluorescence 
lateral ignition flame spread test 
linear elastic limit 
liquid impingement molding (now 
called RIM) 
liquid injection molding 
light intensity modulation method 
liquid injection-molding simulation 
latex interpenetrating polymer network 
laser-induced pressure pulse 
laboratory integration system 
large interactive surface 
liquid-liquid 
linear low-density polyethylene (also 
PE-LLD) 
liquid-liquid equilibria 
low-low modulus 
lumen 
lego molding 
low-pressure molding compound 
low molecular weight 
linear medium density polyethylene 
liquid metal infiltration 
low migration 
low molar mass 
liquid molding resin 
laser mass spectroscopy 
low molecular weight 
logarithm (natural) 
liquefied natural gas 
liquefied natural petroleum 
liquid natural rubber 
low notch sensitivity 
limit of detection 
leveling-off degree of polymerization 
logarithm (common) 
limiting oxygen index 
loss on ignition 
laminated object manufacturing 
liquid oxygen 
liquid petroleum 
liquid polymer 
low pressure 
low profile additive 
low point displacement 
linear polyethylene 
linear polyethylene terephthalate 
liquefied petroleum gas 
low pressure gas 
low-pressure injection molding 
low-pressure molding compound 
low-profile plastic 
low-pressure polymer precursor 
liquid phase polymer retention 
low-pressure structural foam 
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LPT 
LKM 
LRP 
LRS 
LS 
LS 
LS 
LS 
LS 
LSC 
LSCE 
LSE 
LSF 
LSF 
LSP 
LSR 
LSS 
LST 
Ltd. 
LTD 
LTL 
LTP 
LUB 
LV 
LVC 
LVDT 
LVDT 
LVDT 
LVDW 
LVE 
LVN 
LVO 
LW 
LWP 
Lx 

m 
m 
m 
mg 
m p  

pm 
M 
M 
M 
M 
M 
M 
M b  

M, 
M' 
M, 
MI,, 
M,, 
M" 
M w 

linear position transducer 
liquid reaction molding (now KIM) 
latex reduction process 
laser Karnan spectroscopy 
light scattering 
light stabilizer 
low stabilizer 
low structure 
low shrink 
liquid sieve chromatography 
liquid single crystal elastomer 
low styrene emission 
light scattering film 
low smoke fume 
laser sintering process 
liquid silicone rubber 
lap shear strength 
load-strain tangent 
Limited 
linear differential transformer 
less truck load 
low temperature polymerization 
lubricate 
low viscosity 
low volatile content 
linear variable differential transducer 
linear variable differential transformer 
linear velocity displacement transducer 
London-van der Waals forces 
linear viscoelasticity 
limiting viscosity number 
low volatility 
low warpage 
lost wax process 
lux 

matrix 
metallocene (catalyst) 
meter 
milligram 
micromillimeter, millicron; 0.000001 
mm 
micrometer (see also M,,,) 
mega 
melamine, methyl, methylene, etc. 
mega (prefix for IO6) 
mole 
million 
molar (actual mass) 
bending moment 
cross-linked density 
molecular weight per cross-linked unit 
network parameter 
micrometer (see also pm) 
number-average molecular weight 
viscosity-average molecular weight 

M, 
Ma 
MA 
MA 
MA 
MAA 
MABS 
MAC 
MACT 
MAD 
MAD 
MAH 
MA1 
MAN 
M A 0  
MAP 
MAP 
MAM 
MAPP 
MAR 
MAT 
MAT 
max. 
MB 
MB 
MB 
MBO 
MBP 
MBS 

MBT 
MBZ 
m / c  
M C  
M C  
M C  
M C  
MCA 
MCB 
MCI 
MCF 
MCI 
MCL 
MCM 
MCP 
MCS 
MCT 
M D  
M D  
M D  
MDA 
MDA 
MD&DI 

MDD 
MDE 

weight-average molecular weight MDG 

Z-average molecular weight 
Manila hemp 
maleic acid 
maleic anhydride 
materials analyst 
methacrylic acid 
methylmethacrylate ABS 
methyl acetate 
maximum available control technology 
mean absolute deviation 
molding area diagram 
methyl anhydride 
methacrylyl isocyanate 
methyl acrylonitrile 
methyl aluminoxane 
modified atmosphere packaging 
manufacturing automation protocol 
methyl acrylamide 
Mid-Atlantic Plastics Partners Inc. 
mar resistance 
matte finish 
modified atmosphere packaging 
maximum 
masterbatch 
megabyte (million bytes) 
mercaptobenzimidazole 
management buyout 
modified bulk polymerization 
methacrylic-butadiene-styrene co- 
polymer 
mercaptobenzthiazole 
zinc mercaptobenzthiazole 
machine 
megacycle 
methyl cellulose 
moisture control 
motion control 
Manufacturers' Association 
nionochlorobenzene 
multicomponent injection 
microcellular foam 
methylene chloride 
methyl caprolactam 
modified compression molding 
metallic cycling polymerization 
motion control system 
metallic-core technology 
machine direction 
market dynamic 
mean deviation 
methylene dianiline 
molecular density molding 
Medical Device and Diagnostic In- 
dustry 
Medical Devices Directory 
maleic acid diester 
machine data gathering 
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MDI 
MDM 
MDO 
MDPE 

MDPM 
MDR 
MDR 
MDSC 

Me 
Me 
Me 
ME 
ME 
ME1 
MEK 
MEKP 
MEL 
nieq 
MER 
MER 
MES 
MF 
MF 
MF 
MF 
MFA 
MFA 
MFD 
MFD 
MFD 
MFE 
MFFT 
MFG 
mfgr. 
MFI 
MFN 
MFR 
MFR 
Mfrs. 
MFV 
mg 
Mg 
Mg 
MG 
MGM 
MH 
MH 
mHDPE 

mi 
MI 
MI 
MIB 
MIC 
MID 

methylene-diphenylene diisocyanate 
match die molding 
machine-direction orienter 
medium density polyethylene (also PE- 

mode dispersion phase matching 
molecular draw ratio 
moving die rheometer 
modulated differential scanning caloriin- 
etry 
metal ion 
metallocene catalyst 
methyl group 
mechanical engineer 
metal fiber 
melt elasticity index 
methyl ethyl ketone 
methyl ethyl ketone peroxide 
maximum exposure linlit 
milli-equivalent 
chemical repeating unit 
mechanical energy resolver 
manufacturing execution system 
main frame 
melamine formaldehyde 
melt fracture 
monofilament 
melt-flow additive 
multifunctional additive 
micro floppy disc 
mold fill direction 
mold-flow direction 
magnetic field effect 
minimum film forming temperature 
molded fiberglass 
manufacturing 
melt-flow index (see MI) 
melt-flow number 
melt-flow rate 
melt-mass flow rate 
manufacturers 
melt front velocity 
milligram 
magnesium 
megagram 
milled glass 
multigrain model (morphology) 
material handling 
microhardness 
metallocene HDPE (different m/plas- 
tics such as mPS, mPP, etc.) 
mile 
melt index (see MFI) 
methyleneindane 
methyl isobutyrate 
mica 
molded interconnect device 

MD) 

mike 
mil 
MIL 
MIL 
MIM 
MIM 
MI / M O  
min 
min. 
MIN 
MIPS 
MIPS 
MIR 
MIRS 

MIS 
MIS 
misc. 
MIT 
MITI 

MIU 
MJ 
ml 
MLD 
MLFM 
MLS 
mni 
MM 
MM 
MMA 
MMC 
MMC 
MMD 
MME 
MMMF 
MMFPA 
niniol 
MMW 
Mn 
Mn 
Mn 
MNA 
mN/d 
mo . 
Mo 
Mo 
M O  
M O  
MOD 
MODEM 
MOE 
MOE 
mol 
mol. wt. 
M O R  
MOS 

microinch (lo-' in.) 
one-thousand of inch (1U6 in.) 
machine interface level 
military 
metal injection molding 
mirror image method 
multi-input / multi-output 
minute 
minimum 
mineral 
medium impact polystyrene 
millions of instructions per second 
middle infrared 
multiple internal reflection spectros- 
COPY 

management information system 
minimally invasive drudgery 
miscellaneous 
Massachusetts Institute of Technology 
Ministry International Trade Associa- 
tion (Japan) 
machine interface unit 
megajoule 
milliliter 
mildew resistance 
multilive feed molding 
melt strength 
millimeter 
billion 
molecular mass 
methyl methacrylate 
metal matrix composite 
monolithic metal composite 
molecular mass distribution 
niononiethyl ethanolamine 
manmade mineral fiber 
Manmade Fiber Producers' Association 
niilliniole 
medium molecular weight 
manganese 
million 
number average molecular weight 
methyl nitroaniline 
milli-Newton per denier 
month 
mohair 
molybdenum 
magnetic-optical (see also CD) 
molecular orbital 
modacryl fiber 
modular/ demodular 
metal-on-elastomer 
modulus of elasticity 
mole, molecule, or molecular 
molecular weight 
modulus of rupture 
membrane osmometry 
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M o S ~  
M O T  
m.p. 
MP 
MP 
MP 
MP 
MPa 
MPA 
MPCP 
MPDA 
MPE 
MPE 
MPE 
MPF 
niph 
MPM 
MPPO 
MPR 
MPT 
MPU 

M R  
M R  
M R  
MRB 
M R G  
MRI 
MRF 
M R O  
M R P  
M R P  
MRPC 
MRPL 
MRPMA 

MRPP 
M R R  
M R T  
MS 
MS 
MS 
MS 
MS 
MS 

MSA 
MSD 
MSDS 
MSF 
Msi 

MST 
MST 
MST 
MSW 
MSW 

MQ 

molybdenum disulfide 
management of technology 
melting point 
maintenance profession 
metal powder 
military police 
M o d e r n  Plastics magazine 
mega-Pascal 
modified polyamide 
molded printed circuit board 
M-phenylene diamine 
mechanical packaging engineering 
metallized polyester film 
metallocene polyethylene 
melamine-phenol-formaldehyde 
miles per hour 
matched potential method 
modified PPO 
melt-processable rubber 
microcellular plastics technology 
microcellular polyurethane 
diniethylsilicone elastomer 
molar refraction 
mold resistant 
mold release 
Malaysian Rubber Bureau 
mechanical rubber group 
magnetic resonance imaging 
material recovery facility 
maintenance-repair-operation 
manufacturing requirement planning 
materials requirement planning 
Malaysian Rubber Producers’ Council 
manufactured recycled plastic lumber 
Malaysian Rubber Products Manufac- 
turers’ Association 
Marco reinforced-plastic process 
molecular reactivity ratio 
mean residence time 
manuscript 
market strategy 
mass spectrometry 
molar substitution 
monocrystalline silicon 
Mold ing  Systems magazine (of SME; pre- 
viously called Plastics World)  
mean optical approximation 
mass selective detector 
material safety data sheet 
melt spiral flow (test) 
million pounds per square inch 
(psi X IO6) 
mechanical stability time 
moisture resistance 
magnetostrictive transducer 
mocked-switch woven (reinforcement) 
municipal solid waste 

MSWI 
M T  
MtA 
MTBI 
MTCE 
MTE 
MTM 
Mtn 
M T O  

MTST 
MUD 
MUF 
MUP 
MUX 
mV 
MV 
MVD 
MVE 
MVI 
MVK 
MVP 
MVP 
MVR 
MVS 
MVSS 
MVT 
MVTR 
MVX 
M W  
M W  
M W  
MWD 
M W R  
M W R  

N 
N 
N 
N 
N 
N 
N2 
Na 
NA 
NA 
NA 
NAA 
NAA 
NAAEE 

NAAQS 

NACE 

NACO 

MTQ 

municipal solid waste incineration 
metric ton 
menthyl acrylate 
bismuth dimethyl dithiocarbamate 
melt transformation coextrusion 
melt transformation extrusion 
mixed tertiary mercaptan 
methanol (methyl alcohol) 
melt temperature override 
management for total quality 
minimum thermal stability temperature 
Master Unit Die 
melamine urea formaldehyde 
Danish Materials Research Program 
multiplexer (analog) 
niillivolt 
melt velocity 
molding volume diagram 
methyl vinyl ether 
melt-volume index 
methyl vinyl ketone 
Macro vacuum pressure 
methyl vinyl pyridine 
molding vapor resistance 
metal vapor synthesis 
motor vehicle safety standard 
moisture vapor transmission 
moisture vapor transmission rate 
mixing venting extruder 
megawatt 
microwave 
molecular weight 
molecular-weight distribution 
microwave radiation 
molding with rotation 

mole fraction 
Nano (lo-’) 
Newton (force) 
nitrate, nonyl, etc. 
normal (as applied to concentration) 
number of cycles 
nitrogen 
sodium 
not applicable 
numerical aperture 
not available 
neutron activation analysis 
sodium acrylate 
North America Association for Envi- 
ronmental Education 
National Ambient Air Quality Stan- 
dards 
National Association of Corrosion En- 
gineers 
National Association of CAD/CAM 
Operation 
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N a C 0 3  
NAD 
NAFTA 
NAGS 
NAO 
NaOH 
NAPCR 

NAPH 
NaPSS 
NAS 
NASA 

NASL 
NATEC 
NB 
NB 
NBP 
NBR 

NBS 

N C  
N C  
NCCA 
NCGA 

NCO 
NCP 
NCR 
N C R  
N C R  
N C R  
N C R C  

Nd 
N D  
NDB 
NDE 
N D  I 
N D  I 
NDIR 
NDT 
Ne 
NE 
NEAT 
NEBD 
NEG 
NEMA 

NEN 
NFE 
NFK 
NFPA 
NFPA 
NFRC 
NFT 

sodium carbonate 
nonaqueous dispersion 
North America Free Trade Agreement 
North America Geosynthetics Society 
nonasbestos organic 
sodium hydroxide 
National Association for Plastics Con- 
tainer Recovery 
naphthenic (oil) 
sodium polystyrene sulphonate 
National Academy of Science 
National Aeronautics and Space Admin- 
istration 
number average sequence length 
National Technical Conference (SPE) 
nitrobenzene 
nonblooming 
number branching points per molecule 
nitrile-butadiene rubber (acrylonitrile- 
butadiene rubber) 
National Bureau of Standards (since 
1980s renamed National Institute of 
Standards and Technology or NIST) 
nitrocellulose (cellulose nitrate) 
numerical control 
National Coil Coaters Association 
National Computer Graphics Associa- 
tion 
nitrogen carbon monoxide 
National Certification in Plastics 
acrylonitrile-chloroprene elastomer 
National Cash Register 
no carbon required 
no carbon paper 
National Container Recycling Coali- 
tion 
neodymium 
nondiscoloring 
negative deviation behavior 
nondestructive evaluation 
naphthalene diisocyanate 
nondestructive inspection 
nondispersive infrared 
nondestructive testing 
neon 
nitroethane 
nothing else added to it 
nonequilibrium Brownian dynamics 
negative 
National Electrical Manufacturers’ Asso- 
ciation 
Dutch standard 
nonlinear finite element 
Dutch Plastics Federation 
National Fire Protection Association 
National Food Processors’ Association 
National Fenestration Rating Council 

NG 
N G  
NG 
NG 
NGV 
NHI 
Ni 
NIMCR 

NIH 
NIOSH 

N I R  
NIR 
NIR 
NIST 

NITSE 

NLA 
NLO 
NLO 
nm 
N M  
NMI 
NMI 
NMI 
NMP 
N M R  
NMRI 
N M W  
NMWD 
N o  
No. 
NOL 
NOL 
NOS 
NOSE 
N O X  
N P  
NP 
NPC 
NPCM 
NPE 
NPFC 

NPII 
NPL 
NPRC 

NR 
NR 
NRA 
N R C  
N R C  
NRCA 

NQR 

nutrient film technique NRDGA 

natural gas 
next generation 
nitroglycerine 
no good 
natural gas vehicle 
no human involved 
nickel 
National Institute of Materials and 
Chemical Research 
National Institute of Health 
National Institute for Occupational 
Safety and Health 
acrylonitrile isoprene rubber 
near infrared 
nitrile-isoprene rubber 
National Institute of Standards and 
Technology (also see NBS) 
nonintermeshing twin-screw 
extruder 
National Lime Association 
net operating loss 
nonlinear optical 
nanometer 
nitrometer 
naphthyl maleimide 
no middle initial 
nuclear magnetic image 
n-methyl-2-pyrrolidone 
nuclear magnetic resonance 
nuclear magnetic resonance imaging 
narrow molecular weight 
narrow molecular-weight distribution 
nobelium 
number 
Naval Ordnance Laboratory 
no live operator 
not otherwise specified 
nuisance odor solution evaluator 
nitrogen oxide 
network polymer 
nitroproprene 
nozzle pressure control 
National Plastics Center and Museum 
National Plastics Exhibition (SPI) 
U.S. National Publications and Forms 
Center 
National Printing Ink Institute 
no plate-out 
National Polystyrene Recycling Co. 
nuclear quadrupole resonance 
natural rubber (polyisoprene) 
neutron reflectometry 
nuclear reaction analysis 
National Recycling Coalition 
National Research Council 
National Roofing Contractor’s Associa- 
tion 
National Retail Dry Goods Association 
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NRL 
NS 
NSC 
NSDA 
NSE 
NSF 
NSF 
NSR 
NST 
NSWA 
N T  
NTDRA 

NTIS 
NTMA 

N T T C  
N T X  
N U C  
NURBS 
NV 
NVH 
NVLAP 

N W  
NWPCA 

NXLPE 
nylon 

Q 
0 
0 
0 
O- 
0 2  

0 3  

OAD 
OASIS 

O C  
OCM 
OCR 
OD 
O D  
O D  
O D C  
ODD 
ODF 
ODG 
ODP 
ODP 
O D R  
O D R  
O D R  
ODS 
O D T  
O E  

Naval Research Laboratory 
nonstaining 
National Safety Council 
National Soft Drink Association 
neutron spin-echo 
National Sanitation Foundation 
National Science Foundation 
nitrile-silicone rubber 
nonstaining 
National Solid Waste Association 
natural 
National Tire Dealers and Retreaders 
Association 
U.S. National Technical Information 
National Tool and Machining Associa- 
tion 
National Technology Transfer Center 
nontoxic 
nucleated 
nonuniform rational B-spline 
nonvolatile 
noise-vibration-harshness 
National Voluntary Laboratory Accredi- 
tation Program 
nonvolatile by volume 
National Wooden Pallet and Container 
Association 
non-cross-linked polyethylene 
(see PA) 

ohm 
octyl, oil, oxy, etc 
oriented 
ortho 
oxygen denoting attachment 
oxygen 
ozone 
organo-aluminum compound 
operational automated schedule infor- 
mation system 
operating characteristic 
open-cell model 
optical character recognition 
optical density 
optical disc (see also CD) 
outside diameter 
ozone-depleting compound 
optical data disc 
orientation distribution function 
operating data gathering 
octyl decyl phthalate 
ozone depletion potential 
operational data recording 
optical density ratio 
oscillating disk rheometer 
optical data storage 
order-disorder transition 
oil extended 

OE 
OE-EPDM 

OEI 
OEL 
OEM 
OEP 
OES 
OES 
O F  
OFB 
O F R  
OFS 
OFT 
OH 
O H C  
0 1  
OIC 
OIT 

OLB 
OLN 
O M  
OMBD 
O M D  
O N O N  
O N M R  
O N R  
O P  
OPE 
OPEC 

OJT 

OPET 
OPEVAL 
OPLS 

O P O  
OPP 
O P R  
OPS 
OPVC 
OR 
Orbet 

OTC 
OTE 
OTL 
OTLC 

OTPE 
OTPV 

original equipment 
oil extended-ethylene-propylene diene 
monomer 
one essential ingredient 
occupational exposure limit 
original equipment manufacturer 
oil extended polymer 
occupational exposure standard 
optical emission spectroscopy 
oriented fiber 
oscillatory flow birefringence 
U.S. Office of Federal Register 
organo-functional silane 
orifice flow test 
oxygen-hydrogen 
open-hole compression 
oxygen index 
organic-inorganic composite 
oxidative induction test 
on-the-job training 
online bidding 
oleyl nitrile 
optical microscopy 
organic molecular beam deposition 
open-mold deposit 
organically modified montmorillonite 
optical nuclear magnetic resonance 
U.S. Office of Naval Research 
optical property 
oxidized polyethylene 
Organization of Petroleum Exporting 
Countries 
oriented polyethylene terephthalate 
operational evaluation 
optimized potential for liquid simula- 
tion 
optical parametric oscillator 
oriented polypropylene 
propylene oxide rubber 
oriented polystyrene 
oriented polyvinyl chloride 
oil resistance 
oriented-blow extrusion technique 
(Phillips) 
organic 
original 
organization 
osmometry 
olefin-modified styrene-acrylonitrile 
US.  Occupational Safety and Health 
Administration 
over the counter 
optical transparent electrically 
out to lunch 
open tubular hydrodynamic chromatog- 

olefinic thermoplastic elastomer 
olefinic thermoplastic vulcanizate 

raphy 
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OTR 
OTTLE 

OVD 
o/w 
OWF 
OWG 
O W M  
O X  

O X R  

OZR 

%vol 
%wt 
PP 
P 
P 
P 
P 
P 
P 
P 
P 
Pa 
PA 
PA 

PA 610 
PAA 
PAA 
PAA 
PAC 
PAC 
PADC 

PAE 
PAEK 
PAEPO 
PAES 
PAH 
PA1 
PAK 
PAM 
PAM 
PAMA 
PAM/FM 

PAMS 
PAN 
PAN 
PAN1 
P A 0  
PAP1 
PAR 
Pa-s 
PAS 
PAS 

02 

oxygen transmission rate 
optically transparent thin layer electro- 
chemical 
optical variable device 
oil-in-water 
on weight of fiber 
on weight of goods 
optical waveguide microscopy 
oxide 
oxidation resistance 
ounce 
ozone resistance 

percentage by volume (prefer ~ 0 1 % )  
percentage by weight (prefer wt%) 
microprocessor 
load 
permeability 
phenyl 
phosphorus 
poise 
polymer 
pressure 
proportional 
Pascal 
phthalic anhydride 
polyamide (nylon normally followed 
by number) 
Nylon 610 (one of various examples) 
phosphoric acid anodized 
polyacrylamide 
polyacrylic acid 
polyacetylene 
polyacrylic 
polyallyl diglycol carbonate (see also 
ADC) 
polyarylether 
polyaryletherketone 
polyarylene ether phosphine oxide 
polyaryl ether sulphone 
plycyclic aromatic hydrocarbon 
polyamide-imide 
polyester alkyd 
modified acrylic fiber 
polyacrylamide 
polyalkyl methacrylate 
pulse amplitude modulation/ frequency 
modulation 
polyalpha-methylstyrene 
polyacrylonitrile 
polyaniline 
polyaniline 
primary antioxidant 
polyaryl polyisocyanate 
polyarylate 
Pascal second 
polyarylsulphone 

PASA 
PASS 

PASU 
PAT 
PAUR 
PAz 
Pb 
PB 
PB 
PB 
PBA 
PBA 
PBA 
PBA 
PBA 
PBA 
PBAN 
PBC 
PBCA 
PBD 
PBDE 
PBGAD 
PBI 
PBI 
PBIC 
PBIP 
PBMS 
PBMA 
PBMC 
PBN 
PbO 
PBO 
PBO 
PBR 
PBS 
PBT 
Pbu 
PBU 

PBZ 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PCA 

PbW 

position-annihilation spectroscopy PCA 

polyamide-sulphonaniide 
polymer analysis and simulation soft- 
ware 
polyarylsulfone 
poly alkylthiophene 
polyester urethane 
polyaxelaic acid 
lead 
polybutadiene 
polybutylene 
proportional band 
perfluorobutyric acid 
physical blowing agent 
Plastics Bag Association 
polybenzamide 
polybutyl acrylate 
polybutylene adipate 
polybutylene-acrylonitrile 
periodic boundary condition 
polybutylcyanoacrylate 
polybutadiene 
polybrominated diphenylether 
polybutylene glycol adipate 
Plastics Bottle Institute 
polybenzimidazole 
polybutylisocyanate 
polybutylene isophthalate 
probability-based matching system 
polybutyl methacrylate 
phenolic bulk-molding coinpound 
polybutyl naphthalate 
lead oxide 
polybenzobisoxazole 
prototyping by objectives 
polybutadiene-vinyl pyridine 
polybutadiene-styrene 
polybutadiene-terephthalate 
polybutadiene 
polybutadiene polyurethane 
parts per weight 
polybenzobisoxazole 
paper chromatography 
permeability coefficient 
personal computer 
plastic composite 
plastic compounding 
plastic-concrete 
polyacrylonitrile 
polycarbonate 
polymer concrete 
positive collapse 
printed circuit 
process control 
programmable circuit 
programmable controller 
propylene carbonate 
polycarbonate-acrylic 
principal component analysis 
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PCB 
PCB 
PCC 
PCC 
PCD 
PCD 
PCDP 

PCF 
PCFC 
PCIA 

PCL 
PCM 
PCMCA 

PCO 
PCP 
PC/PBT 

P C R  
P C R  
P C R  
PCS 
PCS 
PCS 
PCS 
PCS 
PCT 
PCT 

PCTA 
PCTFE 
PCTG 
PCV 
PCZ 
Pd 
PD 
PDA 
PDAP 
PDAS 
PDB 
PDCPD 
PDES 
PDF 
PDFM 

PDHF 
PDS 
PDT 
PE 
PE 
PE 
PE 
PE 
PE 
PE 
PEA 

PCf 

polychlorinated biphenyl 
printed circuit board 
polymer cement concrete 
precipitated calcium carbonate 
pacer cardioverter defibrillator 
polycarbodimide 
polydicyclopentadiene 
pounds per cubic foot 
polychlorotrifluoroethylene 
polychlorofluorocarbon 
Personnel Communications Industry 
Association 
polycaprolactam 
phase contrast microscopy 
Personal Computer Memory Card As- 
sociation 
polycarbonate 
polychloroprene 
polycarbonate / polybutylene- 
terephthalate 
postconsumer recycled 
postconsumer resin 
principal component regression 
personal communication service 
photon correlation spectroscopy 
pollution control system 
polycarbosilane 
production control station 
Patent Cooperation Treaty 
polycyclohexylenedimethylene- 
terephthalate 
CHDM-PTA copolyester 
polychlorotrifluoroethylene 
glycol-modified PCT copolymer 
peroxide curing vulcanizate 
polyvinyl carbazole 
palladium 
plasma deposition 
production data acquisition 
polydiallyl phthalate 
photo data analysis system 
positive deviation behavior 
polydicyclopentadiene 
product data-exchange specification 
plastics design forum 
Plastics Distributors and  Fabricators maga- 
zine 
polydihexylfluorene 
polydioxanone 
polymer decomposition temperature 
photoelasticity 
piezoelectric 
plastics engineer 
polyether 
polyethylene 
polythene 
professional engineer 

PEA 
PEB 
PEBA 
PEC 
PEC 
PEC 
PECH 
PE-CS 
PEDT 
PEE 
PEEC 
PEEK 
PEEKK 
PEEL 
PEES 
PEG 
PE-HD 

PEI 
PEI 
PEI 
PEK 
PEKEKK 
PEKK 
PEKK 
PEL 
PE-LD 

PE-LLD 

PEMA 
PE-MD 

PEN 
PEN 
PEO 
PEP 
PEPA 
PEPO 
PER 
PES 
PES 
PES 
PES 
PESU 
Pet 
PET 
PET 
PETG 
PETG 
PETS 

PEU 
PE-UHMW 

PEUR 
PEX 

poly e thy1 acrylate PF 

polyethylene adipate 
postexposure baking 
polyether block amide 
chlorinated polyethylene (CPE) 
polyester carbonate 
polyphenylene ether copolymer 
polyepichlorohydrin 
polyethylene-chlorosulfonated 
polyethylene dioxithiophene 
polyether ester 
polyethylene ether carbonate 
polyetheretherketone 
polyetheretherketoneketone 
polyether elastomer 
polyetherether sulfone 
polyethylene glycol 
polyethylene-high density (see also 
HDPE) 
polyetherimide 
polyethylene imine 
polyethylene isophthalate 
polyetherketone 
polyetherketoneetherketoneketone 
polyaryletherketoneetherketone 
polyetherketoneketone 
permissible exposure limit 
polyethylene-low density (see also 
LDPE) 
polyethylene-linear low density (see 
also LLDPE) 
polyethylmethacrylate 
polyethylene-medium density (also 
MDPE) 
polyethernitrile 
polyethylene naphthalate 
polyethylene oxide 
polyethylene polyamine 
polyether-polyamide 
polyarylene ether phosphine oxide 
photoelastic relation 
photoelectron spectroscopy 
polyester 
polyether sulfone 
polysulphone 
polyethersulphone 
petroleum distillate 
position emission tomography 
polyethylene terephthalate 
polyethylene terephthalate glycol 
positron emission tomography 
plastics evaluation and troubleshooting 
system 
polyether urethane 
ultra-high molecular weight polyethyl- 
ene (or UHMWPE) 
polyether urethane 
cross-linked polyethylene (or XLPE) 
phenol formaldehyde (phenolic) 
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PFA 
PFA 
PFB 
PFF 
PFFC 
PFI 
PFM 
PFP 
PFT 
PG 
PGE 
PH 
PH 
PHA 
PHB 

PHB 
PHE 
PHEN 

PHR 

PI 
PI 
PI 
PI 
PIA 
PIB 
PIB 
PIBI 
PIC 
PID 
PIE 
PIM 
PIM 
PIM 
PIP 
PIP 
PIPA 
PIR 
PIRG 
PIRRG 

PIS 
PISU 
PISX 
PITA 
PK 
PK 
PKG 
PL 
PL 
PL 
PLA 
PLASTEC 

PLB 

phr 

Pi 

perfluoroalkoxy alkane 
pulverized fuel ash 
perfluorobenzene 
phenol furfural 
Paper, Film, and Converter magazine 
perfluorinated ionomer 
polymeric flow model 
phenolic foam plastics 
plastics fuel tank 
propylene glycol 
planetary gear extruder 
hydrogen ion exponent 
negative logarithm of hydrogen 
polyhydroxy amine 
photochemical hole burning (spectro- 
scope) 
polyhydroxybutyrate 
parts handling equipment 
phenoxy 
parts per hundred 
peak heat release 
n = 3.141593 
isoprene rubber 
paper 
polyimide 
proportional integral 
Plastics Institute of America 
polyisobutylene 
polyisobutene 
polyisobutylene-isoptene (butyl rubber) 
polymer impregnated concrete 
proportional-integral-derivative 
polyisobutylene 
phenylpolyimine 
powder injection molding 
pulse injection molding 
product improvement program 
pure internal pressure 
polyisophthalamide 
polyisocyanurate 
public-interest research group 
Plastics Industry Risk Retention 
Group (insurance) 
polyisobutylene 
polyimidesulfone 
polyimidesilozane 
parison inflation thinning analysis 
polycarbonate 
polyketone 
packaging grade 
parting line 
plate-out 
polyethylene (usually PE) 
polyactic acid 
Plastics Technical Evaluation Center 
(US. Army) 
picture level benchmark 

PLC 
PLF 
PLM 
PLS 
PLS 
PLT 
PLTA 
PM 
PM 
PM 
PM 
PM 
PMA 
PMA 
PMA 

PMAN 
PMC 
PMC 
PMCA 
PMDI 

PMI 
PML 
PMMA 

PMMA 
PMMI 

PMN 
PMO 
PMP 

PMR 
PMR 
PMS 
PMT 
PMT 
PMV 
PNC 
PNF 
PNF 
PNT 
PO 
P O  
P O  
P O  
P O  
P O  
POD 
POE 
POF 
POL 
P O  
POLY 
POM 
POM 

PMQ 

programmable logic controller 
polymer fiber 
polarized light microscopy 
plasma spray 
plasticize 
platable 
Plastics Lumber Trade Association 
polarized microscopy 
polymeric matrix 
polymethylene 
powder metallurgy 
preventative maintenance 
polymethyl acrylate 
premarket approval 
Polyurethane Manufacturers’ Associa- 
tion 
polymethyl-acrylonitrile 
polyester molding compound 
powder mold coating 
polymethyl-chloroacrylate 
polymeric methylene diphenylene diiso- 
cyanate 
polymethacrylimide 
plastic multilayer 
Plastics Molders and Manufacturers’ As- 
sociation (of SME) 
polymethyl methacrylate (acrylic) 
Packaging Machinery Manufacturers’ 
Institute 
premanufacturing notice 
polymethylene oxide 
polymethyl pentene 
phenylsilicone elastomer 
polymerization monomer reactant 
proton magnetic resonance 
paramethyl styrene 
polymer melting temperature 
polyinethylpentene 
point of minimum viscosity 
puncture resistance 
phosphorus nitrile 
polyfluoroalkoxyphosphazene 
paintable 
phenoxy 
photooxidation 
polyolefin 
polypropylene oxide 
U.S. Post Office 
pull-out strength 
polyoxyadiazol 
polyolefin elastomer 
plastic optical fiber 
polymer 
procedure-oriented language 

polyacetal 
polyoxymethylene (acetal) 

poly01 



Rosato,  Rosato, and Rosato 609 

POP 
POP 
POP 
POP 
P O R  
POS 
POS 
PP 
PP 
PP 
PPA 
PPA 
PPA 

PPC 
PPC 
PPC 
PPC 
PPC 
PPCC 
PPD 
PPDF 
PPE 
PPh 
PPI 
PPO 
PPFA 

PPb 

PPh 
PPI 
PPI 
PPI 
PPm 
Ppm 
PPMA 
PPMS 
PPO 
PPOX 
PPP 

PPP 

PPS 
PPS 
PPSS 
PPSU 
PPT 
PPT 
PPTA 
PPTN 
PPV 
PPVC 
PPX 
PPY 
PPZ 

P R  

PPb 

PQ 

point of purchase 
polyolefin plastomer 
polyoxypropylene 
polyphenylene oxide 
pourable 
polyorganophosphazene 
positive 
piperidine 
polypropylene 
press-blowing 
Plastics Pioneer Association 
Polymer Processors’ Association 
polyphthalamide 
parts per billion 
chlorinate polypropylene (also CPP) 
production planning and control 
propylene chlorinated 
Polystyrene Packaging Council 
Paperboard Packaging Council 
plastic Portland cement concrete 
paraphenylene diamine 
plastics product designers’ forum 
polyphenylene ether 
polyphosphate 
polymeric isocyanate 
polyphenylene oxide 
Plastics Pipe and Fittings Associa- 
tion 
parts per hour 
Plastics Pipe Institute (SPI) 
polymeric polyisocyanate 
Polymer Processing Institute 
parts per million 
parts per minute 
polypropylene methacrylate 
polypara-methylstyrene 
polyphenylene oxide 
polypropylene oxide 
Partnership for Plastics Progress 
(changed to APC) 
polyparaphenylene 
parts per billion 
Polymer Processing Society 
polyphenylene sulfide 
polyphenylene sulfide sulfone 
polyphenylene sulfone 
polypropylene terephthalate 
precipitate 
polyphenylene terephthalate 
precipitation 
polyphenylenevinylene 
plasticized polyvinyl chloride 
poly (P-xylylene) 
polyacetylene-polypyrrole 
polyorgananophosphazene 
polyquinoline 
personal representative 

P R  
P R  
P R  
P R  
P R C  
PRF 
PRI  
P R M  
P R N  
Pro 
P R O  
P R R C  

P R O  
P R O M  
P R T  
P R T  
PS 
PS 
PS 
PS 
PS 
PS 
P/S 
PSA 
PSA 
PSB 

PSC 
PSD 
PSE 

PS-F 
PSF 
psi 
psia 
psid 

PSf 

Psig 

PSL 
PSMC 

PSO 
PSPC 
PSS 
PSU 
Pt 
PT 
PT 
PT 
PT 
P-T 
PTA 
PTA 
PTE 
PTFE 
PTMG 

plastics recycling 
press release 
proprietary 
pump ratio 
plastic reinforced concrete 
Plastics Recycling Foundation 
Plastic and Rubber Institute 
plastic reflective material 
printable 
propane 
proline 
Polyurethane Recycle and Recovery 
Council 
product requirements optimization 
programmable read-only memory 
pressure reduction time 
product reliability test 
postscript 
polystyrene 
polysulphone 
power supply 
problem solving 
public school 
pressure sensitive adhesive 
polysebacic acid 
pressure sensitive adhesive 
polystyrene butadiene rubber (GR-S, 
SBR) 
point stress criterion 
particle size distribution 
polystyrene-ethylene copolymer 
pounds per square foot 
polystyrene-foam 
polysulphone 
pounds per square inch 
pounds per square inch, absolute 
pounds per square inch, differential 
pounds per square inch, gauge (above 
atmospheric pressure) 
polystyrene latex 
phenolic sheet molding coni- 
pound 
polysulfone 
Polystyrene Packaging Council 
polystyrene sulphonate 
polysulphone 
platinum 
phenyl tetrazine 
physical therapy 
Plastics Technology magazine 
polythiophene 
pressure-temperature 
phthalic anhydride 
purified terephthalic acid 
patent term expansion 
polytetrafluoroethylene (TFE) 
polytetramethylene glycol 
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PTMT 
P T O  
PTX 

Pu 
PU 
Publ. 
PUE 
PUF 
Pul 
P U R  
p.v. 
P-v 
PV 
PVA 
PVAB 
PVAC 
PVAL 
PVB 
PVC 
PVCA 
PVCH 
PVCL 
PVCZ 
PVD 
PVDA 
PVDC 
PVDF 
PVEE 
PVF 
PVF 
PVFM 
PVIE 
PVI 
PVK 
PVOH 
PVP 
PVPO 
PVS 
PVT 

PW 

PWA 
PWB 
PWD 
PXE 

PZT 
PY 

Q 
Q 
QA 
QA 
Q+A 
QC 
QCS 

polytetramethylene-terephthalate 
U S .  Patent and Trademark Office 
pressure-temperature concentration 
variables 
plutonium 
polyurethane 
publication 
polyurethane elastomer 
polyurethane foam 
pultrusion 
polyurethane (also PU, UP) 
pore volume 
pressure-volume (also PV) 
process validation 
polyvinyl acetate 
polyvinyl acetal butyral 
polyvinyl acetate 
polyvinyl alcohol (PVOH) 
polyvinyl butyral 
polyvinyl chloride 
polyvinyl chloride acetate 
polyvinylcyclo hezane 
polyvinyl caprolactam 
polyvinyl carbazole 
physical vapor deposition 
polyvinylidene acetate 
polyvinylidene chloride 
polyvinylidene fluoride 
polyvinyl ether ether 
polyvinyl fluoride 
polyvinyl formal 
polyvinyl formal 
polyvinyl isobutyl ether 
polyvinylimidazole 
polyvinyl carbazole 
polyvinyl alcohol (PVAL) 
polyvinyl pyrrolidone 
polyvinyl pyrroldone plastic 
post vulcanization stabilizer 
pressure-volume-temperature (also 
P-V-T or pvT) 
Plastics World magazine (in 1997 be- 
came Molding Systems of SME) 
phosphotungstic acid 
printed wiring board 
powder 
polyxylenyl ether 
pyrolysis 
lead zirconate titanate 

quote 
silicone elastomer 
quality assurance 
quality auditing 
question+ answer 
quality control 
quick change system 

QDS 
QF 
QM 
QMC 
QMC 
QPL 
QSR 
QUAL 
Quan. 
q.v. 

R 
R 
R 
R 
R 
R 
R&D 
R&M 
Ra  
Ra  
R A  
R A  
R A  
R A  
R A  
RAE3 
RAC 
rad 
RAD 
radome 
RAF 
RAIR 
RAM 
RAM 
RAPRA 

RAS 
RBA 
R C  
RCA 
RCA 
RCE 
R C F  
R C M  
RCO 
RCP 
RCPS 
RCR 
R C R A  

R C Y  
R D  
RDA 
RDF 
RDS 
R e  

quality data statistics 
quality factor 
quality management 
quick material change 
quick mold change 
qualified products list 
quality system regulation 
qualitative 
quantitative 
quod vide; which is 

radius 
Rankine 
Reaumur 
Rockwell (hardness) 
Roentgen 
roving 
research and development 
reliability and maintainability 
radium 
ramie (RA) 
reduction of area 
regulatory agency 
release agent 
resin acid 
risk assessment 
registration accreditation board 
Recycling Advisory Council 
radian 
radiation resistance 
radar dome 
random access file 
reflection angle infrared spectroscopy 
radar absorbent material 
random access memory 
Rubber and Plastics Research Associa- 
tion 
reflection absorption spectroscopy 
Reserve Bank of Australia 
resistance condenser 
Radio Corporation of America 
Recycling Advisory Council 
return on capital employed 
refractory ceramic fiber 
reaction compression molding 
random-copolymer 
rapid crack propagation 
rigid cellular polystyrene 
reciprocating screw rheometer 
Resource Conservation and Recovery 
Act 
recycled resin content 
redried 
recommended dietary allowance 
refuse-derived fuel 
rheometric dynamic scanning 
Reynolds number 



Rosato,  Rosato,  and Rosato 611 

REE 
Ref. 
Res 
resp. 
RETEC 
REX 
R F  
R F  
R F  
R F  
RFI 
RFM 

R G  
RGA 
R G C  
R G P  
r.h. 
RH 
R H B  
RHC 
RHDPE 
R H E  
R H R  
R I  
RIA 
RIA 
RIE 
RIM 
RIP 
RIS 
RISC 
RISD 
RLM 
RLT 
R M  
R M  
RMA 
RMA 

RFQ 

RMB 
RMPS 
RMS 
RMSD 
RO 
RO 
R O A  
R O I  
R O I  
R O M  
R O M  
RonD 
ROPP 
ROR 
RP 
R P  
R P  

rare earth element 
reference 
resorcinol 
respectively 
regional technical conference (SPE) 
reactive extrusion 
radio frequency 
refrigeration grade 
resorcinol formaldehyde 
risk factor 
radio frequency interference 
resin flow molding 
request for quote 
radius of gyration 
residual gas analysis 
reverse gas chromatography 
rigid gas-permeable 
relative humidity 
relative humidity 
reheat blow 
rubber hydrocarbon content 
recycled high density polyethylene 
rheometry 
rate of heat release 
refractive index 
radio immune assay 
Robotic Industries’ Association 
reactive ion etching 
reaction injection molding 
rapid isothermal processing 
rotational isometric state 
reduced instruction set computing 
Rhode Island School of Design 
reactive liquid polymer 
reverse laminate theory 
raw material 
rotational molding 
relaxation map analysis 
Rubber Manufacturers’ Associa- 
tion 
resorcinol monobenzoate 
rubber modified polystyrene 
root mean square 
root mean square difference 
radiation oxidation 
reverse osmosis 
Raman optical cavity 
reactive oxygen intermediate 
return on investment 
read-only memory 
rule of mixtures 
research on design 
roll-on-pilfer-proof 
rheometric on-line rheometer 
rapid prototyping 
reinforced plastic 
reverse phase 

R P  
RPA 
RPB 
RPBT 
R P / C  
RP/CI  

R P D  
RPET 
RPET 
RPI 
rPm 
RPMP 
RPRA 

rPs 
RPVC 
R R A  
R R I M  
RS 
R S  
RSD 
Rsec 
RSM 
RSP 
RT 
RT 
RT 
RT 
RTA 
R T C  
R T D  
R T D  
R T D  
RTI  
RTL 
R T M  
R T M  
RTOS 
R T P  
R T P O  
RTS 
R T V  
RTW 
R U B  
R U C  
KUF 
R V  
KVE 
R X  

R x  

S 

S 
S 
S 
S&DA 

risk probability 
rubber peptizing agent 
reactive polymer blending 
reinforced polybutylene terephthalate 
reinforced plastics/composites 
reinforced plastics/Coniposites Institute 

relative positive deviation 
recycled polyethylene terephthalate 
reinforced polyethylene terephthalate 
Rensselaer Polytechnic Institute 
revolutions per minute 
reinforced plastic Marco process 
Rubber and Plastics Research Associa- 
tion 
revolutions per second 
rigid polyvinyl chloride 
Risk Retention Act 
reinforced reaction injection niolding 
Raman spectroscopy 
reciprocating screw 
relative standard deviation 
reciprocal second 
reaction spray molding 
reciprocating screw plasticator 
rapid tooling 
real time 
residence time 
room temperature 
rapid thermal annealing 
room temperature cure 
resistance temperature detector 
residence time distribution 
room temperature dry 
relative thermal index 
relaxation transition temperature 
registered trademark 
resin transfer molding 
real time operating system 
reinforced thermoplastic 
reactor-made thermoplastic polyolefin 
reinforced thermoset 
room temperature vulcanization 
room temperature wet 
rubber 
chlorinated rubber 
rigid urethane foam 
repeatable /versatile 
representative volume element 
radiation cross-linking 
radiation curing 

(SPI) 

second 
Siemans 
styrene 
sulphur 
steel and dimensional analysis 
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SA 
SA 
SA 
SA 
SA 
SACMA 

SAD 
SAE 
SAG 
SAH 
SAM 
SAMPE 

SAN 
SANS 
SAP 
SAR 
SARA 

SAS 
satd. 
Sb 
SB 
SBB 
SBC 
SBM 
SBR 
SBS 
SBS 
sc 
SCB 
scf 
scfm 
SCI 
SCM 
SCORIM 

SCORTEC 

SCR 
SCR 
scs 
SCT 
SD 
SD 
SDM 
SDP 
SDM 
SDR 
SDWA 
SE 
SE 
SE 
sec 
SEC 
SED 

salt acid 
sebacic acid 
shrink allowance 
stearic acid 
styrene acrylate 
Suppliers and Advanced Composite 
Materials' Association 
seasonal affective disorder 
Society of Automotive Engineers 
styrene-acrylonitrile-gly cidyl 
Shore A hardness 
scanning acoustic microscopy 
Society of the Advancement of Mate- 
rial and Process Engineers 
styrene-acrylonitrile 
small-angle neutron scattering 
superabsorbent plastic 
simulated acid rain 
Superfund Amendments and Reauthori- 
zation Act 
Saudi Arabian Standard 
saturated 
antimony 
styrene-butadiene 
styrene-butadiene block 
styrene block copolymer 
stretch blow molding 
styrene-butadiene rubber (also GRS) 
short beam shear 
styrene-butadiene-styrene 
surface coating 
short cantilever beam 
standard cubic foot (760 mm Hg, "C) 
standard cubic foot per minute 
Society of Chemical Industry 
solid-core model 
shear controlled orientation of re- 
inforcement in injection molding 
shear controlled orientation tech- 
nology 
silicon-controlled rectifier 
styrene chloroprene rubber 
scientific certificate system 
soluble-core technology 
specific dispersion 
styrene derivative 
standard deviation measurement 
standard depth of penetration 
standard deviation measurement 
standard dimension ratio 
Safe Drinking Water Act 
shielding effect 
sound emission 
static electricity 
second 
size extrusion chromatography 
sedimentation 

SED 
SEM 
SEP 
S-EPDM 
SETRAF 

SF 
SF 
SF 
SF 
SF 
SFM 
SFM 
SFP 
s.g. 
SGF 
SGMP 
SHED 

SHI-PP 
SHIPS 
Si 
Si 
SI 
SI 
SI 
SIC 
SIC 
SIE 
SINEH 
S i 0  
SiOz 
SIPN 

SIR 
SIR 
SIR 
SIRC 

SIS 
SIS 
SKB 
SL 
SLA 
SLCP 

SLF 
SLS 
SLS 
SLS 
SLA 
SM 
SM 
SM 
SM 
SMA 
SMC 

strain energy density 
scanning electron microscope 
styrene-ethylene-propylene 
sulfonated-EDPM 
safety of enclosure for toxics using re- 
circulated filtration 
safety factor 
scrapless forming 
shape factor 
short fiber 
structural foam 
specific failure moment 
structural foam molding 
scrapless forming process 
specific gravity (SG) 
short glass fiber 
statistical good manufacturing practices 
sealed housing for evaporative determi- 
nation 
superhigh-impact polypropylene 
superhigh-impact polystyrene 
silicon 
sisal (SI) 
International System of Units 
silicone 
swelling index 
Standard Industrial Classification 
strain-induced crystallization 
styrene-isoprene 
sine hyperbolic 
silicon oxide (silica) 
silicon dioxide 
sequential interpenetrating polymer net- 
work 
silicone isoprene rubber 
solvent impregnated resin 
styrene-isoprene 
Styrene Information and Research 
Center 
sisal 
styrene-isoprene-styrene 
butadiene rubber 
self-lubricating 
stereolithography apparatus 
superstrong liquid crystal polymer (or 
plastic) 
slit film 
static light scattering 
selective laser sintering 
stereolithography contour 
serviceability limit state 
shuttle mold 
slush molding 
styrene monomer 
sulphur mustard 
styrene maleic anhydride 
sheet-molding compound 
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SMCAA 

SMC-II 
SMC-C 
SMC-D 

SMC-S 
SME 
S/MMA 
SMR 
SMS 
SMT 
S-N 
SN 
Sn 
SNAP 
S N R  
SNR 
so 
SOC 
sol. 
SOL 
sos 
sos 
SP 
SP 
SP 

SPC 
SPE 
SPE 
Spec. 
SPF 
SPF 
SPF 
SPF/DB 
SP. gr. 
SPI 
SPIE 

SMC-R 

SP. 

sPm 
SPM 
SPP 
SPS 
SPS 
sp. vol. 

SQC 
sq. 

sq. cni 
sq. m 
SR 
Sr 
Sr 
S R  
S R  
SRI 
SRIM 

Sheet Molding Compound Automo- 
tive Alliance 
SMC, low-pressure molding 
SMC-continuous fibers 
SMC, directionally oriented 
SMC, randomly oriented 
SMC, structural 
Society of Manufacturing Engmeers 
styrene/methyl methylacrylate 
surface modified rubber 
styrene methylstyrene 
surface mounted technology 
stress-number of cycles 
synthetic natural rubber 
tin 
significant new alternatives policy 
signal-to-noise ratio 
Standard Natural Rubber 
secondary operation 
stress-optical coefficient 
soluble 
solvent resistance 
self-opening style (bag) 
silicon-on-sapphire 
saturated polyester 
softening point 
solubility parameter 
specific 
statistical process control 
Society of Plastics Engineers 
solid-phase extraction 
specification 
solid-phase forming 
solid-plastic forming (Dow Chemical) 
superplastic forming 
superplastic forming/diffusion bonding 
specific gravity 
Society of the Plastics Industry 
Society of Photo-Optical Instrumenta- 
tion Engineers 
stroke per minute 
scanning potential microscope 
syndiotactic polypropylene (SPP) 
sulphonated polystyrene 
syndiotactic polystyrene (sPS) 
specific volume 
square 
statistical quality control 
square centimeter 
square meter 
polysulfide rubber 
steradian (solid angle quantity) 
strontium 
sink-mark resistance 
synthetic rubber 
Standards Research Institute (ASTM) 
structural reaction injection molding 

SRM 
SRP 
SRPE 

ss 
ss 
ss 
ss 
s-s 
SSE 
SSMC 
SST 
SST 
SST 
SSTP 
SSWMC 

ss 

ST 
ST 
ST 
STAT 

STC 
STC 
STD 
STF 
STL 
STM 
STP 

STP 
S-twist 
STY 
su 
su 
s v  
SVA 
SVK 
swcc 
SWF 
SWM 

standard reference manual 
styrene-rubber plastic 
solid redox polymerization electrode 
stainless steel 
single screw 
single source 
single stage 
stainless steel 
s tress-strain 
solid-state extrusion 
single-site nietallocene catalyst 
self-staining tape 
step-by-step test 
sulphonated styrene 
sheet stampable thermoplastic 
Southern States Waste Management 
Coalition 
polythioglycol ether 
staining 
styrene 
sheet thinning analysis of thermo- 
forming 
stampable thermoplastic composite 
structural thermoplastic composite 
standard 
steel fiber 
stereolithography 
scanning tunneling microscopy 
Special Technical Publication 
(ASTM) 
standard temperature and pressure 
twisting fiber direction 
styrene 
spray UP 
strain unit 
sievert 
styrene-vinyl acrylonitrile 
Siemens shrinkage specimen 
Solid Waste Composing Council 
stress wave factor 
solid-waste management 

thickness 
temperature 
tesla 
time 
toluene 
torque (or T,) 
transverse direction (TD) 
glass transition temperature 
homogeneous temperature 
melt temperature 
specula transmission 
tensile strength 
temperature, brittle 
temperature, softening 
test and evaluation 



614 Concise Encyclopedia of Plasfics 

T a  
Ta 
TA 
TA 
TA 
TA 
TA 
TAC 
TAC 
TAIC 
TAL 
TAM 
TAM 
TAP 
TAPPI 

TB 
TC 
TC 
T C  
T/C 
TCA 
TCE 
TCEF 
TCF 
TCI 
TLCP 

T C M  
TCNA 
TCNE 
TCP 
T C R  
T D  
T D  
TDA 
TDA 
T D  I 
TDI 
T D  I 
T D T  

TE 
TE 
TEC 
TEC 
TEEE 
TEFE 
TEM 
TEM 
TEN 
TEO 
TEP 
TEP 
TERA 
TES 
TES 

annealing temperature 
tantalum 
cellulose triacetate 
terephthalic acid 
thermal analysis 
thermoanalytical 
trend analysis 
total area coverage 
triallyl cyanurate 
triallyl isocyanurate 
talc 
triallyl trimellitate 
thermal acoustic measurement 
triallyl phosphate 
Technical Association of the Pulp and 
Paper Industry 
terebyte (10l2 bytes) 
temperature control 
thermal conductivity 
toxicity characteristic 
thermocouple 
thermal conductivity analysis 
trichloroethylene 
trichloroethyl phosphate 
tricresyl phosphate 
therniocheniical instability 
toxicity characteristic and leaching pro- 
cedure 
technical cost modeling 
Tube Council of America 
tetracyanoethylene 
tricresyl phosphate 
thermal cracking resistance 
thermal diffusivity 
transverse direction 
Titanium Development Association 
toluene diamine 
methylphenylene diisocyanate 
toluene diisocyanate 
Tool and Die Institute (see TMA) 
thermal decomposition tenipera- 
ture 
thermal expansion 
transfer efficiency 
thermal expansion coefficient 
triethyl citrate 
thernioplastic elastomer etherether 
tetrafluoroethylene 
thermal electrical measurement 
transmission electron microscopy 
tensile strength (usually T,) 
thermoplastic elastomer olefinic 
thermoelastoplastic 
triethyl phosphate 
(see tera in alphabetical listings) 
thermal energy storage 
thermoplastic elastomer-styrene 

TETA 
TF  
TFE 
T G  
T G  
TGA 
TGI 
THF 
THK 
THR 
T H R  
three-D 
Ti  
TiALN 
TiCN 
TIN 
T i 0 2  
TIC 
T I R  
T I R  
TIR 
TIR 
TKP 
TL 
T / L  
TLC 
TPCP 

TLMI 

TLn 
TLV 
T M  
T M  
T M  
TMA 
TMA 

T M C  
TMC 
TMC 
TMC 
TMC 
TMM 
TMM 
TMPTMA 
T M U  
T / N  
TN 
TNR 
T O C  
T O C  
TOF 
TOL 
T O M  
T O P  
torr 

triethyltramine 
thermoformable 
tetrafluoroethylene (PTFE) 
therniogravimetry 
thin gauge 
thermogravimetric analysis 
thermogravimetric index 
tetrahydrofuran 
thickened 
thermal stability 
total heat release 
three-dimensional (3D) 
titanium 
titanium aluminum nitride 
titanium carbonitride 
titanium nitride 
titanium dioxide 
total ion content 
technical information release 
tooling indicator runout 
total indicator reading 
total internal reflection 
tricresyl phosphate 
thermo-luminescence 
truck load 
thin-layer chromatography 
thermoplastic liquid crystal polymer/ 
plastic 
Tag and Label Manufacturers’ 
Institute 
toluene (toluol) 
threshold liniit value 
thioplasts 
trademark 
transfer molding 
thermoniechanical analysis 
Tooling and Manufacturing Associa- 
tion (formerly TDI) 
temperature modulated calorimetry 
thick molding compound 
titanium-matrix coniposite 
total machine control 
trimethylene carbonate 
thermal mechanical measurement 
trimethylene methane 
trimethylolpropane trimethacrylate 
tetramethyl urea 
terephthalate / naphthalate 
trade name 
terni not recommended 
tangliabue open cup (flash point) 
total organic carbon 
trioctyl phosphate 
toluene 
thermal optical measurement 
trioctyl phosphate 
nim mercury (mmHg) 
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TOSCA 
TOT 
T P  
T P  
TPA 
TPC 
TPC 
TPE 
TPEA 
TPE-A 
TPEE 
TPE-0  

TPI 
tpi 
TPO 
TPO 

TPP 
T P R  
TPS 
TPS 
TPU 

TPV 
TPX 
TQC 
TQM 
TR 
TRE 
TREF 
TRK 
TRL 
T R P  
TRS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TSC 
TSC 
TSC 
TSCA 
TSE 
TSE 
TSF 
TSI 
TSR 
TSS 
TSSC 
TSUR 
TTT 
TTU 

Toxic Substance Control Act 
Toys of Tomorrow 
thermophotometry 
thermoplastic 
terephthalic acid 
thermoplastic composite 
transfer point control 
thermoplastic elastomer 
thermoplastic elastomer alloy 
thermoplastic elastomer-amide 
thermoplastic elastomer-polyester 
thermoplastic elastomer-olefin (or 
TPO) 
thermoplastic polyimide 
turns per inch 
thermoplastic olefin (or TPE-0) 
Trade and Professional Organiza- 
tions 
triphenyl phosphate 
thermoplastic rubber 
thermal protection system 
toughened polystyrene 
thermoplastic urethane (PU, PUR,  
TPUR) 
thermoplastic vulcanizate 
polymethyl pentene 
total quality control 
total quality management 
torque rheometer 
thermoplastic reinforced elastomer 
temperature rising elution fraction 
tracking resistance 
translucent 
transparent 
tear strength 
thermal sampling 
thermal setting 
thermoset 
three-stage 
three-step 
total solids 
troubleshooting 
twin-screw 
thermal spray coating 
thermal stimulated current 
thermal stress cracking 
Toxic Substance Control Act 
thermoset elastomer 
twin-screw extruder 
twin-sheet forming 
thermoset polyimide 
thermoset rubber 
telecommunication switching system 
toluenesulfonyl semicarbazide 
thermoset polyurethane 
time-temperature-transformation 
through-transmission ultrasonic 

TV 
TVA 
TVL 
TWA 
TWA 
two-D 
T X  
Tx  

U 
UA 
UCL 
UCL 
U D  
UDF 
UE 
UF 
UF 
U H M  
UHMPE 
UHMW 
UHMWPE 

UHV 
UL 
ULDPE 

ULS 
U M  

U N  
uo 
U P  

U P  
UPC 
U P R  
UPVC 
UR 
USA 

USASI 
USBM 
USCAR 

USP 
USP 
USPO 
USPO 
UT 
UT 
UTL 
UTS 
uv 
UVA 
UVC 
UVI 

television 
thermovolatilization analysis 
tenth-value layer 
technical working area 
time-weighted average 
two-dimensional (2D) 
thixotropic 
toxic 

uranium 
urea, unsaturated 
upper confidence limit 
upper control limit 
unidirectional 
unidirectional fiber 
usability engineering 
ultrafiltration 
urea formaldehyde 
ultrahigh modulus 
ultrahigh modulus polyethylene 
ultrahigh molecular weight 
ultrahigh molecular weight polyethyl- 
ene (or PE-UHMW) 
ultrahigh vacuum 
Underwriters’ Laboratories 
ultralow-density polyethylene (or 
PE-ULD) 
ultimate limit state 
University of Massachusetts (at differ- 
ent locations such as Lowell, UM-L) 
United Nations 
unioriented 
polyurethane (or PUR,  
UR) 
unsaturated polyester (TS) 
uniform product code 
unsaturated polyester resin 
unplasticized PVC 
urethane (also PUR,  PU) 
United States of America (also 
U.S.A.) 
USA Standards Institute 
U.S. Bureau of Mines 
U.S. Council for Automotive Re- 
search 
unique selling price 
U.S. pharmacopoeia 
U.S. Patent Office 
U.S. Post Office 
unidirectional tape 
universal time 
use temperature limit 
ultimate tensile strength 
ultraviolet 
ultraviolet absorber 
ultraviolet curable 
ultraviolet inhibitor 
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UVL 
UVR 

V 
V 
V 
V 
V 
VA 
VA 
VAE 
VAM 
VARI 
VAT 
VB 
VBM 
VC 
vc 
vc 
v c  
VC 
vc 
VCA 
VCA 
VCE 
VCEMA 
VCEV 
VCI 
VCM 
VC/MA 
VCMMA 
VCOA 
VCP 
VCR 
VD 
VD 
VD 
VDA 

VDC 
VDC 
VDI 

VDP 
VDT 
VDT 
VDU 
VE 
VE 
VERC 
VF 
VF 
VF 
VF 
VF 
VFC 
VG 

ultraviolet light 
ultraviolet resistance 

vacuum 
vanadium 
velocity 
vinyl 
volt 
value analysis (VAC) 
vinyl acetate 
vinyl acetate ethylene 
vacuum-assist molding 
vacuum-assist resin injection 
value-added tax 
vented barrel 
vacuum bag molding 
vacuum casting 
vacuum coating 
vacuum control 
value creation 
vinyl chloride (VCM) 
virtually cross-linked 
vinylene carbonate 
vinylidene chloride-acrylonitrile 
vinyl chloride-ethylene 
vinyl chloride-ethylene-methyl acrylate 
vinyl chloride-ethylene-vinyl acetate 
volatile corrosion inhibitor 
vinyl chloride monomer 
vinyl chloride /methylacrylate 
vinyl chloride/methyl methacrylate 
vinyl chloride-octyl/acrylate 
vacuum condensing point 
volume compression ratio 
vacuum deposition 
vacuum distillation 
vinylidene 
Association of the Automotive Indus- 
try (Germany) 
vacuum deposition coating 
vinylidene chloride 
Verein Deutscheringenieure (Society of 
German Engineers) 
vapor deposition polymerized 
video display terminal 
visual display tube 
visual display unit (TV display) 
vented extruder 
vinyl ester 
Vinyl Environmental Resource Center 
vacuum flashing 
vacuum forming 
vinyl fluoride 
vinylidene fluoride 
vulcanized fiber 
voltage frequency converter 
valve gate 

VHI 
VHP 
VI 
VI 
VI 
VIM 
VIP 
VIS 
VIS 
VL/C 
VLC 
VLDPE 

VLM 
VLS 
VM 
VMC 
VMQ 
VOC 
vol 
vol% 
VP 
VP 
VPE 
VPI 
VPM 
VPT 

VPTP 
V R  
V R  
V R  
V R  
VRP 

VSI 
VST 
VT 
VT 
vuv 

vs . 

W 

W 
W 
WAD 
WADC 

WAG 
WB 
wc 
WCA 
W C M  
WF 
WF 
WFT 
W H  
WJ 

vapor hazard index 
vacuum hot pressing 
vacuum impregnation 
Vinyl Institute 
viscose 
vacuum injection molding 
vertical ionization potential 
absolute viscosity 
visible-spectra 
vacuum loader/conveyor 
vapor-liquid chromatography 
very-low-density polyethylene (or 

very low modulus 
vapor-liquid-solid (process) 
vacuum metallizing 
vacuum mold cooling 
vinylsilicone elastomer 
volatile organic compound 
volume 
percentage by volume 
vacuum press 
virgin plastic 
vulcanized polyethylene 
vapor phase inhibitor 
vacuum-press molding 
velocity-pressure-transfer or velocity- 
pressure-transducer 
velocity-pressure-transfer point 
virtual reality (software) 
viscosity ratio 
volume resistivity 
vulcanized rubber 
Vehicle Recycling Partnership 
versus 
Vinyl Siding Institute 
Vicat softening temperature 
Vicat temperature 
vinyl toluene 
vacuuni ultraviolet 

PE-VLD) 

width 
tungsten 
watt 
worst area difference 
weighted-average deformation charac- 
teristic 
wild-ass guess 
webber 
tungsten carbide 
water contact angle 
world-class manufacturing 
wood flour 
woven fabric 
wet film thickness 
whisker 
water jet 
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WLD 
WLF 
WLU 
w o  
W P  
WP&RT 

WPC 
W P C  
WPE 
WPI 
WPI 
W R  
W R D C  

WS 
ws 
WSB 

Wt%I 

W T D  
WTE 
WTO 
WVT 
WVTR 
w-w 
ww 
www 
WYSIWYG 

wt 

X 
X 

X 
x lli 

X," 

x-axis 
XAR 
x c  
Xe 
XF 
XL 
XLA 
XLD 
XLPE 
XMA 
XMC 

XPS 
XPS 

weldable 
Washington Legal Foundation 
wet lay-up 
wool 
word processing 
World Plastics and  Rubber Technology 
magazine 
wood-plastic composite 
world product code 
Western Plastics Exhibition 
wood-plastic impregnated 
world Patent index 
woven roving 
Wright Research and Development 
Center 
water solubility 
workstation 
water soluble polyester 
weight 
percentage by weight 
waiting time distribution 
waste-to-energy 
World Trade Organization 
water vapor transmission 
water vapor transmission rate 
win-win 
world war 
World Wide Web 
what you see is what you get 

cross-linking ratio 
number of structural units in a poly- 
mer molecule 
arithmetic mean 
number-average degree of polymeriza- 
tion 
weight-average degree of polymenza- 
tion 
axis in plane used as 0" reference 
cross-linked acrylate 
degree of crystallinity 
xenon 
xylene formaldehyde 
cross-linked 
xylylene amine 
cross-link density 
cross-linked polyethylene 
x-ray microanalysis 
extra-high-strength molding com- 
pound 
expandable polystyrene 
expert system 

XPS 
XPS 
X R D  
XRF 
XRSD 
XTC 
xxx 
XYl 

y-axis 

Y2K 
YI 
YIR 
YPBO 
YPE 
YQI 
Yr 

Z 
Z 
Z 
Z 
z-axis 

ZBD 
ZBX 
Z D  
ZDP 
ZDP 
ZHS 
ZIF 
ZIX 
ZMC 

ZMS 
Zn 
Z-N 
ZnAc 
Z N C  
ZnSt 
ZnTPP 
Z O T  
zov 
ZPD 
ZPG 
Zr 
zs 
ZSK 
ZST 
Z-twist 
ZXB 

extruded polystyrene 
x-ray photoelectron spectroscope 
x-ray diffraction 
x-ray fluorescence 
x-ray scanning diffractography 
R P  mat with extra strength fibers 
triple pressed 
xylene 

axis in the plane perpendicular to x- 
axis 
year 2000 
yellowness index 
thermoplastic isoprene rubber 
polyether ester 
yield point elongation 
yarn quality index 
year 

atomic number (at. no.) 
rubber base 
zeta 
azelate 
axis normal to the plane of the x-y 
axes 
zinc dibenzyl dithocarbamate 
zinc dibutyl xanthate 
zero defect 
zero defect product 
zinc dithiophosphate 
zinc hydroxystannate 
zero insertion force 
zinc isopropyl xanthate 
low viscosity molding coni- 
pound 
zero metering screw 
zinc 
Ziegler-Natta (ZN) 
zinc acetate 
Ziegler-Natta catalyst 
zinc stearate 
zinc tetraphenylporphyrin 
zinc oxide thickener 
zinc oxide viscosity 
zinc pentaniethylene 
zero pollution growth 
zirconium 
zinc stannate 
twin-screw kneader 
zero-strength time 
twisting fiber direction 
zinc butyl zanthate 
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CONVERSION TABLES 
The following data uses the decimal point  (that is, a period as used in the United States) rather than a comma (as 
widely used in the rest of the world). 

1. Alphabetical List of Units 
2. Temperature  Conversions 
3.  SI Prefixes 

1. Alphabetical List of Units 

4. 
5. Recommended Pronunciation 

Units in Use with SI 

Convert from To Multiply by 
~~ 

acre (43,560 square U.S. turvey feet) 
ampere hour 
angstrom 

are 
atmosphere, standard 

bar 

barrel (oil, 42 U.S. gallons) 

board foot 
British thermal unit (Btu) (international table) 
British thermal unit (Btu) (thermochemical) 
Btu per cubic foot (Btu/ft') 
Btu per degree Fahrenheit (Btu/"F) 
Btu per hour (Btu/h) 
Btu per hour square foot [Btu/(h . ft')] 
Utu per pound (Btu/lb) 
Btu per pound degree Fahrenheit 
Utu per second @tu/s) 
Btu per square foot (Btu/ftz) 
bushel (dry, US.) 
calorie (thermochemical) 
calorie (nutrition or kilocalorie) 
calorie per gram (cal/g) 
calorie per second (cal/s) 
candela per square inch (cd/in.*) 
candle, candlepower 
centimeter of water 
centipoise 
centistokes 
chain (66 US. survey feet) 
circular mil 
cord 
cubic foot (f?) 
cubic foot per second (f$/s) 
cubic inch (in.') 
cubic mile 

cubic yard (yd") 
cup (US.) 

cune 
day (mean solar) 
degree 
degree Celsius ("C) (interval) 
degree Celsius ("C) (temperature) 
degree Centgrade (interval) 

square meter (m*) 
coulomb (C)  
meter (in) 

nanometer (nm) 
square meter (m2) 
pascal (Pa) 
kilopascal (kPa) 
pascal (Pa) 
kilopascal (kPa) 
cubic meter (m') 
liter (L) 
not clearly defined 
joule (J) 
joule (J) 
joule per cubic meter fl/m') 
joule per kelvin fl/K) 
watt (W) 
watt per square meter (W/ni') 
joule per kilogram (J/kg) 
joule per kilogram kelvin 
watt (W) 
joule per square meter fl/m') 
cubic meter (m') 
joule (J) 
joule (J) 
joule per kilogram (J/kg) 
watt (W) 
candela per square meter (cd/m*) 
candela (cd) 
pascal (Pa) 
pascal second (Pa . s) 
square meter per second (m'/s) 
meter (m) 
square millimeter (mm') 
cubic meter (ni') 
cubic meter (m3) 
cubic meter per second (m3//s) 
cubic ineter (m') 
cubic meter (m') 
cubic kilometer (km3) 
cubic meter (m') 
cubic meter (m') 
liter (L) 
milliliter (mL) 
becquerel (Bq) 
second(s) 
radian (rad) 
kelvin (K) 
kelvin (K) 
degree Celsius ("C) 

4046.873 
3600 
1.0 x lo-"' 
0.1 
100 
1.01325 X lo5 
101.325 

100 
0.158988 
158.987 

1.0 x 105 

1055.056 
1054.350 
3.7259 X 104 
1899.101 
0.293071 1 
3.15459 1 
2326 
4186.8 
1055.056 
1.135653 X lo4 
0.03523907 
4.184 
4184 
4184 
4.184 
1550.003 
1 .0 
98.0665 
0.001 
1.0 x 
20.11684 
5.067 X 
3.625 
0.028317 
0.028317 
1.638706 X 
4.168182 X 10" 
4.168182 
0.764555 
2.366 X lo-' 
0.2366 
236.6 
3.7 x 10"' 
8.64 x lo4 
0.017453 
1 .0 
tOc + 273.15 
1 .0 
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Convert from To Multiply by 

degree Centigrade (temperature) 
degree Fahrenheit (OF) (interval) 

degree Fahrenheit (OF) (temperature) 

degree Fahrenheit hour per Btu (OF 
degree Fahrenheit square foot hour per Btu 

degree Fahrenheit square foot hour per Btu inch 

degree Rankine ("R) (interval) 
degree Rankine (OR) (temperature) 
denier 
dyne 
dyne centimeter 
dyne per square centimeter 
electron volt 
erg 
erg per second 
erg per square centimeter 
faraday 
fathom 
fermi 

h/Btu) 

(OF . ft' h/Btu) 

[OF . fi' . h/(Btu . in.)] 

foot 
foot (US. survey) 
foot of water 

foot pound-force (fi . lbf) (torque) 
foot pound-force (ft . lbq (energy) 
foot candle 
foot lambert 
g, (standard acceleration of free fall) 
gallon (Imperial) 

gallon (U.S.) (231 in.3) 

gallon (U.S.) per day 

gallon (U.S.) per minute (gpni) 

gallon (US.) per horsepower hour 
gamma 
gauss 
gill (US.) 
grad, grade, gon 

grain 
hectare 
horsepower (550 ft lbf/s) 
horsepower (boiler) (~33470  Btu/h) 
horsepower (electric) 
horsepower (metric) 
horsepower (water) 
hour 
hour (sidereal) 
hundredweight, long (112 lb) 
hundredweight, short (100 lb) 
inch 
inch of mercury 

inch of water 
Kelvin (K) (temperature) 
kilocalorie (thermochemical) 

degree Celsius (OC) 
kelvin (K) 
degree Celsius (OC) 
kelvin (K) 
degree Celsius ("C) 
kelvin per watt (K/W) 
Kelvin square meter per watt (K m2/W) 

1, 0 
0.5555556 
0.5555556 
( ty  + 459.67)/1.8 
(tOF - 32)/1.8 
1.895634 
0.1 76 1 1 02 

kelvin meter per watt (K . m/W) 

kelvin (K) 
kelvin (K) 
kilogram per meter (kg/m) 
newton (N) 
newton meter (N m) 
pascal (Pa) 
joule (J) 
joule (J) 
watt (W) 
watt per square meter (W/m') 
coulomb (C) 
meter (m) 
meter (m) 
ferntometer (fm) 
meter (m) 
meter (ni) 
pascal (Pa) 
kilopascal (kPa) 
newton meter (N m) 
joule (J) 

candela per square meter (cd/m2) 
meter per second squared (m/s*) 
cubic meter (m3) 
liter (L) 
cubic meter (m3) 
liter (L) 
cubic meter per second (m"/s) 
liter per second (L/s) 
cubic meter per second (m3/s) 
liter per second (L/s) 
cubic meter per joule ( d / J )  
tesla (T) 
tesla (T) 
cubic meter (m') 
radian (rad) 
degree of angle (") 
kilogram (kg) 
square meter (m') 
watt (W) 
watt (W) 
watt (W) 
watt (TU) 
watt (W) 
second(s) 
second(s) 
kilogram (kg) 
kilogram (kg) 
meter (m) 
pascal (Pa) 
kilopascal (Pa) 
pascal (Pa) 
degree Celsius ("C) 
joule (J) 

lux (lx) 

6.933472 

0.5555556 
T.,,/1.8 

1.0 x 

0.1 
1.602 X 10-l' 

1.111 x 10-7 

1.0 x io-' 

1.0 x 10-7 
1.0 x 10-7 
0.001 
9.649 X 10' 
1.8288 
1.0 x 10-'j 
1 .0 
0.3048 
0.3048006 
2989.07 
2.98907 
1.355818 
1.355818 
10.76391 
3.426 
9.80665 
4.54609 X lo-' 
4.54609 
3.785412 X 
3.785412 
4.381264 X 
4.381264 X 
6.309020 X 10-' 
0.06309020 
1.410089 X lo-' 
1.0 x 
1.0 x 
1.183 X lo-' 
0.01570796 
0.9 
6.4799 X 10-' 
1.0 x 10' 
745.6999 
9809.50 
746 
735.4988 
746.043 
3600 
3590.170 
50.80235 
45.35924 
0.0254 
3386.39 
3.38639 
249.089 

4184 
TK - 273.15 
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Convert from To Multiply by 

kilogram-force 
kilogram-force meter 
kilogram-force per square centimeter 
kilogram-force per square meter 
kilometer per hour 
kilowatt hour 

kip (1000 lbf) 
knot (nautical mile per hour) 
lambert 
light year 
liter 
lumen per square foot 
Maxwell 
microinch 

micron 

mil (0.001 in.) 

mil (angle) 

mile (international) (5280 ft) 
mile (nautical) 
mile (U.S. statute) 
mile per gallon (U.S.) (mpg) 

mile per houI 

mile per minute 
millimeter of mercury 
minute 
minute (arc) 
minute (sidereal) 
ohm centimeter 
ounce (avoirdupois) 

ounce (Imperial fluid) 

ounce (troy or apothecary) 

ounce (U.S. fluid) 

ounce-force 
parsec 
peck (U.S. dry) 

pennyweight 

perm (0°C) 
perm inch (OOC) 
pica (computer) (1/6 in.) 
pica (printer's) 
pint (Imperial) 

pint (U.S. dry) 

pint (US. liquid) 

point (computer) (1/72 in.) 
point (printer's) 
poise 
pound (avoirdupois) 
pound (troy or apothecary) 

newton (N) 
newton meter (N m) 
kilopascal (kPa) 
pascal (Pa) 
meter per second (m/s) 
joule (J) 
inegajoule (MJ) 
kilonewton (kN) 
meter per second (m/s) 
candela per square meter (cd/m') 
meter (m) 
cubic meter (m') 
lumen per square meter (Im/m*) 
Weber (Wb) 
meter (m) 
micrometer ( p i )  

meter (m) 
micrometer (Fm) 
meter (m) 
millimeter (mm) 
radian (rad) 
degree (") 
meter (m) 
meter (m) 
meter (m) 
meter per cubic meter (ndm") 
kilometer per liter (kidL) 
meter per second (m/s) 
kilometer per hour (km/h) 
meter per second (m/s) 
pascal (Pa) 
second(s) 
radian (rad) 
second(s) 
ohm meter (a . m) 
kilogram (kg) 

cubic meter (m') 
milliliter (mL) 
kilogram 

cubic meter (m') 
milliliter (mL) 
newton (N) 
meter (m) 
cubic meter (n?) 
liter (L) 
kilogram (kg) 

kilogram/(Pa . s . m') 
kilogram/(Pa . s . m) 
millimeter (mm) 

gram (g) 

gram (g) 

(g) 

millimeter (mm) 
cubic meter (m3) 
liter (L) 
cubic meter (m') 
liter (L) 
cubic meter (m3) 
liter (L) 
millimeter (mm) 
millimeter (mm) 
pascal second (Pa 
kilogram (kg) 
kilogram (kg) 

9.80665 
9.80665 
98.0665 
9.80665 
0.278 
3.6 X lo6 
3.6 
4.448222 
0.5 144444 
31 83.099 
9.46053 X 10" 
0.001 
10.76391 
1.0 x 
2.54 X lo-' 
0.0254 
1.0 x 
1 .0 
2.54 X 10-' 
0.0254 
9.8175 X 
0.05625 
1609.344 
1852 
1609.347 
4.2514 X 10' 
0.4251437 
0.44704 
1.609344 
26.8224 
133.3224 
60 
2.9089 X 
59.836.17 
0.01 
0.02834952 
28.34952 
2.84131 X IO-'  
28.4131 
0.0311348 
31.10348 
2.95735 X lo-' 
29.5735 
0.2780139 
3.08568 X 10'' 
8.809768 X lo-' 
8.809768 
1.555174 X lo-' 
1.555174 
5.72135 X lo-" 
1.45322 X lo-'' 
4.233333 
4.2175 
5.6826 X lo-' 
0.56826 
5.5061 X 
0.55061 
4.73176 X lo-' 

0.3527778 
0.35146 
0.1 
0.45359237 
0.3732417 

0.473176 
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Convert from To Multiply by 

poundal 
poundal per square foot 
pound-force 
pound-force foot (lbf . k) (torque) 
pound-force per foot (lbf/fi) 
pound-force per pound (lbf/lb) 
pound-force per square inch (lbf/in.') (psi) 

pound per cubic foot (lb/ft') 
pound per cubic inch (lb/in.') 
pound per cubic yard (lblyd') 
pound per foot (lb/ft) 
pound per gallon (US.) (Ib/gal) 

pound per horsepower hour [Ib/(hp . h)] 
pound per hour (lb/h) 
pound per inch (lb/in.) 
pound per minute (lb/niin) 
pound per square foot 
pound per yard 
quart (U.S. dry) 

quart (U.S. liquid) 

rad (absorbed dose) 
ream (printing paper) 
rem (dose equivalent) 
revolution 
revolution per minute (rpm) 
rod (16.5 U.S. survey feet) 
roentgen 
second (angle) 
second (sidereal) 
square inch (in.') 
square mile 
square yard (yd') 
stokes 
tablespoon 

teaspoon 

tex 
therm (EEC) 
therm (U.S.) 
ton, assay 
ton, long (2240 lb) 
ton, metric 
tonne 
ton, register 
ton, short (2000 lb) 
ton of refrigeration (12,000 Btu/h) 
ton (long) per cubic yard 
ton (short) per cubic yard 
torr 
watt 
watt hour 
watt per square centimeter (W/cni') 
watt per square inch (W/in.') 
watt second 
yard 
year of 365 days 
year (sidereal) 
year (tropical) 

newton (N) 
pascal (Pa) 
newton (N) 
newton meter (N . ni) 
newton per meter (N/ni) 
newton per kilogram (N/kg) 
pascal (Pa) 
kilopascal (kPa) 
kilogram per cubic meter (kg/mi) 
kilogram per cubic meter (kg/m3) 
kilogram per cubic meter (kg/nl") 
kilogram per meter (kg/ni) 
kilogram per cubic meter (kg/m') 
kilogram per liter (kg/L) 
kilogram per joule (kg/J) 
kiloSam per second (kg/s) 
kilogram per meter (kg/ni) 
kilogram per second (kg/s) 
kilogram per square nieter (kg/m') 
kilogram per meter (kg/ni) 
cubic meter (mi) 
liter (L) 
cubic meter (mi) 
liter (L) 

sheets 
sievert (Sv) 
radian (rad) 
radian per second (rad/s) 
meter (in) 
coulomb per kilogram (C/kg) 
radian (rad) 
second(s) 
square meter (m') 
square meter (m') 
square meter (ni') 
square meter per second (ni'/s) 
cubic meter (mi) 
milliliter (mL) 
cubic meter (m') 
milliliter (niL) 
kilogram per nieter (kg/m) 
joule u) 
joule (J) 
gram (g) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
cubic meter (in') 
kilogram (kg) 
watt (W) 
kilogram per cubic meter (kg/m') 
kilogram per cubic meter (kg/m') 
pascal (Pa) 
ergs per second 
joule u) 
watt per square nieter (W/m') 
watt per square meter (W/m') 
joule (J) 
meter (ni) 
second(s) 
second(s) 
second(s) 

Fay  (GY) 

0.138255 
1.488 164 
4.448222 
1.355818 
14.59390 
9.8066 
6894.757 
6.894757 
16,01846 
2.767990 X 10" 
0.5932764 
1.488164 
119.8264 
0.1198264 

1.25998 x 10-4 
17.85797 
0.007559873 
4.882428 
0.4960546 
0.001 101221 
1.101221 
9.463529 X 
0,9463529 
0.01 
500 
0.01 
6.283185 
0. IO47198 
5.0292 10  
2.58 x lo-' 
4.8482 X 
0.9972696 
6.4516 X lo-' 
2.58999 X 10" 
0.8361274 

1.479 X 10-j 
14.79 
4.929 X lo-" 
4.929 
1.0 x lor6 
1.0551 X 10' 
1.0548 X 10' 
29.16667 
10 16.047 
1000 

2.831685 
907.1847 
351 6.853 
1328.939 
11 86.553 
133.322 

3600 
1.0 x 10'' 
1550.003 
1 .o 
0.9144 
3.1536 X 10' 
3.1558 X I O 7  
3.1558 X 10' 

1.689659 x 10-7 

I .o x 1 0 - 4  

I noo 

1 x io7 
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3. SI Prefixes 

Multiplication Factor Prefix Symbol 

1 000 000 000 000 000 000 = exa E 
1 OOO 000 OOO 000 OOO = IOf5 peta P 

1 000 000 000 000 = 10” tera T 
1 000 000 000 = giga G 

1 000 000 = 10” mega M 
1 000 = 10’ kilo k 

100 = 10’ hecto h 

0.1 = lo-’ deci d 
0.01 = IO-’ centi c 

0 001 = IO-’ milh ni 
0 000 001 = IO-” micro p 

10 = 10’ deka da 

0 000 000 001 = 10P nano 
0 000 000 000 001 = lo-’? pic0 p 

0.000 000 000 000 001 = lo-’’ femto f 
0 000 000 000 000 000 001 = atto a 

4. Units in Use with SI 

Quantity Unit Symbol Definition 

Time 

Plane angle 

Volume 
Mass 
Area 

Minute 
Hour 
Day 
Week, month, etc 
Degree 
Minute 

Second 

Litre 
Metric ton 
Hectare 

min 
h 
d 

1 min = 60 s 
1 h = 60 min = 3600 s 

1 d = 24 h = 86400 s 

0 

L 

ha 
t 

1 O = (W180) rad 
1’ = (l/60)0 

1” = (1/60)’ 
= (W30800) rad 

= (7~/648000) rad 
1 L = 1 dm’ = lo-’ ni’ 
1 t = 10’b 
1 ha = 1 hm’ = lo4 m2 

5. Recommended Pronunciation 

Prefix Pronunciation (U.S.) I Selected Units Pronunciation 

exa 
peta 
tera as in terra firma 
m a  
mega as in mqaphone 
kilo kill’ oh  
hecto heck’ toe 
deka 
deci as in decimal 
centi as in centipede 
milli as in military 
micro as in microphone 
nano 
pic0 peek’ oh 
femto 
atto as in anatomy 

Note: The first syllable of every prefix is accented to assure that the prefix 
the first Fyllable, not the second. 

ex’ a (a as in about) 
pet’ a (e as in pet, a as in about) 

jig’ a (i as in jig, a as in about) 

deck’ a (a as in about) 

nan’ oh (an as in ant) 

fem’ toe (-fern as infeminine) 

candela 
joule 
kilometer 
pascal 
siemens 

candrll’ a 
rhyme with tool 
kill‘ oh meter 
rhyme with rascal 
same as seamen’s 

d l  retain its identity. Pronunciation of kilometer places the accent on 



Appendix C 

WORLDWIDE PLASTICS 
INDUSTRY ASSOCIATIONS 
The following list, organized alphabetically by country, includes an example of the global list of the plastics industry 
and other relevant associations. Groups covering all of Europe or all of South America are listed under Pan European 
and Pan-South American groups. 

AFRICA 

African Plastics Industry 
tel: 27(0) 21 671-9889 
web: http: / /mbendi.co.za/indy/chem/plasaf.htm 

Republic of South Africa 
Plastics Federation of South Africa 
18 Gazelle Ave., Corporate Park 
Old Pretoria Rd., Midrand 
Private Bag X68, Halfway House, 1685 
tel:+27 (11) 314 4021 
fax:+27 (11) 314 3764 

ALGERIA 

National Enterprise of Plastics and Rubber 
BP 452-453 Zone Industrielle 
Setif 19000 
tel: (213) 590-8157 
fax: (213) 590-0665 

ARGENTINA 

Argentine Chamber of the Plastics Industry (CAIP) 
J. Salguero 1939/41, Buenos Aires 1425 
tel: (5411) 4821-9603/5 
fax: (5411) 4826-5480 
web: http://www.caip.org.ar 

Plastivida Argentina 
Av. Leandro N. Aleni 1067 piso 14 of. 54 
10001 Beunos Aires, Argentina 
tel: (54) 4311-1136 
e-mail: mensajes@plastivida.coni.ar 
web: http: / /www.plastivida.com.ar 

AUSTRALIA 

Composites Institute of Australia Inc. (CIA) 
P O  Box 672, Ringwood Victoria 3134 
tel: +61 (39) 723-5688 
fax: +61 (39) 723-5786 
web: http:/ /www.compinst.asn.au/index.html 

Medical Industry Association of Australia 
PO Box 497, Roseville 
New South Wales 2069 

tel: +61 29 4151 1151 
fax: +61 29 4152 130 
e-mail: miaa@ozemail.com.au 

Plastics and Allied Industries Association of South 

e-mail: plassatf@plasticsa.org.au 
web: http: / /www.plasticsa.org.au 

Plastics and Chemicals Industries Association 

380 St. Kilda Rd., 4th floor, P.O. Box 1610M 
Melbourne, Victoria 3001 
tel: +61 (3) 9699 6299 
fax: +61 (3) 9699 6717 
e-mail: info@pacia.org.au 
web: http: / /www.pacia.org.au/ 

Australia (PAIA) 

(PACIA) 

AUSTRIA 

Federation of Chemical Industry Austria Plastics 
Processors 

Wiedner Hauptstrasse 63 
A-1045 Vienna 
tel: +43 (1) 501 053 340 
fax: +43 (1) 502 062 80 

Kunststoffhersteller-Verband (KV) 
Jakobergasse 4/14 
A-1010 Vienna 
e-mail: kv@telekabel.at 

National Guild of Plastics Processors 
Wiedner Haupstrasse 63 
A-1045 Vienna 
tel: +43 (1) 501 05 3234 
fax: +43 (I) 502 06 291 
e-mail: fcio@wkoesk.wk.or.at 
web: http: / /www.wk.or.at/fcio 

BELGIUM 

Association of Belgian Plastics Converters 
Fabrimetal Group 18 (Fabriplast) 
Diamant Building 
Bd. A. Reyers LN 
B-1030 Brussels, Belgum 
tel: +32 (2) 706-7800 
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fax: +32 (2) 706-7801 
e-mail: gustaaf.bos@fabrimetal.be 
web: http: / /www.fabrimetal.be 

European Committee for Electrotechnical 
Standardization (CENELEC) 
Rue de Stassart 35 
Brussels B-1050 
tel: $32 (2) 5196871 
fax: +32 (2) 5196919 
e-mail: general@cenelec.be 
web: http://www.cenelec.be 

European Committee for Standardization (CEN) 
Rue de Stassart 36 
Brussels B-1050 
fax: f 3 2  (2) 5500819 
web: http: / /www.cenorm.be 

Federation of Belgian Chemical Industries 
(FEDICHEM) 
Square Marie-Louise 49 
B-1000 Brussels 
tel: f 3 2  (2) 238-9711 
e-mail: postmaster@fedichem.be 
web: http: / / www.vbo- feb.be / chemistry 

BOLIVIA 

Aniplast c / o  Plasmar 
Casilla 942 
La Paz 
fax: +591 (2) 850 581 

BRAZIL 

Brazilian Plastics Industry Association (Abiplast) 
Avenida Paulista 2439, 8th floor 
Si0  Paulo SP 01311-936 Brazil 
tel: +55 (11) 3060 9688 
fax: f 5 5  (11) 3060 9686 
e-mail: abiplast@abiplast.org.br 
web: http: / /www.celit.senai.br/ cadastro%20assocc/ 

Al3IPLAST.htm 

Brazil Plastics on the Internet 
web: http: / / plastics.com.br / enAndex.htm 

Brazilian Polymer Association 
Associaczo Brasileira de Polimeros (Abpol) 
Rua Geminiano Costa, 355 
Si0 Paulo SP 013560-050 
tel/fax: +55 (16) 274-3949 
web: http: //www.abpol.com.br 

Instituto do PVC 
R u a  James Watt. 142-conj.122 andar-conj. 42 
Si0 Paulo SP-CEP 04576-050 
tel/fax: +55 (11) 5506 5211 
web: http: / /www.institutodopvc.org/english 

Plastivida Brazil 
e-mail:spra@abiquim.org.br 
web: http: / /www.abiquim.org.br/plastivida/english 

CANADA 

Alliance of Manufacturers and Exporters Canada 
5595 Avebury Road, Suite 900 
Mississauga, Ontario L5R 3P9 
tel: (905) 568-8300 
fax: (905) 568-8330 
e-mail: webmasterathe-alliance.com 
web: http: / /www.the-alliance.org 

Association of Consulting Engineers of  Canada 
130 Albert St., Suite 616 
Ottawa, Ontario K1P 5G4 
tel: (613) 236-0569 
fax: (613) 236-6193 
e-mail: memserv@acec. ca 
web: http: / /www.acec.ca 

Automotive Parts Manufacturers’ Association 
195 West Mall, Suite 516 
Toronto, Ontario M9C 5K1 
tel: (416) 620-4220 
fax: (416) 620-9730 
e-mail: apma@capma.com 
web: http: / /www.capma.com 

Canadian Association of Chemical Distributors 
627 Lyons Lane, Suite 301 
Oakville, Ontario L6J 527 
tel: (905) 844-9140 
fax: (905) 844-5706 
e-mail: cacd@cacd.ca 
web: http: / / cacd.ca/ cacdmain.html 

Canadian Association for Composite Structures 

c/o N R C  75 Boulevard de Mortagne 
Boucherville, Quebec J4B 6Y4 
tel: (450) 641-5149 
fax: (450) 641-5105 
web: http:/ /www.cacsma.ca 

Canadian Association of Moldmakers 
424 Tecumseh Road East 
Windsor, Ontario N8A 2R6 
tel: (519) 255-7863 
web: http: / /www.cdnmolds.com 

Canadian Chemical Producers’ Association (CCPA) 
350 Sparks St., Suite 805 
Ottawa, Ontario K I R  7S8 
tel: (613) 237-6215 
fix: (613) 237-4061 
e-mail: info@ccpa.ca 
web: http:/ /www.ccpa.ca 

Canadian Plastics Industry Association (CPIA) 
5925 Airport Rd., Suite 500 

and Materials 
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Mississauga, Ontario L4V 1W1 
tel: (905) 678-7748 
fax: (905) 678-0774 
e-mail: national@cpia.ca 
web: http: / /www.plastics.ca 

Canadian Polystyrene Recycling Association (CPRA) 
7595 Tranmere Dr. 
Mississauga, Ontario L5S 1L4 
tel: (905) 612-8290 
fax: (905) 612-8024 
web: http: / /www.cpra-canada.com 

Canadian Standards Council of Canada 
45 O’Connor Street, Suite 1200 
Ottawa, Ontario K1P 6N7 
tel: (613) 238-3222 
fax: (613) 995-4564 
web: http:/ /www.scc.ca 

Chemical Institute of Canada 
130 Slater St., Suite 550 
Ottawa, Ontario KlP  6E2 
tel: (613) 232-6252 
fax: (613) 232-5862 
e-mail: cic-adm@fox.nstn.ca 
web: http: / /www.chem-inst-can.org 

Environment and Plastics Industry Council (EPIC) 
(See Canadian Plastics Industry Association) 
e-mail: shill@cpia.ca 
web: http: / /www.plastics.ca 

Medical Devices Canada (MEDEC) 
401 The West Wall, Suite 510 
Etobicoke, ON M9C 5J5 
tel: (416) 620-1915 
fax: (416) 620-1595 
e-mail: medec@medec. org 
web: http: / /www.medec.org 

Packaging Association of Canada 
2255 Sheppard Ave East, Suite 330 
Willowdale, Ontario M2J 4Y 1 
tel: (416) 490-7860 
fax: (416) 490-7844 
web: http:/ /www.pac.ca 

Sign Association of Canada 
7030 Woodbine Ave., Suite 500 
Markham, Ontario L3R 6G2 
tel: (905) 470-9787 
fax: (905) 470-8993 

Underwriters’ Laboratories of Canada 
7 Crouse Rd.  
Scarborough, Ontario L5B 2V2 
tel: (416) 757-3611 
fax: (416) 757-9540 
e-mail: ulcinfo@ulc.ca 
web: http:/ /www.ulc.ca 

CHILE 

Chilean Plastics Industry Association (Asipla) 
Av. An&& Bello 2777, 5”Piso Oficina 507 
Las Condes, Santiago 
tel: $56 (2) 203-3342 
fax: +56 (2) 203-3343 
web: http: / /www.asipla.cl 

CHINA 

China Plastics Processing Industry Association 

Rm 114, NO6 East ChangAn Ave. 
100740, Beijing, China 
tel: +86 (10) 651-22056 
fax: +86 (10) 652-25254 
e-mail: ccpia@ihw,com.cn 

Federation of Hong Kong Industries 
Hankow Centre, 4th floor 
5-15 Hankow Rd., Tsim Sha Tsui, 
Kowloon, Hong Kong 
tel: +852 (2) 732 3188 
fax: f 8 5 2  (2) 721 3494 
e-mail: fhk@fhki.org.hk 
web: http: / /www.fhki.org.hk 

Hong Kong Plastics Manufacturers’ Association Ltd. 
1 /F ,  Flat B, Fo Yuen, 39-49 Wanchai Rd.  
Wanchai, Hong Kong 
tel: +852 574 2230 
fax: +852 574 2843 

Hong Kong Plastics Technology Centre Co. Ltd. 
U 509 Hong Kong Polytechnic University 
Hung Hoin Kowloon, Hong Kong 
tel: +852 2 766 5577 
fax: +852 2 766 0131 
web: http: / /www.plastics-ctr.org.hk 

(CPPIA) 

COLOMBIA 

Colombian Plastics Industry Association 
(Acoplasticos) 

Calle 69 No. 5-33 
Aptdo. Aereo 29844 
Santa Fe Bogoti, Colombia 
tel: +57 (1) 346-0655 
fax: f 5 7  (1) 249 6997 
e-mail: acoplast@cable.net.co 
web: http://www.sitio.de/acoplasticos 

COSTA RICA 

Costa Rican Association of the Plastics Industry 
Apartado 8247 
1000 San Jose 
tel/fax: (506) 55 0961 
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CYPRUS 

Cyprus Plastics Processors Association 
P.O. Box 1455 
Nicosia 1509 
tel: +357 (2) 669 500 
fax: +357 (2) 665 685 

CZECH REPUBLIC 

Confederation of Plastics Industry of the Czech 
Republic 

Mikulaqdski 7 
CZ-113 61 Praha (Prague) 1 
tel: +42 (2) 2491 5678 
fax: +42 (2) 297 896 
Czech Packaging Association 
Jecni 11 
CZ-120 00 Praha (Prague) 2 
tel/fax: +42 (2) 292 370 

DENMARK 

14, rue de La Kepublique 
Puteaux 92800 France 
tel: +33 (01) 46 53 1053 
fax: +33 (01) 46 53 1073 
web: http: / /www.spmp.proplast.org 

GERMANY 

Association for Engineering Plastics 
Am Hauptbahnhof 10 
Frankfurt/Main D-60329 
tel: +49 (69) 250 920 
fax: +49 (69) 250 919 

Association of the Plastics Processing Industry 

Am Hauptbahnhof 12 
D-60329 Frankfurt am Main 
tel: +49 (69) 271 0520 
fax: +49 (69) 232 799 
e-mail: info@gkv.de 
web: http:/ /www.gkv.de 

(GKV) 

Danish Plastics Federation (PLASTINDUSTRIEN) 
48 Norre Voldgade 
Copenhagen K DK-1358 
tel: +45 (331) 330 22 
fax: +45 (391) 108 98 
e-mail: pd@plast . dk 
web: http: / /www.plastindustrien.dk 

Association of Plastics Manufacturers 
Verband Kunststofferzeugende (VKE) 
Karlstrasse. 21 
Frankfurt D-60329 
tel: +49 (69) 255 613 03 
fax: +49 (69) 251 060 
e-mail: http: / /info@vke.de 

ECUADOR 

Ecuadorian Plastics Association (Aseplas) 
ESPOL-Campus Prosperina 
Facultad de Ingenieria Mecanica 
Edif 18B, Guayaquil 
tel: +593 (4) 269 383 
fax: +593 (4) 269 383 
e-mail: aseplas@espol.edu.ec 
web: http:/ /www.espol.edu.ec/aseplas 

FINLAND 

Finnish Plastics Industries Federation 
Etelaranta 10, 7th floor, PL 4 
Helsinki 00130 
tel: 358 (9) 17 28 41 
fax: 358 (9) 63 02 25 
web: http: / /www.chemind.fi 

FRANCE 

National Syndicate of Rubber, Plastics and 

web: http: / /www.proplast.org 

Professional Syndicate of Plastic Materials 

Associated Industries 

Producers (SPMP); Syndicat des Producteurs de 
Mati&es Plastiques (SPMP) 

web: http:/ /www.vke.de 

Institute for Design Theory and Plastic Machinery 

Schutzenbalm 70 
D-45127 Essen 
tel: +49 (201) 183-3975 
fax: +49 (201) 183-2877 

Institute for Plastics Processing (IKV) 
Pontstrasse 49 
D-52062 Aachen 
tel: +49 (241) 8038 66 
fax: +49 (241) 8888-262 

Plastics Packaging Association (IK) 
Kaiser-Friedrich-Promenade 43 
D-61348 Bad Homburg v.d.H. 
Lel: +49 6172 926 667 
fax: +49 6172 926 669 
web: http: / /www.kunststoffverpackungen.de 

Rubber and Plastics Machinery Division (VDMA) 
Lyoner Str. 18 
Frankfurt 60528 
tel: +49 (69) 660 31832 
fax: +49 (69) 660 31840 
e-mail: guk@vdma.org 
web: http: / /www.guk.vdma.org 
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Society of Independent Plastics Engineers and 

Am Hauptbahnhof 12 
Frankfurt/Main D-60329 
tel: +49 (69) 271 050 
fax: +49 (69) 232 799 

Consultants 

GREECE 

Association Hellenic Plastics Industries 
60 Michalakopoulu 
GR-611 Athens 
tel: +30 (1) 77 94 519 
fax: +30 (1) 77 94 518 
e-mail: aegis@ath.fothnet.gr 

HUNGARY 

Association of the Hungarian Plastics Industry 
Magyar Miinyagipari Szovetskg, POB. 4 
H-1406 Budapest 76 
tel/fax: +36 (1) 343-0759 
e-mail: mmsz-mcssz@mail.matav.hu 

INDIA 

All India Plastics Manufacturers’ Association 
A.52, Street No. 1 M.I.D.C., Marol, Andheri (E) 
Bombay 400 093 
tel: +91 (22) 821-7324 
fax: +91 (22) 821-6390 
e-mail: info@aipma.org 
web:http: / /www.aipma.org 

Indian Plastics Institute 
5BM Polytechnic (Plastics Dept) 
Irla Vileparle (West) 
Bombay 400 056 
Maharashtra, India 
tel: +91 (22) 616-1775 
fax: +91 (22) 610-5770 
e-mail: ipi@bom3.vsnl.net.in 
web: http: / /www.inplasin.org 

Organization of Plastics Processors of India 
Moderna House, Ground floor 
88-C, Old Prabhadevi Rd. 
Bombay 400 053 India 
tel: +91 (22) 634 6975 
e-mail: oppi@bom5.vsnl.net.in 
web: http: / /www.oppindia.org 

Plastindia Foundation 
2, Leela Apts., 355 S.V. Rd. 
Vile Parle (West), Bombay 400 056 
tel: +91 (22) 671-2500 
fax: +91 (22) 671-1906 
e-mail: info@plastindia.org 
web: http: / /www.plastindia.org 

INDONESIA 

Federasi Industri Plastik Indonesia (Fiiplasin) 
c /o  PT Mada Wikri Tunggal 
Jalan Letjen, Tebet Dalam IV No. 67 
Jakarta 12820 
tel/fax: +62 (21) 829-9790 

Iraqi Federation of Industries 
Khulani Square, P O  Box 5665 
Baghdad 
tel: 964 (1) 888 009 
fax: 964 (1) 888 2305 

IRELAND 

Plastics Industries Association 
Irish Business and Employers Confederation 
Confederation House 
84-86 Lower Baggot St. 
Dublin 2 
tel: +353 (1) 660-1011 
fax: +353 (1) 660-1717 
web: http: / /www.ibec.ie 

ISRAEL 

Institute for Advancement of Packaging and Design 
2, Carlebach St. 
Tel Aviv 61200 
tel: t 9 7 2  (3) 561-4404 
fax: +972 (3) 561-1451 
e-mail: packdeg@netvision.net.il 

Society of Israel Plastics and Rubber Industry 
c /o  Manufacturers Association of Israel 
29 Harnered St. 
PO Box 50022 
Tel Aviv 61500 
tel: +972 (3) 519-8832 
fax: +972 (3) 510-3254 
e-mail: gendiv@industry.org.il 
web:http: / /www.industry.org.il 

ITALY 

Assogomma 
Via S. Vittore 36 
Milan 20123 
tel: +39 (2) 466 020 
fax: +39 2) 435 432 

Federchimica Assoplast 
Via Accademia 33 
1-20131 Milano 
tel: +39 (2) 268 101 
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KOREA fax: +39 (2) 268 10311 
e-mail: info@plastica.it 
web: http: / /www.plastica.it 

Italian Plastics and Rubber Processing Machinery 
and Mold Manufacturers’ Association 
(Assocomplast) 

PO Box 24, Assago (MI) 20090 
tel: +39 (2) 822 8371 
fax: +39 (2) 575 1249 
e-mail: assocomaplast@assocomaplast.com 
web:http: / /www.assoconiaplast.com 

National Union of the Plastics 
Processing Industry (UnionPlast) 
Via Petitti 16 
1-20149 Milano 
tel: 39 (2) 392-10425 
fax: 39 (2) 392-66548 

JAPAN 

Association of Japan Plastics Machinery 

2-10-18 Ginza Chuo-ku 
Tokyo 104 
tel./fax: +81 (3) 3542-8575 

Japan Expanded Polystyrene Recycling 

6F Shouwaakihabara Bldg. 
2-20 Sakuma-cho, Kanda 
Chiyoda-ku Tokyo 101-0025 
tel: +81 (3) 38 61 9046 
fax: +81 (3) 38 61 0096 
e-mail: jepsra@infotera.or.jp 
web: http: / / www.jepsra.gr.jp 

Japan PET Bottle Association 
Nihonbashi Mi Bldg., 2nd Floor 
1-4-3 Nihonbashi-Horidome 
Chiyoda-ku Tokyo 
Japan 103-0021 
tel: +81 (3) 36 62 7591 
fax: +81 (3) 56 23 2885 
web: http: / /www.petbottle-rec.gr.jp 

Japan Plastics Industry Federation 
5-18-17 Roppongi 
Minato-ku, Tokyo 106 
tel: +81 (3) 3586 9761 
fax: +81 (3) 3586 9760 

Plastic Waste Management Institute (PWMI) 
Fukide Bldg., 1-13, 4 Chome 
Toranomon, Minato-ku 
Tokyo 105 
tel: +81 (3) 3437 225 
fax: +81 (3) 3437 5270 
web: http://www.pwmi.or.jp 

Manufacturers 

Association (JEPSRA) 

Korea Plastic Industry Cooperative 
146-2 Ssangnim-dong, Chung-gu 
Seoul 100-400, Korea 
tel: +82 (2) 275-7991 
fax: +82 (2) 279-6857 

Korea Plastics Industry Cooperative 
e-mail: info@koreaplastic.or.kr 
web: http: / /www.koreaplastic.or.kr 

Korea Reclaimed Plastic Industry Corp. 
94-121 Youngdungpo-dong, 
Youngdungpo-gu Seoul 150-020 Korea 
tel: +82 (2) 677-0331 
fax: +82 (2) 671-6136 

LEBANON 

General Syndicate of Plastics Materials Processors 
PO Box 11 
6635 Beirut 
tel: +961 (1) 86 06 9 
fax: +9hl (1) 2124 781 532 

MALAYSIA 

Malaysian Plastic Manufacturers Association 

37 Jalan 20/14, Paramount Garden 
46300 Petaling Jaya 
Selangor 
tel: +60 (3) 776-3027 
fax: +60 (3) 776-8352 
web: http:/ /mpma.org.my 

Malaysian Rubber Products Manufacturers’ 

1 A Jalan USJ 11 / 1J 
47620 Subang Jaya, Malaysia 
tel: 60 (3) 731-6150 
fax: 60 (3) 731-6152 
web: http:/ /www.mrprna.com 

(MPMA) 

Association 

MEXICO 

American Chamber of  Commerce 
Lucerna 78, Colonia Juarez 
Del. Cuauhtemoc 
06600 Mexico, D.F. 
tel: +52 (5) 724-3800 
fax: +52 (5) 703-3908 
e-mail: amchammex@amcham.com.nix 
web: http: / /www.amcham.com.mx 

Asociacihn Nacional de Envase y Embalaje A.C. 
(Mexican Association of Bottling and Packaging) 
Homero 538-70 1/2 
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Colonia Chapultepec Morales 
11570 Mexico D.F. 
tel: +52 (5) 531-9856 
fax: +52 (5) 546-2023 
web: http://www.cosmos.com.nix/env/4dwl.htm 

Asociacibn Nacional de Importadores y Exportadores 

(National Association of Importers and Exporters of 

Monterrey 130, 1st floor 
Colonia Roma 
06700 Mexico, D.F. 
tel: +52 (5) 584-9522 
fax: +52 (5) 584-5317 
e-mail anierm@anierm.org.nix 
web: http: / /www.anierm.org.mx 

Asociacibn Nacional de la Industria del Plistico 

(National Association of the Plastics Industry) 
Av. Parque Chapultepec 66 
Despacho-301, 3er Piso, Col. El Parque 
CP 53390 Naucalpan de Juarez 
tel: f 5 2  (5) 576-5547 
fax: +52 (5) 576-5548 
e-mail: anipac@inetcorp.net.mx 
web: http: / /www.inetcorp.net.mx/anipac 

Asociacibn Nacional de la Industria Quimica A.C. 

(National Chemistry Industry Association) 
Providencia 1 1 18 
Colonia del Valle C.P. 
03100 Mexico, D.F. 
tel: +52 (5) 230-5100 
fax: +52 (5) 230-5107 
e-mail: alorea@aniq.org.mx 
web:http: / /www.aniq.org.nix 

Asociacibn Nacional de las Industrias de Compuestos 

(National Association of the Composites and 

Mar del Norte #5 
Col. San Alvaro Azcapotzalco 
02090 Mexico, D.F. 
tel: +52 (5) 386-2303 
fax: +52 (5) 386-2155 
e-mail: acp@dfl .tel.mex.net.mx 
web: http: / /www.acp.org.mx 

Chara Regional de la Industria de la Transformacibn 

(Regional Chamber ot the Manufacturing Industries of 

Bruselas 626 
Colonia Moderna 
44190 Guadalajara, Jalisco 

de la Rephblica Melricana (ANIERM) 

Mexico) 

A.C. (Anipac) 

(ANIQ) 

Moldeables y Plisticos Reforzados A.C. (ACP) 

Reinforced Plastics Industries) 

del Estado de Jalisco (CAREINTRA) 

the State of Jalisco) 

tel: f 5 2  (3) 811-1589 
fax: +52 (3) 811-1107 
e-mail: secplast@vianet.com.mx 

Centro Nacional Para la Calidad del Plistico S.C. 
(National Plastics Quality and Standards Center) 
Blvd. Toluca 40 A 
Colonia San Andrea Atoto 
53500 Naucalpan de Juarez, Aptdo. 654 
tel: +52 (5) 358-7992 
fax: +52 (5) 358-7872 
e-mail cncpsc@dfl . tel.inex.net.nix 

Instituto Mexican0 de Ingenieros Quimicos A.C. 
(Mexican Institute of Chemical Engineers) 
Horacio 124 desp. 1301 
11570 Mexico, D.F. 
tel: +52 (5) 250-4844 
fax +52 (5) 545-5817 
e-mail imiqac@palmas.net 
web: http: / /www.imiq.com.mx 

NETHERLANDS 

Federatie Nederlandse Rubber-en 
Kunststofindustrie (NRK) 
Postbus 420, Vlietweg 16 
NL-2260 AK Leidschendam 
e-mail: kunst@xs4all.nl 
web: http:/ /www.nrk.nl 

NEW ZEALAND 

Composites Association of New Zealand Inc. 
1/7  Musick Point Rd.,  PO Box 54 160 
Bucklands Beach, Auckland 
tel/fax: +64 (9) 535-6494 

Plastics Institute of New Zealand 
P.O. Box 76-378, Level 4, 
Manukau City Centre, Auckland 
tel: +64 (9) 262-3773 
fax: f 6 4  (9) 262-3850 
e-mail: pinz@plastics.org.nz 
web: http: / /www.plastics.org.nz 

NORWAY 

Norwegian Plastics Industries Association (PIF) 
(Plastindustriforbundet-PIF) 
Stensberg gt. 27 
N-0170 Oslo 
tel: +47 (22) 96 10 0 
fax: +47 (22) 96 10 99 
e-mail: lk@pil.no 
web: http: / /www.pif.no 
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PAKISTAN 

Pakistan Plastic Manufacturers Association 
Mashrique Shopping Center F4 
St-6/A Block N014, KDA Scheme NO24 
Sir Shah Mohaniniad Sulenian Road 
Karachi, Pakistan 
tel: +92 (21) 494-2336 
fax: +92 (21) 494-4222 

PAN-EUROPEAN 

Association of Plastics Manufacturers in Europe 

Avenue E van Nieuwenhuyse 4 
Box 3 B-1160 Brussels, Belgium 
tel: +32 (2) 672 8259 
e-mail: info .apnie@apme. org 
web: http: / /www.apme.org 

EUROM VI 
General Secretariat 
F-92038 
Paris-La Defence Cedes, France 
tel: +33 147176389 
fax: +33 147176389 

European Adhesive Tapes Manufacturers 
60 Rue Auber 
Vitry Sur Seine Cedex, France 
tel: +33 (1) 49 60 57 87 
fax: f 3 3  (1) 45 21 03 50 

European Association of Flexible Polyurethane 

Square Marie-Louise, 49 
Brussels 1000, Belgium 
tel: +32 (2) 239 9742 
fax: f 3 2  (2) 238 9998 
e-mail: theosp@glo.be 
web: http: / /www,europur.com 

European Committee for Electrotechnical 

Rue de Stassatr 35 
B-1050 
Brussels, Belgium 
tel: +32 (2) 5196871 
fax: +32 (2) 5196919 
e-mail: general@cenelec.be 
web: http: / /www.cenelec.be 

European Committee for Standardization 
Rue de Stassart 36, B-1050 
Brussels, Belgium 
fax: 32 2 550 0819 
web: http:/ /www.cenorm.be 

European Committee of Machinery Manufacturers 
for Plastics and Rubber Industries (Euromap) 
c/o VDMA, FG Gummi-und Kunststoffmaschinen 

(APME) 

Foam Blocs Manufacturers (Europur) 

Standardization (CENELEC) 

Postfach 71 08 64 
Frankfurt D-60498, Germany 
tel: +49 (69) 660 318 31 
fax: +49 (69) 660 318 40 
web: http: / /www.euromap.org 

European Confederation of Medical Devices 
Association (EUCOMED) 

Rue de College St.-Michel 17 
Box 8, B-1150 
Brussels, Belgium 
tel: +32 (2) 772 2212 
fax: +32 (2) 771 3909 
e-mail: eucomed@euconied.be 
web: http: / /www.eucomed.be 

European Diagnostic Manufacturers Association 
(EDMA) 

Rue de College St.-Michel 17-23 
Box 7, B 1150 
Brussels, Belgium 
tel: +32 (2) 772 2225 
fax: +32 (2) 772 2329 
e-mail: edma@ednia-ivd.be 
web: http: / /www.edma-ivd.be 

European Group of Manufacturers of Technical 

Am Hauptbahnhof 12 
Frankfurt am Main D-60329, Germany 
tel: +49 (69) 271 0535 
fax: f 4 9  (69) 923 9836 

Plastic Parts (Plasteurotec) 

European Organization of Reinforced Plastics/ 

c /o  FECHIPLAST 
Diainant Building 
80, Boulevard Auguste Reyerslaan 
Brussels B-1030, Belgium 
tel: +32 (2) 706 7960 
fax: f 3 2  (2) 706 7966 
e-mail: gustaaf.bos@fabninetal.be 

European Plastics Converters (EuPC) 
Av. De Cortenbergh 66 
Bte 4, Brussels 1040, Belgium 
tel: +32 (2) 732 4124 
fax: +32 (2) 732 4218 
e-mail: eupc@skynet.be 
web: http: / /www.eupc.org 

Composite Materials (GPRMC) 

European Resin Manufacturers Association 
Queensway House, 2 Queensway 
Redhill Surrey RH1 lQS, UK 
tel: +44 (0) 1737 768611 
fax: +44 (0) 1737 761685 
e-mail: grhayward@erma,org.uk 
web: http: / /www.dmg.co.uk/erma 
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International Association of Medical Prosthesis 
Manufacturers (IAPM) 

Rue  de College St.-Michel 17 
Box 6, B-1150, Brussels, Belgium 
tel: +32 2 770 0564 
Sax: +32 2 770 3246 
e-mail: iapni@iapm.com 
web: http: / /www.iapm.com 

International Committee for Plastics in 

65, rue de Prony 
Paris Cedex 17 75854, France 
tel: +33 (1) 44 01 1649 
fax: +33 (1) 44 01 1655 
e-mail: cpacipa@club-internet.fr 

International Electrotechnical Commission (IEC) 
Rue de Varenibe 3 
B.P. 131, CH-1211 
Geneva 20, Switzerland 
tel: +41 (22) 9190211 
fax: f 4 1  (22) 9190300 
e-mail: info@iec. ch 
web: http: / /www.iec.ch 

International Organization for Standardization (ISO) 
Rue de Varenibe 1 
Case Postale 56, CH-1211 
Geneva 20, Switzerland 
tel: +41 22 7490111 
fax: +41 22 7333430 
e-mail: central@iso.ch 
web: http:/ /www.iso.ch 

Agriculture (CIPA) 

PAN-SOUTH AMERICAN 

Asociaci6.n Latinoamericana de la Industria 
Plistica (Aliplast) 

Jeronimo Salguero 1939 
Buenos Aires 1425, Argentina 
tel: +54 (1) 821-9603 
fax: +54 (1) 826-5480 
e-mail: caip@sminter.com.ar 

PARAGUAY 

Paraguayan Chamber of the Plastics Industry 
Herrera 564, entre Mexico y Paraguari 
Asuncih 
tel: f 5 9 5  (21) 448 03 

PERU 

National Society of Industries 
Committee of Plastics Producers 
365 Los Claveles, San Isidro 
Lima 27 
tel: +51 (14) 21 8830 
fax: +51 (14) 40 2001 

PHILIPPINES 

Philippines Plastics Industrial Association Inc. (PPIA) 
PPIA Building, 122 A. del Mundo St. West 
(Bet. 10th & 11th Ave., Grace Park) 
Caloocan City, Philippines 
tel: +63 (2) 361-1160 
fax: +63 (2) 361-1168 
e-mail: ppia@pacific.net.ph 
web: http:/ /www.ppia.org.ph 

POLAND 

Polish Plastics Converters Association 
UL Berbeckiego 6 
PL-44 100 Gliwice, Poland 
tel: 483 231 3031 
fax: 483 231 3719 
e-mail: pspts@pik-net.pl 

PORTUGAL 

Portuguese Association for the Mold Industry 

Apartado 257, Av. Victor Gallo, 21-3 Dt 
Marinha Grande Codex 2431-903 
tel: +351.244 56 7955 
Sax: t351.244 56 9359 
e-mail: cefamol@mail. telepac.pt 
web: http: / /www.ceSamol.pt 

Portuguese Association of the Plastics Industry 
Rua de D. Estefania 32-20 
Lisbon 1000-1 56 
tel: +351 (21) 315-0633 
fax: +351 (21) 374-7760 

ROMANIA 

(Cefamol) 

Aspaplast Romania 
Str. Lipscani Nr. 19 
Sector 3, Bucharest, Romania 
tel: f 4 0  (1) 312 45 11 
fax: f 4 0  (1) 312 78 22 

RUSSIA 

Advanced Materials and Technologies of Russia 

tel: (07 095) 229 79 22 
fax: (07 095) 975 20 83 
e-mail: advtech@dataforce.net 
web: http: / /www.advtech.ru 

Central Scientific Research Institute for 
Special Machine-Building (TSNIISM) 

Khotkovo, Moscow Region 141350 
tel: (095) 584-55-11 
fax: 09654 3-13-13 
e-mail: tsniismdataforce.net 
web: http:/ /www.advtech.ru/ tsniism/ tsniism.htm 

and the CIS (SAPEM) 
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American National Standards Institute (ANSI) 
11 West 42nd St. 
New York, NY 10036 
tel: (212) 642-4900 
fax: (212) 398-0023 
e-mail: ansionline@ansi.org 
web: http: / /www.ansi.org 

American Plastics Council (APC) 
1300 Wilson Blvd., Suite 800 
Arlington, VA 22209 
tel: (703) 253-0700 
fax: (703) 253-0701 
e-mail: helpline@plastics.org 
web: http: / /www.plastics.org 

APC’s Arlington based operating units: 
Alliance for the Polyurethanes Industry 
Foamed Polystyrene Alliance 
Polystyrene Packaging Council 
Spray Polyurethane Foam Alliance 
Vinyl Institute 

APC units based outside Arlington: 
Automotive Learning Center 
1800 Crooks Rd., Suite A 
Troy, MI 48084 
tel: (248) 244-8920 
fax: (248) 244-8925 
e-mail: apcauto@plastics.org 
web: http:/ /www.plastics-car.com 

Midwest Regional Office 
Galtier Plaza 
175 E. Fifth St. 
St. Paul, M N  55101 
tel: (651) 222-8628 
fax: (651) 222-6057 
e-mail: genise-smith-watkins@plastics.org 

Northeast Regional Office 
11 N. Pearl St., Suite 806 
Albany, NY 12207 
tel: (518) 432-7835 
fax: (518) 426-2276 
e-mail: steve-rosario@plastics.org 

Southern Regional Office 
2727 Paces Ferry Rd., Suite 1-1240 
Atlanta, GA 30339 
tel: (770) 801-9004 
fax: (770) 319-5544 
e-mail: rudy-undenvood@plastics.org 

Western Regional Office 
1121 L St., Suite 910 
Sacraniento, CA 95814 
tel: (916) 448-2581 
fax: (916) 442-2449 
e-mail: laurie-hansoe@plastics.org 

American Polyolefin Association Inc. 
9219 Katy Freeway, Suite 145 
Houston, TX 77024 
tel: (713) 468-4777 
fax: (713) 827-7518 
e-mail: buckplas@aol.com 
web: http: / /www.apa-polyolefin.com 

American Society for Plasticulture (ASP) 
526 Brittany Dr. 
State College, PA 16803-1420 
tel: (814) 238-7045 
fax: (814) 238-7051 
e-mail: peh4@psu. edu 
web: http: / /www.plasticulture.org 

American Society for Electroplated Plastics Inc. 
209 Elden St., Suite 202 
Herdon, VA 20170 
tel: (703) 709-1034 
fax: (703) 709-1036 
e-mail: namf@erols.com 

American Society for Testing and Materials 

100 Barr Harbor Dr. 
West Conshohocken, PA 19428-2959 
tel: (610) 832-9585 
fax: (610) 832-9555 
web: http:/ /astm.org 

American Society of Civil Engineers (ASCE) 
1801 Alexander Bell Drive 
Reston, VA 20191-4400 
tel: (703) 295-6300 
web: http://www.asce.org 

American Society of Mechanical Engineers 

Three Park Avenue 
New York, NY 10016-5990 
tel: (212) 591-7722 
fax: (212) 591-7841 
e-mail: infocentral@asme.org 
web: http: / /www.asme.org 

American Society of Metals (ASM) International 
9639 Kinsman Rd. 
Materials Park, OH 44073-0002 
tel: (440) 338-5151 
fax: (440) 338-4634 
e-mail: memserv@po.asm-intl.org 
web: http://www.asm-intl.org 

American Vacuum Society (AVS) 
120 Wall St., 32nd floor 
New York, NY 10005 
tel: (212) 248-0200 
fax: (212) 248-0245 
web: http:/ /www.vacuum.org 

(ASTM) 

(ASME) 
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Association for the Advancement of Medical 

3330 Washington Blvd., Suite 400 
Arlington, VA 22201-4598 
tel: (800) 332-2264/ (703) 525-4890 
fax: (703) 276-0793 
web: http:/ /www.aami.org 

Association of Home  Appliance Manufacturers 
Suite 402, 11 11 19th St. NW 
Washington, D.C. 20036 
tel: (202) 872-5955 
fax: (202) 872-9354 
web: http: / /www.ahani.org 

Association of Rotational Molders (ARM) 
2000 Spring Rd., Suite 511 
Oak Brook, IL 60523 
tel: (630) 571-0611 
fax: (630) 571-0616 
e-mail: rotoniolding@conipuserve.com 
web: http: / /www.rotoniolding.org 

Association of the Nonwoven Fabrics Industry 

P.O. Box 1288 
Cary, NC 27512-1288 
tel: (919) 233-1210 
fax: (919) 233-1282 
web: http: / /www.inda.org 

Berkshire Plastics Network 
100 North St., Suite 4 0 3  
Pittsfield, MA 01201 
tel: (413) 499-3367 
fax: (413) 447-7210 
e-mail: bpn@cbcc.bcwan.net 
web: http: / /www.berkshireplastics.org 

Biomedical Engineering Society (BMES) 
8401 Corporate Dr., Suite 110 
Landover, MD 20785-2224 
tel: (410) 459-1999 
fax: (410) 459-2444 
web: http: / /mecca.org/ bine / bmes / society /index. htin 

Biomedical Marketing Association (BMA) 
10293 North Meridian St., Suite 175 
Indianapolis, IN 46290 
tel: (317) 816-1640 
fax: (317) 816-1633 

California Film Extruders and Converters 

2402 Vista Nobleza 
Newport Beach, CA 92660 
tel: (949) 644-7659 
fax: (949) 640-991 1 
e-mail: nsfox@earthlink.net 
web: http: / /www.cfeca.org 

Instrumentation (AAMI) 

(INDA) 

Association 

Center of Excellence for Composites 

8401 Lake View Parkway, Suite 200 
Kenosha, WI 53142-7403 
tel: 414 947-8900 
fax: 414 947-8919 

Chemical Fabrics and Film Association Inc. 
1300 Suniner Ave. 
Cleveland, OH 41 15-2851 
tel: (216) 241-7333 
fax: (216) 241-0105 

Chemical Management and Resources Association 
See Commercial Development and Marketing 

Manufacturing Technology (CECMT) 

Association (CDMA) 

Chemical Manufacturers Association (CMA) 
1300 Wilson Blvd. 
Arlington, VA 22209 
tel: (703) 741-5800 
fax: (703) 741-6000 
web: http: / /www.crnahq.com 

Chemical Specialties Manufacturers Association 
1913 1 Str. N.W. 
Washington, DC 20006 
tel: (202) 872-81 10 

Closure Manufacturers Association (CMA) 
1627 K St., Suite 800 
Washington, DC 20006 
tel: (202) 223-9050 
fax: (202) 785-5377 

Color Pigments Manufacturers Association 
PO Box 20839 
Alexander, VA 22320 
tel: (703) 684-4044 

Commercial Development and Marketing 

1850 M Street, N W  
Suite 700 
Washington, D.C. 20036 
tel: (202) 721-4110 
fax: (202) 296-8120 
e-mail: info@cdniaonline.org 
web: http: / /www.cdmaonline.org 

Composite Can and Tube Institute 
1630 Duke St. 
Alexander, VA 2231 4 
tel: (703) 549-2233 

Composites Fabricators Association (CFA) 
1655 North Fort Myer Dr., Suite 510 
Arlington, VA 22209 
tel: (703) 525-0511 
fax: (703) 525-0743 
e-mail: cfa-info@cfa-hq. org 
web: http: / /www.cfa-hq.org 

Association (CDMA) 
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Composites Institute 
355 Lexington Ave. 
New York, NY 10017 
tel: (212) 351-5404 
fax: (212) 370-1731 
e-mail:pstabach@socplas.org 
web: http: / /www.socplas.org 

Connecticut Plastics Council 
148 Christian St. 
Oxford, CT 06478 
tel: (203) 881-3777 
fax: (203) 881-3888 

Construction Specifications Institute 
99 Canal Center Plaza 
Alexandria, VA 22314 
tel: (703) 684-0300 
fax: (703) 684-0465 
web: http: / /www.csinet.org 

Contact Lens Manufacturer Association 

4400 East West Hwy., Suite 33 
Bethesda, MD 20814 
tel: (301) 654-2229 
fax: (301) 654-1611 
e-mail: clma@mindspring.com 
web: http: / /www.clma.net 

Contract Manufacturers Association 
Las Vegas, Nevada 89109 
tel: (702) 893-9090 
e-mail: comments@outsourcel .com 
web: http: / /www.outsourcel .com 

Contract Packagers Association (CPA) 
481 Carlisle Dr. 
Herndon, VA 20170 
tel: (703) 318-8969 
fax: (703) 814-4961 

Controlled Release Society (CRS) 
1020 Milwaukee Ave., Suite 335 
Deerfield, IL 60015 
tel: (847) 808-7071 
fax: (847) 808-7073 
web: http: / /www.crsadmhdq.org 

Corrugated Polyethylene Pipe Association (CPPA) 
A Division of the Plastics Pipe Institute 
3621 Secor Rd., Suite 320 
Toledo, Ohio 43606 
tel: (800) 510-2772 
fax: (888) 329-2772 
web: http: / /www.cppa-info.org 

Drug, Chemical, and Allied Trade Association 
2 Roosevelt Ave., Suite 301 
Syosset, NY 11791 
tel: (516) 496-3317 

(CLMA) 

Edison Welding Institute (EWI) 
1250 Arthur E. Adams Dr. 
Columbus, OH 43221 
tel: (614) 688-5000 
fax: (614) 688-5001 
web: http://www.ewi.org 

Electronic Industries Alliance (EIA) 
2500 Wilson Blvd. 
Arlington, VA 22201-3834 
tel: (703) 907-7500 
fax: (703) 907-7501 
web: http:/ /www.eia.org 

Electrostatic Discharge Assoc. (EDA) 
7900 Turin Rd., Bldg. 3, Suite 2 
Rome, NY 13440-2069 
tel: (315) 339-6937 
fax: (315) 339-6793 
e-mail: eosesd@aol.com 
web: http: / /www.esda.org 

Environmental Industry Associations (EIA) 
4301 Connecticut Ave., Suite 300 
Washington, DC 20008 
tel: (202) 244-4700 
fax: (202) 966-4818 
e-mail: info@envasns.org 
web: http : / / www .envasns. org 

Ethylene Oxide Sterilization Assoc. (EOSA) 
1815 H St., Suite 500 
Washington, D C  20006 
tel: (202) 296-6300 
fax: (202) 775-5929 
web: http: / /www.eosa.org 

Expanded Polystyrene (EPS) Molders Association 
2128 Espey Court, Suite 4 
Crofton, MD 21114 
tel: (410) 451-8341 
fax: (410) 451-8343 
web: http: / / www. epsmolders. org 

Factory Mutual Research Corp. 
11 5 1 Boston-Providence Turnpike 
Norwood, MA 02062 
tel: (781) 762-4300 
fax: (781) 762-9375 

Fire Retardant Chemicals Association 
851 New Holland Ave. 
Box 3535 
Lancaster, PA 17604 
tel: (717) 291-5616 
fax: (717) 295-9637 

Flexible Packaging Association (F PA) 
1090 Vermont Ave. NW, Suite 500 
Washington, D C  20005 
tel: (202) 842-3880 
fax: (202) 842-3841 
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e-mail: fpa@flexpack.org 
web: http: / /www.flexpack.org 

Foodservice and Packaging Institute (FPI) 
1550 Wilson Blvd., Suite 701 
Arlington, VA 22209 
tel: (703) 527-7505 
fax: (703) 527-7512 
e-mail: fpi@fpi.org 
web: http: / /www.fpi.org 

Grocery Manufacturers of America Inc. 
1010 Wisconsin Ave. NW, Suite 900 
Washington, DC 20007 
tel: (202) 337-9400 
fax: (202) 337-4508 
e-mail: info@gmabrands.com 
web: http: / /wwwgmabrands.com 

Hazardous Waste Management Association 
4302 Connecticut Ave. NW, Suite 300 
Washington, D C  20008 
tel: (202) 244-4700 
fax: (202) 966-4818 
e-mail: info@envasns. org 
web: http: / /www.envasns.org 

Healthcare Compliance Packaging Council (HCPC) 
7799 Leesburg Pike, Suite 900N 
Falls Church, VA 22043 
tel: (703) 847-6727 
fax: (703) 538-6305 
web: http: / /www.unitdose.org 

Health Care Industries Assoc. (HCIA) 
University of Buffalo 
Cary Hall, Room 139 
3435 Main St. 
Buffalo, NY 14214 
tel: (716) 829-3888 
e-mail:scvhmoyer@assu.buffalo. edc 

Industrial Designers Society of America (IDSA) 
1142 East Walker Rd. 
Great Falls, VA 22066 
web: http: / /www.idsa.org 

Industrial Fabrics Association International (IFAI) 
1801 County Rd. B.W. 
Roseville, M N  551 13-4061 
tel: (651) 222-2508/(800) 225-4324 
fax: (651) 631-9334 
e-mail: generalinfo@ifai.com 
web: http: / /www.i€ai.com 

Institute of Electrical and Electronics Engineer (IEEZ) 
445 Hoes Lane 
Piscataway, NJ 08855-1331 
tel: (732) 981-0060 
fax: (732) 981-1721 
web: http:/ /www.ieee.org 

Institute of  Environmental Sciences and 
Technology (IEST) 

940 East Northwest Hwy. 
Mt. Prospect, IL 60056 
tel: (847) 255-1561 
fax: (847) 255-1699 
e-mail: iest@iest.org 
web: http://www.iest.org 

Institute of Packaging Professionals (IoPP) 
481 Carlisle Dr. 
Herndon, VA 20170-4823 
tel: (703) 318-8970 
fax: (703) 318-4961 
e-mail: iopp@pkgmatters.Com 
web: http:/ /www.iopp.org 

Institute of  Scrap Recycling Industries (ISRI) 
1325 G St. NW, Suite 1000 
Washington, DC 20005 
tel: (202) 737-1770 
fax: (202) 626-0900 
web: http:/ /www.isri.org 

International Association of Plastics Distributors 

4707 College Blvd., Suite 105 
Leawood, KS 66211-1667 
tel: (913) 345-1005 
fax: (913) 345-1006 
e-mail: iapd@iapd.org 
web: http: / /www.iapd.org 

International Cadmium Association 
P.O. Box 924 
Great Falls, VA 22066-0924 
tel: (703) 759-7400 
fax: (703) 759-7003 
email: icdamorrow@aol.com 

International Cast Polymer Association 
8201 Greensboro Dr. Suite 300 
McLean, VA 22102 
tel: (703) 610-9034 
fax: (703) 610-9005 
e-mail: icpa@icpa-hq.com 
web: http: / /www.icpa-hq.com 

International Institute of Synthetic Rubber 

2077 South Gessner Rd., Suite 133 
Houston, TX 77063 
tel: (713) 783-7511 
e-mail: info@iisrp.com 
web: http: / /www.isrp.com 

International Isocyanate Institute 
119 Cherry Hill Rd. 
Parispanny, NJ 07054 
tel: (201) 263-7517 

(IAPD) 

Producers (IISRP) 



International Microelectronics and Packaging 
Society (IMAPS) 

1850 Centennial Park Dr., Suite 105 
Reston, VA 20191-1517 
tel: (888) 464-6277 
fax: (703) 758-1066 
e-mail: imaps@iniaps.org 
web: http: / /www.imaps.org 

International Society for Optical Engineering 

P.O. Box 10 
Bellinghani, WA 98227 
tel: (360) 676-3290 
fax: (360) 647-1445 
e-mail: spie@spie.org 
web: http:/ /www.spie.org 

International Standards Association (ISA) 
Society of Measurement and Control 
67 Alexander Dr. 
Research Triangle Park, NC 27709 
tel: (919) 549-8411 
fax: (919) 549-8288 
e-mail: info@isa.org 
web: http:/ /www.isa.org 

Kentucky Alliance of Plastics Industries 
PO Box 16728 
Louisville, KY 40256-0728 

fax: (502) 935-1890 

Malaysian Rubber Producers’ Research 
Association 

Malaysian Rubber Bureau 
Washington, DC 

Manufacturing Chemists Association (MCA) 
1852 Connecticut Ave., N.W. 
Washington, DC 20009 

Medical Device Manufacturers Association 

1900 K St. NW, Suite 300 
Washington, 1 X  20006 
tel: (202) 496-7150 
fax: (202) 496-7756 
e-mail: nid~iiain@medicaldevices.org 
web: http:/ /www.niedicaldevices.org 

Medical Marketing Association (MMA) 
74 New Montgomery, Suite 230 
San Francisco, CA 94105 
tel: (800) 551-2173 
fax: (415) 764-1023 
e-niail: info@ninianet . org 
web: http: / /www.nimanet.org 

Merrimack Valley Plastics Network (MVPN) 
200 Sutton St., Suite 210 

( S P W  

tel: (502) 935-2159 

(MDMA) 

North Andover, MA 01845 
tel: (978) 681-8705 
fax: (978) 682-1807 
e-mail: lesw@wassoc.com 

Mid-America Plastics Partners Inc. (MAPP) 
7321 Shadeland Station Way, Suite 285 
Indianapolis, IN 46256 
tel: (317) 913-2440 
fax: (317) 913-2445 
e-mail: info@mappinc.com 
web: http: / /www.mappinc.com 

NACE International 
P O  Box 218340 
Houston, TX 77218-8340 
tel: (281) 228-6200 
fax: (281) 228-6300 
e-mail: nisd@mail.nace.org 
web: http: / /www.nace.org 

National Association for Plastic Container 

2105 Water Ridge Parkway #570 
Charlotte, NC 28217 
tel: (704) 423-9400 
fax: (704) 423-9500 
email: jwindischmann@napcor.com 
web: http: / /www.napeor.com 

National Association of Home  Builders 
1201 15th St. N.W. 
Washington, DC 20005 
tel: (202) 822-0520 
fax: (202) 822-0374 
e-mail: lewood@compuserve.com 
web: http: / / www. nahb. corn 

National Association of Manufacturers (NAM) 
1331 Pennsylvania Ave. NW, Suite 600 
Washington, DC 20004-1790 
tel: (202) 637-3000 
fax: (202) 637-3182 
e-mail: nianufacturing@iiani.org 
web: http: / /www.nam.org 

National Association of Plastics Fabricators 
1 100 Standard Bldg. 
Cleveland, OH 441 13 

National Association of the Remodeling Industry 
4900 Seminary Rd., Suite 320 
Alexandria, VA 2231 1 
tel: (703) 575-1100 
fax: (703) 575-1121 
e-mail: info@nari.org 
web: http://www.nari.org 

National Beverage Packaging Association/Food 

200 Daingerfield Kd. 

Recovery (NAPCOR) 

Processing Machinery and Supplies Association 
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Alexandria, VA 2231 4-2800 
tel: (703) 684-1080 
fax: (703) 548-6563 
e-mail: info@fpnisa.org 
web: http: / /www.fpmsa.org 

National Electrical Manufacturers Association 

1300 North 17th St., Suite 1847 
Rosslyn, VA 22209 
tel: (703) 841-3200 
fax: (703) 841-3300 
e-mail: webmaster@nenia.org 
web: http: / /www.nema.org 

National Fenestration Rating Council 
c / o  D&R International 
1300 Spring St., Suite 500 
Silver Spring, ML) 20910 
tel: (301) 589-6372 
fax: (301) 588-0854 
web: http: / /www.nfrc.org 

National Fire Protection Association 
PO Box 9101 
1 Batteryniarch Park 
Quincy, MA 02269-9101 
tel: (617) 770-3000 
fax: (617) 770-0700 
e-mail: library@nfpa.org 
web: http: / /www.nfpa.org 

National Housewares Manufacturers Association 

6400 Shafer Court, Suite 650 
Rosemont, IL 60018 
tel: (847) 292-4200 
fax: (847) 292-4211 
e-mail: info@nhma.com 
web: http:/ /www.housewares.org 

National Institute of Building Sciences (NIBS) 
1090 Vermont Ave. NW, Suite 700 
Washington, DC 20005-4905 
tel: (202) 289-7800 
fax: (202) 289-1092 
e-niail: nibs@nibs.org 
web: http:/ /www.nibs.org 

National Paint and Coatings Association 
1500 Rhode Island Ave., N.W. 
Washington, D C  20005 
tel: (202) 462-6272 
fax: (202) 462-8549 
e-mail: npcaapaint . org 
web: http:/ /www.paint.org 

National Plastics Center and Museum 
210 Lancaster Street, Route 117 
PO Box 639 
Leominster, MA 01453 

(NEMA) 

(NHMA) 

tel: (978) 537-9529 
fax: (978) 537-3220 
e-mail: vwilcox@poIyniers.com 
web: http: / /www.polymers.com/npciii/ 

National Recycling Coalition 
1727 King St., Suite 105 
Alexandria, VA 22314-2070 
tel: (703) 683-9025 
fax: (703) 683-9026 
web: http: / /www.nrc-recycling.org 

National Soft Drink Association (NSDA) 
1101 16th St. N W  
Washington, D C  20036-4877 
tel: (202) 463-6732 
fax: (202) 463-8277 
e-mail: nicavanagh@nsda.coiii 
web: http: / /www.nsda.org 

National Solid Wastes Management Association 

4301 Connecticut Ave. NW, Suite 300 
Washington, D C  20008 
tel: (202) 244-4700 
fax: (202) 966-4841 
e-mail: info@envasns.org 
web: http: www.envasns.org 

National Tooling and Machining Association 
9300 Livingston Rd. 
Fort Washington, MD 20744-4998 
tel: (301) 248-6200 
fax: (301) 248-7104 
web: http://www.ntma.org 

North American Insulation Manufacturers 

44 Canal Center Plaza, Suite 310 
Alexandria, VA 223 14 
tel: (703) 684-0084 
fax: (703) 684-0427 
e-mail: insulation@naima.org 
web: http: / /www.nainia.org 

NSF International 
PO Box 130140 
Ann Arbor, MI 481 13-01 40 
tel: (734) 769-8010 
fax: (734) 769-0109 
e-mail: info@nsf.org 
web: http: / /www.nsf.org 

Packaging Machinery Manufacturers Institute 

4350 North Fairfax Dr., Suite 600 
Arlington, VA 20003 
tel: (703) 243-8555 
fax: (703) 243-8556 
e-mail: pmini@pmmi. org 
web: http: / /www.packexpo.com 

(NSWMA) 

Association 

(PMMI) 
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Plastic Bag Federation/ SPI 
355 Lexington Ave., 17th floor 
New York, N Y  10017 
tel (212) 661-4261 
fax: (212) 370-9047 
e-mail: phainfo@aol.com 
web: http: / /www.plasticbag.com 

Plastic Loose-Fill Council 
P.O. Box 21040 
Oakland, CA 94620 
tel: (800) 828-2214 
fax: (510) 654-0196 
web: http: / / www.loosefillpackaging.com 

Plastic Lumber Trade Association 
PO Box 8031 I 
Akron, OH 44308-9998 
tel: (330) 762-1963 
fax: (330) 762-1963 

Plastic Pipe and Fittings Association 
800 Roosevelt Rd. 
Building C,  Suite 20 
Glen Ellyn, IL 60137 
tel: (630) 858-6540 
fax: (630) 790-3095 

Plastics and Composites Group 
P.O. Box 248 
Piscataway, NJ 08855-0248 
tel: (732) 672-1131 
fax: (732) 445-0777 

Plastic Shipping Container Institute 
1920 North St N W  
Washington, DC 20036 
tel: (202) 973-2709 
fax: (202) 331-8330 

Plastics Institute of America Inc. (PIA) 
Plastics Institute of America 
@University of Massachusetts-Lowell 
333 Aiken St. 
Lowell, MA 01854 
tel: (978) 934-3130 
fax: (978) 459-9420 
e-mail: pia@cae.uml.edu 
web: http: / /www.eng.unil.edu/ -pia 

Plastics Molders & Manufacturer’s Assoc. (PMMA) 

1 SME Dr., PO Box 930 
Dearborn, MI 48121-0930 
tel: (313) 271-1500 
fax: (313) 271-2861 
e-mail: skomche@sme. org 
web: http://www.snie.org/pmma 

Plastics Pioneers Association 
19 Freedom Court 

of SME 

Greer, SC 29650 
tel: (864) 879-7279 
fax: (864) 879-7309 

Plastics Processors Association of Ohio 
4040 Embassy Parkway, Suite 180 
Akron, OH 44333 
tel: (330) 665-4891 
fax: (330) 665-5152 
e-mail: kkeiper@ppaohio.org 
web: http: / /www.ppaohio.org 

Polyisocyanurate Insulation Manufacturers 
Association (PIMA) 

1331 F Street, NW, Suite 975 
Washington, DC 20004 
tel: (202) 628-6558 
fax: (202) 628-3856 
e-mail: pima@pima.org 
web: http: / /www.pima.org 

Polymer Processing Institute 
Suite 3901, Guttenburg Information Technologies 

New Jersey Institute of Technology 
University Heights 
Newark, NJ 07102-1982 
tel: (973) 596-5896 
fax: (973) 642-4594 
e-mail: info@polyniers-ppi.org 
web: http: / / www.polymers-ppi.org 

Polyurethane Foam Association 
PO Box 1459 
Wayne, NJ 07474-1459 
tel: (973) 633-9044 
fax: (973) 628-8986 
web: http: / /www.p€a.org 

Polyurethane Manufacturers Association (PMA) 
800 Roosevelt Rd. 
Building C ,  Suite 20 
Glen Ellyn, IL 60137-5833 
tel: (630) 858-2670 
fax: (630) 790-3095 
e-mail: info@pniahome.org 
web: http: / /www.pmahome.org 

Regulatory Mairs  Professionals Society (RAPS) 
12300 Twinbrook Pkwy., Suite 350 
Rockville, MD 20852 
tel: (301) 770-2920 
fax: (301) 770-2924 
e-mail: raps@raps.org 
web: http: / /www.raps.org/start.html 

Retail Packaging Manufacturers’ Association (RPMA) 
PO Box 17656 
Covington, KY 41017-0656 
tel: (606) 341-9623 
fax: (606) 341-9624 

Center 
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Polyolefins Fire Performance Council 
179 Peaceable St. 
Ridgefield, C T  06877 
tel: (203) 438-1754 
fax: (203) 431-4375 

Southern Regional Office 
Nationsbank Bldg., Suite 606 
7 N Laurens St. 
Greenville, SC 29601 
tel: (864) 239-2939 
fax: (864) 239-0549 
e-mail: rsturgis@socplas. org 
web: http: / /www.spisouth.org 

Western Regional Office 
215 Michelan Dr., Suite 24c 
Irving, CA 92612 
tel: (949) 261-6979 
fax: (949) 261-6959 
e-mail: cap.clmp@souplas.org 
web: http: / /www.spiwest.org 

Solid Waste Association of North America 
(S WANA) 
1100 Wayne Ave., Suite 700 
Silver Spring, MD 20910 
tel: (301) 585-2898/(800) 467-9262 
fax: (301) 589-7068 
web: http:/ /www.swana.org 

Structural Insulated Panel Association (SIPA) 
3413A 56th St. N.W. 
Big Harbor, WA 98335 
tel: (253) 858-7472 
fax: (253) 858-0272 
e-mail: staff@sips.org 
web: http:/ /www.sips.org 

Suppliers of Advanced Composite Materials 
Association (SACMA) 
1600 Wilson Blvd., Suite 901 
Arlington, VA 22209 
tel: (703) 841-1556 
fax: (703) 841-1559 
e-mail: wwerst@sacma.org 
web: http: / /sacma.org 

Synthetic Organic Chemical Manufacturers 
Association 
1850 M St., NW, Suite 700 
Washington, DC 20036 
tel: (202) 721-4100 
web: http: / /www.socma.org 

Ultrasonic Industry Association (UIA) 
1250 Arthur E. Adams Dr. 
Colunibus, OH 43221 
tel: (614) 688-5111 
fax: (614) 688-5001 

e-mail: uia@ultrasonics.org 
web: http: / / www.ultrasonics.org 

Underwriters Laboratories (UL) 
333 Pfiiigsten Kd. 
Northbrook, IL 60062 
tel: (847) 272-8800 
fax: (847) 272-8129 
web: http: / /www.ul.com 

U.S. ASEAN Council 
1400 L St. NW, Suite 375 
Washington, DC 20005 
tel: (202) 289-1911 
fax: (202) 289-0519 

URUGUAY 

Uruguayan Association of Plastics Industries 
Av. General Rondeau 1665 
11 100 Montevideo 
tel: +598 (2) 923 405 
fax: +598 (2) 922 567 

VENEZUELA 

Venezuelan Plastics industry Association (Avipla) 
Edifo. Multicentro Macaracuay, 7th floor 
Ave. Principal de Macaracuay 
Carasas 
tel: 58 (2) 256-3345 
fax: 58 (2) 256 2867 
web: http: / /www.avipla.com 

Venezuelan Bureau of Small and Medium 
Plastic, Rubber and Related Industries 
Ave. Principal de la Cooperativa, 
Qta .  Maria Elisa, Detras de Malariologia 
Maracay 2101, Estado Araguay 
tel: .58 43-41 542 
fax: .58 43-41 70 63 

VIETNAM 

Vietnam Plastics Manufacturers Association 

92-94 Ly tu Trong St., District 1 
Ho Chi Minh City 
tel: 84 (8) 822 9022 
fax: 84 (8) 822 9266 
e-mail: vpnia@vol.vnn.vn 

(VPMA) 

YUGOSLAVIA 

Plastic Industry Business Association (Juplas) 
Sv. Save 1-Hotel “Slavija” 
YU-11000 Belgrade 
tel/fax: 381 11 444 6144 
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WORLDWIDE PLASTICS 
INDUSTRY EVENTS 

January 

Injection Molding Management Conference Spon- 
sored by Injection Moldin2 Maxazine. Contact (303) 321- 
2322 or fax (303) 321-3552. 

Sponsored by 
Automotive News. Contact (313) 446-1620 or fax 
(313) 446-8030. 

Sponsored by the Na- 
tional Association of Home Builders. Contact (202) 
861-0520 or fax (202) 822-0374. 

Sponsored by 
the SPI Composites Institute. Contact (21 2) 351 -5404 
or fax (212) 370-1731. 

Sponsored by the 
National Housewares Manufacturers Association. Con- 
tact (847) 292-4200 or fax (847) 292-4211. 

Medical Design and Manufacturing West Confer- 
ence and Exhibition and Pacific Design Engi- 
neering Show Sponsored by Canon Cominuuica- 
tions LLC. Contact (310) 996-9421 or fax (310) 
996-9429. 

Organized by the 
SPI Midwest Kegonal Office. Contact (773) 380-0808 
or fax (773) 380-0008. 

Spon- 
sored by the Detroit Auto Dealers Association. Contact 
(248) 643-0250 or fax (248) 643-8788. 

Nova-Pack Americas (International conference on 
rigid polyester packagmg innovations for food and bev- 
erages) Sponsored by Schotland Business Research 
Inc. Contact (609) 466-9191, fax (609) 466-8833, or 
e-mail robin@schotland.com. 

Sponsored by Advanstar Expo- 
sitions. Contact (216) 891-2637, fax (216) 862-2801, 
or e-mail rnotionexpo@advanstar-expos.coni. 

Automotive News World Congress 

International Builders Show 

International Composites Expo (ICE) 

International Housewares Show 

Minnesota Plastics Industry Day 

North American International Auto Show 

Western Plastics Expo 

February 

Society of Automotive Engineer International Con- 
gress and Exposition Sponsored by the Society of 
Automotive Engneers. Contact (412) 772-7131, fax 
(412) 776-0002, or e-mail meetings@sae.org. 

Society of the Plastics Industry Molders and Mold- 
makers Annual Conference Contact (202) 974- 
5247 or fax (202) 974-7005. 

March 

American Chemical Society National Meeting 
Contact (202) 872-4396 or fax (202) 872-6128. 

Applied Plastics Technology and Design Confer- 
ence Sponsored by the SPI Structural Plastics Divi- 
sion. Contact (202) 974-5200 or fax (202) 296-7005. 

ASEANplas Contact Diisseldorf Trade Shows at (212) 
356-0400 or fax (212) 356-0404. 

Association of Rotational Molders Spring Meet- 
ing Contact (630) 571-0611 or fax (630) 571-0616. 

Corrosion Sponsored by Nace International. Contact 
(281) 228-6223 or fax (281) 492-8254. 

Fire Retardant Chemicals Association Meet- 
ing Contact (717) 291-5616 or fdx (717) 295-4538. 

Flexible Packaging Association Annual Meet- 
ing Contact (202) 842-3880 or fax (202) 842-3841. 

GLOBEC’98 (chemical, petrochemical, and plastics in- 
dustry production and products) Sponsored by Maack 
Business Services. Contact +41 (1) 781 30 40 or fax 
+41 (1) 781 15 69. 

Midwest Recycling Investment Forum Organized 
by Kirkworks and the Nebraska Department of Eco- 
nomic Development. Contact KirkWorks at (919) 220- 
8065, fax (919) 220-9720 or e-mail david@ 
kirkworks.com. 

Molding: Emerging Technologies in Injection Mold- 
ing Sponsored by Executive Conference Manage- 
ment. Contact (313) 420-0507 or fax (313) 420-2280. 

National Design Engineering Show and Confer- 
ence Organized by Reed Exhibition Co. Contact 
(203) 840-5856 or fax (203) 840-9856. 

Sponsored by Reed Exhibition Ch. 
Contact (203) 840-5358, fax (203) 840-9856, or e-niail 
inquiry@nepcon.reedexpo .coni. 

North American Material Handling Show and Fo- 
rum Sponsored by the Material Handling Industry of 
America. Contact (704) 676-1 190 or fax (704) 676-1 199. 

Pakex Sponsored by Reed Exhibition Cos. Contact 
(203) 840-5393 or fax (203) 840-9570. 

Polyurethane Manufacturers Association Spring 
Meeting Contact (630) 858-2670 or fax (630) 790- 
3095. 

SAE International Conference & Exposition Spon- 
sored by the Society of Manufacturing Engineers. Coii- 
tact (724) 772-7131 or fax (724) 776-0006. 

Society of the Plastics Industry Plastic Drum Insti- 
tute Spring Conference Contact (202) 974-5243 or 
fax (202) 296-7005. 

Society of the Plastics Industry Structural Plas- 
tics Contact (202) 974-5309 or fax (202) 974-7005. 

Society of the Plastics Industry Thermoforming In- 
stitute Winter Meeting Contact SPI West at (714) 
261-6979, fax (714) 261-6959, or e-mail westreg@ 
socplas. org. 

NEPCON West 



646 Concise Encyclopedia of Plastic 

Society of the Plastics Industry Vinyl Siding Insti- 
tute Members Only Spring Meeting Contact 
(202) 974-6326 or fax (202) 974-7005. 

Southeast Recycling Conference and Trade Show 
Contact (334) 277-7050 or fax (334) 277-7080. 

April 

Argenplis Organized by the Argentine Chamber of the 
Plastics Industry. Contact +54 (1) 374-1320, fax +54 
(1) 826-5480 or e-mail banpaku@ibm.net. 

Automotive News Southeast Conference Contact 
Tommie Himes at the University of Tennessee at  (615) 
327-2487 or fax (615) 327-0118. 

Sponsored by Packaging Strate- 
gies. Contact (610) 436-4220, fax (610) 436-6277 ore- 
mail meetings@packstrat.com. 

The Plastics Show Sponsored by Traverse Lerew 
Group Inc. / ISOA International Inc. Contact (440) 
878-1282, fax (440) 878, 1284, or e-mail information 
@plashow.com. 

Organized by Industrial Promotions Interna- 
tional and Crain Communications. Contact Jennifer 
Poda at (330) 865-6109 or fax (330) 836-1005. 

Society of Plastics Engineers Annual Technical 
Conference (ANTEC) Contact (203) 775-0471 or 
fax (203) 775-8490. 

Society of the Plastics Industry Foamed Polystyrene 
Alliance Annual Conference Contact (202) 974- 
5227 or fax (202) 296-7005. 

Society of the Plastics Industry Machinery and 
Moldmakers Division Spring Conference Con- 
tact (202) 974-5231 or fax (202) 296-7005. 

Society of the Plastics Industry Midwest: Ohio Plas- 
tics Summit Contact (773) 380-0808 or fax (773) 
380-0008. 

World Petrochemical Review Organized by De- 
witt & Co. Contact (281) 774-7200 or fax (281) 774- 
7210. 

Packaging Strategies 

PU China 

Automotive and Transportation Interiors Expo 
Produced by Shore-Varrone Inc. Contact (404) 252- 
8831 or fax (404) 252-4436. 

Chinaplas Sponsored by Euromap. Contact +49 (69) 
6603-1831 or fax +49 (69) 6603-1840. 

International Society for the Advancement of Mate- 
rial and Process Engineering Symposium and Ex- 
hibition (SAMPE) Contact (800) 562-7360, ext. 
610, fax (626) 332-8929 or e-mail sampeibo@aol.com. 

Plast-Ex Sponsored by the Canadian Plastics Industry 
Association. Contact (416) 323-1883 or fax (416) 323- 
9404. 

Society of Manufacturing Engineers Rapid Proto- 
typing and Manufacturing Conference and Expo- 
sition Contact (313) 271-1500, ext. 629, or fax (313) 
271 -2861. 

Society of the Plastics Industry Sheet Producers Di- 
vision Meeting Contact (202) 974-5234 or fax (202) 
296-7005. 

Society of the Plastics Industry Vinyl Institute An- 
nual Meeting Contact (201) 898-6699 or fax (201) 
898-6633. 

Society of the Plastics Industry Western Section 
Conference Contact (714) 261-6979 or fax (714) 
261-6959. 

June 

Color Pigments Manufacturers Association Inc. An- 
nual Meeting Contact (703) 684-4044 or fax (703) 
684- 1795. 

ELECTRO/NEPCON East (electronics design, pro- 
duction, and packaging) Sponsored by Reed Exhibi- 
tion Cos. and the Electronics Industries Forum of New 
England. Contact Reed at (203) 840-5358, fax (203) 
840-9856, or e-mail inquiry@nepcon.reedexyo.com. 

Engineering Thermoplastics Sponsored by M o d e m  
Plastics and Maack Business Services. Contact Maack at 
+41 (1) 781-3040 or fax +41 (1) 781-1569. 

Flexpo sponsored by Chemical Market Resources Inc. 
Contact (281) 333-3313, fax (281) 333-3361. 

Latinpack Sponsored by Acoplasticos. Contact 
Latinpack Inc. at tel./fax (847) 577-2435 or e-mail 
latinpack98@latininail.com. 

Organized by the 
Catalyst Group. Contact (215) 628-4447 or fax (215) 
628-2267. 

Chicago. Held 
every three years. Contact SPI (202) 974-5200. 

Sponsored by Advanstar Ex- 
positions. Contact (216) 891-2637, fax (216) 826-2801, 
or e-mail motionexpo@advanstar-expos.com. 

Sponsored by Knowledge 
Industry Publications. Contact (800) 800-5474 or fax 
(914) 328-2020. 

Society of the Plastics Industry Midwest Confer- 
ence Contact (773) 380-0808 or fax (773) 380-0008. 

TechMed (manufacturing processes in medical tech- 
nology) Organized by P.E. Schall GmbH. Contact 
+49 (70) 25-9206 0, fax +49 (70) 25-9206 20, or e- 
mail techmed@schall-messen. de. 

MetCon Polymers in Transition 

NPE, National Plastics Exposition 

Plastics Fair-Cleveland 

Replitech North America 

Plastics Asia Organized by Business and Industrial 
Trade Fairs Ltd. Contact +852 2865 2633 or fax +852 
2866 1770. 
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August 

Auto Tech Sponsored by the Automotive Industry Ac- 
tion Group. Contact (248) 358-3570 or fax (248) 358- 
3253. 

(computer-aided design in composite nia- 
terial technology) Organized by Wessex Institute of 
Technology. Contact +44 (1703) 29 32 23, fax +44 
(1703) 29 28 53, or e-mail wit@wessex.ac.uk. 

Compounding Sponsored by Executive Conference 
Management Inc. Contact (313) 420-0507 or fax (313) 
420-2280. 

University of  Michigan Management Briefing 
Sponsored by the University of Michigan Office for the 
Study of Automotive Transportation. Contact (313) 
647-9096 or fax (313) 764-5592. 

CADCOMP 

September 

Autofact Conference and Exposition Contact the 
Society of Manufacturing Engineers at  (31 3) 271-1500 
or fax (313) 271-2861. 

CMM Europe (converting machinery and niateri- 
als) Organized by Miller Freeman Group USA. Con- 
tact (212) 615-2200 or fax (212) 643-5604. 

Organized by Labelex USA Inc. Con- 
tact Stephen Krogulski at  (847) 318-1500, fax (847) 
31 8-1 506, or e-mail labelexusa@labelresource.com. 

Orga- 
nized by members of the Montgomery Network. Con- 
tact Francois Gros, IMEX Management Inc. at (704) 
365-0041 or fax (704) 365-8426. 

Pacprocess Drink-technology ASEAN. Organized 
by Dusseldorf Trade Fair Co. and Munich Trade Fair 
Co. Contact (212) 356-0400 or fax (212) 356-0404. 

Mexico City. Contact CPREX at +52 
(5) 785-7553, fax +52 (5) 785-7638, or e-mail inform 
@cprex.com.nuc. 

Sponsored by Advanstar 
Expositions. Contact (216) 891-2637, fax (216) 826- 
2801, or e-mail niotionexpo@advanstar-expos. corn. 

Society of Plastics Engineers Thermoforming Divi- 
sion Conference and Exhibition Sponsored by the 
Society of Plastics Engineers. Contact SPE (203) 775- 
0471. 

Society of  the Plastics Industry Polyurethane Expo 
Contact (212) 351-5425 or fax (212) 697-0409. 

Wisconsin Plastics and Manufacturing Expo Or- 
ganized by Expo Productions Inc. Contact (414) 367- 
5500 or fax (414) 367-9956. 

Labelexpo USA 

Packaging and Food Processing Indonesia 

Plastimagen 

Plastics Fair-Atlantic City 

October 

Automotive Recyclers Association Convention and 
Exposition Contact (703) 385-1001 or fax (703) 
385-1494. 

Fire Retardant Chemicals Association meet- 
ing Contact (717) 291-5616 or fax (717) 295-4538. 

International Bottled Water Association Conven- 
tion and Trade Show 

Kunstsoffe Sponsored by Dusseldorf Trade Shows. 
Contact (212) 356-0400 or fax (212) 356-0404. 

Plastics USA Sponsored by SPI. Contact (202) 974- 
5235, fax (202) 296-7243 or e-mail tradeshows@ 
socplas. org. 

Polypropylene Sponsored by Maack Business Services. 
Contact +41 (1) 781 30 40 or fax +41 (1) 781 15 69. 

Polyurethane Foam Association Meeting Contact 
SPE (202) 974-5200. 

Polyurethane Manufacturers Association Fall Meet- 
ing Contact (630) 858-2670 or fax (630) 790-3095. 

Society ofthe Plastics Industry Epoxy Resin Formu- 
lators Division Meeting Contact (202) 974-5234 or 
fax (202) 296-7005. 

TPOs in Automotive Sponsored by Executive Con- 
ference Management. Contact (313) 420-0507 or fax 
(313) 420-2280. 

Contact (703) 683-5213. 

November 

Pack Expo Sponsored by the Packaging Machinery 
Manufacturers Institute. Contact (703) 243-8555, fax 
(703) 243-8556, or e-mail bkilduff@pmnii.noli.com. 

The Plastics Show Sponsored by Traverse Lerew 
Group Inc. /ISOA International Inc. Contact (440) 
878-1282, fax (440) 878-1284 or e-mail information 
@plashow.com. 

Society of  the Plastics Industry Southern Confer- 
ence Contact (864) 213-2414 or fax (864) 288-7937. 

Wilson Forum-East, (column wrapping) Orga- 
nized by Wilson Composlte Group Inc. Contact 
(916) 989-4812, fax (916) 989-1714 or e-mail 
norma-anders / wcgi/ us@wcgi.com. 

December 

Total Life Cycle Conference and Exposition Con- 
tact SAE International at (412) 772-7131, fax (412) 776- 
1830, or e-mail gadzia@sae.org. 

Association of Rotational Molders Fall Meet- 
Contact (630) 571-0611 or fax (630) 571-0616. ing 



Appendix E 

U.S. GOVERNMENT 
PUBLICATIONS AND GROUPS 

Bureau of the Census (www.census.gov) 
Annual Survey of Mannfactnrers 
Census (?f Manufacturers 
Fore@ Trade Reports 
Chide j i r  Foreign Trade Statistics 

Bureau of Labor Statistics (BLS) 
Producer Price Indexes 
Wholesale Price Index 

Department of Commerce (www.doc.gov) 
Office of Microelectronics, Medical Equipment, and 111- 

strunientation (OMMI), International Trade Adniinis- 
tration (ITA) 

(www.bls.gov) 

Statistical Abstracts of the United Stutes 
US. Government Publications (5285 Port Royal Rd., 

U. S.  Industrial Outlook 

Environmental Protection Agency (EPA) (www. 

Springfield, VA 22161) 

epagov) 

Export-Import Bank of the United States (www. 
exini. gov) 

Federal Trade Commission (FTC) (www.ftc.gov) 

Federal Web Locator (provides links to federal agen- 
cies) (www.infoctr.edu/fwll) 

Food and Drug Administration (FDA) 
Division of Small Manufacturers Assistance, Center for 

Devices and Radiological Health (1350 Piccard Dr., 
HFZ 220, Rockville, MU 20850, tel 800-638-2041) 

(www.fda.gov) 

Health Care Financing Administration (HCFA) (www. 
h& . gov) 

Library of Congress (LOC) (101 Independence Ave. 
SE, Washington, DC 20540, tel 202-707-5000) 
(www.loc.gov) 

National Institute of Standards and Technology 
(NIST) (Polymer Rldg., Room A-903, Gaithersburg, 
MD 20899, tel 301 -975-NIST, fax 301-926-1630) 
(www.nist.gov) 

Directory of Plastics: Knowlcdqeahle Govrrrnnent Personnel 

Naval Publications and Forms Center (5801 Tabor 
Rd., Philadelphia, PA 19120) (www.asrl.com/refe. 
htin) 

Nuclear Regulatory Commission (NRC) (www. 
nrc.gov) 

Occupational Safety and Health Administration 

Occupational Safety and Health Review Commission 

Office of Management and Budget (OMB) 

Standard Industrial Class{ficution hfarzual 
Statistical Services o f  the U.  S .  Government 

Plastics Technical Evaluation Center (PLASTEC) 

(OSHA) (www.osha.gov) 

(www. 
whtehouse gov / omB) 

(Pi- 
catinny Arsenal, Dover, NJ 07801) (www.pica.anny.nlil) 

Small Business Administration (SBA) (wwwsba. 
go4 



Appendix F 

TRADE MAGAZINES AND PUBLICATIONS 
T h e  industry has worldwide trade magazines and publications that provide useful information to  industry personnel. 
T h e  following listing provides examples of what is available. 

Advanced Materials and Processes 
ASM International 
9639 Kinsman Rd. 
Materials Park, OH 44073-0002 
tel: (440) 338-5151/(800) 336-5152 

British Plastics and Rubber 
MCM Publishing Ltd. 
37 Nelson Road 
Caterham, Surrey C R 3  5PP, UK 
tel: +44 (0) 1883 37059 

Canadian Plastics 
1450 Don Mills R d  
Don Mills, Ont. 
Canada M3B 2x7 
tel: (416) 445-6641 

Chemical and Engineering News 
733 Third Ave. 
New York, NY 10017 
tel: (212) 872-4600 

Chemical Engineering 
Two Penn Plaza, 5th Flr. 
New York, NY 10121-2298 
tel: (212) 904-2000 

Chemical Market Reporter 
Schnell Publishing Co., Inc. 
Two Recter Street 
New York, NY 10006 
tel: (212) 791-4267 

Chemical Week 
888 Seventh Ave., 26th floor 
New York, NY 10106 
tel: (212) 621-4900 

Composites Fabrication Magazine 
1855 N Fort Myer Drive, Suite 510 
Arlington, VA 22209 
tel: (703) 525-0511 

Design News 
275 Washington St. 
Newton, MA 02158 
tel: (617) 558-4660 

European Chemical News 
Quadrant House, The Quadrant 
Sutton, Surrey, SM2 5AS, UK 
tel: +44 (0) 181 652 3153 

European Plastics News 
Emap Maclaren Ltd. 
233 High Street 
Croydon, CRO 9XT UK 
tel: +44 (0) 181 277 5000 

Other publications: 
Asian Plastics News 
Plastics and Rubber Weekly 
Materials Recycling Week 

European Polymer Journal 
Elsevier Science 
P.O. Box 211, 1000 AE Amsterdam 
The Netherlands 
tel: + 3 1-20-4853757 

Other publications: 
(212) 633-3730 (U.S./NYC) 

Additives for Polymers 
Journal of Materials Processing Technology 
Reinforced Plastics 

Injection Molding Magazine 
59 Madison Ave., Suite 770 
Denver, C O  80206 
tel: (303) 321-2322 

Inside Line/Electronics OEM, The 
333 Washington Ave. N.,  Suite 343 
Minneapolis, M N  55401 
tel: (612) 373-7080 

International Polymer Science and Technology 
RAPRA Technology Ltd. 
Shawbury, Shrewsbury 
Shropshire SY4 4NR UK 
tel: +44 (0) 1939 250 383 
Other publications: 

Focus on Plastics Additives 
Plastics News Japan 
Progress in Rubber and Plastics Technology 

Journal of Commerce 
Two World Trade Center, 27th Flr. 
New York, NY 10048 
tel: (212) 837-7177 

Kunststoffe 
Carl Hanser Verlag 
Kolbergerstrasse 22 
D-81679 Munich, Germany 
tel: 089-99830 621 
Other publications: 

International Polymer Processing 
PE Plast Europe 

Machine Design 
Penton Media Inc. 
1100 Superior Ave 
Cleveland, O H  44114 
tel: (216) 696-7000 

Mechanics of Time-Dependent Materials 
Kluwer Academic Publishers 
101 Philip Drive, Assinippi Park 
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Norwell, MA 02061 
tel: (781) 871-6600 
Other publications: 

Journal of Materials Science 
Applied Comporite Materials 
Advanced Performance & Materials 

Medical Device and Diagnostic Industry 
11444 W. Olympic Blvd., Suite 900 
Los Angeles, CA 90064 
tel: (310) 445-4200 

Modern Plastics and Modern Plastics International 
Two  Penn Plaza 
New York, NY 10121 
tel: (212) 904-6942 

Molding Systems 
Society of Manufacturing Engineers (SME) 
One SME Drive, P O  Box 930 
Dearborn, MI 48121 

Other publications: 
tel: (313) 271-1500/(800) 733-4763 

Plastic l’arts Production & Design 

Moldmaking Technology 
650B East Butler Ave. 
New Britain, PA 18901 
tel: (215) 230-9556 

Motion Control Magazine 
67 Alexander Ilr. 
Research Triangle Park, N C  27709 
tel: (919) 549-8411 

Packaging Digest 
1350 E. Touhy Ave. 
Des Plaines, 1L 60017 
tel: (847) 390-2293 

Packaging World Magazine 
Summit Publishing Company 
One IBM Plaza, Suite 2401 
330 N .  Wabach Avenue 
Chicago, 1L 6061 1 
tel: (312) 222-1010 

Paper, Film and Foil Convertcr 
Intertech Publishing Corp. 
P.O. Uox 12978 
Overland Park, KS 66282-2978 
tel: (312) 609-4286 

Plastics and Rubber Asia 
SRC Communications Group Ltd. 
tel: +44 1892 839200 
Other publication: 

Injection Moulding Asia 

Plastics Auxiliaries 
P.O. Box 261 
Waterford, C T  06385 
tel: (860) 443-41 19 

Plastics Distributor and Fabricator 
2701 North Pulaski Road 
Chicago, IL 60639 
tel: (773) 235-3800 

Plastics Engineering 
The Society of I’lasticr Engineers 
14 Fairfield Dr. 
Brookfield Center, CT 06804-0403 
tel: (203) 775-0471 

Plastics Focus 
Box 814 
Amherst, MA 01004 
tel: (413) 549-5020 

I’lagtics Information Europe 
Kunststoff Inforination Verlagsgesellgchaft 
Saalburg Str. 157 
Bad Homburg, Germany 61350 
tel: 06 172 32007 

Plastics News 
Crain Communications, Inc. 
1725 Merrinian Rd.,  Suite 300 
Akron, OH 4431 3-5283 
tel: (330) 836-91 80 
Other publications: 

Rubber and Plastics News 
Waste News 
European Rubber Journal 
Urethanes Technology 

Plastics Technology 
355 Park Avenue South 
New York, NY 1001 0-1 789 
tel: (21 2) 592-6570 

Plastics Week 
Market Search, Inc. 
2727 Holland Sylvania Rd., Suite A 
Toledo, O H  43615 
tel: (419) 535-7899 
Other publications: 

Plastics Brief Series 
--Injection Molding 
-Extrusion 
-Blow Molding 

Thermoplastic Market5 
Design & Materials 
Reinforced Plastics 
Automotive Plastic News 

PT Auxiliaries 
355 Park Ave. South, 
New York, NY 10010 
tel: (212) 592-6580 

Rubber World Magazine 
Lippincott & Peto Publications 
1867 W .  Market Street 
Akron, OH 44313-6901 
tel: (330) 864-2122 

SAMPE Journal 
SAMPE International Editorial Office 
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Appendix G 

WEBSITES ON PLASTICS 
The following sources of information available via websites cover aspects of plastics ranging from products design, 
material and process equipment selection, product qualification with cost analysis, industry consumption data, and 
management recruiting 

Advanced Liquid Crystalline Optical Materials 
(ALCOM) Liquid crystal investigators, research, and 
conferences. http: / /alcom.kent.edu/ ALCOM/ALCOM. 
html 

Advanced Materials and Processes Technology In- 
formation Analysis Center (AMPTIAC) Materi- 
als and processing products (books and databooks), 
technical inquiries, consulting, upcoming conferences, 
and library services (document location, bibliographies, 
and referrals). http:/ /rome.iitri.com/amptiac 

Offering plastics industry 
profiles of several African nations, plus information on 
trade associations and links to data on Africa’s chemical 
and other industries. http: / /mbendi.co.za/indy/ 
chem/plasaf.htm 

Alliance of Foam Packaging Recyclers A network 
for the collection, reprocessing, and reuse of foam pack- 
aging. http: / /www.epspackagmg.org 

Alfred University Center for Advanced Ceramic 
Technology (CACT) http: / /nycc.&ed.edu/extemal/ 
cact/ 

Provides assistance in 
materials selection, evaluatiodanalysis, and develop- 
ment ofaluminum alloys. http: / /www.acgroupinc.com 

The site of the 
world’s largest scientific society, with a membership of 
more than 150,000 chemists and chemical engineers. 
http: / /www.acs.org 

American Foundrymen’s Society (AFS) Society 
overview, metalcasting-related news, metalcasting- 
related books and publications, metalcasting training 
videos. http:/ /www.afsinc.org 

Searches of AICheE-related journals and publications. 
http: / /www.aiche.org 

News, 
steel links, statistics, markets, and applications and publica- 
tions. http: / /www.steel.org/publications 

American Mold Builders’ Association (AMBA) 
The 400-member AMBA, founded in 1973, pro- 
vides this online business center to assist companies 
that primarily design and build molds. http:/ / 
www. amba. org 

Provides access to information on the ANSI federa- 
tion and latest national and international standards-re- 
lated activities, with links to related sites. http:/ / 
www.ansi.org 

African Plastics Industry 

Aluminum Consultants Group 

American Chemical Society (ACS) 

American Institute of Chemical Engineers (AIChE) 

American Iron and Steel Institute-Steel Works 

American National Standards Institute (ANSI) 

American Plastics Council (APC) This trade associa- 
tion site details the role of plastics in society, some key 
end-market applications, and other educational and en- 
vironmental information. http: / /www.plastics.org 

American Society for Testing and Materials (ASTM) 
From the work of 132 technical standards-writing coni- 
mittees, ASTM has developed and published more than 
10,000 specs, tests, practices, guides, and definitions that 
are used by industries worldwide. http:/ /www.astni.org 

Major diversified US. society for materials engmeers. 
http: / /www.asm-intl.org 

Noted research facility operated by Iowa State University 
http: / /www.external.ameslab.gov 

Applied Research Laboratory at Penn State http:/ / 
www.arl.psu.edu / siteindex/site-index. html 

Army Research Laboratory (ARL) http: //www. 
arl . mil / 

Asian Plastics Research Association (APRA) The 
Canberra, Australia-based APRA promotes and dissem- 
inates research relating to polymer processing and engi- 
neering, market information, and technology. http: / / 
users.netinfo.com.au/sira/aprahome.htm 

Serves the consuming public and the appliance indus- 
try’s manufacturers, suppliers, and related professionals. 
http:/ /www.aham.org 

Association of Plastics Manufacturers in Europe 
(APME) The voice for Europe’s polymer-produc- 
ing industry. Its 40-plus member companies come from 
13 European countries and represent more than 90 percent 
of the continent’s polymer output. http: / /www.ap- 
ine.org 

Association of Rotational Molders (ARM) With 
more than 400 members, ARM champions the rotoniold- 
ing industry worldwide. http: / /www.rotomolding.org 

Assocomaplast The nonprofit Assocomaplast, founded 
in 1960, is a 175-member association representing Italy’s 
plastics, rubber, machinery and molds manufacturers. (in 
English and Italian) http: / /www.assocomaplast.com 

Battenfeld Gloucester Engineering Co. World-re- 
nowned manufacturer of extruded film lines. http:/ / 
www.battenfeld.com 

Provides important news releases with 
material database, processing techniques, and designing 
marketable products. http: / /www.plastics.bayer.com/ 
english/ home.html 

American Society of Materials (ASM) International 

Ames Laboratory, U.S. Department of Energy 

Association of Home Appliance Manufacturers 

Bayer Plastics 
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Brazil Plastics on the Internet Brazilian plastics in- 
dustry’s electronic marketplace, supported by INP, Bra- 
zil’s National Plastics Institute. (in English, Portuguese 
and Spanish) http:/ /www.plastico.com.br 

Provides on-line updated 
gateway to plastics sites on the Internet with a directory 
to around 1,350 UK companies supplying machinery 
and materials for processors. http://www.polynier-age 
.co.uk/start.htm 

The London-based 
BPF was founded more than 60 years ago and has more 
than 400 members. http:/ /www.bpf.co.uk 

California Film Extruders and Converters Associa- 
tion (CFECA) Provides a professional, ethical, and 
united organization working to improve the polyethyl- 
ene film industry’s business environment. http: / / 
www.cfeca.org 

Cambridge Scientific Abstracts Bibliographic data- 
base covering the world’s literature on metals and mate- 
rials. http:/ /www.csa.com 

Canada’s umbrella plastics organization, encompassing 
the Society of Plastics Industry of Canada, the Canadian 
Plastics Institute, the Environment and Plastics Institute 
of Canada and a number of regional bodies. (in English 
and French) http: / /www.plastics.ca 

Provides news, services, 
&rectory, buyers guide, etc. concerning the Canadian plas- 
tics industry. http: //www.canplastics.com/frmain.htm 

Canada Underwriters’ Laboratories Canadian safety 
certification, testing, quality registration, and standards 
development organization dedicated to the protection 
of life and property. http:/ /www.ulc.ca/index.htm 

Carderock Division, Naval Surface Warfare 
Center http://www.dt.navy.mil 

Carnegie Mellon University, Center for Iron and 
Steel Research Steel-related links. http: //neon 
.mems. cniu. edu / cisr / cisr. html 

Case Western Reserve University, Polymers and 
Liquid Crystals Background, applications, and prep- 
aration plus links to other liquid crystal sites. http: / / 
plc.cwru.edu 

CenBASE/Materials Searchable database of over 
35,000 plastics, metals, composites, and ceramics. 
http: / /www.centor.com/cbniat/index.htnll 

Center for Nondestructive Evaluation at Iowa State 
University http: / /  www.cnde.iastate.edu/cnde. html 

ChemExpo Provides search, news, information on 
trade associations, bookstore, people connections, etc. 
http: / /www.chemexpo.com 

Chemical Institute of Canada Umbrella organization 
for the Canadian Society for Chemistry, the Canadian 
Society for Chemical Engineering, and the Canadian 
Society for Chemical Technology. http://www 
. chem-inst-can. org / 

Chemical Manufacturers’ Association (CMA) Spon- 
sors Responsible Care: the industry’s commitment 
to the public to continuously improve its health, 

British Plastics and Rubber 

British Plastics Federation (BPF) 

Canadian Plastics Industry Association (CPIA) 

Canadian Plastics Magazine 

safety, and environmental performance. http: //www. 
cniahq. coni 

Chemical Week http: //www.chemweek.coni/index.htnd 
Chlorine Chemistry Council (CCC) Strives to 

achieve policies that promote the continuing, responsi- 
ble uses of chlorine and chlorine-based products. 
http:/ /www.c3.org 

Clarkson University-Center for Advanced Materials 
Processing (CAMP) http: / /people.clarkson.edu/ 
-dcanip 

Established by the 
Washington State Legislature in 1991 as the primary 
state organization to develop niarkets for recycled niate- 
rials. http: / /www.cwc.org 

Commercial Development and Marketing Associa- 
tion (CDMA) The CDMA is the world’s largest pro- 
fessional association dedicated to fostering, promoting, 
and sharing business for long-term growth in the chem- 
ical and allied industries. http: / /www.cdniaonline.org 

Community of Science, US .  Patent citation 
database http: / /patents.cos.com 

Composites Fabricators Association (CFA) Pro- 
vides composites education worldwide. http: / / www 
.cfa-hq.org 

Composite Materials Handbook International, up- 
to-date, statistics-based characterization of current and 
emerging composite technology and engmeering devel- 
opment providing design and fabricating methodolo- 
gies. http:/ /inil-l -/.udel.edu/ 

Clean Washington Center (CWC) 

Composite Registry http: / /www,conipositesreg.com 
Construction Resin Home Page (epoxy related) 

http: / /homepages.together.net/ -norm 
Container Recycling Institute (CRI) A nonprofit re- 

search and public education organization that studies 
container and packagmg recycling and reuse. The group 
also serves as a clearinghouse for information on bever- 
age container deposit systenis or bottle bills. http: / / 
cn.earthsystems.org 

Cornel1 Injection Molding Program http: / /xenoy. 
mae.cornell.edu 

Corrosion, Protective Coatings, and Paints Re- 
sources on the Internet http:/ /www.execpc 
.corn/ -rustoleu /coatings.htm 

CRT Laboratories, Inc. Certification, testing, stan- 
dards http: / /www.crtlabs.com 

CS ChemFinder Chemical Information Server-Cam- 
bridge Soft http://www.chemfinder.com 

Davis-Standard Corp. World leader in the iiianufac- 
ture of all types of precision extrusion machinery. 
http: / /www.davis-standard.com 

Pro- 
vides access to DOE research and development reports. 
http: / /www.doe.gov/bridge/ 

Defense Technical Information Center (DTIC) 
Home Page http:/ /www.dtic.mil/ 

Document Center Inc. Distributor of specifica- 
tions and standards documents. http: / /www.docunient- 
center.com 

Department of Energy Information Bridge 
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Dow Plastics Dow materials selection guide includes 
I S 0  and ASTM database niodules for engineering plas- 
tics, styrenics, elastomers, and polyolefins. http: / / 
www. dow . com / plastics 

Drexel University-Fibrous Materials Research Center 
(FMRC) http: // www.materials .drexel. edu /FMRL/ 

fnlrc. htinl 
Engi- 

neering information service that provides thousands 
of websites that includes journals, catalogues, news- 
groups, material databases, and directories. http: //eevl 
.icbl.hw.ac.uk/ 

Edison Welding Institute WeldNet http: / /www. 
ewi.org 

Electronic Selected Current Aerospace Notices 
(E-SCAN) http://gopher.sti.nasa.gov/scan/scan.html 

Endura Plastics Inc. Provides information for design- 
ers, engineers, and others interested in plastics. http: / / 
www,endura.com 

http: / / 
esc.syrres.coni/interkow /database.htm 

Provides extensive information 
and data on types of epoxies such as material construc- 
tions, processing, database, joining, flooring, problems 
and solutions, etc. http: / /www.epoxysystems.com 

Brussels group that comprises national chemical indus- 
try federations in 22 European countries plus many 
chemicals companies. http: / / www.cefic.org 

European Commission-Information Service http: // 
europa.eu.int/geninfo /icon?-en.htni 

European Committee of Machinery Manufacturers 
for the Plastics and Rubber Industries (Euro- 
map) This nonprofit group is the European conimit- 
tee of the national associations of plastics and rubber 
machinery manufacturers, representing some 600 coni- 
panies. http: / / www. euromap .org 

European Council for Plasticizers and Intermedi- 
ates The website of this 28-member Brussels body, 
part of the much larger European Chemical Industry 
Council (CEFIC), offers information on the health and 
environmental aspects of plasticizers and intermediate 
chemicals. http://www.ecpi.org 

European Council of Vinyl Manufacturers (ECVM) 
A division of the Association ofPlastics Manufacturers in 
Europe that represents the interests of Europe’s PVC- 
producing companies. http: //www.ecvni.org 

European Federation of Chemical Trade (FECC) Eu- 
ropean national associations of Chemical distribution and 
trade. http: //www.fecc.org 

European Isocyanate Producers’ Association 
(ISOPA) e-mail: belsopal@lbnlmall 

European Organization for Packaging and Environ- 
ment (Europen) http: //www.europen.be 

European Plastics Converters (EuPO) This Brus- 
sels-based confederation consists of various national 
plastics processors associations in Europe, with links to 
those already online. http: / /www.eupc.org 

Edinburgh Engineering Virtual Library, UK 

Environmental Science Center Database 

Epoxy Systems, Inc. 

European Chemical Industry Council (CEFIC) 

European Plastics Converters Plastics Recycling 
Market This multilingual site, operated by the EuPC 
trade association in Brussels, describes itself as “the 
global marketplace for the recycling of all plastics.” 
http: / /www.recytrade.com 

Federal Acquisition Jump Station Links to federal 
government acquisitions on the Internet. http: / / 
nais.nasa.gov/fedproc / home. html 

The Film and Bag Federa- 
tion, formerly the Plastic Bag Association, is a consor- 
tium of 60 of the industry’s leading manufacturers and 
suppliers, who work together on issues of interest 
and concern to the industry. http:/ /www.plasticbag. 
coni 

Since 1950, 
the FPA has served as the voice of the flexible packaging 
industry. Flexible packaging is manufactured from pa- 
per, plastic film, aluniinuni foil, or any combination of 
these materials, to produce bags, pouches, labels, liners, 
and wraps for a broad array of products including: food, 
pharmaceuticals, medical supplies, household goods, pet 
food, and garden supplies. http:/ /www.flexpack.org 

FPI’s 
mission is to promote the sanitary, safety, functional, 
economic, and environmental benefits of foodservice 
disposables. http: / /www.fpi.org 

This site is dedicated exclusively 
to all aspects of geofoam geosynthetic technology pro- 
viding timely dissemination and sharing of current in- 
formation. http: / /www.geofoam.org 

A wealth of data on their materials and ser- 
vices that include data sheets, material selection, pro- 
cessing, literature online, and in-depth technical data. 
http: / /www.ge.coni/plastics 

German Association of Plastics Manufacturers 
(VKE) This Frankfurt-based trade group, Verband 
Kunststofferzeugende Industrie e.V., represents Germa- 
ny’s plastic materials producers. (in German and En- 
glish) http:/ /www.vke.de 

German Plastics and Rubber Machinery Association 
(VDMA) The Frankfurt-based nonprofit organiza- 
tion offers information on members and products, plus 
facts, related links, and news about Germany’s ma- 
chinery industry. (in German and English) http:// 
www.guk.vdma.org 

A recycling in- 
dustry business center on the Internet. http:/ /www. 
grn.com 

Green Seal An independent, nonprofit organization 
dedicated to protecting the environment by promoting 
the manufacture and sale of environmentally preferable 
consumer products. http: / /www.greenseal.org 

The Grocery 
Manufacturers of America is an organization led by the 
CEOs of Fortune 500 companies that make and market 
the world’s best-known brands of food and consumer 
packaged goods. http: / /www.gmabrands.com 

World-renowned leader of temperature, 

Film and Bag Federation 

Flexible Packaging Association (FPA) 

Foodservice and Packaging Institute (FPI) 

Geofoam WWW Site 

GE Plastics 

Global Recycling Network (GRN) 

Grocery Manufacturers of America 

Harrel Inc. 
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pressure, etc. instrumentation for primary and second- 
ary processing equipment. http: / /www.harrel.com 

Major source in the manufacture of injec- 
tion molding machines. http: / /www.hpmcorp.com 

Intellectual property network. Particularly useful 
to the novice or occasional searcher. http:/ /www. 
patents.ibni.com 

IDES Worldwide source for plastic materials infor- 
mation, including processing and design software 
tools They estimate that over 30,000 plastic materials 
are available in the United States and about 50,000 
worldwide with nearly 500 worldwide producers. 
http:/ /www.idesinc.com. Their Prospector web data- 
base (ASTM and ISO) of about 35,000 materials can 
very quickly find candidate plastics for a given applica- 
tion. http:/ /www.freemds.com 

Illinois Institute of Technology, Mechanical, Mate- 
rials, Aerospace Engineers. 

Industrial Designers’ Society of America (IDSA) 
This group of more than 2,800 members is dedicated 
to communicating the value ofindustrial design to soci- 
ety, business, and government. Its site includes links 
to several other design-oriented sites. http: / /www. 
idsa.org 

Industrial Designers Society of America, Materials 
and Processes Section The Materials and Processes 
Section of the IDSA has its own website, offering dis- 
cussion and networking opportunities for design and 
manufacturing industry professionals. http: / /www. 
idsa-mp.org 

Provides up-to-date in- 
formation in the field of injection molding. http:/ / 
www.immnet.com 

Institute of Packaging Professionals (IOPP) 
http:/ /www.iopp.org 

Integrated Waste Services Association (IWSA) 
Promotes integrated solutions to municipal solid waste 
management problems. http: / /www.wte.org 

Intelligent Processing and Manufacturing of 
Materials http: / /mining.ubc.ca/ipmm 

International Association of Plastics Distributors 
(IAPD) Represents the interests of companies world- 
wide that distribute and manufacture plastic materials, 
including sheet, rod, tube, pipe, valves, fittings, film, 
and related products. http: / /www.iapd.org 

International Liquid Crystal Society (ILCS) http: / / 
scorpio.kent.edu/ ILCS/ 

International Organization for Standardization 
(ISO) Provides information about I S 0  standards, 
publications, and meetings. (in English and French) 
http: / /www.iso.ch/welcome.html 

International Organization for Standardization: 
I S 0  9000 Guidelines and Tips This in-depth site, 
from Canada’s Praxioni Research Group Ltd., translates 
the complex I S 0  9000 quality system standards into 
plain English. http: / /www.connect.ab.ca/ -praxioni/ 

http:/ /www.issource.org/ 
Exceptional plastics in- 

HPM Corp. 

IBM 

http: / /nimae.iit.edu 

Injection Molding Magazine 

Ironand Steel Society (ISS) 
JLI-Boston Executive Search 

dustry head hunter. Excellent reputation according to 
top industry executives. http: / /www.jli-boston.com 

Journal of Corrosion Science and Engineering http: // 
www.cp.umist.ac.uk/JCSE/ 

Kluwer Academic Publishers Major worldwide pub- 
lisher in various areas, including plastics. http: / / 
www. wkap. nl 

Los Alamos National Laboratory (LANL) http:/ / 
www.lanl.gov/ 

LSU’s Libraries’ U.S. Federal Government Agencies 
Page http://www.lib.lsu.edu/gov/fedgov.htnd 

3M Provides a website for adhesives, tapes, and reclose- 
able fasteners http: / /www.3m.coni/bonding 

Maack Business Services Provides updates on plastic 
costs, pricing forecast, and supply and demand. http:/ / 
www.MBSpolymer.coni 

Manufacturers Information Net Home Page 
http: / /www.dgnfo.com 

Manufacturing Technology Information Analysis 
Center Provides answers to manufacturing questions, 
promotes exchange of manufacturing technology infor- 
mation, and supports Department of Defense manufac- 
turing technology programs. Sponsored by U.S. De- 
partment of Defense and operated by ITT Research 
Institute. http: / /mtiac.iitri.com 

Martin Thomas, Inc. /Marketing Services Major 
source for marketing services in plastics. http:/ / 
www .martinthomas. coni 

Massachusetts Institute of Technology, Department 
of Materials Science and Engineeering http:/ / 
www-dmse.mit.edu / 

Source of algorithms 
useful for modeling material behavior. http: / / www 
.msm.cani.ac.uk/map / niapniain. html 

Materials Properties Handbooks Operation Distri- 
butes the Aerospace Structural Metals Handbook, the Struc- 
tural Alloys Handbook, the Damage Tolerant Des@ Hand- 
book, and the Composite FailureAnalysis Handbook. http:// 
www.purdue.edu/MPHO 

MatWeb Quick Search A materials information ar- 
chive. http: / /www.matweb.com 

MEMS Material Database (Microelectronic Mechan- 
ical Databases) http: / / nienis.isi.edu / nienis / materials/ 
index.htm1 

Metropolitan Washington Council of Governments 
(COG) A regonal organization of Washington-area 
local governments that provides a focus for action and 
develops sound regional responses to a number of issues, 
including the environment. http: / /www.mwcog. 
0% 

Micropatent, Patent and Trademark Informa- 
tion http: / /www.micropat.com 

Milacron, Plastics Technologies Group Major 
world manufacturer of processing/fabricating niachin- 
ery and auxiliary equipment that includes blow molders, 
coextruders, coinjection machines, extruders, injection 
molders, instrumentation systems, granulators, etc. 
http: / /www.milacron.com 

Materials Algorithms Project 
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Modern Plastics and Modern Plastics International 
Provides real-time news and updates on what is hap- 
pening and also occurring into the future. http:// 
www.modplas.com / 

Molding Systems Formerly Plastics World magazine 
until 1997 when SME acquired it. I t  focuses on the plas- 
tics manufacturing and design engineering audience. 
Associated with the Plastics Molders and Manufacturing 
Association (PMMA) of SME. http: / /www.sme.org 

Comprehensive source of information 
related to material safety data sheets. Access to one niil- 
lion MSDSs provided. http: / /www.nisdssearch.com 

Multiscale Materials Modeling Program http: / / 
multiscale.llnl.gov 

National Association for PET Container Resources 
(NAPCOR) Facilitates the economical recovery of 
plastic containers, with an emphasis on PET, including 
U.S. recycling industry statistics and member company 
profiles. http: / /\vww.napcor.com 

National Association of Corrosion Engineers 
(NACE) International (corrosion) http://www 
. nace. org 

This site 
of the Society of the Plastics Industry offers detailed in- 
formation on its program to certify plastics machine op- 
erators in blow molding, extrusion, injection niolding, 
and thermoforming. http: / /www.certifyme.org 

National Environmental Information Service A 
clearinghouse of government environmental docu- 
ments, including all U.S. Environmental Protection 
Agency and Occupational Health and Safety Adminis- 
tration documents, plus links to various chemical indus- 
try resources online. http:/ /www.neis.com/neis.htnil 

National Institute of Standards and Technology 
(NIST) http: / /nvl.nist.gov 

National Plastics Center and Museum (NPCM) A 
nonprofit institution dedicated to preserving the past, 
addressing the present, and promoting the future of 
plastics through public education and awareness. 
http: / /www.npcrn.plastics.com 

National Textile Center, University Research 
Consortium http: / / ntc .tx.nesu. edu 

National Tooling and Machining Association 
(NTMA) Represents some 2,700 U.S. companies 
that design and manufacture special tools, dies, molds, 
jigs, fixtures, gauges, special machines, and precision 
machined parts. This site includes a searchable buyer’s 
guide and members directory. http: / /www.ntma.org 

Naval Research Laboratory (NRL) http://www 
.nrl.navy .mil / 

NDC Infrared Engineering Industrial gauging of 
measurement and control moisture, thickness, and basis 
weight. http: / /www.ndcinfrared.com 

NIST Atomic Spectroscopic Database http: / / 
aeldata.phy.nist.gov/nist.atomic.spectra. html 

NIST Databases distributed by Standard Reference 
Data Program http: //www.nist.gov/srd/dblist.htm 

Owens-Corning Provides a glass-fiber coniposite-ma- 

MSDS Search 

National Certification in Plastics Program 

terial database, technology, and leadership regarding 
materials of constructions, processes, design data, and 
applications by markets. http: / /www.owens-corning 
.com:80/composites/ 

Pennsylvania College of Technology Education and 
training services. http: / /www.pct.edu/ttc/ 

Pennsylvania State University, Behrend Plastics En- 
gineering Technology http: / /eetsg08.bd.psu.edu/ 
degrees / plet. htrnl 

Plasnet A hub site for Australia’s plastics industry. 
http: / /www.plasnet.com.au / 

Plastics Bag Association (PBA) A 60-company con- 
sortium of the leading bag manufacturers and suppliers 
provides this information clearinghouse about plastic 
bags and the environment. http: / /www.pla$ticbag.com 

The official publica- 
tion of the Society of Plastics Engineers, the leading 
technical society of the global plastics industry. http:/ / 
www.4SPE.org 

Education and research 
organization including on-site training. http: //www 
. eng.urnl.edu / -PIA 

Provides information on materials, equip- 
ment, services, processing services, etc. http: //www 
,plasticsmall.com 

Plastics Molders’ and Manufacturers’ Association 
(PMMA) A resource to plastics professionals in all in- 
dustries from medical manufacturing to automotive. 
http:/ /www.sme.org 

Market-oriented supplier and service 
firm. http: / /www.plasticsnet.com 

Provides what’s new today, such as in- 
dustry in-depth stories, supplier search, resin pricing, 
story archives, rankings and listings of processors, mar- 
ket trends, viewpoints and opinions, and stock index. 
http: / /www,plasticsnews.com 

The major trade associations 
representing segments of the plastics industry focused 
on effective use of plastics piping. http:/ /www. 
plasticpipe. org 

Promotes 
the cause of plastics processors in Ohio. http://www 
.ppaohio.org 

Plastics Resource This site, a service of the American 
Plastics Ckuncil, contains extensive information on 
plastics and the environment. http: / / www.plasticsre- 
source.com 

Daily online news provided re- 
garding different information concerning primary and 
secondary equipment, tools and components for the in- 
dustry, market research data, material properties and 
characteristics, and buyers guides. http: / /www 
.plasticstechnology.com 

Polyisocyanurate Insulation Manufacturers’ Associ- 
ation (PIMA) The national trade association that ad- 
vances the use of polyisocyanurate (polyiso) insulation. 
http: / /www.buildernet.com/pima 

Polymeric Materials Related Resources, Cornel1 

Plastics Engineering Magazine 

Plastics Institute of America 

Plastics Mall 

Plastics Network 

Plastics News 

Plastics Pipe Institute 

Plastics Processors’ Association of Ohio 

Plastics Technology 
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Injection Molding Program http://xenoy.niae 
. cornell.edu / polymer-info. htinl 

Polymer Processing Institute An independent re- 
search corporation focused on polymer technoloby and 
related areas. http: / /www.polymers-ppi.org 

Basic guides to plastics, description 
of material properties. They claim to have the oldest 
and largest internet index to plastics. http: / / 
www .polymers. coni / do tconi / polylink 

Polysort Internet marketing experts for the plastics and 
rubber industries. http: / /www.polysort.com 

Polystyrene Packaging Council Washington-based 
arm of the Society of the Plastics Industry that claims 
to be the priniary resource for polystyrene information. 
http: / /www.polystyrene.org 

Polyurethane Foam Association Provides inforina- 
tion on key issues and product characteristics that may 
be of interest to flexible polyurethane foam users, re- 
searchers and academia. http: / /www.pfa.org 

Rapid Prototyping and Manufacturing Institute 
http: //rpmi.niarc.gatech.edu 

Rapra Technology Ltd. Shawbury, England-based 
Rapra is an independent, international organization 
providing information and consulting expertise on all 
aspects of plastics and rubber. http: / /www.rapra.net 

Rensselaer Polytechnic Institute, Research Centers 
http: / /www.eng. rp i .edu/W/Research/  
centers. html 

Rome Laboratory (RL) Air force plastics and con-  
posites research laboratory. http:/ /www.rl.af.mil 

Sandia National Laboratory (SNL) http://www 
.sandia.gov 

SciPolymer Database http://www.esm-software.com/ 
scipolymer 

Service Corps of Retired Executives (SCORE) A 
volunteer organization offering counseling and seminars 
on problems related to the operation of a small business. 
Counseling is free but seminars have a nominal fee. 
http: / /www.score.org 

Society for the Advancement of Material and Pro- 
cess Engineering (SAMPE) An international pro- 
fessional member society that provides information on 
new materials and processing technology for scientists, 
engineers and academics. http: / / www.sanipe.org 

http:/ / 
www .sae .org 

Helps individuals 
in the plastics industry attain higher professional status 
through increased scientific, engineering, and technical 
knowledge. http:/ /www.4SPE.org 

Pro- 
motes the development of the plastics industry and en- 
hances public understanding of its contributions, while 
meeting the needs of society. http: / /www.plastics 
industry.org 

Society of the Plastics Industry Structural Plastics 
Division This unit of the Washington-based Society 

Polymers Dotcom 

Society of Automotive Engineers (SAE) 

Society of Plastic Engineers (SPE) 

Society of the Plastics Industry, Inc. (SPI) 

of the Plastics Industry has its own website, with a 
member company index and content geared toward 
molders and designers. http: / /www.structuralspi.org 

SGS International Certification Services, Inc. Cer- 
tification, testing, standards. http: / /www.sgsicsus.com 

Solid Waste Association of North America (SWA- 
NA) Serves individuals and conimunities responsible 
for the management and operation of municipal solid 
waste management systems. http:/ /www.swana.org 

Worldwide specialist and innovator in 
the design and manufacture of plasticator screws. They 
provide fabricated part quality with a high rate of 
profitable productivity. http: / /www.spirex.com 

SRI Consulting, subsidiary of SRI International 
Provides comprehensive, accurate, and timely cover- 
age of the international chemical industry. http: / / 
www.cbrd.sriconsulting.coni 

Superplasticity on the Web, Michigan Technical 
University http://callisto.iiiy.riitu.edu/superplasticity 
.shtnd 

Offered by Plastics News and Supply 
Base Inc., Supplier Search is an interactive, global data- 
base designed to help users find and qualify plastics in- 
dustry processors and suppliers. Some sections also in- 
clude detailed Request for Quote forms. http:/ / 
www.pnsuppliersearch.com 

Thermal Spray Society http: / / www.asm-intl.org/ tss 
Tube Council of North America This New York 

trade group represents makers of plastic, laminate and 
metal tubes for dentifrice, cosmetic, pharmaceutical, 
household/industrial and food applications. http: / / 
www. tube.org 

Certification, testing, standards. 
http: / /www.tuvglobal.com 

Featuring 
a directory of companies recycling expanded polysty- 
rene in the United Kingdom, plus related information. 
http:/ /www.eps.co.uk 

Information on the 
UL Mark and on related standards, services, directories, 
etc. http:/ /www.ul.com 

University Microfilms International (UMI) Search 
1.4 million dissertations and theses. http: / /www.umi 

University of Akron College of Polymer Science and 
Engineering http: / /www.polyiiier.uakron.edu 

University of California at Berkeley Library 
http: //www.lib.berkeley.edu/ENGI/net.htnd 

University of Delaware Center for Composite 
Materials http: / /www.ccni.udel.edu 

University of Iowa at Ames, Materials Preparation 
Center http: / /www.external.ameslab.gov 

University of Massachusetts at Lowell, Plastics 
Engineering Department and Division of Con- 
tinuing Education New England’s largest public 
educator in the areas of engineering and science. Its 
Plastics Erigmeering Department, established in 1954, 

Spirex Corp. 

Supplier Search 

T W  America Inc. 

U.K. EPS Recycling Information Service 

Underwriters’ Laboratories Inc. 

.coli1 
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is a major leader in the field of plastics. http:// 
www.uml.edu/dc 

University of Rochester, Institute of Optics http: / / 
www.optics.rochester.edu:8080 

University of Southern Mississippi, Department of 
Polymer Science http: / /www.psrc.usm.edu 

University of Wisconsin at Milwaukee Strong plas- 
tics industry-related seminars. http: / /www.uwm 
.edu:80 / dept / ccee / 

The federal agency’s home page offers a collection of 
resources, including information on regulations, grants, 
and programs. http: / /www.epa.gov 

Coalition of 275 leading 
international organizations with the mission to acceler- 
ate the adoption of green building practices, technolo- 
gies, policies, and standards. http: / /usgbc.org 

http: //patents 
.uspto.gov 

Provides chemical 
search on toxicity or hazardous reports and data. http: / / 
www.hazard.com/ insds / index. html 

This site provides information on envi- 
ronmental issues and links to nieniber companies and 
other allied organizations. http: / /www.vinylinfo.org 

U.S. Environmental Protection Agency (EPA) 

U.S. Greenbuilding Council 

U.S. Patent and Trademark Office 

Vermont SIRI MSDS Collection 

Vinyl Institute 

Vinyl Siding Institute (VSI) The only organization 
dealing with the major issues of the vinyl siding indus- 
try. http: / / www.vinylsiding.org 

Several international PVC trade bodies- 
all hot linked from this home page-joined forces to 
create this site, which they describe as “an information 
resource on the safety and benefit of vinyl toys.” 
http:/ /www.vinyltoys.com 

The Waste Policy Institute deals 
with environmental and policy issues related to both 
business and governmental organizations. http: //www 
.winporter.coni 

Vinyl Toys 

Waste Policy Center 

Welding Society http:/ /www.aws.org 
Welex Inc. World fanious equipment manufacturer of 

standard extruder sheet lines with totally interchangeable 
precision components. They provide high output 
rates with profitable performance. http: / /www.welex. 
corn 

Wilmington Machinery Blow-molding machinery 
builder for the industry. http: //www.wilniington 
machinery.coni 

This site, known as 
PackInfo-World, serves as a global resource for 
information about your packaging needs. http: / / 
packinfo-world.org/wpo/ 

World Packaging Organization 
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acetal plactic, 82-83 
acetate, 83 
acetic aldehyde (AA), 585 
acetone (A; Acn), 83, 585 
acetylene, 83 
acid-acceptor, 83 
acid-base pair, conjugate, 83 
acid gas, 83 
acid ionization constant, 83 
acid rain, 83 
acid value, 83 
acoustical board, 83 
acoustic emission (AE), 585 
acquired immune deficiency syn- 

acrolein plastic, 83 
acrylamide (AA; AAm; AMD), 

585, 586 
acrylaniide copolyiiier plastic, 

83 
acrylainide plastic, 83 
acrylate (A), 585 
acrylate-butadiene rubber 

(ABR), 585 

586 

drome (AIDS), 586 

acrylate plastic, 83 
acrylate rubber (ACM; AK; 

ANM), 585, 586 
acrylate-styrene-acrylonitrile 

(AAS), 585 
acrylate styrene acrylonitrile plas- 

tic, 83 
acrylate-styrene-acrylonitrile plas- 

tic PVC alloy, 83 
acrylglass plastic, 83 
acrylic, 46t 
acrylic acid (AAc), 83-84, 585 
acrylic acid ester rubber (ACM), 

acrylic elastomer, 84 
acrylic emulsion, 84 
acrylic ester, 84 
acrylic modified polypropylene 

acrylic plastic, 84 
acrylic-styrene-acrylonitrile 

Acrylite, 84 
acryloid plastic, 84 
acrylonitrile (A; ACN; AN), 84, 

585, 586 
acrylonitrile-butadiene-acrylate 

(ABA), 585 
acrylonitrile-butadiene rubber, 

84 
acrylonitrile-butadiene-styrene 

(ABS), 585 
acrylonitrile-butadiene-styrene 

(ABS) plastic, 84 
acrylonitrile-butadiene-styrene 

(ABS) plastic transparent, 84 
acrylonitrile-chlorinated polyeth- 

ylene-rtyrene (ACS), 84, 
585 

mer (NCK), 604 

84 

prolylenediene/styrene 
(AEPDM), 586 

acrylonitrile-ethylene-propylene- 
styrene (AES), 586 

acrylonitrile-ethylene-styrene 
(AEC; AES), 84, 585, 586 

acrylonitrile isoprene rubber 
(NIK), 604 

acrylonitrile-methyl acrylate- 
acrylonitrile-butadiene 
(AMAB), 586 

acrylonitrile-methyl-niettiacrylate 
(AMMA), 586 

acrylonitrile plastic, 84 
acrylonitrile-styrene copolymer 

(AN/S), 586 
acrylonitrile-styrene playtic, 84 
activated carbon fiber (ACF), 

585 
activator, 85 
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advanced reinforced plastics 
(ARP), 587 

Advanced Research Projects 
Agency (ARPA), 587 

advanced styrenic resin (ASK), 
89-90 

advanced technology program 
(ATP), 587 

advancing reaction, 90 
aerated sand cleaning, hot, 90 
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aerogel, 90 
aerosol fog, 90 
Aerospace Industries Associatioii 

aerospace material specification 

aesthetic, 90 
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tion (ANRA), 586 
African Plastics Industry, 625, 
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after mixer, 90 
agent, 90 
age (aging) resistance (AGE), 90, 
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of Science (AAS), 585 
Association of the Automotive 

Industry (VIIA), 616 
Association of the Hungarian 

Plastics Industry, 629 
Association of the Nonwoven 

Fabrics Industry (INIIA), 
637 

Association of the Plastics Pro- 
cessing Industry, 628-629 

Assocomaplast, 653 
Assogomma, 630 
as soon 3s possible (ASAP), 587 
Astroturf, 99 
asyninietric, 99 
a\yniiiietric double cantilever 

beam (ADCB), 585 
asymptote, 99 
atactic plastic, 99 
atactic polypropylene (APP), 586 
Atlac, 99 
atiiiosphere (atm.), 99-100, 5x7 

controlled, 100 
dry deposition, 100 

atmospheric pressure (atni.), 587 
atom, 100 

alpha, 100 
asymmetric carbon, 100 
chelate, 100 
free-rotation, 100 
hydroxyl group, 100 
isomer, 101 
transstereoisomer, 101 
unsaturated, 101 

coordinate covalent, 100 
atom bond 

lnLlltlple, 100 
atom catenation, 100 
atom coordination number, 100 
atom covalent bond, 100 
atom donor, 100 
atom electrovalent bonding, 100 
atom energy state, excited, 100 
atoiii functional group, 100 
atomic, biological, cheiiiical 

(ABC), 585 
atomic, di-, 100 
atomic absorption (AA), 585 
atoiiiic absorption spectroscopy 

atoiiiic amine terminated poly- 

atomic emission detector (AED), 

atomic mass, 100 

(AAS), 585 

ether (ATPE), 587 

586 

atomic mass unit (aiiiu), 586 
atomic nucleus bonibardment, 100 
atomic number (at. no.; Z), 100, 

587, 617 
atomic structure, 100 
atomic theory, 100 
atomic weight (at. wt.; AW), 

100, 587 
atom twinning, 101 
Attane, 101 
attenuation, 101 
Australia, associations of, 625 
Australian Custom Service 

Australian Plastics Research Asso- 

Austria, associations of, 625 
autoclave, 101 
autoclave niolding operatioii, 

101 
autoclave nitrogen atmosphere, 

101 
autoclave thernial expansion 

niolding, 101 
autoclave venting, 101 
Autofact Conference and Exposi- 

autoniated niolding plant (AMP), 

autoniated storage and retrieval 
’ system (AS/RS), 587 
automatically programmed tool 

automatic pressure gelatioti pro- 

autoiiiatioii, 101 
vision, 101-102 

Automation Industry Council 
(AIC), 586 

utoiiiation level, 101 
automobile 

composite, 102 
DcLorean, 102 

(ACS), 585 

ciation (Al’KA), 586 

tlOi1, 647 

586 

(APT), 586 

cess (APG), 586 

automobile buiiiper fascia, 102 
Autoinotive and Transportation 

Interiors Expo, 646 
Automotive Composites Consor- 

tium (ACC), 585 
automotive intake manifold, 102 
automotive market, 102-1 03 
Automotive News Southeast 

Automotive News World Coii- 

Automotive Parts Manufacturers‘ 

automotive plastic engine, 103 
Automotive Recyclers Associa- 

Conference, 646 

gress, 645 

Association, 626 

tion Convention and Expo- 
sition, 647 

automotive seat, 103 
Auto Tech, 646 
A UXILIAKIES, 2 1 
auxiliary equipment (AE), 103, 

auxiliary power unir (AI’U), 586 
average (av.), 587 
average annual growth rate 

average degree of polymerization 

average deviation (AD), 585 
averagt. extent of burning (AEU), 

average time of burning (ATB), 

585 

(AAGR), 585 

(UP), 592 

585 

587 
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Avogadro’s law, 103 
avoirdupois (avdp), 587 
Azdel, 103 
azelate (Z), 617 
azobisforniarnide (ABEA), 585 
azodicarbonatnide (AZ), 587 

bachelor of arts (BA), 587 
bachelor of tcience (BS), 588 
hack-flash, 105 
backlash, 105 
backlog, 105 
back molding (BM), 588 
back pressure, 105 
bacteria, 105 

aerobic, 105 
bactericide, 105 
Baekeland, Leo Hendrik, 105 
baftle, 105 
bag, self-opening style (SOS), 

1 05 
bag fusset, 105 
bag-in-box (BIB), 587 
bag molding (BM), 588 
Bakelite, 105 
balsam plastic, 105-106 
bamboo, 106 
banbury processability index 

bandwidth (UW), 588 
hank, 106 
barcode, 106 
Barex, 106 
banuni (Ba), 587 
barium oxide (BaO), 106 
barium stearate (US), 106, 588 
barium sulfate (Bas), 587 
barometer, atmospheric, 106 
barrel (bbl), 106, 587 
barrel alignment, 106 
barrel and feed unit, 106 
barrel and feed-unit heat control, 

barrel and feed-unit operation, 

barrel and feed-unit operation 

barrel bell end, 107 
barrel borescoping, 107 
barrel C-clamp flange, 107 
barrel composition, 107 
barrel control temperature, 107 
barrel control transducer, 107 
barrel cooling, 107 
barrel dimension and tolerance, 

barrel downsizing and upsizing, 

barrel extruder and injection- 
molding, 108 

barrel fail-safe rupture disc, 108 
barrel feed housing, 108 
barrel flange, front, 108 
barrel grooved feed, 108 
barrel heater, 108 
barrel heater zone, 108 
barrel history, 108 
barrel inspection, 108 
barrel inventory, 108 
barrel jacket, 108 
barrel length-to-diameter (D) ra- 

tio, 108 
barrel-linear sleeve, 108 
barrel liner, grooved, I08 
barrel pilot, 108 
barrel protection, 3 08 
barrels per day (bpd), 588 

(BPI), 588 

106-1 07 

107 

protection, 107 

107 

107-1 08 

barrel-venting safety, 108- 109 
barrel wear, 109 
barner (BAR), 109, 587 

glass-coating, 109 
vapor, 109-110 
via chemical modification, 1 I O  

barrier layer, 109 
barrier plastic, 109 
base, 110 
basic, 11 0 
basic group, 110 
basic input/output system 

(BIOS), 587 
Battenfeld Gloucester Engi- 

neering Co. (B-C), 587, 
653 

Bayer Plastics, 653 
B-basis, 110 
beading, 110 
bearing, 11 0 
bearing area, 1 10 
bearing strength, 110 
bearing stress, 110 
bearing stress ratio (BSR), 588 
bearing yield strength, 110 
becquerel (UQ), 588 
beer bottle, 110 
beeswax, 110 
beginners all-purpose symbolic in- 

struction code (BASIC), 
587 

Belgian Association of Manufac- 
turers of Extruded Thermo- 
plastic Pipes (Rubuplast), 
626 

turers of Technical Plastic 
Component5 (Plastecbel), 
626 

turers’ Association (Buildi- 
plast), 626 

Association (Reinforplast), 
626 

Belgium, associations of, 625- 
626 

belting, 11 0 
benchmark, 110 
benchmark interface format 

bend 

Belgian Association of Manufac- 

Belgan Plastic Joinery Manufac- 

Belgian Reinforced Plastics 

(BIF), 587 

free, 11 0 
radius of, 11 1 

bend angle, 110 
bending moment (BM; Mb). 

588, 601 
bend test, 11 1 
bent section, 11 1 
benzene (Bnz), 588 
benzene-toluene-xylene (BTX), 

benzoic acid (BES), 587 
benzoyl peroxide (BzO), 588 
benzyl (B), 587 
benzyl butyl phthalate (BBP), 

benzyldithiocnrbainate (UTK), 

benzyl methacrylate (BzMA), 

benzyl octyl adipate (BOA), 588 
benzyl peroxide (BPO), 588 
Berkshire Plastics Network, 637 
berylliuin (Be), 587 
beryllium copper (BeCu), 1 11, 

588 

587 

588 

588 

587 

bezel, 11 1 
biaxially oriented (BO), 588 
biaxially oriented polypropylene 

(BOPP), 588 
bidirectional (UD), 587 
billion (Un; MM), 588, 602 
bill of material (UOM), 588 
binary coded decimal (BCS), 587 
binary digit (bit), 588 
binder, 111 
binding enerby (BE), 587 
biocide, 1 1  1 
bioconipatibility, 11 1 
biocompatible (BCB), 587 
biocomputing (BC), 587 
biodegradable, 11 1 

versus photodegradable, 11 1- 
112 

587 
biodegradable polyecter (BDP), 

biodegradable waste, 112 
biodegrading microorganisms, 

biological biocomputing, 112 
biological deposit, 112 
biological indicator (BI), 587 
biomass, 1 12 
biomaterid, 112 
Biomedical Engineering Society 

(UMES), 637 
Biomedical Marketing Assoc. 

(BMA), 637 
biometric, 112 
birefringence, 112-1 13 
bisbenzocyclobutene (BCB), 587 
bisnialeiniide (BMI), 588 
bismuth (Bi), 587 
bismuth dimethyl dithiocarba- 

hisphenol-A (BPA; Bis-A), 113, 

bit error rate (DER), 587 
bits per inch (bpu), 588 
bitumen, 113 
bituminous plattic, 11 3 
black (ULK), 113, 588 
black and white, 113 
black box, 113 
blank, 113 
bleaching agent, 113 
bleed, 113 
blender, 113 

112 

niate (MTBI), 603 

587, 588 

conical dry, 113 
dough, 113 

blending, 57, 1 13-1 14 
blister, 124 
blockage, 114 
block copolymer (BCO), 587 
blood, 114 
blood urea nitrogen (BUN), 588 
bloom, 114 
blow-head, 114 
blowhole, 114 
blowing, 114 
blowing agent (BA), 114, 587 
blowing glass, 114 
blow molding (UM), 114, 588 

compression-stretched 

dip 2nd displacement, 115- 

extruder, cut-off, 117 
extruder, die, 11 7 
extruder, die shaping, 117 
extruder, die-swell ratio, 117 
extruder, double wall, 117 
extruder, drape-process, 117 

(CSBM), 115 

116 

extruder, exhaust time, 11 7 
extruder, flat-surface, 11 8 
extruder, horizontal rotary- 

extruder, multiple-cavity, 119 
extruder, pariton, 1 I 9  
extruder, parison draw-down, 

extruder, parison preblow, 119 
extruder, parison pro- 

extruder, pinch-off, 119 
extruder, pinch-off relief edge, 

extruder, pinch-off tail, 1 I!, 
extruder, plastic melt index 

extruder, plastic vxap, 11 9 
extruder, platform blowing, 

extruder, pock mark, 119 
extruder, preblow, 119 
extruder, prepinch parison, 

extruder, reinforced plastic, 

extruder, stage, 120 
extruder, three-dimensional, 

extruder, top blow, 120 
extruder, vertical rotary wheel, 

extruder-accumulator, 1 16 
extruder blow, fill, and teal, 

extruder blow-action, 1 16 
extruder bottle-volume adjust- 

extruder bottom-blow, 1 16 
extruder (continuous), 11 6 
extruder (continuous-die), 

extruder (continuoux-opera- 

extruder curtaining, 117 
extruder (intermittent), 11 8 
extruder-mold, 11 8 
extruder-mold deflashing, 118 
extruder-mold multiple, sia- 

extruder-mold inultiple-action, 

extruder-mold pincli-off, 118.- 

extruder versut injection, 120 
injection (LBM), 121 
injection, blow-action, 121 
injection, insert, 121 
injection, operation, 121 
injection, preform onc- or 

versus injection molding, 124 
injection-with-rotation, 121- 

stretched, 123-124 
ttretched-operation. 124 
stretched-operation specialty, 

blow-molding air pressure, 114- 

wheel, 118 

119 

grammed-control, 11 9 

119 

(MI), 119 

119 

1 I9 

119-120 

120 

120 

116 

ment, 11 6 

116-117 

tion), 117 

inese, 11 8 

118 

119 

two-step, 121 

122 

124 

115 
chilled, 115 

blow-molding blow cavity, 115 
blow-molding blow rate, 115 
blow-molding bottle, 115 
blow-molding clamping, 115 
blow-niolding coextrusion or 

coinjection, 1 15 
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blow-molding cold parison and 

blow-molding exhaust tiiiie, 116 
blow-molding extruder core, 

blow-molding fold area, 120 
blow-molding fold handle, 120- 

blow-molding innovation, 122 
blow-molding market, 122 
blow-molding metal, 122 
blow-molding mold, 122-123 
blow-molding operation, 123 
blow-molding shrinkage, 123 
blow molding stripping, 124 
blow-up ratio (BR; BUK), 124, 

bluing agent, 124 
blush, 124 
BMW, 35 
board foot (bd. ft.), 124, 587 
boat, 124 
body, 124 
Boring 777, reinforced plastics 

boiling point (bp), 124, 588 
Bolivia, associations of, 626 
Boltzniann, Ludwig, 125 
Boltzmann superposition princi- 

bonding, 125 

preform, 1 15 

117 

121 

588 

on, 5f 

ple, 125 

diffusion, 125 
secondary, I25 
ther~iiocotnpression, 125 

bond strength, 125 
bone china, 125 
borane, 125 
bore, 125 
boron (B), 125, 587 
boron compound, 125 
boron fiber (UF), 587 
boron polymer, 125 
boron trichloride (SCI,), 587 
bottle, 126 

carboy, 126 
cryogenically cooled filling, 

opaque milk, 126 
bottle code system, 126 
bottle lug, 126 
bottle niarket, 126 
bottle sealing plane, 126 
bottle sorter, optical, 126 
bottle standard reference material 

bottle stress crack (BSC), 588 
bottle weight controller, 126 
Bottling Technoloby Council 

Bouguer’s law, 126 
boundary integral equation 

(BIE), 587 
branched polyethylene terephthal- 

ate (BPET), 588 
brass, 126 
Brazil, associations of, 626 
Brazilian Plastics Industry Associa- 

tion (Abiplast), 626 
Brazilian Polymer Association, 

626 
Brazil Plastics on the Internet, 

654 
breakthrough time (UTT), 588 
Brinell harness number (Bhn), 

Brintzinger, 127 
bristle, 127 

126 

(SKM), 126 

(BTC), 588 

587 

British Adhesives and Sealants As- 
sociation (UASA), 587 

British Health and Human Re- 
sources (UHHS), 587 

British Independent Playtic Ex- 
truders Association, 635 

British Laniinated Plastics Fabrica- 
tors Association, 635 

British I’etroleum (UP), 588 
British Plastics and Rubber, 654 
British Plastics Federation (BI’F), 

Briti\h Polymer Trainins Asocia- 

British Standard (US), 588 
British Standard Institute (BSI), 

British thermal unit (Btu), 127, 

brittle, 127 
brittle brashiness, 127 
bnttle failure, 127 
brittleness, 127 
brittleness temperature, 127 
broach, 127 
broad molecular weight (UMW), 

588 
broad molecular-weight distribu- 

tion (BMWD), 588 
broad ocean area (BOA), 588 
bromine (Ur), 588 
Bronsted-Lowry acid, 127 
Bronsted-Lowry base, 127 
bronze (BR), 127, 588 
bronzing, 127 
Brookfield thernioset viscosity 

Brownian dynamics (ED), 587 
Bu, 127 
bubble, 127 
buffer, 127 
buffing, 127 
building and construction, 127 
building and construction mar- 

ket, 128 
Building and Fire Research Labo- 

ratory (BFRL), 587 
building material, perlite, 128 
bulk factor, 128 
bulking agent, 128 
bulk modulus of elasticity (K), 

bulk-niolding compound 

bulk storage, 128 
bulk viscosity modifier (BVM), 

588 
humping, 128 
buna-11, 128 
buna-s, 128 
bureaucratic dry rot, 29-30 
Bureau of Aeronautics (BuAer), 

Bureau of Alcohol, Tobacco, 

588, 635, 654 

tion (BI’TA), 588 

588 

588 

(BTV), 588 

599 

(BMC), 128, 588 

588 

aiid Firearnis, U.S. (BATF), 
587 

Bureau of Export Administration 
(BX), 588 

Bureau of Labor Statistics, 649 
Bureau of Medicine (IhMed), 

Bureau of Mines, U.S. 

Bureau of the Census, 649 
burned, 128 
burning rate, 128 
burnishing, grease, 128 

588 

(USBIM), 615 

burn line, 128 
burn mark, 128 
burst strength (BK), 128, 588 
business amortization, 128-1 29 
business bookkeeping, 129 
business card, electronic, 129 
business concepts, 31 
Business of Custorn lnjcction Mold- 

ing, 26 
businev toll, 129 
butadiene (U), 129, 587 
butadiene epoxide (BEO), 587 
butadiene rubber (BR; CBR; 

SKB), 129, 588, 589, 612 
butadiene styrene rubber (BS), 

588 
butyl (8; Bu), 587 
butyl acetate (BAc), 129, 587 
butyl acrylate (BA), 129, 587 
butyl alcohol, 129 
butyl diglycol carbonate, 129 
butyl epoxy stearate, 129 
butyl ether, 129 
butyl rubber (Butyl; GK-I; IIR), 

129, 588, 596 
butyl stearate, 129 
butyrate (U), 587 
butyrate plastic, 129 
butyrolactone, 129 
Buy Recycled Business Alliance 

(UKBA), 588 

cable insulation water treeing, 

CAUCOMP, 647 
cadmium (Cd), 131, 589 
calcining, 131 
calcite, 131 
calciuni (Ca), 588 
calciuni carbide (CaC,), 131 
calcium carbonate (CaCO,), 

calcium chloride (CaCI,), 131 
calcium fluoride (CAF), 588 
calciu~n hydroxide (Ca(OH) 2), 

calcium silicate (CaSiOJ, 131 
calcium sulfide (Cas), 131 
calculated (CALED), 588 
calculus, 131 
calendar, 131 
calenderette, 131 
calendering 

131 

131, 588 

131 

controlled nip pressure, 132 
friction, 132 
sheet, 133 
Z ,  133 

calendering howl deflection, 

calendering coating, 131-132 

calendering configuration, roll, 

calendering control, 132 
calendering cost, 132 
calendering finish, 132 
calendering grain, 132 
calendering-in-train, 132 
Calendering material, 132 
calendering or extrusion, 132- 

calendering pressure force, 133 
calendering safety, 133 
calibration, 133 
Calibre, 133 
California Enviro~iniental Qual- 

ity Act (CEQA), 589 

131 

frictional, 132 

132 

133 

California Film Extruders and 
Converten Association 
(CFECA), 637, 654 

caliper, 133 
calorie (C; cal), 133, 588 
calorinieter, 133 
Ciiiiara Regi01~a1 de la Industria 

de la Transforniacibn 
del Estado de Jalisco 
(CAREINTRA), 631 

Cambridge Scientific Abctracts, 
654 

camphor, 133 
CAMPUS database, 133-134 
Canada, associations of, 626-627 
Canada I~idustries Ltd., 589 
Canadian Association for C o n -  

posite Structures and Materi- 
als, 627 

Canadian Association of Chemi- 
cal Distributor\, 627 

Canadian Association of Mold- 
makers, 627 

Canadian Cheiiiical Producers’ 
Association (CCPA), 627 

Canadian Plastics (CP), 590, 651, 
654 

Canadian Plastics Industry Associ- 
ation (CPIA), 627, 654 

Canadian Plastics Institute (CPI), 
590 

Canadian Plastic Training Centre 
(CPTC), 590 

Canadian Polystyrene Recycling 
Associatioii (CPRA), 627 

Canadian Standards Association 
(CSA), 591, 627 

candela (cd), 134, 589 
canopy, 134 

capillary, 134 
capillary attraction, 134 
capital and investors, 134 
capital-equipment investment, 

capital-equipment investment tax 

carbazole (CZ; K), 134, 591, 599 
carbide, 134 
carbon (C), 134, 588 

activated, 134 
carbonaceous niatter, 134 
carbonate (C), 588 
carbonated soft drink (CSU), 591 
carbon black (CB), 135, 589 

rain-forest, 134 

134 

credit, 134 

animal, 135 
conductive, 135 

carbon-carbon composite, 135 
carbon dioxide ( C 0 2 ) ,  135, 590 
carbon disulfide (CS,), 135 
carbon disulphide (CS?), 135 
carbon fiber (CAR; CF), 588, 

589 
carbon fiber reiiiforced plastics 

(CFRP), 589 
carbon filler, 135 
carbonization, 135 
carbonization agent (CA), 588 
carbon monoxide (CO), 135,590 
carbon reinforced plastics (CRP), 

carbon tetrachloride, 135 
carborundum, 135 
carboxymethyl cellulose (CMC), 

carboxyinethylcellulose plastic 

590 

590 

(CMC), 135 
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carcinogen, 135 
card, cmart, 135-136 
Carderock Division, Naval Sur- 

cardiovascular (CV), 591 
care of (c/o), 590 
Carilon, 136 
carnauba wax, 136 
Carnegie Mellon Univercity, 

face Warfare Center, 654 

Center for Iron and Steel 
Research, 654 

590 
Carpet and Rug Institute (CRI), 

casein (CS), 136, 591 
casein formaldehyde (CSF), 59 1 
casein plastic, 136 
Case Western Reserve Univer- 

sity, Polymers and Liquid 
Cryctal, 654 

cashew plastic, 136 
cashmere wool (Kz), 599 
carh on delivery (COD), 590 
cast, 136 
casting (C), 136, 588 

acrylic-sheet, 136 
centrifugal, 136 
investment, 136 
liquid, 136 
slush-molding, 136-137 
solvent, 137 
spin, 137 
vacuum, 137 

cacting heat, exothermic, 136 
cast polypropylene (CPP), 590 
catalyst, 137 

aluminum alkyl, 137 
auto-, 137 
benzoyl peroxide, 137 
enzyme, 137 
fluid, 137 
metallocene, 137-1 38 
metallocene, processing, 138 
metallocene, Z-N coinpanson, 

negative, 138 
physical, 138 
single-site, 138 
spereospecific, 138 
zeolite, 138 
Ziegler-Natta, 138 

138 

catalyst carrier, 137 
catalyst residue (CR), 590 
catalyst selectivity, 138 
catalyst type, 138 
catalytic, 138 
cathode ray tube (CKT), 138, 

59 1 
cathode sputtering, 52t 
cationic reagent, 138 
caulking compound, 3 39 
caul plate, 139 
cavitation, 139 
cavitation cloud, 139 
cavitation erosion, 139 
cavities, 62 
cavity pressure control (CPC), 

590 
Cefor, 139 
cell, 139 
cellophane (C), 139, 588 
cellular celluloce acetate (CCA), 

cellular concrete, 139 
cellulose (C; CEL), 139, 588, 

389 

589 
alpha, 140 

cellulore I, 139 
cellulose 11, 139 
cellulose 111, 139 
cellulose IV, 139 
cellulose acetate (AC; CA; CAc), 

cellulose acetate butyrate (CAB), 

cellulose acetate fiber, 139 
cellulore acetate nitrate (CAN), 

cellulose acetate phthalate plastic, 

cellulose acetate plastic (CA), 

cellulose acetate plastic process, 
140 

cellulose acetate propionate plas- 
tic (CAP), 140 

cellulose derivative, 140 
cellulose diacetate (CDA), 589 
cellulose ester plastic, 140 
cellulose ether, 140 
cellulose ethyl plastic, 140 
cellulose fiberboard, 140 
cellulose nitrate (CN), 590 
cellulose nitrate plastic, 140 
cellulose plastic, 140 
cellulose propionate (CP), 590 
cellulose propionate plastic (CP), 

cellulose sponge, 140 
cellulose triacetate (CTA; TA), 

591, 614 
cellulose triacetate plastic, 140 
cellulosic, 140 
cellulosic plastic (CE), 589 
cell unit, 140 
Celsius (C), 140, 588 
cement, 140 
cementation, 140 
cement construction, 140 
CenBASE/Materials, 654 
Center for Drug Evaluation and 

Research (CDER), 589 
Center for Nondestructive Evalu- 

ation at Iowa State Univer- 
sity, 654 

Center for Plastics Recycling Re- 
search (CPRR), 590 

Center of Excellence for Coni- 
posites Manufacturing Tech- 
nology, 637 

585, 588 

139, 588 

588 

139 

139-140 

140 

centi (c), 588 
Centigrade (C), 141, 588 
centimeter (cm), 590 
centipoise (cP), 590 
Centrally Planned Economy 

Countries (CPEC), 590 
central processing unit (CPU), 

590 
Central Scientific Research Inst. 

for Special Machine- 
Building (TSNIISM), 634 

centrifugal casting (CC), 589 
centrifuge, 141 

ultra-, 141 
Centro Nacional Para Calidad 

del Plistico S.C., 631 
ceramic, 141 
ceramic matrix composite 

ceramic powder (CP), 590 
ceramic precursor, plastic, 141 
certified reference material 

(CMC), 590 

(CRM), 590 

chain-breaking antioxidant 
(CBAO), 589 

chain transfer (CT), 591 
chain transfer agent (CTA), 591 
chalking, 141 
chalking resistance, 141 
chamfer, 141 
channel black (C), 141, 588 
char, 141 
characteristic, 141 
characters per second (cps), 590 
charge couple device (CCD), 

charged area development 

CHDM-PTA copolyester 

ChemExpo, 654 
chemical, 141 

589 

(CAD), 588 

(PCTA), 607 

amphoteric, 141 
bicycle, 142 
carbohydrate, 142 
fluoro-, 143 
hydroxy group, 143 
hydroxyl group, 143 

Chemical Abstract5 Service 
(CAS), 589 

chemical adduct, 141 
chemical analysis, 141 

volumetric, 142 
Chvniical and Ertfineering Netus, 

651 
chemical and physical characteris- 

tics, 142 
chemical assay, 142 
chemical atmospheric bond, 142 
chemical benzene ring, 142 
chemical benzene ring aryl 

chemical blowing agent (CBA), 

chemical bond, 142 
chemical bond cleavage, 142 
chemical bond energy, 142 
chemical cantenane, 142 
chemical change, 142 
chemical characterization of plas- 

chemical chelate, 3 42 
chemical chelating agent, 142 
chemical cleavage, 142 
chemical composition and proper- 

ties of plastic, 142 
chemical composition distribu- 

tion (CCD), 589 
chemical compound, 143 
chemical configuration, 143 
chemical conjugate, 143 
chemical dehydrogenation, 143 
chemical distillation, 143 
chemicdl domain, 143 
Chemical Emergency Prepared- 

ness Program (CEPP), 589 
chemical engineer (CE), 589 
Chemical Enginecriq, 651 
chemical etching, 143 
chemical etching activation, 143 
Chemical Fabrics and Film Asso- 

chemical foaming agent (CFA), 

chemical formula, 143 
chemical indicator (CI), 589 
Chemical Institute (CIIT), 589 
Chemical Institute of Canada, 

group, 142 

589 

tic, 142 

ciation Inc., 637 

589 

627, 654 

chemical intermediate, 143 
chemical introfier, 143 
chemical ionization (CI), 589 
chemically coupled reiiiforce- 

ment (CCR), 589 
chemically pure (C.P.), 590 
Chemical Management and Re- 

sources Association 
(CMRA), 637, 654 

tion (CMA), 590, 637, 654 
Chemical Manufacturers Associa- 

Chemical Marketirzg Repporfcr, 651 
Chemical Marketing Research 

Association (CMRA), 590 
chemical milling, 143 
chemical octet rule, 143 
chemical polymer, 143-144 
chemical reactant, 144 
chemical reaction, 144 

acid, 144 
addition, 144 
cham, 144 
condensation, 144 
elementary step, 144 
first-order, 144 
Catterman, 144 
half, 144 
half-cell, 144 
half-life, 144 
versus temperature rate, 144 
valence electron, 144 
Zimmermann, 144 

chemical-reaction eqivalence 

chemical-reaction equation, 144 
chemical reclamation, 144 
chemical recycling (CR), 590 
chemical repeating unit (MER), 

chemical resistance (CR; CHR),  

chemical safety and processing, 

chemical saturation, 145 
Chemical Specialties Manufdctur- 

ers Association, 637 
chemical structure, discrete, 145 
chemical surface treatment, plas- 

chemical synonym data-case, 145 
chemical synthesis, 145 
chemical unsaturation, 145 
chemical vapor curing (CVC), 

591 
chemical vapor deposition 

(CVD), 145, 591 
chemical vapor infiltration 

(CVI), 591 
Chemical Week,  651, 654 
chemisorption, 145 
chemistry, 145 

acetylene, 145 
analytical, 145 
bio-, 145 
conjugated, 145 
cryo-, 145 
electro-, 145-1 46 
inorganic, 146 
organic, 146 
stereo-, 146 
thermo-, 146 

point, 144 

602 

144, 589, 590 

144 

tic, 145 

Chicago Board of Trade 
(CBOT), 589 

Chicago Board of Trade Recycla- 
bles Exchange (CBOT), 654 

chicle, 146 
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chief executive officer (CEO), 

Chile, associations of, 627 
Chilean Plastics Industry Associa- 

tion (Asipia), 627 
chill, 146 
chiller, 146 
China, associations of, 627-628 
china clay, 146 
Chinaplas, 646 
China Plastics Processing Industry 

chinese white, 146 
chloride (C), 588 
chlorinated atactic polypropylene 

(CAPP), 588 
chlonnated compound solvent, 

146 
chlorinated dipheyl, 146 
chlorinated hydrocarbon (C1- 

HC), 146, 590 
chlorinated paraffin wax (CPW), 

590 
chlorinated polyethylene (CP; 

CPE; PEC), 590, 607 
chlorinated polyethylene tere- 

phthalate (CPET), 590 
chlorinated polypropylene 

(PPC), 609 
chlorinated polyvinyl chloride 

(CPVC), 590 
chlonnated rubber (KUC), 61 1 
chlorine (CI), 146, 589, 590 
Chlorine Chemistry Council 

(CCC), 589, 654 
chlorofluorocarbon (CFC), 589 
chlorofluorocarbon plastic, 146- 

chloroprene plastic, 147 
chloroprene rubber (CK), 590 
chlorosulfonated polyethylene 

chlorotrifluoroethylene (CFE; 

chopped glass (CG), 589 
chopped rtrand mat (CSM), 591 
chromatic aberration, 147 
chromatography, 147 

gas (CC), 147, 596 
gel (GC), 147 
gel permeation (GPC), 147, 

ion (IC), 147 
liquid (I,C), 147, 600 
thin layer (TLC), 147, 614 

589 

Association (CCPIA), 589 

147 

(CSPE), 591 

CTFE), 589, 591 

596 

chrome plating, 147 
chromic acid etching, 147 
chromium (Cr), 590 
chromium carbide (CrC), 590 
chromium nitride (CrN), 590 
Chrysler Corporation, 36 
Cincinnati Milacron (CM), 590 
circa (ca.). 588 
circuit, 147 
citrate plasticizer, 147-148 
clad, 148 
cladding, 148 
clamping, 148 

close low pressure, 148 
electrical, 148 
hydraulic, 148 
hydroelectric, 148 
hydromechanical, 148 
magnetic, 148 
open-stroke interruption, 148 
toggle action, 149 

clamping area, 148 
clamping close-position ejector 

clamping daylight opening, 148 
clamping mold, slow breakaway, 

clamping platen, 148 

mechanism, 148 

148 

book-opening, 148 
floating, 148 
movable, 148 
parallelism and flatness in, 148 
rotary, 148-149 
rhuttle, 149 
stationary, 149 

ing, 149 
clamping-platen trouble shoot- 

clamping preclose, 149 
clamping pressure, 58, 149 

injection-molding machine, 
149 

clamping shut height, 149 
clamping stroke maximum, 149 
clamping tie bar, 149 

retractable, 149 
clamping tiebar dimensions, 149 
clamping tiebarless, 149 
clamping tie bar sensing, 149 
Clarkson University-Center for 

Advanced Materials Pro- 
cessing (CAMP), 654 

classical laminate plate theory 
(CLPT), 590 

classical shell theory (CST), 591 
clay (CL), 590 

ball, 150 
hard, 150 

clay filler, 150 
Clean Air Act (CAA), 588 
Clean Air Management Partner- 

clean-area fabricating, 150 
cleaning 

ship (CAMP), 588 

abrasion, 150 
hot-salt, 150 
solvent, 150 
ultrasonic, 150 
vacuun-pyrolysis, 150-151 

cleaning-in-place (CIP), 589 
cleanroom, 151 
cleanroom standard, 151 
Clean Washington Center 

Clean Water Act (CWA), 591 
clearness index (CI), 589 
close tolerance (CTL), 591 
closure, 151 
Closure Manufacturers Associa- 

CMM Europe, 647 
coagulant, 151 
coagulation, 151 
coal, 151 
coalesce, 151 
Coalition of North American 

(CWC), 654 

tion (CMA), 637 

Machinery Manufacturers 
(CNAMM), 590 

Coalition of Northeast Gover- 
nors (CONEG), 590 

coal tar, 151 
coarse wood (CW), 591 
coating, 151 

air atomization, 151 
air-drying alkyd plastic, 15 1 
air-knife, 151-152 
antifouling, 152 
cast, 152 

cellulose lacquer, 152 
ceinent, 152 
centrifugal-atomization, 152 
centrifugal or rotational, 152 
coil, 152 
crocked, 152 
curtain, 152 
defective, 152 
dip, 152 
dispersion, 152 
electrodeposition. 152 
electrostatic-spray, 152-153 
Engel-process, 153 
fabric, 153 
flame-spraying, 153 
flocking, 153 
flood, 153 
flow, 153 
fluidized-bed, 153 
fluidized-bed metal stripping, 

in-mold decorating, labeling, 

intumescent, 153 
kiss-roll, 153 
knife, 153-154 
knife-over-roll, 154 
liquid (LC), 154 
metallizing, 154 
microencapsulation, 154 
oxygen-barrier removable, 154 
plasma, 154 
reverse-roll, 154 
roller, 154 
sinter, 154 
solid, 154 
solution, 154-155 
spread, 155 
sputtered, 155 
steel-rod, 155 
strippable, 155 
vacuum, 155 
vacuum-deposition, 155 
water-borne system, 155 

coating catenng, 152 
coating in depth (CID), 589 
coating material, 154 
coating method, 154 
coating weight, 155 
cobalt (Co), 590 
cobalt-60, 155 
cobalt napthenate, 155 
cobwebbing, 155 
Coca-Cola bottle, 155-156 
coconut shell, 156 
Code of Federal Regulations 

(CFR), 589 
code of management practices 

(CMP), 590 
coefficient (coef.), 590 
coefficient of cornering, 156 
coefficient of crystalline expan- 

sion (CCE), 589 
coefficient of elasticity, 156 
coefficient of expansion, 156 
coefficient of friction (COF; F), 

153 

153 

156, 590, 594 
kinetic, 156 
static, 156 

156 

expansion (CLTE), 156, 
590 

coefficient of optical stress 
(COS), 156, 590 

coefficient of gas permeability, 

coefficient of linear thermal 

coefficient of periiieability (CP), 

coefficient of scatter, 156 
coefficient of shear, 156 
coefficient of thermal conductiv- 

coefficient of thermal expansion 

coefficient of variation (CV), 591 
coefficient of viscosity, 156 
coextrusion, 157 
coextrusion foam core, 157 
coextrusion foam inelt, 157 
coextrusion safety alarm, 157 
coextrusion tie-layer, 157 
cohesion, 157 
coining, 61, 157 
coining hinge, 157 
coinjection molding, 157 

coke, 158 
coke dust, 158 
coking, 158 
cold heading, 158 
cold pressure molding (CPM), 

cold resistance, 158 
cold rolled steel (CRS), 590 
cold runners, 58, 62-63 
cold setting, 158 
cold stretch, 158 
cold working, 158 
collapsible bottle (CR), 589 
collated fibrillated polypropylene 

collet, 158 
colligative property, 158 
collimated, 158 
collimator, 158 
colloidal, 158 
colloidal ultrafiltration, 158 
Colombia, associations of, 628 
Colombian Plastics Industry Asso- 

ciation (Acoplasticos), 628 
color 

156, 590 

ity (K), 599 

(CTE), 591 

single-plasticator, 157-158 

590 

(CFP), 589 

dry, 159 
mottle, I59 
pastel, 159 
special-effect, 160 

colorant, 158-159 
coloration, diy-, 159 
color-dispersion staining, 159 
color evalution, 159 
color fadeometer, 159 
color-fast, 159 
color fomiulatioii, 159 
colorimeter, 159 

visual, I59 
coloring, dry, 159 
colorless dye, 159 
color matching, 159 
color matching aptitude test 

color migration, 159 
Color Pigments Manufacturers 

Association, 637 
Annual Meeting, 646 

(CMAT), 590 

color segregation, 160 
color selection, 160 
color shade, 160 
color stability and processing, 

160 
color standard, 160 
color tint, 160 
color value, 160 
columbium (cb), 589 
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combustible, 160 
lion-, 160 

combustion, 160 
autoignition point, 160 

combustion efficiency, 160 
combustion modular unit, 160 
coiiimand system, 160 
coninminute, 160 
Comniission lnternationale de 

1’Eclairage (CIE), 589 
Conimittee for Graphic Arts 

Technologies Standards 
(CGATS), 589 

(CRS), 590 

589 

Conimittee on Resin Statistics 

commodity control list (CCL), 

comniodity plastic, 57-58, 160 
Commonwealth of Independent 

coniiiiunication. 160 
communication protocol, 160 

coniniunication protocol inter- 
face, 161 

communition, 161 
Community of Science, U.S. 

Patent citation database, 
654 

States (CIS), 590 

auxiliary equipment, 160-1 61 

co~noiionier, 161 
compact audio disc (CAD), 588 

compcict disc read-only memory 

compacting, 161 
compaction, 161 
company (Co.), 590 
compatibility, 161 
compatibilizer agent, 161 
compensation effect (CE), 589 
complex agent, 161 
complex ion, 161 
compliance (C), 161, 588 
component, 161 
composite (C), 161-162, 588 

boral, 162 
cenient, 162 
ceramic matrix (CMC), 162 
nano-, 162 

Composite Can and Tube Insti- 
tute, 637 

Composite Concept Vehicle 
(CCV), 589 

Composite Institute (CI), 162, 

composite intensive vehicle 

Composite Materials Handbook, 

composite-metal matrix (CMM), 

Composite Registry, 654 
Composites Association of New 

Zealand Inc., 632 
Composites Fabricators Associa- 

tion (CFA), 637, 654 
Composites Institute of Australia 

lnc. (CIA), 625 
Composites Institute/SPI, 637, 

643 
composition, 162 
composition and makeup 

(CAM), 588 
coinposition distribution (CD), 

589 

cotiipact disc (CI)), 161, 589 

(CL>-ROM), 589 

589 

(CIV), 589 

654 

162, 590 

compost, 162 

compound (cpd), 162, 590 
hatch, 162 
dry-blend, 162 
-ide, 162 
masterbatch, 163 
organic, 163 
peroxy, 163 
premix, 163 
sheathing, 163 

compound coordination, 162 
compounded, pre-, 162 
conipounding, 57, 162-163 

Compounding (conference), 647 
compound intermediate, 163 
compound uniforniity, 163 
comprrg~iate, 163 
Comprehensive Environniental 

Response Conipensa- 
tion and Liability Act 
(CEKCLA), 589 

compressed air (CA), 588 
Comnprcsscd Air (CAM), 588 
compressed natural ga\ (CNG), 

compressibility. 163 
compression buckling, 163 
compression coinpotite molding 

compression lane strain, 164 
compression load deflection 

compression mold, 163 
compression molding (CM), 

163-164, 590 
tcrew preplacticator, 164 
vacuu111, 164 

coiiipression-molding charging 
tray, I64 

cotiipression-iiioldiiig cut-off, 
164 

comprcssion-molding inching, 
164 

compression ratio (CR), 61, 590 
compression set, 164 
compression shape factor, 164 
compression test strength, 164 
computer 

shear-roll, 163 

590 

(CCM), 589 

(CLII), 590 

micro-, 167 
rmdoni access nieniory 

read only memory (ROM),  
(RAM), 168 

168 
computer acceptability, 164 
computer acoustic holography, 

computer address, 164 
computer-aided, 164 
computer-aided data acquisition 

(CADA), 588 
computer-aided design (CAI)), 

164, 588 
computer-aided design and draft- 

ing (CADD), 588 
computer-aided disc (CALI), 588 
computer-aided engineering 

(CAE), 164, 588 
computer-aided laboratory 

(CAL), 164-165 
computer-aided maiiufacturing 

(CAM), 165, 588 
computer-aided materinl pre- 

selection by uniform stan- 
dards (CAMPUS), 588 

graphic (CAMG), 165, 588 

164 

computer-aided molecular 

computer-aided optimization 

computer-aided planning (CAP), 

computer-aided procesc planning 

computer-aided quality control 

computer-aided technology 

computer-aided testing (CAT), 

computer-aided (coniputerized) 

(CAO), 588 

588 

(CAW), 165, 588 

(CAQC), 165 

(CAT), 589 

165, 589 

tomography (CAT; CT), 
165, 589, 591 

verter (A/D), 165 

165 

computer analog-to-digital coti- 

computer application program, 

computer architecture, 165 
computer arithmetic logic unit 

(ALU), 165 
coiiiputer A-scan, 165 
computer assembly language, 165 
coinputer-assisted design and 

drafting (CADD), 165 
computer-assisted makeup 

(CAM), 588 
coniputcr-assisted polymer engi- 

neering (CAPE), 588 
computer-autoiiiated laboratory 

to production, 165 
computer-based training (CUT), 

165, 589 
computer batch, 165 
computer batch file, 165 
computer batch file procetsing, 

computer baud, 166 
computer bit, 166 
computer browser, 166 
computer bulletin board system 

computer bus, 166 
computer chemoiiictric, 166 
coiiiputer Chinese rooiii, 166 
computer cclor matching, 

165-1 66 

(BBS), 166 

Kubelka-Munk theory of, 
166 

computer command center 

computer continous processing, 

coniputer control, 166 
computer cost modeling (CCM), 

computer databank, 166 
computer database, 166 
computer database binary, 166 
computer database relation, 166 
coiiiputer digit, 166 

significant, 166 
coniputer digital, 166 
computer digit31 controller, 166 
computer digitized, 166 
coniputer drawing, 166 
computer finite-element mesh 

operation, 166-167 
cotiiputer graphic (CG), 167, 589 
computer hardware, 167 
computer home page, 167 
computer hypertext, 167 
computer hypertext transfer pro- 

tocol (HTTP), 167 
computer-image analysis (CIA), 

589 

(CCC), 589 

166 

589 

computer image-processor. 167 
computer-integrated injection 

molding (CIIM), 65-66, 
589 

computer-integrated machine 
(CIM), 589 

cotiipiiter-iiitegrated nianufactur- 
ing (CIM), 167, 589 

computer-integrated production 

coniputer-integrated quality 

computer Internet, 167 
computerized database, plastic, 

167 
computerized electronic docu- 

ment and retrieval system, 
167 

computerized knowledge-b‘ised 
engineering, 167 

computerized library (CL), 590 
computerized virtual reality 

computer machine interface unit 

computer machine language, 167 
computer modeling, 167 
computer niodeiii, 167 
computer monitoring infornia- 

computer numerical control 

coiiiputer optical data storage 

computer Pascal, 168 
computer picture-level bench- 

mark (I’LB), 168 
computer plotter, 168 
computer procedure-oriented lan- 

computer processing control, std- 

computer processing control auto- 

computer program, 168 

and statistics, 168 

(CIP), 589 

(CIQ), 589 

(CVR), 591 

(MIU), I67 

tion, 167 

(CNC), 590 

(ODs), I68 

gudge ( r a ) ,  168 

tistical (SPC), 168 

mation, 168 

computen, 168 

coiiiputer science m d  algebra, 168 
computer servo control, digital/ 

malog, 168-1 69 
computer software, 169 
computer unit (CU), 591 
computer virus, 160 
computer vision (CV), .59l 
computer wmiiware, 169 
concavity factor, 169 
concentrate, 169 
concentr~te letdown ratio, 169 
concentricity, 169 
concrete, 169 

reinforced, I69 
condensate, 169 
condensation, 169-1 70 

capillary, 170 
condensation agent, 170 
condensation plastic, 170 
condensation reaction polyimide 

condition, initial, 170 
conditioning, 170 

pre-, 170 
condom, 170 

concLiction, heat, 170 
conductive anodic filament 

(CPI), 590 

conductlnletry, 170 

growth (CAFG), 588 
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conductivity, 170 
electrical, 170 

conduit, 170 
cone calorimeter (CC), 589 
cone calorimeter test (CCT), 

589 
Confederation of Plastics Industry 

of the Czech Republic, 628 
Conference General des Poids et 

Measures (CGPM), 589 
conformal, 170 
conforming (COFO), 590 
confusion m manufacture (CIM), 

conjugated diene butyl (CDB), 

Connecticut Plastics Council, 637 
conservation, 170 
conservation of matter, law of, 170 
consignment, 170 
consistency, 170 
consolidation, 170-171 
consolute, 171 
constantin, 171 
constant rate of extension 

constant rate of load (CRL), 590 
constant rate of transverse 

constant viscosity (CV), 591 
constituent, 171 
constrained geomctry catalyst 

Construction Rcsin Home Page, 

Construction Specifications Insti- 

consumer price index (CPI), 590 
Consumer Product Safety Act 

(CPSA), 590 
Conrumer Product Safety Coni- 

mission (CPSC), 590 
consumer solid waste (CSW), 591 
Contact Lens ManuEicturer Asso- 

ciation (CLMA), 637 
container, 171 

589 

589 

(CRE), 590 

(CRT),  591 

technology (CGCT), 589 
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tute, 637 

Boston round, 171 
buffer, 171 
choked-neck, 171 
oblong, 172 
off-center, 172 
pour-out finish, 172 
recersed-panel, 172 
refillable, 172 
returnable, 172 
rocker, 172 
round-square, 172 
top-load, 172 
wall thicknerr determination, 

172 
container bead shape, 171 
container chime, 171 
container code system, 171 
container collapre, 171 
container head space, 171 
container heel, 171 
container heel radius, 171 
container leakage, 171 
container lid, stacking or capping 

container hd skirt shape, 171 
container market, 171 
container neck-down, 171 
container nesting, 171 
Container Recycling Institute 

(CKI), 590, 654 

of, 171 

contamination, 172 
continuous fiber ceramic compos- 

ite (CFCC), 589 
continuous filament roving and 

mat (CFRM), 589 
continuous glass (CNG), 590 
continuous-molding compound 

continuous process control 

continuous strand mat (CSM), 

continuous thread (CT), 591 
continuous vulcanization (CD; 

Contract Manufacturers Associa- 

Contract Packagers Association 

control, 172 

(CMC), 590 

(CPC), 590 

591 

CV), 589, 591 

tion, 638 

(CPA), 638 

automatic, 172 
cascade, 172 
change, 172 
closed-loop, 172 
derivative, 172 
electronic logic, 173 
feedback, 173 
feed-forward, 173 
fuzzy-logic (FLC), 173 
integral, 173 
opeti-loop, 173 
solid-state, 174 
transducer-specification, 174 

control actuator, 172 
control band, dead, 172 
control drive, optimized, 172 
control element, final, 173 
controlled-atmosphere packaging 

controlled-etnission technology 

controlled motion, 173 
controlled releare (CR), 590 
controlled release additive 

Controlled Release Society 

controlled rheology (CR), 590 
controller, 173 

(CAP), 588 

(CET), 589 

(CRA), 590 

(CRS), 638 

aUtOll ldt lC Set, 173 
coordination, 173 
niultizone, 173 

control plan, 173 
control response, 174 
control-response sensor, 174 
control-rysteni reliability, 174 
control unit (CU), 591 
convection, 174 
conversion tables, 619-624t 

alphabetical list of units, 619- 

recommended pronunciation, 

SI prefixes, 624t 
temperature conversions, 623t 
units in use with SI, 624t 

622t 

624t 

converter, 174 
converting equipment, 174 
conveying, pneumatic, 174-175 
conveyor, 175 
coolant, 175 

laminar flow, 175 
turbulant-flow, 175 

chilled-water, 175 
super-, 175 

cooling 

cooling ring, venturi, 175 
cooling tower, 175 
cooling trough/tank, 175 
cooperage, 175 
Cooperative for American Relief 

Everywhere (CARE), 589 
coordinate measurmg machine 

(CMM), 590 
Coor’s beer bottle, 175 
copal, 175 
copolyamide (COPA), 590 
copolyester (COP; COPE), 

copolyester elastomer (COPE; 

copolymer, 175 

590 

CPE), 175, 590 

alternating, 176 
azeotropic, 176 
block, 176 
graft, 176 
random, 176 

copolymer B, 176 
copper (Cu), 176, 591 
copper chrome arsenate (CCO), 

copper nonstaining (CNS), 590 
coral, 176 
cordage, 176 
core, 176 

fluted, 176 
honeycomb or foam, 176 

Corfani, 176 
Corian, 176 
coring, 176 
cork, 176-177 
Cornell Injection Molding Pro- 

gram, 654 
corona packaging (Co-Pak), 590 
corotating twin-screw extruder 

corporate average fuel economy 

Corporation (Corp.), 590 
corrosion, 177 

Corrosion, Protective Coatings, 

589 

(COTSE), 590 

(CAFE), 588 

passivation, 177 

and Paints Resources on the 
Internet, 654 

corrosion resistance, 177 
Corrugated Polyethylene Pipe As- 

sociation (CPPA), 638 
corrugated tubing, 177 
Cosmetic, Toiletries, and Fra- 

grance Association (CTFA), 
591 

cosmetic market, 177 
COSMIC software, 177 
cost, 177 

capacity differential, 177 
carrying, 177 
compensating balance, 177 
corollary savings, 177 
demurrage, 177-178 
direct and indirect, 178 
energy, 178 
fixed, 178 
inventory, 178 
item, 178 
load, 178 
and molecular weight (MW), 

177 
ordering, 178 
product, 178-179 

cost analysis, 177 
least-, 177 

Costa Rica, associations of, 628 

Costa Rican Association of the 
Plastics Industry, 628 

cost-benefit analysis (CBA), 177, 
589 

cost contribution, 177 
cost conversion, 177 
cost effective (CE), 589 
cost effectiveness, 178 
cost-effectiveness analysis (CEA), 

cost-effective training, 178 
cost estimating, 178 
cort-niininiization analysir 

(CMA), 178 
cost-overhead rate, 178 
cost per volume of plastic, 178 
cost reduction, 179 
cost target, 179 
cost-utility analysis (CUA), 179 
cost variable, 179 
cotton (CO), 179, 590 
coulomb (C), 224, 588 
coumarone-indene plastic, 179 
couniarone indene resin (CIR), 

Council for Automotive Re- 

Council of Saudi Chambers of 

178 

5911 

search, U.S. (USCAR), 615 

Commerce and Industry, 
634 

Council of Solid Waste Solutions 

Council on packaging in the En- 
vironment (COPE), 590 

counter pressure structural foam 
(CPSF), 590 

counterrotating noninternieshmg 
twinscrew (CRTSE), 591 

countersink, 179 
covalent bonding, 179 
crack, 179 

crack growth, 179-180 
crack growth rate, 180 
cracking, 180 
Cram Communications Inc., 23 
craze initiation pressure (CIP), 

(CSWS), 591 

hairline, 180 

589 
crazing, 180 
credit card, 180 
creep, 180 
creep isometric and isochronous 

creep loading, 180 
creep modulus, apparent, 180 
creep rate, 180 
creep-rate spectrorcopy (CRS), 

590 
creep recovery, 180 
creep relaxation, 180 
creep resistance (CRP), 590 
creep rupture strength, 180-181 
creep strain, initial, 181 
creep strength, 181 
crerol, 181 
cresol formaldehyde (CF), 589 
cresol-formaldehyde plastic 

crimp, 181 
critical flocculation temperature 

critical gas transition temperature 

critical point control (CPC), 590 
critical surface temperature 

graph, 180 

(CFR), 589 

(CFT), 589 

(CGTT), 589 

(CKT), 591 
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crocidolite, 181 
crocking, 181 
cross-linked (XL), 181, 617 
cross-linked acrylate (XAR), 617 
cross-hiked density (Mc;  XLL)), 

cross-linked network parameter, 

cross-linked polyethylene (PEX; 

cross-linked polyethylene plastic, 

cross-linking, 181 
radiation, 181 

cross-linking agent (CLA), 590 
cross-linking network characteris- 

cross-linking ratio (X), 617 
cross-polarization (CP), 590 
cross-reference (CR), 590 
C K T  Laboratories, Inc., 654 
cryogenic bottle, 182 
cryogenic property, 182 
cryogenics, 182 
cryogenic service, 182 
Cryovac, 182 
crystal, 182 

liquid, 183 
zo~ie  fusion, 183 

crystal growth habit, 182 
crystalline, senii-, 182 
crystalline dislocation, 182 
crystalline materials, 58, 5% 
crystalline nielting point, 182 
crystalline plastic, 182 
crystalline plastic lamella, 182 
crystalline plastic relaxation, 182 
crystalline polyethylene tere- 

phthalate (CPET), 590 
crystallinity 

601, 617 

181 

XLPE), 607, 617 

181 

tic, 181 

degree of (Xc), 617 
and orientation, 182 
and properties, 182-183 

CryStdlhte, 183 
crystallization, 183 

first-order transition, 183 
fractional, 183 
hydrothermal, 183 
secondxy, 183 
second-order transition, 183 

crystallization habit, 183 
crystallization-induced stress, 183 
crystallization rate coetficient 

crystallography, 183 
crystal-pulling, 183 
crystal structure, 183 
CS CheniFinder Chemical Iiifor- 

(CKC), 590 

iiiation Server-Cambridge 
soft, 654 

cubic (cu), 591 
cubic foot per minute (cfin), 589 
cubic inch (cu. in), 591 
cubic nieter (cu. ni.), 591 
cullet, 183 
cumulative trauma disorder 

cup foam test (CFT), 589 
cupric oxide (CuO), 183 
cuprous oxide (Cu?O), 183 
cure, 183 

step, 183-184 
cure degree, 183 
cure-rate index (CRI), 590 
curie (Ci; Cu), 184, 589, 591 

(CTD), 591 

curing 
after-, 184 
dielectric, 184 
hot-‘iir-oven, 184 
kick-over, 184 

pre-, 184 
step, 184 
under-, 184 

curing agent, 184 
blocked, 184 
latent, 184 

post-, 184 

curing monitor, 184 
curing oven, 184 
curing stress, 184 
curing temperature, 184 
curling, 184 
current good manufacturing prac- 

tice (CGMP), 589 
current grosr national product 

(CGNP), 589 
cushion, 184 
cushioning material, 184 
custonier reciprocity, 185 
ciistoiii product, 185 
cut 

fly, 185 
kerf, and registration, 185 

cutter, 185 
die, 185 
guillotine, 185 
rotary, 185 

cutter die, kisr-cut, 185 
cutter location file (CLF), 590 
cutting, water-jet, 185 
cyanate plastic, 185 
cybernetics, 185 
cyborg, 185 

dry, 185 
cycle, 185 

cycles per minute (cpni), 590 
cycles per second (cps; C / S ) ,  

590, 591 
cycloalkrne copolynier plastic 

(COC), 185 
cyclohexane, 185 
cyclohexanedi~iiethanol 

(CHDM), 580 
cyclohexmoiie, 185 
Cycolac, 185 
Cyprus, associations ai, 628 
Cyprus I’lastic? Processors Associ- 

ation. 628 
Czech Packaging Associatio~i, 

628 
Czech Kepuhlic, associations of, 

628 

Dacron, 187 
dally1 phthalate plartic (DAP), 

205 
damage tolerance, 187 
damping, 187 

critical, 187 
dash pot, 187 
niecha~iical, 187 
specific capacity, 187 

damping capacity, 187 
damping cocfficient, 187 
damping gamma loss peak, 187 
damping index, 187 
Danirh Materials Kerearch Pro- 

Danish Plastics Federation, 628 
Danner process, 187 

gram (MUP), 603 

DART \oftware, 187 
dash pot, 187 
data, U-scan, 188 
data acquisition and coiiiniand 

center (DACC), 591 
data acquisition terminal (DAT), 

591 
database management system 

(LIBMS), 591 
data-management system 

(IIUMS), 188 
data processing service center 

(DPSC), 592 
datum, 188 
Davis-Standard Corp., 654 
days after nianufacture (IIAM), 

591 
deaerate, 188 
debond, 188 
debug, 188 
dehulking, 188 
decal, 188 
decibel (dB), 188, 591 
decimal nuniher systeiii, 188 
decision technoloby system 

(DTS), 592 
deckle rod, 188 
decoloring agent, 188 
deconipose (DEC), 591 
decomposition, 188 

digestion, 188 
deconipostion temperature, 188- 

decorating, 189 
fill-and-wipe, 189 
guide to, 41f 
guide to processes, 48-50t, 

51 -52t 
reiiioving mold-release residue 

before, 189 
second-surface, 189 

189 

decorating preparatio~i problem, 

decorating pretreatment, 189 
decorative sheet, 189 
decyl (ll), 591 
deep drawing Fheet, 189 
deep subniergence system pro- 

189 

gr.1111 (DSSJ’), 592 
deep well, 189 
Ikere JII/GTS software, 180 
defect, 190 
Lkfeiise Technical Inforiiiation 

Center (DTIC), 655 
definition, 190 
deflashiiig, 190 

cryogenic, 190 
pressure-blasting, 190 
wheelabrator, 190 

deflection, 190 
deflection tcriiperaturc under 

load (DTUL), 593 
versus crydlinity, 190 

deflocculation, 190 
defoatner additive, 190 
deforiiiation, 58, 190 

affine, 190 
anelastic, I91 
ela$tic, 191 
immediate-set. 191 
Inelastic, 191 
pernianent ret, 191 
plastic, 191 
and toughners, 191 
viscous, 191 

deformation under load, 191 
degradability, 191 
degradable, 191 
Degradable Plastics Council 

(DIT) ,  592 
degradant, 191 
degradation, 191 

scission, 191 
swelling, extraction, arid ran- 

degree of disorder (LIOll), 592 
degree of hydrolysic (DH), 592 
degree of packing cutoff (DPC), 

degree of polynierization (DP), 

degree of reaction (DR), 592 
degree of uturatioii (DS), 592 
degree of substitution (DS), 592 
dehumidifier, 192 
dehumidify, 192 
dehydratio~i, 192 
deliquescence, 192 
I>eLorean motor car (LIMC-12) 

IIelrin, 192 
deiiiand-side niaii‘igenieiit 

demineralized water (DMW), 

dendrimer plastic, 192 
dendritic plastic, 192 
denier (d; Den), 591 
denier per filament (Den/Fil), 

Dcnmark, associations of, 628 
densification process, 192 
densify, 192 
density (d), 192, 591 

dom, 191-102 

592 

592 

592 

(LISM), 592 

592 

59 1 

apparent, 192 
bulk, 192 
and specific gravity, 192 
true, 192 

density performance factor 

den\ity~refused-derived fud 

dental amalgam, 192 
dental ama~gam mercury syn- 

droiiie (DAMS), 591 
dental iiiarkct, 192-193 
deodorant additive, 193 
deoxyribonucleic acid (DNA), 

(DPF), 592 

(d-RLIF), 592 

592 
I I e p a r t ~ ~ t  of Coiiiiiierce, U S .  

(IIOC), 592, 649 
Department of Deftme, U S .  

(LIOD), 592 
Department of Enerby, U.S. 

(DOE), 592 
Lkpartment of Energy Informa- 

tion Bridge, 654-655 
Ilepartment of State, U.S. 

Department of Transportation, 

deposition, 193 

derivative (I)), 591 
dericcant, 193 
desiccant drier, 103 
desiccator, 193 
design, 193 

(l)OS), 592 

U S .  (IIOT), 592 

depth, 193 

basic processing methods as 
function of, 47t 
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basics-of-flow die, 194 
biomedical product, 194 
biotechnology, 194-195 
bottle-base, 195 
cardioid, 195 
clearance fit, 195 
collapsible-bottle, 195 
corrugated, 195 
cost-modeling, 195-1 96 
die, 196 
E1 theory, 196 
experiment, 196 
fundamentals of, 71-77 
geodesic isotmsoid, 197 
graphic, 197 
industrial (ID), 197 
innovative, 199 
material optiniization, 199 
maximum dianietncal interfer- 

medical-device, 199 
melt-flow Cauchy-Riemann 

differential equation, 199 
motion-control, mechanical 

and electronic effects, 200 
optimized, 200 
pipe, 200 
plant layout via coiiiputer, 

Poisson’s ratio in, 201 
reinforcement, 201 
sandwich construction, 201 
snap-fit, 202 
spring, 202 
standard, 202 

ence, 199 

200-201 

design accuracy, 193 
derign allowable, 193 
design analysis, 193 
design and product liability, 194 
design and tolerance, 194 
design and weatheriiig, 194 
design assembly, 194 
design boss, 195 
design camber, 195 
design chemical processing 

pump, 195 
design circular board, 195 
design clearance, 195 
design consolidation and mininiiz- 

ing material, 195 
design constraints, 195 
design control (DC), 591 
design control and quality-system 

regulation, 195 
deyign disassembly, 196 
design energy and iiiotion con- 

design engineering, 196 
design-failure theory, 196-197 
design features that influence per- 

formance, 197 
design flow diagram, 4f 
design for assembly (IIFA), 591 
design for competitive advantage 

(DFCA), 591 
design for disassembly (UFL)), 

592 
design for manufacturability 

(DFM), 592 
design for inanufacturability /as- 

sembly (DFMA), 592 
design for quality (DFQ), 592 
design-for-recycling (DFR), 592 
design guide, 197 
design hinge, integral, 197 

trol, 196 

designing 
with creep data, 197-198 
with plastic-chemical iiiodels, 

with plastic tailor-made iiiod- 

with the pseudoelartic 

with thermal situation, 199 
designing processes with models, 

design integrated manufacturing 

design law group (ULG), 592 
design lubricant, reduced- 

friction, 199 
design mold, 199-200 
design-mold basics of flow, 200 
design nionocoque structure, 200 
Dc,5$fi News (LIN), 592, 651 
des ip  of experiment (DOE), 

design of experitiieiits niethodol- 

design packaging, 200 
design performance, 200 
design product size, 201 
design protection, 201 
design rules checking (DRC), 

design safety factor (SF), 201 
des@ sealant joint-shape, 202 
design shape, 202 
design shrinkage, 202 
design source reduction, 202 
design specification, 202 
design sLiccess, 202-203 
design technology, 203 
design theory and strength of iiia- 

design value resource (UVR), 

design verification (IIV),  203, 

design with plastic5 (IIWP), 593 
desk top iiianufacturer (DTM), 

desk top publishing (LITP), 592 
desorption, 203 
destaticization, 203 
destructive test, 203 
detergent, 203 
deterioration, 203 

detonation, 203 
IIeutscher Noriiienausschus 

(LIN), 592 
L3eutsches Instittit fur Nomiung 

(DIN), 592 
deviation, 203-204 

198 

els, 198 

iliethod, 198-199 

197 

(DIM), 592 

592 

ogy (DOX), 592 

592 

terial, 203 

593 

593 

592 

envenomation, 203 

roo-mean-square (KMS), 204 
root-mean-square difference 

root-mean-square strain, 204 
root-mean-square stress, 204 
root-mean-square voltage, 204 
standard, 204 
standard, measurement (SDM), 

standard of sample, 204 

(RMSU), 204 

204 

deviation ratio, standard (DSK), 

device, smart, 204 
device master record (DMK), 

204 

592 

devitrification, 204 
devolatilizatioii (DV), 204, 593 
dew point (DP), 204-205, 592 
diacetate (DAC), 591 
diallyl chlorendate (DAC), 591 
diallyl fumarate (DAF), 591 
diallyl isophthalate (DAW), 591 
diallyl inaleate (DAM), 591 
diallyl metaphthalate (DAM), 

591 
diallyl orthophthalate (DAOP), 

591 
diallyl phthalate (DAP), 4 5 ,  59 1 
dialysis, 205 
diameter (U; diani), 591, 592 
diatomaceous earth (DE), 205, 

diazobicyclooctane (DABCO), 

dibasic, 205 
dibasic ester (IIBE), 591 
dibutyl maleate (DUM), 591 
dibutyl phthalate (DBP), 591 
dibutyl sebacate (IIBS), 591 
dicapryl phthalatc (UCP), 591 
dice cut, 205 
dicer, 205 
dichloroethylene, 205 
dicyandianiidc, 205 
dicylopentadieiie (DCPL)), 591 
didecyl adipate (UUA), 591 
didecyl phthalate (LIDP), 591 
die, 205 

59 1 

591 

autoflex, 205 
blown-film, 206 
coathanger, 206 
coextruding, 206-207 
crosshead, 207 
dry-sleeve calibration, 207 
filiii and yheet thickness, 208 
flat, 208 
multiflow, 210 
preengineered, 21 1 
profile, 21 I 
special profile, 21 1 
T-slot, 212 

die adapter, 205 
fish-tail, 205 

die adjustiiient, 205 
die air vent, 205 
die and pin set, 205 
die blade, 205-206 
die block, 206 
die body, 206 
die-bolt heater, 206 
die bushing, 206 
die bushing adjustment, 206 
die cart, 206 
die casting, 206 

die cavity, 206 
die coating, 206 
die convergent, 207 
die deckle system, 207 
die divergent, 207 
die diverter valve, 207 
die draw-down ratio, 207 
die drip, 207 
die efficiency, 207 
die entrance angle, 207 
die entry angle, 207 
die-face dam, 207 
die-face pelletizer, 207-208 
die fan tail, 208 
die feedback, 208 

dle-CaSting dlloy, 206 

die gap, 208 
die grooving, 208 
die hang-up, 208 
die head, 208 

adjustable, 208 
programmed, 208 

die-head mandrel, 208 
die-head mandrel cooling, inter- 

die-head mandrel diverter, 208 
die-head mandrel iiioveiiierit, 

die heater-adapter, 208 
die laddering, 208 
die laud, 208 
die leakage, 208-209 
dielectric, 209 
dielectric absorption, 209 
dielectric analysis (DEA), 209, 

dielectric constant, 209 

nal, 208 

208 

591 

conlplex, 209 
relative, 209 

dielectric dissipation factor, 209 
dielectric loss, 209 
dielectric-loss angle, 2U9 
dielectric-loss factor, 209 
dielectric-loss index, 209 
dielectric-loss tangent, 209 
dielectric monitoring, 209 
dielectric-phase angle, 209 
dielectric power factor, 209 
dielectnc property, 209 
dielectric relaxation spectros- 

copy (LIKS), 592 
dielectric space charge, 209 
dielectric strength, 209 
dielectroiiietry, 209 
die line, 209 
die lip, flexible, 209 
die lip heater, 209 
die maintenance, 209-210 
die manifold, 210 
die niaterial, 210 
die melt cross-flow, 210 
die melt tuning, 210 
diene plastic, 210 
die orifice, 210 
die orifice bushing, 210 
die-parting line, 210-21 1 

die piii and bushing blank, 21 1 
die platen, 21 1 
die pressure, 21 1 
die restrictor bar, 21 1 
die ring, 21 1 

die shape, 211 
die slide injection (DSI), 592 
die spider, 21 1 
die spider line, 21 1-212 
die swell, 212 
die swell ratio, 21 2 
die temperature, 212 
di (2-ethexy) phthalate (DEHI’), 

591 
diethylene glycol bis-allyl carbon- 

ate (CK-39), 590 
diethyl phthalate (DEP), 591 
diethyltolunediaiiiine (DETIIA), 

differential enthalpic analysis 

differential gravimetric analysis 

die pin, 21 1 

static or dynamic, 21 1 

591 

(IIEA), 591 

(IIGA), 212, 592 
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differential scanning calorimeter 

differential scanning calorimetry 

differentidl thernial analysis 
(DTA), 212, 592 

differential thermogravinietric 
analysis (L)TGA), 592 

diffuse attenuation (LIA), 591 
diffusion, 212 
diffusion coefficient (LIIF), 592 
diffusion couple, 212 
difunctional, 212 
digit, 212 
digital audio tape (DAT), 591 
digital imaging, 21 2--213 
digital satellite system (DSS), 592 
digital-to-analog conversion 

digital versatile disc (DVD), 213, 

diheptyl phthalate (IIHP), 592 
diisobutyl phthalate (DIBP), 592 
diisocyanate, 213 
diisocyanate dicyclohexylineth- 

diisodecyl adipate (DIDA), 592 
di-i\o-decyl phthalate (DIDP), 

diisooctyladipate (DIOA), 592 
diisooctyl phthlate (DIOP), 592 
dildntic, 213 
dilatant, 213 
dilatometer, 213 
diluent, 213 

reactive, 213 
dilute solution viscometer 

dimension, reference, 213 
dimensional (D), 591 
dimensional property, 21 3 
dimensional stability (US), 213, 

592 
dimensional velocity research 

(DVR), 593 
dimensioning and toleranciiig, ge- 

ometric (GD&T), 213 
dimensioning limit, 213 
dimensionless quantity, 213 
dimethyl carbonate (DMC), 592 
dimethyl ester of terephthalic 

dimethyl phthalate (DMP), 213, 

dimethylsilicone elastomer 

dimethyl sulfoxide (DSMO), 592 
dinonyl adipate (DNA), 592 
dioctyl adipate (DOA), 592 
dioctyl azelate (DOZ), 592 
dioctyl decyl phthalate (DODP), 

dioctyl phthalate (DOP), 213, 

dioctyl sebacate (DOS), 213, 592 
dioctyl terephthalate (DOTP), 592 
dionyl phthalate (DNP), 592 
dioxin, 213-214 
dip blow molding (DUM), 591 
diphenolic acid (DPA), 592 
diphenyl crecyl phosphate 

diphenyl 2-ethylhexyl phosphate 

diphenylmethane diisocyanate 

(DSC), 592 

(DSC), 212 

(D/A), 591 

593 

ane (HMDI), 597 

592 

(DSV), 592 

acid (DMT), 592 

592 

(MQ), 603 

592 

592 

(LIPCF), 592 

(DPOF), 592 

(DMDI), 592 

diphenyl oxide plastic, 214 
diphenylsulfone (DPSU), 592 
dipolar decoupling (DD), 591 
direct-access-file (DAF), 591 
direct broadcasting satellite 

(DBS), 591 
direct compounding injection 

molding (IICIIT), 591 
direct current (DC), 591 
direct current displdcement trans- 

ducer (IICUT), 591 
directional, unsymmetrical, 21 5 
directional property, 214 

abscissas, 21 4 
anisotropic, 214 
balanced, 214 
biaxial, 214 
coordinated, 214 
crosswiqe, 214 
isotropic, 214 
isotropic, non-, 214 
isotropic transversely, 214 
machine, 214 
ordinate, 214 
oriented, 214 
orthotropic, 214 
parallel, 214 
planar, 214 
quadrxially, 211 
quasi-isotropic, 21 1 
rhombohedral, 214 
symmetrical, 2 14 
tetragonal, 21 4-215 
transverse, 215 
uniaxial load, 21 5 
uniaxial state of stress, 215 
unidirectional, 21 5 

direct money access (IIMA), 592 
direct nunierical control (DNC), 

direct read-after write (DRAW), 

direct screw transfer (DST), 592 
direct shell production casting 

direct to home (DTH), 592 
direct vulcanization (DV), 593 
discolordtion, 215 
disc operating system (DOS), 

discreet polymer modifier 

disc ring reactor (DDR; DR; 

disinfectant, 215 
dispersibility (DIS), 592 
dispersing agent, 215 
dispersion, 215 
disposable products, 215 
dissipation factor (DF), 591 
dissociation, 215 
dissolved organic compound 

distillation (distn.), 215, 592 

592 

592 

(DSPC), 592 

502 

(DPM), 592 

DKK), 591, 592 

(DOC), 592 

atmospheric, 215 
batch, 215 
destructive, 215 
fraction, 21 5 
fractional, 215 
vacuum, 215 
vapor rate of, 215 

distortion, 21 5-216 
division (DIV.), 592 
DK Plast Industries DK, 628 
doctor blade, 216 
doctor roll, 216 

Document Center Inc., 655 
dolly, 216 
Dominick, 216 
dopant, 216 
dope, 216 
dos and don’ts (D&D), 591 
doser, 216 
dosing, 21 6 
doubler, 216 
dough, 216 
dough molding compound 

Dow Chemical (DC; now), 

Dow Corning (UC), 591 
downstream, 21 6 
Dow Plastics, 655 
Dow rheology index (DKI), 592 
draft international standard (DIS), 

drag reduction (DR), 592 
dram, waste, and vent (DMW; 

DWV), 592, 593 
drape, 216 
draw, 216 
draw-down ratio, 216 
draw down reactor (IIDK), 591 
drawing centerline, 216 
draw ratio (DR), 592 
draw ratio balance (DRB), 592 
draw resonance cliininator 

Drexel University-Fibrous Mate- 

(DMC), 592 

591, 592 

592 

(DKE), 592 

rials Research Center 
(FMRC), 655 

drive-motor control, 216-217 
drool, 217 
Drucker, Peter F., 35 
L)riickverforiiiungrest (DVK), 

593 
Drug, Chemical, and Allied 

Trade Association, 638 
drug, controlled delivery, 217 
drug application, 217 
dry as molded (DMA), 592 
dryer, 217 

drying, 217 
ultraviolet, 21 7 

capillary, 21 7 
constant-rate, 217 
critical moisture content, 217 
dry, 217 
mechanical, 218 
pre-, 218-219 

drying agent, 217 
drying mechanism, 21 8 
drying monomer and polymer, 

drying operation, 218 
218 

hygroscopic plastic, 218 
nonhygroscopic plastic, 218 

drying shrinkage, 219 
h a l e s  Systeni Deutschland 

(DSD), 592 
dual-ovenable tray (DOT), 592 
ductile-to-brittle transition teni- 

perature (DBTT), 591 
ductility, 21 9 
dumping, 21 9 
durable goods, 219 
dust, 219 

industrial, 219 
dust collection 

bag-filter, 219 
bag-house, 219 
cyclone, 219 

dusting agent, 219 
dust suppressed (DS). 592 
LIutch Plastics Federation (NFK), 

Dutch standard (NEN), 604 
dwell, 219 
dye, 2 19 
dyeing, Witt theory of, 219 
dye toner, 219 
dye transfer, sublimable, 219- 

220 
dynamic, 220 
dynamically vulcanizate elaito- 

mer alloy (DVEA), 593 
dynamically vulcanized natural 

rubber (DVNR), 593 
dyiianiic analysis, 220 
dynamic differential calorimeter 

(DDC), 591 
dynamic fatigue, 220 
dynamic gel temperature (DGT), 

dynamic matrix control (DMC), 

dynamic mechanical analysis 

604 

592 

592 

(DMA), 592 
alpha loss peak, 220 

dynaniic niechaiiical damping 
beta loss peak, 220 

dynamic mechanical nieasure- 
ment, 220 

dynamic mechanical ypectroscopy 
(DMS), 592 

dynamic mechanical thermal anal- 
ysis (DMTA), 592 

dynamic order of system, 220 
dynamic random access memory 

(DRAM), 592 
dynamic stress, 220 
dynamic stress rheometer (DSK), 

dynamic thermomechanical anal- 

dynamic velocity ratio (IIVK), 

dyne (dyn), 220, 593 

592 

ysis (IITMA), 592 

593 

solvent soluble, 220 

ebonite, 221 
ecology, 221 
economical control of equip- 

economic and product quality, 221 
economic efficiency and profit- 

economic order quantity (EOQ), 

econoiiic indicator, 221 
Ecuador, associations of, 628 
Ecuadorian Plastics Association 

edge-bead reduction (EBK), 593 
Edinburgh Engineering Virtual 

Library, UK, 655 
Edison Melding Inqtitute (EWI), 

638 
education, 17 
Ekstar, 221 
elasticity, 221 -222 

an-, 222 
high, 222 
viscous, 222 

ment, 221 

ability, 221 

221, 594 

(Aseplas), 628 

elastic light scattering (ELS), 593 
elastic memory, 222 
elastic-plastic transition, 222 
elastic recovery, 222 



elastic recovery molding (ERM),  

elastic solid, 222 
elastic stability, 222 
elastomer (EL), 222, 593 
elastomeric alloy (EA), 222, 593 
elastoiiieric mold, 222 
elastomeric shape factor, 223 
elastomer modified polypropyl- 

ene (EMPP), 594 
elastomer modified thermoplastic 

(EMT), 594 
elastomer processing, 223 
elastomer proof resilience, 223 
elastoplastic, 223 
electrical/electroriic (E/E),  593 
electrical alternating current 

(AC), 223 
electrical ampere, 223 
electrical anode, 223 
electrical arc resistance, 223 
electrical arc tracking, 223 
electrical breakdown voltage, 

electrical cable armor, 223 
electrical cable “button”, 223 
electrical capacitance, 223 
electrical coercive field, 223 
electrical conductance, 223 
electrical conducting polymer 

electrical conductivity, 223-224 
electrical conductor, 224 
electrical connector, 224 
electrical corona, 224 
electrical corona discharge treat- 

ment, 224 
electrical corona prevent back- 

side treatment, 224 
electrical corolla resistance, 224 
electrical corona shield, 224 
electrical coulomb (C), 224, 588 
electrical coulometer, 224 
electrical covering, 224 
electrical creepage, 224 
electrical cure monitoring, 224- 

225 
electrical direct current (DC), 

225 
electncal-discharge machine 

(EIIM), 225 
electrical dissipation factor, 225 
electrical dry cell, 225 
electrical eddy current, 225 

594 

223 

(ECI’), 593 

standard depth of penetration 

electrical-electronic market, 225 
electrical erosion breakdown, 225 
electrical glavanic cell, 225 
electrical hall effect, 225 
electrical inductance, 225 
electrical insulation 

in the, 225 

askarel, 225 
rigid, 225 

electrical jacket, 225 
electrical-loss angle, 22.5 

electrical-loss factor, 225 
electrical peak voltage, 226 
electrical permeability, magnetic, 

elertrical permittivity, 226 
electrical power, 226 
electrical power disturbance 

(EPD), 226, 594 
electrical power factor, 226 

tangent, 225 

226 

electrical power loss, 226 
electrical property, 226 
electrical radiation, 226 
electrical resistivity, 226 
electrical root-mean-square 

(RMS) voltage, 226 
electrical schematic (ES), 594 
electrical S C R  drive, 226 
electrical spark-over, 226 
electrical-spark tracking, 226 
electrical-surface conductance, 

electrical-surface leakage, 226 
electrical-surfice resistance, 226 
electrical-surface resistivity, 226 
electrical switch, 226 
electrical tracking, 227 
electric.il transparent conductor, 

electrical volt (V), 227 
electrical-volume resistivity, 227 
electrical watt, 227 
electrical-watt density, 227 
electrical wheatstone bridge, 227 
electric discharge machining 

electricity, 227 

electric motor, 227 

226 

227 

(EDM), 593 

Faraday’s law of, 227 

adjustable-speed-drive (ASII), 
227 

227 
electric-motor air-flow switch, 

electric-motor drive, 227 
Electric Power liesearch Insti- 

electric surface treatnient (EST), 

electric vehicle (EV), 594 
electrification time, 227 
electrochemical (EC), 593 
electrochemicd battery (ECB), 

electrocheniical cell, 227 
electrochemical luminescence 

electrochemical noise (ECN), 593 
electrocheiiiical polymcrization 

electrochemical reaction, 227- 
228 

electrode, 228 
electro discharge machine 

(EDM), 228 
electroerosive cutting and sink- 

ing, 228 
electroforming, 228 
electroless plating, 228 
electroluminescent lamp (ELL), 

electrolysis, 228 
electrolyte, 228 
electromagnet, 228 
electromagnetic compatibility 

(EMC), 228, 593 
electromagnetic compliance 

(EMC), 593 
electromagnetic field (EMF), 228 
electroniagnetic frequency (enit), 

electromagnetic interference 

shielding effectiveness of, 

electromagnetic pulse (EMI’), 

tute (EPRI), 594 

594 

593 

(ECL), 593 

(ECP), 593 

593 

593 

(EMI), 228, 593 

228-229 

594 

electromagnetic radiation 

electromagnetic radiation quanta 

electroniagnetic shielding (EMS), 

electromagnetic spectrum, 229 
electromagnetic unit (EMU), 594 
electromechanical battery 

(EMB), 593 
elrctroniotive force (EMF), 229, 

593 
electron, 229 

(EMK), 594 

enerb?, 229 

594 

Lewis acid, 230 
Lewis base, 230 
Lewis structure, 230 
Lewis symbol, 230 

electron affinity, 229 
electron beam (EB), 229, 593 
electron beam radiation, 229 
electron beam treatnient (EU), 

electron bond, sigiiia, 229 
electron-bond order, 229 
electron configuration, 229 
electron data processing (EDP), 

electron-deficient compound, 

electron density, 229 
electron diffraction (Ell), 229, 

electron diffraction band, 229 
electron diffraction pattern 

(EIIP), 593 
electronegativity, 229 
ELECTKO / NEPCON East, 

electron gun, 229 
electroiiic (E/E), 229, 593 
electronic accounting machine 

electronic chip, 229 
electronic counteniieasure 

electronic data base (EDB), 593 
electronic data interchange 

(EDI), 229, 593 
electronic data interface (EDI), 

593 
electronic doppler effect, 229 
electronic dot generation (EDG), 

593 
electronic excitation transfer 

(EET), 593 
electronic excitation transport 

(EET), 593 
electronic image processing 

(EIP), 593 
Electronic Industries Alliance 

(EIA), 638 
Electronic Industrier Association 

(EIA), 593 
electronic microiiiinaturization, 

230 
Electronic Selected Current Aero- 

space Notices, 655 
electronic standard, international, 

230 
electronic system development 

(ESD), 594 
electronic treatment, 230 
electron image, 230 
electron impact (El), 593 
electron \canning micrography 

229 

593 

229 

593 

646 

(EAM), 593 

(ECM), 593 

(ESM), 594 

electron scattering, 230 
electron spectroscopic imaging 

(ESI), 594 
electron spectroscopy for chenii- 

cal analysis (ESCA), 594 
electron spin echo (ESE), 594 
rlectron spin resonance (ESK), 594 
electron spin raonance spectros- 

electron volt (cV), 594 
electro-optic (EO), 594 
electrophoresis, 230 
electrophoretic deposition, 230 
clectroplating, 51 t, 230 
electroplating current density, 230 
Electrosatic Ikcharge Assoc. 

electrospray mass spectrometry 

electrostatic, 230 
electrostatic assist (ESA), 230- 

electrostatic charge, 231 
electrostatic discharge (ESD), 594 
electrostatic discharge detector 

electrostatic dissipation (ESII), 594 
electrostatic process, 48t 
electrostatic spray painting, 51t 
electrostatic unit (ESU), 594 
element, 231 

copy (ESR), 230 

(ELIA), 638 

(ESMS), 230, 594 

231, 594 

(ESD), 231 

definite proportion law, 231 
semiconductor, 231 
strongly positive, 23 1 
transmutation, 231 
tramuranium, 231 

Elmo, 35 
elongation (E), 231, 593 

hot, 231 
maxiniLini, 231 
uniform, 231 

elongation a t  brcak (EU), 593 
elongation set .it break, 231 
elute, 231 
e-iiuil, 231, 593 
embedding, 231 -232 
embossing, 232 
eiiibossing spanishing, 232 
embnttlement, 232 
emission spectroccopy (ES), 232, 

594 
emission spectrum, 232 
emissivity, 232 
e~iiitt~ince, 232 
empirical, 232 
emulsifying agent, 232 
einulsion, 232 
einulsion/demulsification, 232 
enamel, 232 
encapsulation (EnC), 232, 594 
endotherm, 232 
endotherniic, 232 
endotherniic process, 232 
endothermic reaction, 232 
endurance, 232-233 
Endura Plastics [nc., 655 
enerbg, 233 

and bottles, 233 
free, 234 
kinetic, 234 
law of conservation of, 234 

plastic work, 234 
radiant, 234 
van Hoff isotherm, 235 

e n e r g  absorber (EA), 593 

and ph t i c ,  233 
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energy absorption, 233 

energy activation, 233 
energy conservation, 233 
energy consumption, 233 
energy content, 233 
energy deformation, 233 
energy efficiency, 233-234 
energy input, machine, 234 
energy ionization, 234 
energy lattice, 234 
energy loss, machine, 234 
energy moderator, 234 
energy reclarnation, 234 
engineer, 235 

plastic, 235 
engineered, re-, 235 
engineering, genetic, 235 
engineering approach versus prac- 

tical approach, 235 
engineering change notice 

(ECN), 593 
engineering data management 

(EDM), 593 
engineering design database 

(EDD), 593 
engineering developnient model 

(EDM), 593 
engineering material, 235 
engineering plastic, 235 
engineering specification (ES), 

engineering thermoplastic (ETP), 

engineering thermoplastic elasto- 

Engineering Thermoplastics, 646 
engraved mold, 48t 
enhanced oil recovery (EOR), 

EnPlot software, 235 
enthalpimetric analysis (EPA), 

enthalpy, 235-236 

enthalpy of formation, standard, 

enthalpy of reaction, 236 
enthalpy of transition, 236 
entrepreneur, 236 
entropy, 236 
entropy of activation, 236 
entropy of fusion (EFU), 593 
entropy of mixing, 236 
entropy of transition, 236 
entropy unit (EU), 594 
Envelope Manufacturers’ Associa- 

tion (EMAA), 593 
environment, 236 

and ocean, 236 
and public opinion, 236-237 

environmental, health, and safety 
(EHS), 593 

Environmental and Plastic Insti- 
tute of Canada (EPIC), 594 

environmental assessment, 236 
Environmental Defense Fund 

environmental impact statement, 

Environmental Industry Associa- 

environniental issues, 15 
environmentally acceptable coat- 

ing, ink, adhesive reliability, 
236 

megarad, 233 

594 

594 

mer (ETE), 594 

594 

594 

Hess’s law, 236 

236 

(EDF), 593 

236 

tions (EIA), 638 

environmentally assisted cracking 
(EAC), 593 

environmentally friendly addi- 
tive, 236 

environmental management sys- 
tem (EMS), 594 

Environinental Protection 
Agency, U S .  (EPA), 594, 
649, 659 

Environmental Science Center 
Database, 655 

environmental stress cracking 
(ESC; ESCR), 236, 594 

environmental stress cracking re- 
sistance (ESCR), 594 

Environment and Plastics Indus- 
try Council (EPIC), 627 

epichlorohydrin (ECH), 593 
epichlorohydrin rubber (AECO; 

ECO), 237, 585, 593 
epoxide (EP), 594 
epoxide plasticizer, 237 
epoxidized linseed oil (ELO), 

epoxidized soya bean oil (ESO), 

epoxy (EP), 45t, 594 
epoxy acrylate (EA), 593 
epoxy molding compound 

(EMC), 593 
epoxy plastic, 237 
epoxy resin (ER), 594 
Epoxy System$, Inc., 655 
equal employment opportunity 

(EEO), 593 
equilibrium, 237 

equilibriurn amplitude, 237 
equilibrium centrifugation, 

equilibrium constant, 237 
equilibrium vapor pressure, 

equilibrium water content 

equipment customized, 237 
equivalent, 237 
equivalent mass, 237 
equivalent weight (EM), 594 
erasable direct read after write 

eraser, 237 
ergonomics, 237 
erosion, 237-238 

error, 238 

593 

594 

heterogenous, 237 

237 

237 

(EWC), 594 

(E-DRAW), 593 

ductile behavior, 238 

bias, 238 
percentage, 238 
random, 238 
rdndoinization, 238 
residual, 238 
standard, 238 

error of the first kind, 238 
error of the second kind, 238 
essential work of fracture (EWF), 

ester (E), 238, 593 
ester gum plastic, 238 
estimate (est.), 594 
etching, 238 
ethanol (E), 593 
ether, 238 
ether-oxide plastic, 238 
ethics, 238 
ethyl (E), 593 
ethyl acetate (EAc), 238, 593 

594 

ethyl acrylate (EA), 593 
ethyl alcohol, 238 
ethyl benzene (EB), 238, 593 
ethyl cellulose (EC), 593 
ethylene (E), 238, 593 
ethylene-acrylate (copolymer) 

rubber (EAK), 238 
ethylene acrylic acid (EAA), 593 
ethylene acrylic elastomer (EA), 

238 
ethylene acrylic rubber (EAR), 

593 
ethylene butyl acrylate (EBA), 

593 
ethylene-chlorotrifluoroethylene 

(ECTFE), 593 
ethylene chlorotrifluoroethylene 

copolymer plastic, 238 
ethylene diamine (EDA), 593 
ethylene dichloride (EDC), 238- 

ethylene-ethyl acrylate (EEA), 

ethylene-ethyl acrylate plastic 

ethylene glycol (EG), 239, 593 
ethylene-methyl acrylate (EMA), 

593 
ethylene methyl acrylate acid 

(EMAA), 593 
ethylene-methyl acrylate copoly- 

mer (EMAC), 593 
ethylene methyl acrylate copoly- 

mer plastic, 239 
ethylene n-butyl acrylate copoly- 

mer plastic (EnBA), 239 
ethylene normal butyl acrylate 

(EnBA), 594 
ethylene oxide (EO; EtO), 239, 

594 
Ethylene Oxide Sterilization 

Assoc. (EOSA), 638 
ethylene-plasma coated (EPC), 

594 
ethylene plastic, 239 
ethylene-propylene (EP), 594 
ethylene-propylene copolymer 

plastic (P(E-P)), 239 
ethylene-propylene diene (EPD), 

594 
ethylene-propylene diene mono- 

mer (EPDM), 594 
ethylene propylene-diene mono- 

mer plastic (EPDM), 239 
ethylene-propylene diene ter- 

polymer (EPT), 594 
ethylene propylene plastic, 239 
ethylene propylene rubber (EPC; 

EPM; EPR), 594 
ethylene-styrene interpolymer 

(ESI), 594 
ethylene-styrene interpolymer 

plastic (ESI), 239 
ethylene terminated iniidothio- 

ether (ETI), 594 
ethylene tetrafluoroethylene 

(ETFE), 594 
ethylene-tetrafluoroethylene plas- 

tic (ETFE), 239 
ethylene toluene (ET), 594 
ethylene-vinyl acetate (EVA), 

ethylene/vinyl acetate copolymer 

ethylene-vinyl acetate plastic 

239, 593 

593 

(EEA), 239 

594 

(E/VAC), 594 

(EVA), 239 

ethylene-vinyl alcohol copolymer 
(EVAL; EVOH), 594 

ethylene vinyl ether (EVE), 594 
ethyl group (Et), 594 
Euler equation, 239 
Eurocoinp decign code (EDC), 

593 
Euromap, 239 
EUROM VI, 632 
European Adhesive Tapes Manu- 

facturers, 632 
European article number (EAN), 

239, 593 
European Association of Flexible 

Polyurethane Foam Blocs 
Manufacturers (Europur), 
632 

European Association of Plastics 
Converters (EUPE), 594 

European Chemical Industry 
Council (CEFIC), 655 

Etrrupeas Chemical News, 651 
European Coinmission-lnforma- 

tion Service, 655 
European Committee for Electro- 

technical Standardization 
(CENELEC), 626, 632 

dardization (CEN), 589, 
626, 632 

European Committee of Machin- 
ery Manufacturers for the 
Plastics and Rubber Indus- 
tries (Euromap), 594, 632, 
655 

European Community (EC), 
593 

European Conference of Medi- 
cal Devices Association 
(EUCOMED), 632 

European Council for Plasticizers 
and Intermediates, 655 

European Council of Vinyl Man- 
ufacturers (ECVM), 593, 
655 

European Committee for Stan- 

European currency (Euro), 594 
European Diagnostic Manufactur- 

ers Association (EDMA), 
632 

European Econoinic Community 
(EEC), 593 

European Federation of Chemi- 
cal Trade (FECC), 655 

European Group of Manufactur- 
ers of Technical Plastic Parts 
(Plsteurotec), 632 

European Industry Council 
(CEFIC), 589 

European Isocyanate Producers 
Association (ISOPA), 655 

European Manufacturers of 
Expanded Polystyrene 
(EUMEPS), 655 

European Monetary Union 
(EMU), 594 

European Organization for Pack- 
aging and Environment (Eu- 
ropen), 655 

European Organization of Rein- 
forced Plastics/Composite 
Materials (GPRMC), 632 

European Plastics Converters 
(EuPC), 633, 655 

European Plastics Converters 
Plastics Recycling Market, 
655 
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European Plastics News, 651 
European PolymerJuuvnal, 651 
European Recovery and Kecy- 

cling Association (ERRA), 
594 

European Resin Manufacturers 
Association, 633 

European Union (EU), 594 
European Union of Packaging 

and Environment (EUPE), 
594 

eutectic, 239 
eutectic arrest, 239 
eutectic composition, 239 
eutectic deformation, 239 
eutectic divorced, 239 
eutectic mixture, 239-240 
eutectic temperature, 240 
evaporation, 240 
Exact, 240 
excellence, 32-33 
exclude volume (EV), 594 
exotherm, 240 
exotherm curve, 240 
exotherin heat, 240 
exotherm reaction, 240 
expandable plastic, 240 
expandable plastic foam (EPF), 

594 
expandable plastic steam inold- 

ing, 240 
expandable polypropylene (EPP), 

594 
expandable polystyrene (EPS; 

XPS), 240, 594, 617 
expandable polystyrene block 

molding, 240 
expandable polystyrene density, 

240 
Expanded Polystyrene (EPS) 

Molders Association, 638 
expansion, linear, 241 
expert system (XPS), 617 
explosive limit, 241 
Export-Import Bank of the 

United States, 649 
expoxidized (E), 593 
extended chain polyethylene 

extender, 241 
extensibility, 241 
external draw ratio (EDK), 593 
external gas molding (EGM), 

593 
external mold release (EMR), 

594 
extractor, 241 
extra-high-strength molding 

compound, 617 
extrision volume diagram (EVD), 

594 
extrudate, 241 
extrudate swell (ES), 594 
extrude, 241 
extruded polystyrene (XPS), 

617 
extruder (EXTR), 241, 594 

adiabatic, 241 
autogenous, 241-242 
Ballatini process, 242 
concentric-screw mixer, 245 
dual plastic, 246 
elastic melt, 246 
foam, 248 
free, 248 
isothermal, 249 

(ECPE), 593 

multiple-die, 250 
multiple-screw, 250 
multiple-screw operation, 250 
ram, 253 
reactive-processing, 253 
reactive versatility, 253 
screwless, 256 
single-screw, 257 
slot, 257 
solid-Ttate (SSE), 257 
tandem, 258 
twin-screw (TS; TSE), 258- 

259, 615 
twin-screw, conical or parallel, 

259 
vertical, 259 

extruder adapter, in-line, 241 
extruder air gap, 241 
extruder angle-head adapter, 241 
extruder back pressure-relief 

extruder barrel adapter, 242 
extruder barrel-die coupling, 242 
extruder-blown film, 242 
extruder-blown film air entrap- 

ment, 242 
extruder-blown film-bag manu- 

facturing, 242 
extruder-blown film blow-up ra- 

tio (BUR), 243 
extruder-blown film die 

port, 242 

coextruded, 243 
coextruded-reflective, 243 

extruder-blown-film frost line, 

extruder-blown-film gauge dis- 

extruder-blown-film gauge ran- 

243 

tortion, 243 

domization, 243 

extruder-blown film gusset, 

extruder-blown film internal 

extruder-blown film lay-flat, 

extruder-blown film orientation, 

extruder-blown film plastic, 244 
extruder-blown film scrap, 244 
extruder choke plate, 244 
extruder coating and lamination, 

extruder coating and lamination 
air gap, 245 

extruder coating and lamination 
curtain, 245 

extruder coating and lamination 
process, 245 

extruder cold shot, 245 
extruder color changeover, 245 
extruder compacting, 245 
extruder compound mixing, 

extruder cooling and takeoff 

extruder draw-down, 245-246 
extruder drive, 246 
extruder drive backlash, 246 
extruder drive-energy consump- 

extruder drive maintenance, 246 
extruder feedback-control sys- 

extruder-film arrowhead, 246 
extruder-film brittleness, 246 

oscillating, 243 

244 

bubble cooler (IBC), 244 

244 

244 

244-245 

245 

equipment, 245 

tion, 246 

tem, 246 

extruder-film cooling, roll versus 
quench-tank, 246 

extruder flat film, 246-247 
extruder flat-film draw-ratio 

extruder flat-film orientation, 

extruder flat-film tape, 247 
extruder flat or blown film, 247 
extruder flat- or blown-film capa- 

extruder gear box, 248 
extruder gel, 248 
extruder godet unit, 248 
extruder haul-oii, 248 
extruder head angle, 248 
extruder improvements, 248 
extruder instability and variabil- 

extruder instability or variability, 

extruder line, 249 
extruder liquid-curing-medium 

(LCM) process, 249 
extruder maintenance, 249 
extruder-melt bambooing, 249 
extruder melt blockage, 249 
extruder melt-flow oscillation, 

extruder neck-in and beading, 

extruder netting, 250 
extruder operation shutdown, 

extruder operation startup, 251 
extruder output rate, 251 
extruder output recovery rate, 

extruder output variation, 251 
extruder paste, 251 
extruder pipe, cooling-tank weir, 

extruder pipe and tubing ap- 

extruder pipe and tubing die, 

extruder pipe and tubing die de- 

extruder plastomer, 252 
extruder plucking, 252 
extruder postforming, 252 
extruder pressure-head safety, 

extruder process control, 252 
extruder profile, 252-253 

(DR), 247 

247 

bility, 247-248 

ity, 248-249 

248 

249-250 

250 

250-251 

25 1 

252 

proach, 251 

25 1 

sign, 252 

252 

coated, 253 
die, 253 
free, 253 

extruder profile plant, 253 
extruder ram, reciprocating, 253 
extruder reduction gear, 254 
extruder roll, 254 

adjustable, 254 
dancer, 254 

extruder roll coating, kiss, 254 
extruder roll cooling, 254 
extruder-roll decorating, 254 
extruder-roll preheater, 254 
extruder-roll spreader or ex- 

pander, 254-255 
extruder-roll tension control, 

255 
extruder-roll winding chuck, 

255 
extruder-roll winding strain, 255 
extruder screen pack, 256 

extruder screen-pack operation, 
256 

automatic, 256 
extruder screw pulling, 256 
extruder-screw speed, 256 
extruder shark-skin suriace, 256 
extruder sheet, 256-257 
extruder-qheet air knife, 257 
extruder-sheet antistatic bath, 

extruder-Theet choker bar, 257 
extruder-sheet line component, 

extruder specification, 257 
extruder specification drive, 

extruder specification feed sys- 

extruder static mixer, 258 
extruder’s technician (ET), 594 
extruder surging, 258 
extruder take-off winder, 258 
extruder takeoff winder enier- 

gency stop, 258 
extruder temperature, 258 
extruder thermoforining line, 

extruder tube, blown, 258 
extruder vacuum box, 259 
extruder valve, 259 
extruder venting, 259 
extruder-web stretching and tear- 

extruder-web tension control, 

slippage and tearing, 259 
extruder welding, 259 
extruder wire and cable, 259- 

257 

257 

257-258 

tem, 258 

258 

ing, 259 

259 

260 
rain, 261 

extruder wire and cable capstan, 
260 

extruder wire and cable cross- 
linking polyethylene with 
peroxide, 260 

extruder wire and cable cross- 
linking radiation without 
peroxide, 260 

extruder wire and cable die, 260 
extruder wire and cable die 

draw-down ratio (DDR), 
260 

draw-ratio balance (DRB), 
260 

extruder wire and cable process, 
260 

extruder wire and cable die 

continuous vulcanization 
(CV), 260 

dry cure, 260-261 
extruder wire and cable train, 

extruder wire coating, optical- 

extruding (EXTR), 594 
extrusion (Ex), 261, 594 
extrusion area diagram (EAD), 

extrusion blow molding (EBM), 

extrusion continous molding 

extrusion draw ratio (EDR), 593 
extrusion molding (ExM), 594 
exudation, 261 
Exxpol, 261 

26 1 

fiber, 261 

593 

593 

(ExCM), 594 
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fabric (fab), 263, 594 
basket-woven, 266 
bias-cut, 266 
bias-woven, 266 
broadgood, 266 
burlap, 267 
canvas, 267 
cowoven, 267 
crowfoot, 267 
eight-harness satin, 267 
elastic, 267 
four-harness satin, 267 
gray, 267 
impregnated, 267 
knitted, 267 
leno, 267 
mock leno, 267 
no~iwoven, 267 
nonwoven flash-rpun, 268 
nonwoven mechanical, 268 
n o n ~ o v e t i  melt-blow, 268 
iionwoven spun, 268 
nonwoven rpun-bonded, 268 
pick count for, 268 
plain, 268 
sheer, 268 
shuttle-mark, 268 
twill, 268 
WOVCII, 268 

fabric aswrance by simple testing 

fabricating, 263 
(FAST), 595 

asynchronous, 263 
Finagle’r law of, 263 
integral, 263 
world-class, 266 

fabncating and motion-control 
system (MCS), 263 

fabricating employment, 263 
fabricating output, 263 
hbrrcating outsourcing, 263 
fabricating procers, 263-264 
fabricating processing repeatabil- 

fabricating processing type, 264 
fabricating procexs set point, 264 
fibricating process setting, 264 
fabricating process type, 264- 

fabricating time, 266 
fabricating turnkey operation, 

266 
fabricating variable, 266 
fabric bias, 266 
fabric bonded, 266 
fabric count, 267 
fabric crimp, 267 
Eibric desizing, 267 
fabric drape, 267 
fabric filler, 267 
Eibric fill face, 267 
fabric gigg, 267 
fabric gout, 267 
fabric hand, 267 
fcibric nap, 267 
fabric scrim, 268 
hbric selvage, 268 
fiibric warp face, 268 
fabric weave, 268 
factice, 268 
factor of ignorance (FI), 268, 

factor of safety (FS), 595 
Factory Mutual Research Corp. 

FCihrenheit (F), 268, 594 

ity, 264 

266 

595 

(FMK), 595, 638 

failiire 
catastrophic, 269 
cohesive, 269 
dished, 269 
domed, 269 
Liult-tree analysic of (FTA), 

failure mode and effect aiialyris 

failure time, 269 
fair market value (FMV), 595 
FALL0 approach, 3f, 53, SSf, 

269, 595 
Farad (F), 594 
fast a t m i  bombardment (FAU), 

594 
fastener, 269 

269 

(FMEA), 595 

mechanical, 269 
nonniechanical, 269 

fastener accreditation progress 

fatigue, 269 
(FAP), 595 

constant-amplitude loading, 

corrosion, 269 
dynamic, 269 
static, 270 

fatigue crack, 26‘9 
Eatigue crack propagation (FCC;; 

FCP), 5V5 
fatigue cyclic load, 269 
fatigue ductility, 269 
fatigue ductility exponent, 269 
Litigue endurance limit, 269-270 
fatigue hysteretic heating, 270 
fiitigue life, 270 
fatigue limit, 270 
fatigue notch factor, 270 
fatigue ratio, 270 
fatigue S-N diagram, 270 
fatigue strength, 270 

fatigue strerr, incan, 270 
fatty acid (FA), 270, 594 
fiult tree analysis (FTA), 269, 595 
feature, 270 
feature defect, zero, 270 
Federal Acquistion Jump Station, 

655 
Federal Aviation Administration, 

U.S. (FAA), 594 
Federal Communications Com- 

nusion, U.S. (FCC), 595 
Federal Energy Agency, U S .  

(FEA), 595 
Federal Hazardous Substances 

Act (FHSA), 595 
Federal Highway Adimnistration, 

US.  (FHA; FHWA), 595 
Federal Trade Commission 

(FTC), 595, 649 
Federal Web Locator, 649 
Federasi Inductri Plastik Indone- 

ria (Fiiplasin), 629 
Federatie Nederlandse Kubber- 

en, 632 
Federation of Belgian Chemical 

Industries, 626 
Federation of Chemical Industry 

Awtria Plastics Proccrrors, 
625 

l’olyurethane Foam Associa- 
tion (BING), 587 

Federation of Hong Kong Indus- 
tries, 627 

269 

versus tensile strength, 270 

Federation of Europran Rigid 

Federchiiiiica Assoplast, 630 
feed, 270 
feeder, 270 

cramiiier, 270 
gravity, 270 
vibratory, 270 
vol~inietric, 270 

feed hopper, 270 
feed section of screw, 61 
feedstock, 270 
feet per niinute (fpni), 595 
felt, 270 
ferrite, 271 
ferroelectric, 271 
ferronugnetic (FM), 595 
ferromagnetic material, 271 
ferrous oxide (iron oxide) (FeO), 

595 
festoon, 271 
festooning oven, 271 
fiber, 271 

abaca, 271 
acrylic, 271 
aluminia-silica, 27 1 
boron, 271 
braided, 271 
buttress, 271 
carbon (CF), 271-272 
carbon stabilization, 272 
cerannc, 272 
definition of, 272 
felt, 272 
flax, 272 
graphite, 274 
graphite and carbon characteris- 

tic, 274 
hollow, 274 
inorganic, 274 
jute, 274 
metallic, 274 
micro-, 274 
nylon, 274 
one-ended, 274 
quartz, 277 
ramie, 277 
rayon, 277 
rayon viscose, 277 
silica, 277 
silicon-carbide. 277 
silk, 277 
sisal, 277 
spandex, 277 
spider-silk, 277-278 
staple, 278 
straw, 278 
textile, 278 
V, 278 
vegetable, 278 

fiber attenuation, 27 I 
fiber bioconstituent, 271 
fiber bobbin, 271 
fiber breakout, 271 
fiber bundle, 271 
fiber carding, 272 
fiber combing, 272 
fiber count, 272 
fiber creel, 272 
fiber crimp, 272 
fiber decitex, 272 
fiber denier, 272 
fiber desizing, 272 
fiber drawing, 272 
fiber end, 272 
fiber fibrillation, 272 
fiber finish, 272 

satin, 272 

fiber float, 272 
fibcr fuzz, 272 
fiberglars, 273 

bare, 273 
bilobe, 273 
cheese, 273 
chopped, 273 
continuous, 273 
milled, 273 

fiber (glass) backcd vac~iiiiii ther- 

fiberglass binder/sizing coupling 

fiberglarr hushing, 273 
fiberglass chopper, 273 
fiberglass devitrification, 273 
fiberglass diameter, 273 
fiberglass forming package, 273 
fiberglass iiiarble, 273 
fiberglass production, 273 
fiberglass slug, 273 
fiberglass type, 273 
fiber Iengtli, 67f 

critical, 274 
fiber linter, 274 
fiber mat, 274 

necdled, 274 
fiber material, plastic, 274 
fiber inat veil, 274 
fiber optic, 274-275 
fiber oricntation, 275 
fiber pattern, 275 
fiber pencil, 275 
fiber pick, 275 
fiber processing, 275 

dry-spinning, 275 
gel-spinning, 276 
jet-spinning, 276 
Yolid-mte extrusion (SSE), 

solution-spinning, 276 
spinning, 270 
rpinnmg, reaction, 276 
spinning, row nucleation, 276 
wet-spinning, 276-277 

moforming (FBVF), 595 

+ p i t ,  273 

276 

fiber-processing development, 

fiber-processing filtration, 275- 

fiber property, 277 
fibcr reinforced plaxtic (FRI’), 

277, 595 
fiber-reinforced thermoplastic 

(FKTP), 595 
fiber-reinforced thermoset 

(FRTS), -595 
fiber reinforcement (FR), 595 
fiber tkein, 277 
fiber sliver, 277 
fiber spinncret, 278 
fiber spool, 278 
fiber stress, inass, 278 
fiber stretch, cold, 278 
fiber tow, 278 
fiber turn per inch, 278 
fiber wadding, 278 
field-flow fractionation (FFF), 

595 
filament, 278 

glars, 278 
iiiono-, 278 
niulti-, 278 
virgin, 279 

filanient greige, 278 
filament lay, 278 
filanient shoe, 279 

275 

276 
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filament silver, 279 
filament strand, 279 
filament-strand end, 279 
filament-strand integrity, 279 
filament winding (FW), 279, 595 

axial, 279 
balanced, 279 
biaxial, 279 
circumferential, 279 
dry-winding, 279 
multicircuit, 280 
polar, 280 
single-circuit-pattern, 280 
slip-angle-pattern, 280 
wet-winding, 280 
winding-pattern, 280 

filament winding angle, 279 
filaiiient-winding bladder/liner, 

filament-winding bleedout, 279 
filanieiit-winding butt wrap, 279 
filanient-winding cake forniiiig, 

filament-winding circuit, 279 
filament-winding displacement 

filament-winding doii, 279 
filament-winding doily, 279 
filament-winding dome, 279 
filament-winding doubler, 279 
filament-winding equator junc- 

filament-winding gap, 279 
filament-winding geodesic- 

filaineiit-winding geodesic- 

filament-winding helical path, 

filament-winding knuckle area, 

filament-winding lap, 280 
filament-winding lattice pattern, 

filament-winding longs, 280 
filament-winding loop-strength 

filament-winding netting analy- 

filament-winding pattern, 280 
filament-winding planar, 280 
filament-winding planar helix, 

filament-winding pole piece, 280 
filament-winding prepreg and 

filament-winding random pat- 

filament-winding reverse helical 

filament-winding tape laying, 280 
filament-winding tension, 280 
file 13, 595 
filler, 280 

279 

279 

angle, 279 

tion, 279 

isotensoid contour, 279 

ovaloid, 279 

279 

279 

280 

tenacity, 280 

sis, 280 

280 

bag molding, 280 

tern, 280 

pattern, 280 

dolomite, 280 
inert, 281 
mineral, 281 
versus unfilled compound, 281 

fillet, 281 
film, 281 

barrier, 281 
cast, 281 
clinging, 281 
electrostatic charge, 281-282 
laminated, 282 
skived, 282 

Film and Bag Federation, 655 
film blocking, 281 
film decorating, 281 
film formation, 282 
film insert inolding (FIM), 595 
film market, 282 
film perforating, 282 
filter, 282 
filtration 

fiber, 282 
ultra-, 282 

fin, 282 
fine, 2x2 
finish, 282 

baking, 282-283 
barrel burnishing, 283 
blast, 283 
bright, 283 
matte, 283 
pre-, 283 

ashing and lapping, 283 
barrel, 283 
mass, 283 

283 

finishing 

finish system, reduced solvent, 

finite element (FE), 595 
finite-element analy\is (FEA), 

finite element method (FIM), 

finite element modeling (FEM), 

finite fiber reinforcement (FFR), 

Finland, associations of, 628 
Finnish Plastics Industries Federa- 

tion, 628 
fire, 283 

and plastic, 283 
Fire, Smoke, and Toxicity Stan- 

dard, 595 
fire resistant, 283 
fire retardance, 283 
fire retardant, 283 
Fire Retardant Chenucals Associ- 

ation (FKCA), 595, 638 

first critical concentration (FCC), 

first-in/first-out (FIFO), 593, 

fiscal year (FY), 595 
fishbone (FB), 595 
fishbone diagram, 283-284 
Fisher-Trosch (FT), 595 
fish-eye, 284 
fissure, 284 
fit 

283, 595 

595 

595 

595 

meetings, 645, 647 

595 

595 

interference, 284 
pre-, 284 

five forces analysis, 31 
fixing agent, 284 
fixture, 284 
flake, 284 
flame, 284 
flame annealing, 284 
flaine atomic absorption spec- 

flame extingukhed, 284 
flaine resistance, 284 
flame retardant (FR), 284, 595 
flame spread index (FSI), 595 
flame treating, 284 
flame treatment, 284 
flammability, 284 

trometer (FAAS), 594 

flash, 284 
flashing, 58 

vacuum, 284 
flash point, 284 
flash scarfing, 284 
flax (FI; LI), 595, 600 
flax fiber reinforced plastics 

(FFRP), 595 
flexibility, 285 
flexibilizer additive, 285 
flexible autoinated manufac- 

turing concept (FAMC), 
595 

flexible manufacturing cell 
(FMC), 595 

flexible nianufacturing line 
(FML), 595 

flexible manufacturing system 
(FMS), 595 

flexible membrane liner (FML), 
595 

Flexible Packaging Association 
(FPA), 595, 638, 655 

Annual Meeting, 645 
flexible polyolefin (FPO), 595 
flexible polyvinyl chloride 

(FPVC), 595 
flexible resin transfer molding 

(FKTM), 595 
flexible strength (FS), 595 
flexographic process, 48t 
flexography, 52t 
Flexpo, 646 
flexural elastic modulus (FEM), 

595 
flexural, apparent, 28.5 
flexural life, 285 
flexural property, 285 
flexural rigidity, 285 
flexural short-beam shear (SBS), 

flexural strength, 285 
285 

biaxial, 285 
wet, 285 

flexural stress, 285 
flexural test, short-beam shear 

(SUS), 285 
flexural testing, 285 
flint, 285 
floc, 285 
flocculating agent, 285 
flocculating and dewatering appa- 

ratus (FDA), 595 
flocculation, 285 
flocculent, 285 
flock (FLK), 285, 595 
flocking, 285 
floppy disk, 285 
flour, 285 
flow, 285-286 

cold, 286 
drag, 286 
plastic, 286 
plug, 286 
Poiseuille, 286 
viscous, 286 
workability, 286 

flow analysis network (FAN), 

flow casting (FC), 595 
flow chart, 286 
flow induced birefringence 

(FIB), 595 
flow mark, 286 
flow meter, 286 
flow model, 286 

595 

flow molding technique (FMT), 

flow rate (FR), 595 
fluid-bed process, 286 
fluid bed reactor (FBR), 595 
fluidity, 286 
fluorescence, 286 
fluorescent, 286 
fluorescent brightening agent, 286 
fluorescent whitening agent 

(FWA), 595 
fluoride (F), 594 
fluorinated ethylene propylene 

fluorination, 287 
fluorine (F; Fz), 287, 594 
fluorocarbon (FC), 46t, 595 
fluorochlorobromacetaldehyde 

fluoroelastonier. 287 
fluoronated ethylene propylene 

(FEP), 595 
fluoroplastic (FP), 287, 595 
fluorosilicone (FS), 595 
fluorosilicone plastic (FS), 287 
fluxing, 287 
foam, 287 

595 

plastic (FEP), 287 

(FCBA), 595 

aiid blowing agent, 287-288 
microcellular, 290 
and process, 288 
aiid process cell structure, 288 
reinforced, 290 
structural (SF), 290 

foamable (FM), 595 
foamed 

cold-cure, 288 
one-shot system, 289 
prepolynier, 290 

foamed air-flow level, 287 
foamed block, 288 
foamed blown, cellular, 288 
foained blown CO?,  288 
foamed bun, 288 
foamed casting, 288 
foamed cell, 288 

closed, 288 
open, 288 

foamed-cell collapse, 288 
foamed cream time, 289 
foamed cure time, 289 
foamed density, reduced, 289 
foamed elastomer, 289 
foamed free rise, 289 
foamed frothing, 289 
foamed ground aircraft arrester, 

foamed in place, 289 
foamed-peak rise point, 289 
foamed plastic, mechanical, 289 
foamed-plastic market, 289 
foamed polyethylene ionization, 

foanied polyurethane, 289-290 
foamed reservoir molding, 290 
foained rise time, 290 
foamed self-skinning, 290 
foamed sheet stock, 290 
foamed spray-up, 290 
foarn-in-fabric (FIF), 595 
foam inverse lamination, 290 
foil, 290 
foil decorating, 290-291 
fold 

289 

289 

accordion, 291 
dead, 291 
right angle, 291 
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follow up (FU), 595 
food additive petition (FAP), 595 
Food and Agricultural Orgamza- 

tion, U.S (FAO), 595 
Food and Drug Administration 

(FDA), 595, 649 
food grade (FG), 595 
Foodservice and Packaging Insti- 

force (F), 291, 594 
for example (e.g.), 593 
forging, 291 
formal (FM), 595 
foriiialdehyde (F), 594 
foriii-fill-seal (FFS), 595 
forming, 291 

cold, 291 
cold-drawing, 291 
dip, 291 
rubber-pad, 291 
scrapless, 291 
slip, 291 
solid phase, 291-292 
solid-phase pressure, 292 
ctretch, 292 
stretch and draw ratios for pres- 

sure, 292 
superplastic (SPF), 292 
superplastic/diffusion bonding 

tute (FPI), 595, 638, 655 

process, 292 

empirical, 292 
formula, 292 

fomiulated molecular weight 

Forrest Products Laboratory 

FORTRAN software, 292 
for your information (FYI), 

Foundation of Flexographic 

(FMW), 595 

(FPL), 595 

595 

Technical Association 
(FFTA), 595 

foundry plastic, 292 
foundry shell molding, 292 
fourdrinier, 292 
Fourier transform infrared 

fracture, 292 

fracture ductility, 292 
fracture strength, 292 
fracture toughness, 292 
fragrance concentrate, 292-293 
France, associations of, 628 
freedom of infomiation (FOI), 

free on board (FOB), 595 
free to qualified customer 

(FQC), 595 
free volume (FV), 595 
freeze-off, 293 
freeze point (FP), 595 
frequency, 293 

natural undamped, 293 
frequency bandwidth, 293 
frequency-dependent electronrag- 

Fresnel diffraction pattern, 293 
Fresnel lens, 293 
frettage, 293 
friction, 293 

(FTIR), 595 

brittle, 292 

595 

netic sensor (FDEMS), 595 

Coulombic, 293 
internal, 293 

friction force microscopy (FFM), 

friction ratio, 293 
595 

frit, 293 
frosting, 293 
fuller’s earth, 293 
full indicator movement (FIM), 

full indicator reading (FIR), 595 
fumaric acid (FA), 594 
fume, 293 
fungicide additive, 293 
furan (FUN), 595 
furan-formaldehyde (FF), 595 
furan plastic, 293 
furfural plastic, 293 
furnace, blast, 293 
furnace black, 293 
furniture market, 293-294 
fusible, 294 
fusible metal core technology 

fusion, 294 
fuzzy logic control (FLC), 593, 

595 

(FMCT), 595 

595 

GAIM software, 295 
galling, 295 
gallium (Ga), 596 
gallon (gal), 596 
gallons per minute ( b ~ n i ) ,  596 
gamma radiation, 295 
garbage in, garbage out (GIGO), 

gas, 295 
gas analysis, residual (RGA), 295 
gas burn, 295 
gas counterpressure (GCP), 596 
gas effusion, 295 
gasification, 295 

295, 596 

gas injection molding (GIM), 
295, 596 

gas-injection molding machine 
(GIMM) systems, 60 

gas injection technology (GIT), 
596 

gas internal pressure (GID), 596 
gasket, 295 
gas metal arc welding (GMAW), 

gasoline (gas), 596 
gasoline tanks, 295 
gas phase deposition (GPD), 596 
gas pocket, 295 
gas precsure and teniperature, 

596 

295 
gas solid chromatography (GSC), 

596 
gas structural element (GSE), 596 
gas transfer mold (GTM), 596 
gas transmission rate (GTR), 596 
gatec, 62 
gauge, 295 
gauge length, 295 
gauss (G), 595 
gear, 296 
gear pump, 296 
gear pump pressure, 296 
gel, 296 

irreversible, 296 
micro, 296 
pectin, 296 
rubber, 296 
syneresis, 297 
zero, 297 

gelatin (G), 296, 595 
gelation, 296 
gelation time, 296 
Geloy, 296 

gel point, 296 
gel time, 297 
General Accounting Office, U.S. 

(GAO), 596 
General Agreement on Tariff? 

and Trade (GATT), 596 
General Electric (GE), 596 
generalized exponential suiii 

generalized fracture mechanisms 

generally recognized ds safe 

General Motors (GM), 36, 596 
general purpose (GP), 596 
general purpose instrumentation 

bus (GPIA), 596 
general purpose metering ccrew 

(GPMS), 596 
general purpose polystyrene 

(GPPS), 596 
general purpose screw (GPS), 

596 
general rubber goods (GRG), 

596 
General Service Administration, 

U.S. (GSA), 596 
General Syndicate of Plastics Ma- 

terials Processors, 630 
generic, 297 
genetic algorithm (GA), 596 
Geofoam WWW Site, 655 
geognd, 297 
geoniembrane, 297 
geometric dimensioning and tol- 

erancing (GDSIT), 596 
geometric modeling system 

(GMI), 596 
geometric steradian, 297 
geometry, 297 
Geon, 297 
geoscience, 297 
geosynthetic (G), 297, 595 
geotextile, 297 
G E  Plastics, 655 
German Association of Plastics 

(GEX), 596 

(GFM), 596 

(GRAS), 596 

Manufacturers (VKE), 629, 
655 

germanium (Ge), 596 
German Plastics and Rubber Ma- 

chinery Association 
(VDMA), 655 

German Society for Quality 
(DSQ), 592 

Gennany, 16 
associations of, 628-629 

Gewerkschaft Holzund Kunst- 

G-force, 297 

gigabyte (GB), 596 
giga Pascal (GPa), 596 
gilsonite, 297 
glass, 297 

borate, 297 
plate, 298 
tempered, 298 

glass bead (GU), 596 
glass cloth, 297 
glass composition, 297 
glass coupled (GC), 596 
glass devitrified, 297 
glass fiber (GF; E-glass), 593, 

glass fiber-reinforced plastic 

stoff (GHK), 596 

gig. (G), 595 

596 

(GFKP; GRP), 596 

glass-filament liquid temperature, 

glass filler, 297-298 
glass flake (GFA), 298, 596 
glass former, 298 
glassine, 298 
glass liquidns teniperature, 298 
glass mat (GM), 596 
glass mat reinforced thermoplas- 

Glass Packaging Institute (GPI), 

glass reinforced (GR), 596 
glass-reinforced polyetherether- 

ketone (WEEK), 596 
glass-reinforced thernioplastic 

compound selector, 76t 
glass cphere (GS), 596 

glass tape (GT), 596 
glass transition, 298 
glass transition temperature (TJ, 

298, 613, 614 
and brittleness, 298 
and crystalline melting point, 

and melting temperature, 298 

297 

tic (GMTP), 596 

596 

solid, 298 

298 

glascy state, 298 
glazing, 298 
Global Recycling Network 

GLOBEC’98, 645 
globule, 298 
gloss, 298 

specular, 298 
glue, 298 
glycerol ester, 298 
glycidyl acrylate polymer (GAP), 

glycidyl methacrylate (GMA), 

(GRN), 655 

596 

596 
glycol (Gly), 596 
glycol-modified I’CT copolymer 

goals, 31 
goat hair (Hz), 597 

goniometer, 299 
good manufacturing practice 

(GMP), 596 
goods, 299 
government (gov’t), 596 
government contract directory 

government lot acceptance test- 

government publications and 

grading, 299 
grafting, 299 
graft yield (GY), 596 
grain (gr), 299, 596 
graining, 299 
gram (g), 595 
gram-force per Tex (gf/Tex), 

596 
gram-molecule (g-Mol), 596 
gram per denier (g/Den; gpd), 

granite, plastic, 299 
granular (GRN), 596 
granular injected paint technol- 

ogy (GIPT), 596 
granular material, 299 
granular molding compound 

(GMC), 596 

(PCTG), 607 

gold (Au), 298-299, 587 

(GCD), 299, 596 

ing (GLAT), 596 

groups, 649 

596 
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granular powder, 299 
grmulator, 299 
granulator knife. 299 
granule, 299 
graphical database, 299 
graphical integrated numerical 

analysi\ (GINA), 596 
graphic art, 299 
graphic character, 299 
graphic character alignment, 299 
graphics performance character- 

ization (GPC), 596 
graphite, 299 
graphite powder (GKP), 596 
graphitization, 299-300 
grass, synthetic, 300 
gravity (G), 300, 595 

absolute, 300 
center of (cg), 300, 589 

gravity acceleration, 300 
gray (Gy), 596 
Greece, associations of, 629 
green dot, 16, 300 
green seal (GS), 596 
Green Seal (website), 655 
grinding, 300 

Grocery Manufacturers of 
centerless, 300 

America Inc. (GMA), 596, 
638, 656 

300, 596 

300, 596 

(GTP), 596 

gross domestic product (GllP), 

gross national product (GNP), 

group transfer polyinerization 

growth, five phases of, 27t 
guarded hot plate (GHP), 596 

gum compound, 300 
gutta-percha (GP), 300, 596 
gypsum, 300 

Hagen-Poiseuille (H-P), 597 
halocarbon plastic, 301 
halogen, 301 
halogenation, 301 
handbook (HDBK), 597 
hand painting, 48t 
hardener, 301 
hardening 

case, 301 
work, 301 

hardness, 301 
Kiioop (HK), 597 
Vickers nuinber (HV), 597 

hardnes, durometer, 301 
hardness Kockwell cone (HRc), 

hardness scleroscope number 

hard resources, 32 
hardware, 301 
Harrel Inc., 656 
Harvard Business School, 27 
hazard, 301 
Hazardous Materials Regulation 

Hazardous Waste Management 

haze, 301 
Healthcare Compliance Packag- 

ing Council (HPCP), 638- 
639 

Health Care Financing Adiiiinis- 
tration (HCFA), 649 

gum, 300 

597 

(HSc), 597 

(HMR), 597 

Associdtion, 638 

Health Care Industrie Assoc. 

Health Industry Manufacturers’ 

heat, 301 

(HCIA), 639 

Association (HIMA), 597 

dielectric, 302 
latent, 303 

heat-affected zone (HAZ), 596 
heat and photosensitive coiii- 

heat build-up, 302 
heat capacity, 302 
heat-curable vulcanizate (HCV), 

heat-cured rubber (HCR), 597 
heat deflection temperature 

(HDT), 302, 597 
heat deflection temperature t u -  

der load (HDTUL), 597 
heat distortion teiiiperature 

(HDT), 597 
heat effect, Gough-Joule, 302 
heat endurance, 302 
heater, 302 

cartridge, 302 
heater band, 302 
heat exchanger, 302 
heat flow (HF), 597 
heat flow iiieter (HFM), 597 
heat flux, 302 
heating 

pound, 301 -302 

597 

catalytic, 302 
dielectric, 302 
induction, 302 
microwave, 302 
pre-, 303 
Xlf-, 303 
viscous, 303 

heating, ventilatioii, and air con- 
ditioning (HVAC), 597 

heat of activation, 303 
heat of combustion, 303 
heat of solution, 303 
heat pipe, 303 
h a t  profile, 303 
heat-release rate (HRR),  597 
heat resilience (HR), 597 
heat resistance (HR),  597 
heat sealable (HSE), 597 
heat sensitizer, 303 
heat sink, 303 
heat stability, 303 
heat stabilized (HS), 597 
heat stabilizer, 303 
heat transfer, 49t, 51t, 303 
hcat-trancfer fluid (HTF), 303, 

heat-transfer mechanism, 303 
Iieavy-metal free (HMF), 597 
helium (He), 597 
heiiii-isotactic polypropylene 

(HIPP), 597 
heiiioconipatibility, 304 
hemp, 304 
Henry (H), 596 
heptane (Hep), 597 
heptyl (H), 596 
Hertz (Hz), 304, 597 
heterocyclic compound, 304 
hexafluoro propylene (HFP), 597 
hexamethylbeiizene (HMU), 597 
hexamethyl diisocyanate (HDI), 

597 
hexamethylenetetramine 

(HEXA), 597 
hexane (Hex), 597 

597 

hexyl (Hx), 597 
high abrasion fiimace (HAF), 

high aspect ratio (HAR), 596 
high calorific value (HHV), 597 
high coefficient of friction 

(HCF), 596 
high color channel (black) 

(HCC), 596 
high crystalline polypropylene 

(HCPP), 597 
high definition television 

(HDTV), 597 
high-density polyethylene 

(HDI’E; PE-HDS), 597, 
607 

high-enerby ion-beam irradiation 
(HEIU), 597 

higher alpha olefin (HAO), 596 
high frequency (HF), 597 
high-frequency current (HFC), 

high-frequency glow discharge 

high impact (HI), 597 
high-impact polystyrene (HIPS), 

high-intensity diffusion (HID), 

high-in tensity mixing (HIM), 

highly dispersed graphite (HDG), 

high modulus (HM). 597 

596 

597 

(HFGI)), 597 

597 

597 

597 

597 
I ,  

high molecular weight (HMW), 
597 

high-molecular-weight high- 
density polyethylene 
(HMW-HDI’E), 597 

high~niolecular-weight polyethyl- 
ene (HMWPE), 597 

high-molecular-weight rubber 
(HMWR), 597 

high-nitrile plastic (HNP), 597 
high-nitrile resin (HNK), 597 
high-percent solids (HS), 597 
high perforriiance (HI’), 597 
high-perforiiiance liquid chroma- 

tography (HPLC), 597 
high pressure (HI’), 597 
high-pressure fomiing (Hl’F), 

high-pressure liquid chroiiiatogra- 

high-rate impact test (HRIT), 

high-resolution chromatography 

high shear rate (HSK), 597 
high-strength molding con-  

pound (HMC), 597 
high temperature (HT), 597 
high-temperature blowing agent 

high-temperature polyiiierization 

high-temperature superconductor 

high-temperature vulcanization 

high-velocity oxy-fuel (HVOF), 

high-voltage electron microscopy 

high-volume in~truiiientation 

597 

phy (HPLC), 597 

597 

(HKC), 597 

(HTBA), 597 

(HTP), 597 

(HTS), 597 

(HTV), 597 

597 

(HVEM), 597 

(HVI), 597 

hindered amine (HA), 596 
hindered aiiiine light stabilizer 

hindered amine stabilizer (HAS), 

hispanic eniploynient program 

hold time, 304 
hole, blind, 304 
hole burning (HB), 596 
holography, 304 
hoiiiogeneous temperature (T,,). 

613 
honeycomb core crush number 

(HCCN), 596 
Hong Kong Plastics Manufactur- 

ers Association Ltd., 627 
Hong Kong Plastics Technology 

Centre Co. Ltd., 628 
hopper, 304 

color, 304 
vacuum, 304 

hopper disc feeder, 304 
hopper dryer, 304 
hopper feeder, 304 
hopper stuffer, 304 
horizontal burn test (HBT), 596 
horizontal reaction-injection 

molding (HRIM), 597 
horsepower (hp), 597 
hot isotactic press (HIP), 597 
hot isotactic pressing (HIP), 597 
hot-melt adhesive (HMA), 597 
hot-nielt road marking 

(HMRM), 597 
hot-melt strength (HMS), 597 
hot plate (HP), 597 
hot-pressure molding (HPM), 

hot runnrrs, 58, 62-63 
hot staiiiping, 4Yt, 51t 
hour (h), 596, 597 
household and industrial clienii- 

Housing and Urban Develop- 

HI’M Corporation, 35, 656 
hue, 304 
human hair (HA), 596 
humidify, 304 
humidity, 305 

(HALS), 596 

596 

(HDP), 597 

597 

cals (HIC), 597 

ment, US. (HUD), 597 

absolute, 305 
atmospheric hydrometer, 305 
specific, 305 

humidity ratio, 305 
Hungary, associations of, 029 
Hyatt, John Wesley, 305 
hybrid (HY), 305, 597 
hybrid interplay, 305 
hydration, 305 
hydraulic, 305 
hydraulic fluid influenced by 

heat, 305 
hydrazine hydrate (HH), 597 
hydrocarbon (HC), 305, 596 
hydrochloric acid (HCI), 305 
hydrochlorofluorocarbon 

(HCFC), 305, 597 
hydrodynaiiiic chromatography 

(HDC), 597 
hydrodynamics, 305 
hydrofluoroether (HFE), 597 
hydrogel, 305 
hydrogen (H; H?), 305, 596 
hydrogenation (H), 305, 596 
hydrogen atom bonding, 305 
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hydrogen chloride (HCI), 305, 

hydrogen eiiibrittleinent. 305- 

hydrogen fluoride (HF), 597 
hydrogen fluorocarbon (HFC), 

597 
hydrogen ion exponent (pH), 

608 
hydrogenite nitrile rubber (H- 

NBR), 597 
hydrogen peroxide (HPO), 

597 
hydrological cycle, 306 
hydrolysir, 306 
hydrolytic stability, 306 
hydrophilic, 306 
hydrophilic wrface, 306 
hydrophobic, 306 
hydrorol, 306 
hydrortatic, 306 
hydrostatic design hacis (HDB), 

hydrothermal effect, 306 
hydrotropy, 306 
hydrous, 306 
hydroxyethyl acrylate (HEA), 

597 
hydroxyethyl cellulose (HEC), 

597 
hydroxyl terminated polyether 

(HTE), 597 
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indiuiii-tin oxid (ITO), 599 
Indonesia, associations of, 629 
induction, magnetic, 308 
industrial design (ID), 598 
Industrial Designerr Society of 

tering (ISTS), 599 

and energy, 308 

(ILL)), 598 

America (IDSA), 598, 639, 
656 

Materials and Processes Sec- 
tion, 656 

Industrial Fabncs Association In- 
ternational (IFAI), 639 

Industrial Materials Institute of 
N K C  (IMI), 598 

Industry Council Packaging and 
Environment (Incpen), 656 

inelastic energy curve (IEC), 598 
inelastic neutron scattering 

inert, 308 
inertia, 308 
infornmatioii technoloby (IT), 599 
information technology equip- 

ment (ITE), 599 
infrared (IR), 308, 598 
infrared (IK) annealing, 308 
infrared polymerization index 

(IRPI), 599 
infrared reflection-abcorption 
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injection molding machine high- 
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(II’M), 598 

intenuty of absorbed light (Iabs), 
598 

intensity of incident light (I,,),  
598 

intercontinental ballitic missile 
(ICBM), 598 

interdigital transducer (HIT), 
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ionic, 324 
ionic bonding, 324 
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ionization, 324 
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butt-fusion, 327 
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design, 327 
edge, 327 
fillet, 327 
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rivet, 327 
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kaolin, 329 
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keratin, 329 
kerf, 329 
kerosene (Ker), 599 
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ketone (Ket), 329, 599 
ketone plastic, 329 
kettle, 329 
Kevlar, 329 
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kilobyte (KB), 599 
kilocycle (kc), 599 
kilogram (kg), 599 
kilogram calorie (kcal), 599 
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kilopascal (kPa), 599 
kilovolt (kV), 599 
kinetic, 329 
kinetic energy (KE), 599 
kinetic energy dissipated, 329 
kinetic friction, 329 
kinetic gelation model (KGM), 

kinetic isotope effect (KIE), 599 
kinetic theory, 329 
kink, 329 
kirksite, 329 
kiss, 329, 599 
Kluwer Academic Publishers, 
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(KMC), 599 
kneading, 329 
knit line, 330 
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knot, 330 
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Corp., 630 
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kraft paper, 330 
krypton (Kr), 330, 599 
krypton fluoride (KrF), 599 
Kubelka-Munk theory (KM), 

Kunststoffe (K), 330, 599, 647 
Kunststoffe, C.  Hanser Verlag 
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(KBE), 599 
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(K), 651 

(KV), 625 

label, 331 
adhesive-bonded, 331 
heat-transfer, 331 
pressure-sensitive, 33 1 

labeled atactic polypropylene 
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Labelexpo USA, 647 
labeling, 49t, 52t 
laboratory (LAB), 599 
laboratory accreditation, 331 
laboratory atmosphere, standard, 

laboratory integration system 

lac, 331 
lacquer, 331 
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(LIS), 600 

lacquer coating, 331 
lactam, 331 
lamella, 331 
lamina, 331 
laminate, 331 

copper-clad, 331 
de-, 332 
decorative, 332 
high-pressure formable, 332 
low-pressure, 332 
pressure break, 332 
sheet, 332 

laminate bending, 331 
laminated object manufacturing 

(LOM), 600 
laminate ply, 332 
laminate stacking sequence, 332 
laminate tube or rod, 332 
laminate wood, 332 
laminate wormhole, 332 
lamnielar thickness, 331 
lamp black, 332 
land, 332 
landfill 

and degradation, 332 
recycled, 332 

lap shear strength (LSS), 601 
large interactive surface (LIS), 

600 
laser, 332, 600 
laser desorption (LD), 600 
laser direct image (LDI), 600 
laser disc (LD), 600 
laser doppler velociinetry (LLIV), 

laser-induced fluorescence (LIF), 

laser-induced pressure pulse 

laser marking, 332 
laser mass spectroscopy (LMS), 

laser Raman spectroscopy (LRS), 

laser sintering, selective (SLS), 

laser sintering process (LSP), 601 
last in, first out (Li-Fo), 600 
lateral ignition flame spread test 
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(LIPP), 600 
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332-333, 612 
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creamed, 333 
mechanical stability, 333 
natural rubber (NK), 333 
rubber or plastic, 333 

latex emulsifying agent, 333 
latex foam, 333 
latex gel, 333 
latex gel time, 333 
latex interpenetrating polymer 
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latex precoagulum, 333 
latex reduction process (LRP), 
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Latinpack, 646 
lattice, 333 
lattice fluid (LF), 600 
layer control plate (LCP), 600 
leach, 333 
leachate, 333 
lead (Pb), 333, 606 
lead chrome, 333 
lead oxide (PbO), 606 
lead zirconate titanate (PZT), 
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leather (LEA), 600 
leather-dust, 333 
Lebanon, associations of, 630 
legal matter 

accident reporting, 333 
acknowledgment, 334 
agreement not to compete, 

biomaterial liability bill, 334 
bottle bill, 334 
Consumer Product Safety Act 
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copyright, 334 
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expert witners, 334 
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forensic science and plastic, 

free trade, 334 
Insurance Risk Retention Act 

invention, 334 
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patent, 335 
patentability, 335 
patent information, 335 
patent infringement, 335 
patent plastic money, 335 

334 
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(IRRA), 334 

patent pooling with competi 
tor, 335 

patent rearch, 335 
patent term extension (PTE), 

patent terminology, 335 
plaintiff, 335 
processor contract, 335 
product liability law, 335 
quotation, 335 
right to know, 335 
shop right, 336 
software and patent, 336 
tariff, 336 
term, 336 
tort liability, 336 
trademark (TM), 336 
trade name (TN), 336 
warranty, 336 

lego molding (LM), 600 
length (I), 599 
length-to-diameter (L / L)), 600 
lens 

335 

apochromatic, 336 
contact, 336 

lens centering, 336 
less truck load (LTL), 601 
lettering, recessed, 336 
leveling-off degree of polymeriza- 

tion (LOPD), 600 
Library of Congress (LOC), 649 
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life-cycle assessment (LCA), 600 
life-cycle inventory (LCI), 600 
light, 336 

600 

black, 337 
white, 338 

light aberration, 336-337 
light amplification by stimulated 

emission of radiation 
(LASER), 600 

light clarity, 337 
light densimeter, 337 

light depolarization microscopy 
(LDM), 600 

light emitting diode (LED), 600 
light fastness, 337 
light frosting, 337 
light index of refraction, 337 
light intensity modulation 

light metamerism, 337 
light microscopy, 337 
light ray, 337 
light refractiveness, 337 
light refractivity, 337 
light resistance, 337 
light scattering (LS), 337, 601 
light scattering film (LSF), 601 
light scattering loss, 337 
light schlieren system, 337 
light stabilizer (LS), 337, 601 
light transmission, 337 

lignin, 338 
lignite, 338 
lime (CaO), 338 
limestone (CaCO?), 338 
Limited (Ltd.), 601 
limiting index oxygen (LOI), 

limiting oxygen index (LOI), 

limiting viscosity number (LVN), 

limit of detection (LOD), 600 
linear alkylate sulfonate (LAS), 

600 
linear differential transformer 

(LTD), 601 
linear dynamic range (LDR), 

600 
linear elastic limit (LIL), 600 
linearity, 338 
linearization, 338 
linear low-density polyethylene 

method (LIMM), 600 

regular, 337 

338 

600 

601 

(LLDPE; PE-LLD), 600, 
607 

linear medium density polyethyl- 
ene (LMDPE), 600 

linear polyethylene (LPE), 600 
linear polyethylene terephthalate 

(LPET), 600 
linear position transducer (LPT), 

601 
linear variable differential trans- 

ducer (LVDT), 338, 601 
linear variable differential tran- 

former (LVDT), 601 
linear velocity displacement trans- 

ducer (LVDT), 601 
linear viscoelasticity (LVE), 601 
linen (LI), 338, 600 
linseed oil, 338 
lint, 338 
liquefied natural gas (LNG), 600 
liquefied natural petroleum 

liquefied petroleum gas (LPG), 

liquid, elastic, 338 
liquid chromatography mass spec- 

troscopy (LCMS), 600 
liquid coating (LC), 600 
liquid composite comprerrion 

liquid composite molding 

(LNP), 600 

600 

molding (LCCM), 600 

(LCM), 6OO 

liquid crystal, lyotropic, 338 
liquid crystal display (LCD), 600 
liquid crystalline thermoset 

liquid crystal plastic (LCP), 338, 

liquid crystal polymer (LCP), 

liquid curing medium (LCM), 

liquid elastomer connector 

liquid impingement molding 

liquid injection molding (LIM), 

liquid injection molding simula- 

liquid isothermal bath (LIB), 600 
liquid-liquid (L-L), 600 
liquid-liquid equilibria (LLE), 

liquid metal infiltration (LMI), 

liquid molding reqin (LMR), 600 
liquid natural rubber (LNR), 600 
liquid oxygen (LOX), 600 
liquid penetrant, 338 
liquid petroleum (LP), 600 
liquid phase polymer retention 

liquid polymer (LP), 600 
liquid reaction molding (LRM), 

liquid sieve chromatography 

liquid silicone rubber (LSK), 601 
liquid single crystal elastonier 

liquifier, 338 
litharge (PbO), 338 
lithium (Li), 600 
litmus, 339 
litre (L), 599 
load (P), 339, 606 

constant, 339 
dead, 339 
dynamic, 339 

load amplitude, 339 
load at specified elongation 

(LASE), 600 
load column crush, 339 
load condition (LC), 600 
load cycle, 339 
load cycle rate, 339 
loading, rhort-term, 339 
loading edgwise, 339 
load-strain tangent (LST), 601 
load support, 339 
local area network (LAN), 600 
logarithm, 339 

(LCR), 600 

600 

338, 600 

600 

(LEC), 600 

(LIM), 600 

312, 600 

tion (LIMS), 600 

600 

600 

(LPR), 600 

601 

(LSC), 601 

(LSCE), 601 

common (log), 600 
natural (Ln), 600 

(LVDW), 601 
London-van der Waals forces 

long-chain branching (LCB), 600 
long discontinuous fiber (LDF), 

long duration exposure facility 

long fiber (LF), 600 
long-fiber prepreg (LFP), 600 
long glasr fiber (LGF), 600 
Los Alamos National Laboratory 

600 

(LDEF), 600 

(LANL), 600, 656 

loss on ignition (LOI), 600 
lost wax process (LWP), 601 
low-amplitude oscillatory shear 

low birefringence (LBR), 600 
low crystallinity (LCR), 600 
low-density polyethylene (LLIPE; 

PE-LD), 600, 607 
low-energ electron diffraction 

(LEED), 600 
lower cloud point (LCP), 600 
lower control unit (LCL), 600 
lowest common denominator 

lowest critical melting point 

low gloss (LGL), 600 
low-low modulus (LLM), 600 
low migration (LMI), 600 
low molecular mass (LMM), 600 
low molecular weight (LMC; 

low notch sensitivity (LNS), 600 
low point displacement (LPD), 

low pressure (LP), 600 
low pressure gas (LPG), 600 
low-pressure injection molding 

(LPIM), 600 
low-pressure molding compound 

(LMC; LPMC), 600 
low-pressure polymer precursor 

low-pressure structural foam 

low profile additive (LPA), 6OO 
low-profile plastic (LPP), 600 
low shrink (LS), 601 
low smoke fume (LSF), 601 
low stabilizer (LS), 601 
low structure (LS), 601 
low styrene emission (LSE), 601 
low temperature polymerization 

low viscosity (LV), 601 
low viscosity molding compound 

(XMC), 617 
low volatile content (LVC), 601 
low volatility (LVO), 601 
low warpage (LW), 601 
LSU’s Libraries’ U.S. Federal 

(LAOS), 6OO 

(LCD), 600 

(LCMP), 600 

LMW), 600 

600 

(LPPP), 600 

(LPSF), 600 

(LTP), 601 

Government Agencies Page, 
656 

lubricant, 339 
lubricant bloom, 339 
lubricate (LUB), 601 
lubrication approximation theory 

(LAT), 600 
lubricity, 339 
lumen (hi), 600 
luminance, 339 
luminescent pigment, 339-340 
luminous flux, 340 
luminous flux absorptance, 340 
luininous fractional reflectance, 

340 
luster, 340 
lux (Lx), 601 
lyophilic, 340 
lyophobic, 340 
lyotropic, 340 

Maack Business Services, 656 
Macbeth apparatus, 341 
macerate filler, 341 
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machinability, 341 
machine (iii/c), 601 

coordinated-measuring 
(CMM), 341 

ultraiutelligent. 341 
used, 341 

machine alignment, 341 
machine data gathering (MUG), 

Alarkinc, Dc.s<qn, 651 
machine direction (MD), 601 
machine-direction orienter 

(MDO), 602 
machine hour-rate, 341 
machine interface level (MIL), 

602 
niachine interface unit (MIU), 

602 
machine precision leveling 

mount, 341 
i i idi ine quality, 341 
machine reach point, 341 
iriachincry and equipment sector, 

machine tool industry, 341 
machining, 341 -342 

electric-discharge, 342 
photochemical (PCM), 342 
and punching, 342 

iiiachining jig, 342 
iiiachiniiig safety, 342 
macro-, 342 
macroscopy, 342 
Macro vacuum pressure (MVP), 

magnesium (Mg), 342, 602 
magnesium carbonate (MgCO )), 

342 
magnet, 342 
magnetic, para-, 342 
magnetic field effect (MFE), 602 
magnetic-optical (MO), 602 
magnetic-optical technology, 342 
magnetic resonance imaging 

magnetized curie point, 342 
inagiietostrictive transducer 

(MST), 603 
iiiain fraiiie (MF), 602 
maintenance. 342-343 
maintenance profession (MP), 

niaintenance-repair-opertioii 

Malaysia, associations of, 631 
Malaysian Plastic Manufacturers 

Association (MPMA), 631 
Malaysian Rubber Bureau 

(MKU), 603 
Malaysian Rubber Producers' 

Council (MKPC), 603 
Malaysian Rubber Producers' Ke- 

search Association, 640 
Malaysian Kubbrr Products Man- 

ufacturers' Association 
(MRPMA), 603 

601 

37-38 

603 

(MRI), 603 

603 

(MKO), 603 

maleic acid (MA), 601 
maleic acid diester (MDE), 601 
maleic anhydride (MA), 343, 601 
malleability, 343 
management buyout (MBO), 

management for the long run, 

maiiagement for total quality 

601 

27-33 

(MTQ), 603 

management itiforiiiatioii system 
(MIS), 602 

iiianageuient of technology 
(MOT), 603 

mandrel, 343 
manganese (Mn), 602 
Manila hemp (Ma), 601 
Manmade Fiber Producers' Asso- 

ciatioii (MMFI'A), 602 
iiianuiade mineral fiber 

(MMMF), 602 
manufictured cost, 343 
manufactured recycled plastic 

lumber (MRPL), 603 
nianufacturers (Mfrs.), 602 
Manufacturer\' Association 

(MCA), 601 
Manufacturere Inforination Net 

Hoiiie Page, 656 
manufacturing (iiifgr.), 602 
manufacturing, remanufacturing/ 

rebuilding, 343 
manufacturing automation proto- 

col (MAP), 601 
Manufacturing Chemists Associa- 

tion (MCA), 640 
mcinufactunng execution systeni 

(MES), 343, 602 
Munufacturirig Handhuuk and Buy- 

ers C h i d e ,  21 
manufacturing plant, theoretical 

capacity, 343 
manufacturing requireiiient plan- 

ning (MRP), 603 
Manufacturing Technology Infor- 

imtioii Aiialysic Center, 656 
manuscript (MS), 603 
Marco reinforced-plastic process 

marine application for plastics, 

market, 343-344 
Market Data Rook, 23 
market dynamic (MD), 601 
mxketing, 35-36 
market strategy (MS), 603 
marking, 344 
niar re\istance (MAR), 344, 601 
Martin Thomas, Inc. /Marketing 

mash-off, 344 
inass, 344 
Massachusetts Institute of Tech- 

Lkpartnieut of Materials Sci- 

(MRPP), 603 

343 

Services, 35, 650 

nology (MIT), 602 

ence, 656 
mass saving, 344 
mass selective detector (MSD), 

mass cpectroirictry (MS), 603 
masterbatch (MB), 601 
Master Unit Ilie (MUD), 603 
masticate, 344 
match die molding (MDM), 602 
matched potential method 

material, 344 
billet, 344 
biscuit, 344 
briquet, 344 
bulk, 344 
cutting burr-free, 345 
microphase structure, 346 
powder, 346 
powder compact, 346 
recovered, 347 

603 

(MPM), 603 

material bailing, 344 
material bank, 344 
material-blending letdown ratio, 

material blocking, 344 
material buy-back, 344 
material charge, 344 
material contamination, 344 
material cycle, 345 
materid distribution, 345 
mciterial doff, 345 
material feeding aiid blending, 

iiiaterial feeding and blending 

material feeding and blending vol- 

material handling (MH), 345, 602 

344 

345 

gravimetric, 345 

umetric, 345 

automatic, 345 
nianual, 346 
pneumatic loader and coii- 

veyer, 346 
vacuiiiii loader, positive dis- 

placement, 346 
vacuum loader and conveyor, 

346 
iiiaterial handling baling, 345 
material impurity, 346 
material inclusion, 346 
material-level sensor, 346 
material lot, 346 
material phase, 346 
material pulverizing, 346 
material received, checking, 346 
material recovery, 347 
material recovery facility (MRF), 

603 
material safety data sheet 

(MSIX), 603 
Materials Algorithm Project, 656 
iiiaterials analyst (MA), 601 
hfurcriuls Enxinrcriny, 651 
Materials Properties Handbook 

Operation, 656 
iiiaterials requirement planning 

(MRP), 603 
material ctarve feeding, 347 
material tumbling, 347 
mathematical acoustic impcd- 

iiiatheiiiatical U-spline, 347 
niathetn'itical B-spline surface, 

iriatheiriatical closure error, 347 
mathematical derivative, 347 
iii'itheniatical dimension, 347 
mathematical dimensional eccen- 

mathematical equation, 347 

mathematical theorem, 347 
niatheuiatical vector, 347 
mathematics, 347 
matrix (iii), 601 
iiiatte finish (MAT), 601 
matter, 347 
MatWeb Quick Search, 656 
iiiaxiniuiii (inax.), 601 
niaxiiiium available control tech- 

maximum exposure limit (MEL), 

Maxwell model, 347 
niayouiiaise jar, 347-348 
mean, 348 

ance, 347 

347 

tricity, 347 

cross-, 347 

iioloby (MACT), 601 

602 

arithmetic, 348 

iiiean absolute deviation (MAD), 

mcaii and standard deviation, 

iiieaii crossing, 348 
mea11 deviation (MD), 601 
mean optical approximation 

mcan residcnce tiiiie (MRT), 

iiieasurenient, 348 
mechaiiical drawing, 348 
niechanical cnerby resolver 

mechanical engineer (ME), 602 
mechanicd holding load, 348 
iiicchanical market, 348 
niechmical nieasurement, dy- 

348, 601 

348 

(MSA), 603 

603 

(MER), 602 

naiiiic gamma loss peak, 
348 

niechanicd packaging engi- 
neering (MPE), 603 

mcchanicd property, 348 

mechanical rubber group 
(MRG), 603 

iiicchaiiical stability time (MST), 
603 

Mechanics cf Time-Dependent Mate- 
rials, 6.51 

tiiechatronic, 349 
medical, lens implant, 349 
medical absorbable technology, 

349 
medical xitibody and antigen, 

plastic-encapsulated, 349 
medical applications, 349 
medical catheter, 349 
medical chroiiotherapeutics, 349 
medical coiiiiectors, female h e r  

medical cost-of-illness study 

Mcdical Design and Manufactur- 

guide to, 42f 

failure, 349 

(COI), 349 

ing West Conference and 
Exhibition, 645 

Medical Device and Diagnostic 
Industry (MDaDI), 601, 
65 1 

Medical Device Manufacturers 
Association (MDMA), 640 

medical-device packaging clarity, 
349 

Medical Devices Canada 
(MEDEC), 627 

Medical Devices Directory 
(MDD), 601 

Medical Industry Association of 
Austrahd, 625 

medical market, 349 
Medical Marketing Association 

medical material and the eiiviron- 

niedical packaging, 349-350 
medical seal aiid closure, 350 
medical suture, 350 
iiiediiini density polyethylene 

(MIIPE; PE-MU), 602, 
607 

(MIPS), 602 

(MMW), 602 

(MMA), 640 

iiient, 349 

niediuiii impact polystyrene 

niediuiii molecular weight 

mega (M), 601 
megabyte (MU), 601 
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megacycle (MC), 601 
niegagram (Mg), 602 
megajoule (MJ), 602 
mega-Pascal (MPa), 603 
megawatt (MW), 603 
melamine (M), 45t, 601 
melamine formaldehyde (MF), 

melamine formaldehyde plastic 

melamine-phenol-forinaldehyde 

nielamine urea formaldehyde 

meld line, 350 
melt, 350 
melt density, 350 
melt elasticity, 350 
melt flow, 58, 350-351 

602 

(MF), 350 

(MPF), 603 

(MUF), 603 

laminar, 351 
nonlaminar, 351 

melt-flow additive (MFA), 602 
melt-flow analysis, 351 
melt-flow defect, 351 
melt flow hinder with additive, 

melt-flow index (MFI), 602 
melt-flow number (MFN), 602 
melt-flow orcillation, 351 
melt-flow property, 351 
melt-flow rate (MFR), 351, 602 
melt fracture (MF), 351-352, 

602 
melt front, 352 
melt front velocity (MFV), 602 
melt index (MI), 602 
melting point ( n ~ p . ) ,  603 
melting section of screw, 61 
melting temperature, 352 
melt Instability, 352 
melt-mass flow rate (MFR), 602 
melt-prerrure decompression, 

melt-pressure sensitivity, 352 
melt-processable rubber (MPK), 

melt profiles, 57f 
melt shear rate, 352 
melt spiral flow (MSF), 603 
melt \trength (MLS), 352, 602 
melt temperature (T,,,), 352, 

351 

3.52 

603 

613 
absolute, 352 

melt-temperature effectiveness, 

melt temperature override 

melt transformation coextrusion 

melt transformation extrusion 

melt velocity (MV), 603 
melt vibration, 352-353 
melt-volume index (MVI), 603 
membrane, 353 
membrane osmometry, 602 
MEMS Material Databare, 656 
menthyl acrylate (MtA), 603 
mercaptobenziniidazole (MB), 

601 
mercaptobeiizthiazole (MBT), 

601 
Mercedes, 35 
mercury (Hg), 597 
Merrimack Valley Plastics Net- 

work (MVPN), 640 

352 

(MTO), 603 

(MTCE), 603 

(MTE), 603 

mesh, 353 
mesophase, 353 
metal, 353 

ferrous, 353 
heavy, 353 
light, 353 
non-, 354 
nonferrous, 354 
white, 354 

metal-adsorption calorimetry, 

metal detection, 353 
metal elasticity index (MEI), 602 
metal fiber (ME), 602 
metal fracture, 353 
metal impregnation, 353 
metal injection molding (MIM), 

metal ion (Me), 602 
metallic-core technology (MCT), 

601 
metallic cycling polymerization 

(MCP), 601 
metallization, 52t 
metallized polyester film (MPE), 

metallizing, 49t 
vacuum, 354 
vacuum boat, 354 

metallizing plamc, 353 
metallocene (ni), 601 
metallocene catalyrt (Me), 602 
metallocene HDPE (IriHDl’E), 

metallocene polyethylene (MPE), 

metal matrix composite (MMC), 

nietal-on~elastonier (MOE). 602 
metal powder (MP), 603 
metal-to-plastic bond, 354 
metal vapor synthesis (MVS), 

metactable, 354 
MerCon Polymers in Transition, 

meter (ni), 354, 601 
metering section of screw, 61 
methacrylic acid (MAA), 601 
methacrylic-butadiene-styrene 

copolymer (MUS), 601 
methacryloyl isocyanate (MAI), 

601 
methyl (M), 601 
methyl acetate (MAC), 601 
methyl acrylamide (MAM), 601 
methyl acrylonitrile (MAN), 601 
methyl alcohol (methanol) 

(Mtn), 354, 603 
methyl aluminoxane (MAO), 

60 1 
methyl anhydride (MAH), 601 
methyl caprolactam (MCL), 601 
methyl cellulose (MC), 601 
methylcellulore plactic (MC), 

methylene (M), 601 
methylene chloride (MCI), 601 
methylene diamiline (MDA), 

60 1 
niethylene-diphenylene diisocya- 

nate (MIII), 602 
niethyleneindane (MI), 602 
methyl ethyl ketone (MEK), 602 
methyl ethyl ketone peroxide 

(MEKP), 354, 602 

353 

602 

603 

602 

603 

602 

354, 603 

646 

354 

methylfluororiliconc plastic, 354 
methyl group (Me), 602 
methyl irobutyrate (MIB), 602 
methyl methacrylate (MMA), 

354, 602 
methylmethacrylate ABS 

(MABS), 601 
methylmethacrylate-hutadieiie~ 

ctyrene terpolymer (BTA), 
588 

methyl mtroaniline (MNA), 602 
niethylphenylene diisocyanate 

niethylphenylsiliconc plastic, 354 
methylsilicone plastic, 354 
methyl vinyl ether (MVE), 603 
niethylvinylfluorosilicone plastic, 

methyl vinyl ketone (MVK), 

methyl vinyl pyridine (MVP), 

metric ton (MT), 603 
Metropolitan Washington Coun- 

cil of Governments (COG), 
656 

Mexican Arrociation of Bottling 
and Packaging, 631 

Mexican Institute of Chemical 
Engineers, 631 

Mexican Institute of lndustrial 
Plarticr, 631 

Mexico, associations of, 631 
mica (MIC), 355, 602 
micelle, 355 
microcellular foam (MCF), 601 
microcellular plartics technology 

microcellular polyurethane 

microcrack, 355 
niicro floppy disc (MFD), 602 
microhardness (MH), 602 
microinch (mike), 602 
micrometer (p; M,,,), 355, 601 
microniillinieter (inF), 601 
inicron, 355 
MicroPatent, Patent and Trade- 

mark Information, 656 
microprocessor (pP), 606 
microprocessor control, 355 
microscope, 355 
microscopy, 355 
microsphere, 355 
microwave (MW), 603 
microwave radiation (MWK), 

603 
Mid-America Plastics Partncrs 

Inc. (MAPP), 640 
Mid-Atlantic Plastics Partners 

Inc. (MAPP), 601 
middle infrared (MIR), 602 
Midwest Recycling Investmcnt 

migration, 3% 

(TDI), 614 

354-355 

603 

603 

(MPT), 603 

(MPU), 603 

Forum, 645 

and additiver, 355 
and plasticizers, 355-356 

mike, 356 
mil, 356 
Milacron, Plastics Technologies 

mildew resistance (MLII), 602 
mile (mi), 602 
milec per hour (mph), 603 
military (MIL), 602 
military market, 356 

Group, 657 

military police (MP), 603 
mill, 356 

attrition, 356 
ball, 356 
cage, 356 
colloidal, 356 
hammer, 356 
jar, 356 

rod, 356 
roll, 356 
tube, 356 

pug, 356 

milled glass (MG), 602 
millicron (nip), 601 
niilli-equivalent (meq), 602 
milligram (iiig)), 601, 602 
milliliter (ml), 602 
millimeter (mm), 602 
millimole (mmol), 602 
niilli-Newton per denier 

(mN/d), 602 
million (M; Mn), 601, 602 
million pounds per square inch 

millions of instructions per src- 

millivolt (mv),  603 
mineral (MIN), 602 
mmmially invasive drudgery 

(MIS), 602 
mmniiuni (niin.), 602 
minimum film forniing tempera- 

ture (MFFT), 602 
minimum thermal stability tem- 

perature (MTST), 603 
Minirtry International Trade As- 

sociation (MITI), 602 
Minnecota Plasticc Indurtqr Day, 

643 
minute (min), 602 
mirror image method (MIM), 

602 
miscellaneous (misc.), 602 
tniscibility, 356 
missile, 357 
mix, 357 
mixed tertiary mercaptan 

mixer, 357 
ad-, 357 
banbury, 3.57 
batch, 357 
cetitrifiigal impact, 357 
change-can, 357 

(Msi), 603 

ond (MIPS), 602 

(MTM), 603 

dirc, 358 
disc and agitator, 358 
double-arm, 358 
extruder, 358 
high-intensity, 358 
high-intensity nonfluxing, 358 
internal, 358 
kneader-extruder, 358 
low-intensity liquid, 358 
low-viscosity, 358 
mediuni- and low-inteiirity, 

paddle-agitator, 359 
propeller, 359 
ribbon-blender, 359 
Figma-blade, 359 

vertical low-intensity, 359 

359 

mixer-blender, double-cone, 357 
mixer-blender with impeller, 357 
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mixing 
dispersive, 359 
distributive, 359 
impingement, 359 

mixing evaluation, 359 
niixing theory, 360 
mixing venting extruder (MVX), 

603 
inix metering, 360 
niixture, 360 

continuous-phase, 360 
heterogeneous, 360 
homogeneity, 360 

nini iiiercury (torr), 614 
mocked-switch woven (MSW), 

modacryl fiber (MOD), 602 
modal, 360 
mode dirpersion phase matching 

niodelitig 

603 

(MLIPM), 602 

breadboard, 360 
clay-up, 360 
solid, 360 
surface, 360 
wire-frame, 360 
modeling paranietric, 360 

Modern iWi~/d arid TlJo/inq, 19 
Mvderri PackaXiq,  651 
Modern Plastics (MP), 19, 603, 

657 
M o d i w  Plastics International, 19, 

657 
Modcrri Plastics Worfd Enrycfope 

dia, 19 
modified acrylic fiber (PAM), 

606 
modified atmosphere packaging 

(MAP; MAT), 601 
modified bulk polymerization 

(MBP), 601 
modified compression molding 

(MCM), 601 
modified polyamide (MPA), 

603 
modified PPO (MPPO), 46t, 

603 
modifier, 360 
modulated differential scanning 

calorimetry (MLISC), 602 
modulus, 360 

apparent, 361 
hulk, 361 
complex, 361 
compression, 361 
creep (EL), 593 
dissipation factor, 361 
dynamic, 361 
flexural, 361 
initial, 361 
loss, 361 
iiiean, 361 
offset, 361 
relaxation (ET), 593 
secant (EJ, 361, 593 
versus specific gravity, 361- 

362 
static, 361 
and stiffiiess, 360 
storage, 361 
stress-relaxation, 361 
tangent, 361 
tension, 361 
Young's complex, 362 

modulus moment of inertia (EI), 
593 

modulus of elasticity (E; MOE), 
58, 361, 593, 602 

complex, 361 
modulus of resilience. 361 
modulus of rigidity (G), 361, 

596 
modulus of rupture (MOR) ,  

modulus of rupture in bending, 

modulus of rupture in torsion, 

modulus time profile, 361 
mohair (Mo), 602 
Mohr circle, 362 
Mohr circle of stress, 362 
Mohr envelope, 362 
nioisture, 362 

humectant agent, 362 
regain, 362 

moisture absorption, 362 
nioisture adsorption, 362 
moisture analyzer, 362 
moisture content, 362 

moisture conteiit equilibrium, 

moisture control (MC), 601 
moisture equilibrium, 362 
moisture resistance (MST), 362, 

603 
nioisture vapor transmission 

(MVT), 362, 603 
iiioisture vapor trammission rate 

(MVTR), 603 
molar (M), 601 
niolar heat capacity, 362 
niolar heat of fusion, 362 
iiiolar heat of sublimation, 362 
molar heat of vaporization, 362 
molar mass of a cheniical coni- 

molar niass of an element, 362 
molar refraction (MK), 603 
niolar solution, 362 
molar substitution (MS), 603 
molar susceptibility, 363 
mold, 62-63, 363 

automatic, 363 
balanced, 363 
chunk, 365 
collapsible-core, 365 
compression, 365 
compression, plastic material 

compression flash ring, 365 
compression \hear-edge, 365- 

controls, 63f 
deep-draw, 367 
elastomeric, 368 
family, 368 
female, 368 
ferris wheel, 368 
flash trap, 369 
French, 369 
hand, 370 
hollow, 370 
loose-punch, 374 
niulticavity, 374 
multi-impression, 374 
porous, 375 
positive, 375 
preengineered, 375 
pressure profile, 6% 
runnerless, 376 

361, 602 

361 

361 

versus dew point, 362 

362 

pound, 362 

well, 365 

366 

semipositive, 376 
single-impression, 376 
split-ring, 376 
stack, 376 

mold adapter plate, 363 
mold back draft, 363 
mold backing plate, 363 
mold base, 363 
mold bluing, 363 
mold bluing off, 363 
inold bottom plate, 363 
mold breathing, 363 
mold cain bar, 363 
mold cavity, 363 

coniprcssion, 363 
debossed, 364 
duplicate-plate, 364 
etched, 364 
female, 364 
frozen-layer, 364 
injection, 364 
male, 364 
split, 365 
split-ring, 365 
unbalanced, 365 

mold-cavity bobbing, 364 
mold-cavity chase, 363 
mold-cavity coating, 363 
mold-cavity cost, 363-364 
mold-cavity deposit, 364 
mold-cavity draft, 364 
mold-cavity ejector, 364 
mold-cavity grit blasting, 364 
iiiold-cavity honing, 364 
mold-cavity land, 364 
mold-cavity melt-flow analysis, 

mold-cavity melt fountain flow, 

niold-cavity pressure, 364 
mold-cavity register, 364-365 
mold-cavity retainer plate, 365 
mold-cavity surface, 365 
mold-cavity unit, 365 
inold-cavity venting, 365 
mold change, quick (QMC), 3t 
mold chase, 365 

floating, 365 
mold cleaning, 365 
mold compression force, 365 
mold cooling, 366 

364 

364 

flood, 366 
pulse, 366 
spiral, 366 

mold cooling baffle, 366 
mold-cooling channel bubbler, 

mold-cooling flow meter, 366 
mold cooling/heating, 366 
inold cooling rate, 366 
mold-cooling temperature, 366 
inold cooling time, 366 
mold core, 366 
mold cored, 366 
iiiold-core pin, 366 
mold coring, side, 366 
iiiold corner, 366 
mold cost, 366-367 
mold cut-off, 367 
mold deformation, 367 
mold dehumidification, 367 
mold dowel, 367 
mold dowel bushing, 367 
molded 

dry as (DAM), 367 
net, 367 

366 

molded air lock, 367 
molded edge, 367 
molded cjection mark, 367 
molded fiberglass (MFG), 602 
molded flash line, 367 
molded gate mark, 367 
molded gate splay, 367 
molded interconnect device 

(MID), 602 
molded-in thread, 367 
molded lettering and surface dec- 

oration, 367 
molded-material surface measure- 

ment, 367 
niolded part coring, 367 
molded-part cosnietics, 367 
molded-part ejection, 367 
molded-part separator, 367 
molded-part setting-up, 367 
molded-part shape, complex, 

367-368 
molded printed circuit board 

(MPCP), 603 
molded screw thread, 368 
molded taper, back, 368 
molded threaded fastener, 368 
inolded undercut, 368 
mold ejector, 368 
mold-ejector mark, 368 
mold-ejector pin, 368 
inold-ejector ram, 368 
mold-ejector return pin, 368 
molder, 368 
inold eyebolt and hole, 368 
mold-feed pushing, 368 
iiiold fill direction (MFD), 602 
mold-filling hesitation, 368 
mold-filling nionitornig, 368- 

mold flash, 369 
mold-flow direction (MFD), 602 
iiiold gate, 369 

diaphragm, 369 
direct, 369 
edge, 360 

$5 pinpoint, 369 
ring, 369-370 
spider, 370 
submarine, 370 
tab, 370 

valve feed control, 370 

369 

Valve (VG), 370 

mold-gate blush, 369 
mold-gate center, 369 
mold-gate degating, 369 
mold-gate fan, 369 
mold-gatc flash, 369 
inold-gate location, 369 
Iiiold-g3te mark, 369 
mold-gate nozzle, 369 
mold-gate scar, 370 
mold-gate size, 370 
mold-gate strain, 370 
mold-gate tip, reverse, 370 
inold grid, 370 
mold half, 370 
mold heating, 370 
inold heat-transfer device, 370 
mold height, 370 
mold hold-down groove, 370 
mold impression, 370 
mold inching, 370 
molding, 370-37 1 

coating in-mold, 371 
cold, 371 
die-dide (DSM), 371 
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double-shot, 371 
film-insert (FIM), 371 
flow, 371 
isotactic, 372 
lagging, 372 
laminated, 372 
open-mold, 372 
powder, 372 

quenched, 373 
rock-and-roll, 373 
rotary, 373 
with rotation (MWK), 603 
sheet-molding compound aiid 

vacuum press (VPM), 373 
solvent, 372 
structural-web, 372 
thermal expansion, 372 
two-shell, 372 
zero-defect, 373-374 

pulp, 373 

Molding: Emerging Technolo- 
gies in Injection Molding, 
645 

molding area diagram (MAD), 
66f, 371, 601 

nioldiiig cold slug, 371 
molding cold slug well, 371 
molding dwell, 371 
molding flash line, 371 
molding lift, 372 
molding loading tray, 372 
molding material, 372 
molding pressure, 372 

contact, 372 
high, 372 
low, 372 
required, 372 

molding pressure pad, 372 
molding-process control, 372- 

molding shrinkage, 372 
MoL&ri,q Stratqics, 26 
Mdding Systems (MS), 603, 651, 

657 
molding vapor resistance 

(MVR), 603 
molding volume diagram 

(MVD), 66f, 373, 603 
molding weld-line overflow tab, 

373 
molding witness line, 373 
mold knife edge, 374 
mold land, 374 
mold latch, 374 
mold latch-plate, 374 
mold-leader pin and bushing, 

374 
mold life, 374 
mold loading well, 374 
mold locating ring, 374 
mold locking ring, 374 
mold lubricant, 374 
mold maintenance, 374 
Mo/dmnking Technology, 651 
mold manifold, 374 
mold material, 374 

carbonizing, 374 
sprayed-metal, 374 

mold parallel to draw, 374 
mold-parting line, 374 
mold parting-line sensor, 375 
mold pillar support, 375 
mold pin, 375 
mold pot, 375 
mold-pressure pad, 375 
mold-pressure transducer, 375 

373 

mold release (MR), 603 
mold-release agent, 375 
mold resistant (MIL), 603 
mold runner, 375 

balanced, 375 
cold, for thermoplastic, 375 
cold, for thermoset plastic, 

hot, for thermoplastic, 375 
hot, for thermoset plastic, 375 
inwlated, 375-376 

mold shear edge, 376 
mold side action, 376 
mold spew groove, 376 
mold sprue, 376 
mold sprue bushing, 376 
mold sprue picker, 376 
mold standard and practice, 376 
mold stop, 376 
mold storage, 376 
mold stripper-plate, 376 
mold sweating, 376 
mold tray, 376 
mold undercut, 376 
mold unit, 376-377 
mold venting, water transfer, 

mold water channel, 377 
mold well, 377 
inold yoke, 377 
mole (M; mol), 377, 601, 602 
iiiolecular (mol), 602 

macro-, 378 
reaction, un- ,  378 
size, 378-379 
ter-, 379 

375 

377 

molecular adhesion, 377 
molecular-arrangement structure, 

molecular asymmetry, 377 
molecular atactic stereoisomer- 

molecular atecticity, 377 
molecular attraction, 377 
molecular bonding, 377 
molecular branched chain, 377 
molecular branched short-chain, 

niolecular chain length, 377 
molecular chaiii scission, 377 
molecular cleavage, 377 
molecular colligative property, 

molecular conductivity, 377 
molecular conformation, 377 
molecular decomposition, 377- 

378 
molecular density molding 

(MDA), 601 
molecular diffusion, 378 
molecular dimer, 378 
molecular dispersion, macro-, 

molecular dispersion force, 378 
molecular distillation, 378 
molecular double bond, 378 
molecular draw ratio (MDR), 

molecular force, 378 
molecular fractionation, 378 
molecular gas, 378 
molecular honiologous series, 

molecularity, 378 
molecular-level electron niicro- 

377 

ism, 377 

377 

377 

378 

602 

378 

scope, 378 

molecular long-chain branching, 

molecular mass (MM), 378, 602 
molecular mass distribution 

molecular microstructure, 378 
molecular nucleation, 378 
molecular orbital (MO), 602 
molecular properties’ effect on 

product properties, 378 
molecular reactivity ratio 

(MRR),  603 
niolecular sieve, 378 
molecular spectroscopy, 379 
molecular structure, 379 

378 

(MMD), 602 

isotactic, 379 
nonpolar, 379 
stereoisomer, 379 
stereoisomer, trans-, 379 

niolecular-structure configura- 

molecular symmetry, 379 
molecular volume, 379 
molecular weight (MW; mol. 

tion, 379 

wt.), 379, 602, 603 
and aging, 379 
average, 379-380 
equivalent, 380 
and melt flow, 379 
versus property, 380 
toughness, and temperature, 

380 
molecular-weight centrifugation 

equilibrium, 380 
molecular-wcight determination, 

380 
molecular-weight distribution 

(MWD), 58, 380, 603 
molecular-weight distribution res- 

inography, 380 
molecular weight per cross- 

linked unit (MJ, 601 
molecular-weight vapor-pressure 

osometer, 380 
molecule (mol), 380, 602 

activated complex, 380 
aliphatic, 380 
atactic stereoisomerism, 380 
atecticity, 380 
bifunctional, 380 
branched, 380 
chain-folded, 380 
chromophore, 381 
diamagnetic susceptible, 381 
dimer, 381 
dipole, induced, 381 
dipole-dipole force, 381 
dipole moment, 381 
disproportion, 381 
enantiomer, 381 
folded-chain, 381 
of inertia, 381 
isotactic stereoisomerism, 381 
linear, 381 
macro-, 381 
polar, 381 
polar attraction, 381 
root-mean-square end-to-end 

distance, 381 
stereospecific, 381 
syndiotactic stereoisomerism, 

telomer, 381 
tetramer, 381 
unimeric, 381 

381 

molecule alignment, 380 

molecule chain length, 380-381 
molecule chain-length distribu- 

molecule-chain scission, 38 1 
molecule-chain transfer agent, 

molecule inran free path, 381 
niolecule photolysis, 381 
mole fraction (N), 603 
iiiolybdeiiuiii (Mo), 602 
molybdenum disulfide (MOL), 

moment of inertia (I), 598 
monitoring, 381 
monitors, 64 
monochlorobenzene (MCB), 601 
monocrystalline silicon (MS), 

monofilament (MF), 602 
monolayer, 382 
monolithic metal coinpositc 

uioiiomer, 382 
isotactic, 382 
reactive, 382 

monomeric, 382 
monoinethyl ethenolamine 

(MME), 602 
monomolecular weight, 382 
month (mo.), 602 
morphology, 58, 59t, 382 

micro-, 382 
Motion Control, 651 
motion control (MC), 601 
motion-control system (MCS), 

motion-control system type, 

motor vehicle safety standard 

moving the rheometer (MDR), 

M-phenylene diamine (MPIIA), 

inufl-le furnace, 383 
niulticomponeiit injection 

multifunctional additive (MFA), 

multigrain model (MGM), 602 
multi-input/multi-output 

(MI/MO), 602 
multilayer film, 383 
iiiultilive feed molding (MLFM), 

602 
multiple internal reflection spec- 

troscopy (MIRS), 602 
multiplexer (MUX), 603 
Multiscale Materials Modeling 

Program, 657 
municipal solid waste (MSW), 

603 
municipal solid waste incinera- 

tion (MSWI), 603 
Mylar, 383 

NACE International, 640 
nail, 385 
nameplates, 4% 
Nano (N), 603 
nanometer (nni), 385, 604 
nanosecond, 385 
nanotechnoloby, 385 
naphtha, 385 
naphthalene diisocyandte (NUI), 

604 

tion, 381 

381 

603 

603 

(MMC), 602 

382, 601 

382-383 

(MVSS), 603 

602 

603 

(MCI), 601 

602 
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naphthenic (NAPH), 604 
naphthyl iiialeimide (NMI), 604 
narrow molecular weight 

(NMW), 604 
narrow molecular-weight distri- 

bution (NMWD), 604 
National Academy of Science 

(NAS), 60.1 
National Aeronautics and Space 

Administration (NASA), 
604 

National Ambient Air Quality 
Standards (NAAQS), 603 

National Association for PET 
Container Resources 
(NAPCOR), 657 

National Association for Plastic 
Container Recovery 
(NAPCOK; NAPCR), 
604, 640, 657 

National Association of CAI>/ 
CAM Operation (NACO), 
603 

sion Engineers (NACE), 
603, 640, 657 

National Association of Home 
Builders, 640 

National Association of Import- 
ers aiid Exporters of Mex- 
ico, 631 

National Association of Manufac- 
turers (NAM), 640 

National Association of Plastics 
Fabricators, 640 

National Association of the Coni- 
podtes and Reinforced Plas- 
tics Industries, 631 

National Association of the Plas- 
tics Industry, 631 

National Association of the Ke- 
inodehng Industry, 640 

National Beverage Packaging As- 
sociation, 640 

National Bureau of Standards 
(NBS), 604 

Natioiial Cash Register (NCR),  
604 

National Certification in Plastics 
(NCP), 604, 657 

National Chemistry Industry As- 
sociation, 631 

National Coil Coaters Associa- 
tion (NCCA), 604 

National Computer Graphics As- 
sociation (NCGA), 604 

National Container Recycling 
Coalition (NCRC), 604 

National Design Engmeering 
Show and Conference, 645 

National Electrical Manufacturers 
Association (NEMA), 604, 
640 

National Enterprise of Pldstics 
aiid Rubber, 625 

National Environment Informa- 
tion Service, 657 

National Fenestration Rating 
Council (NFKC), 6U4, 640 

National Fire Protection Associa- 
tion (NFPA), 604, 640 

National Food Processors’ Associ- 
ation (NFPA), 604 

National Guild of Plastics Proces- 
sors, 625 

National Association of Corro- 

National Housewares Manufac- 
turers Association (NHMA), 
641 

tional Safety and Health 
(NIOSH), 604 

National Institute of Building Sci- 
ences (NIBS), 641 

National Institute of Health 

National Institute of Materials 

National Institute for Occupa- 

(NIH), 604 

and Chemical Research 
(NIMCR), 604 

National Institute of Standards 
and Technology (NIST), 
385, 604, 649, 657 

(NLA), 604 

sociation, 641 

seum (NPCM), 385, 604, 
641, 657 

National Plastics Exhibition 
(NPE), 604 

National Plastics Quality and 
Standards Center, 631 

National Polystyrene Recycling 
Co. (NPKC), 604 

National Printing Ink Institute 
(NPII), 604 

National Publications and Forms 
Center, U.S. (NPFC), 604 

National Recycling Coalition 
(NRC), 604, 641 

National Research Council 
(NRC),  604 

National Retail Dry Goods As\o- 
ciation (NRDGA), 604 

National Roofing Contractors As- 
sociation (NRCA), 604 

National Safety Council (NSC), 
605 

National Sanitation Foundation 
(NSF), 605 

National Science Foundation 
(NSF), 605 

National Society of liidustries 
Committee of Plastics Pro- 
ducers, 633 

National Soft Drink Association 
(NSDA), 605, 641 

National Solid Waste Association 
(NSWA), 605 

National Solid Wa\tes Man- 
ageinent Association 
(NSWMA), 641 

Natiotial Syndicate of Kubber, 
Plastics and Associated In- 
dustries, 628 

National Technical Conference 
(NATEC), 604 

National Technical Information, 
U.S. (NTIS), 605 

National Techiiology Transfer 
Center (NTTC), 605 

National Textile Center, Univer- 
sity Research Consortium, 
657 

National Tire Ilealers and Ke- 
treaders Association 
(NTDRA), 605 

Association (NTMA), 605, 
641, 657 

National Lime Association 

Ndtional Paint and Coatings As- 

National Plastics Center and MLI- 

National Tooling and Machining 

National Union of the Plastics 
Processing Industry 
(UnionPlast), 630 

National Voluntary Laboratory 
Accreditation Program 
(NVLAP), 605 

Container Association 
(NWPCA), 605 

National Wooden Pallet and 

natural (NT), 385, 605 
natural gas (NG), 604 
natural gas vehicle (NGV), 604 
natural plastic, 385, 416 
natural rubber (NK; NR),  604 
Naval Ordnance Laboratory 

(NOL), 604 
Naval Publications and Forms 

Center, 649 
Naval Kesearch Laboratory 

(NRL), 605, 657 
NDC Infrared Engineering, 657 
near infrared (NIK), 604 
neck-in, 385 
negative (NEG), 604 
negative deviation behavior 

(NDB), 604 
negative logarithm of hydrogen 

neodymium (Nd), 604 
neon (Ne), 36, 604 
neoprene elastomer, 385 
NEPCON West, 645 
Netherlands, associations of, 632 
net operating loss (NOL), 604 
network parmieter (MJ, 601 
network polymer (NP), 604 
neutron, 385-386 
neutron activation analysis 

(NAA), 603 
neutron reflectometry (NR),  604 
neutron scattering, 386 
neutron spin-echo (NSE), 605 
Newton (N), 386, 603 
Newtonian flow, 58 
Newtonian viscosity, 386 
New Zealand, associations of, 

next generation (NG), 604 
nickel (Ni), 386, 604 
nip, 386 
nip distance, 386 
NIST Atomic Spectroscopic Da- 

tabase, 657 
NIST Databases, 657 
nitrate (N), 603 
nitration, 386 
nitriding, 386 
nitrile-butadiene rubber (NBK), 

604 
nitrile-isoprene rubber (NIR), 

604 
nitrile rubber (GR-N; NBR), 

386, 596 
hydrogenated elastomer (H- 

NUR), 386 
nitrile-silicone elastonier (NSR), 

386 
nitrile-silicone rubber (NSR), 

605 
nitrobenzene (NB), 604 
nitrocellulose (NC), 604 
nitroethane (NE), 604 
nitrogen (N?), 386, 603 
nitrogen carbon monoxide 

(NCO), 604 

(pH), 608 

632 

nitrogen oxide (NOX), 604 
nitroglycerine (NG), 604 
nitrometer (NM), 604 
nitroproprene (NP), 604 
n-methyl-2-pyrrolidone (NMP), 

nobelium (No), 604 
noble gas core, 386 
no carbon paper (NCR),  604 
no carbon required (NCK), 

no good (NG), 604 
no huinaii involved (NHI), 604 
noise, 386 
noise-effect, 386-387 
noice-vibration-liarshness 

(NVH), 605 
no live operator (NOL), 604 
no middle initial (NMI), 604 
nonaqueous dispersion (NAD), 

nonasbestos organic (NAO), 

nonblooining (NB), 604 
non-cross-linked polyethylene 

(NXLPE), 605 
nondestructive evaluation 

(NUE), 604 
nondestructive inspection (NDI), 

604 
nondestructive test, proof load, 

387 
nondestructive testing (NDT), 

387, 604 
nondisclosing (NU), 604 
nondispersive infrared (NDIR), 

nondurable goods, 387 
nonelectrolyte, 387 
noneyuilibnum Brownian dy- 

namics (NEBD), 604 
nonflammable material, 387 
nonintermeshing twin-screw ex- 

truder (NITSE), 604 
nonlinear finite element (NFE), 

604 
nonlinear optical (NLO), 604 
non-Newtonian flow, 58 
nonresonant forced vibration 

technique, 387 
nonstaining (NS; NST), 605 
nontoxic (NTX), 387, 605 
nonuniform rational B-spline 

nonvolatile (NV), 605 
nonvolatile by volume (NVV), 

nonyl (N), 603 
no plate-out (NPL), 604 
normal (N), 603 
North America Association for 

Environmental Education 
(NANEE), 603 

North America Geosynthetics So- 
ciety (NAGS), 604 

North American Free Trade 
Agreement (NAFTA), 
604 

North American Insulation 
Manufacturers Association, 
641 

North American Material Han- 
dling Show and Forum, 
645 

Norway, associations of, 632 

604 

604 

604 

604 

604 

(NURUS), 605 

605 
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Norwegian Plastics Industries 

Noryl, 387 
not applicable (NA), 603 
not available (NA), 603 
notch effect, 387 
notch sensitive, 387 
nothing else added to it 

(NEAT), 604 
not otherwise specified (NOS), 

604 
Nova-Pack Americas, 645 
novolak plastic, 387 
nozzle, 387 
nozzle pressure control (NPC), 

604 
Nl’E, 13 
NSF International, 641 
nuclear magnetic image (NMI), 

604 
nuclear magnetic resonance 

(NMR), 604 
nuclear magnetic resonance im- 

aging (NMKI), 604 
nuclear quadrupole resonance 

(NQR), 604 
nuclear reaction analysis (NKA), 

604 
Nuclear Regulatory Coiiimission 

(NRC),  649 
nucleated (NUC), 605 
nucleating agent, 387 

cell-control, 387 
nucleation 

heterogeneous, 387 
primary, 387 

Association (PIF), 632 

secondary, 387 
nucleation/nucleator, 387 
nucleus, 387 
nuisance odor solution evaluator 

number (No.), 604 
number average iiiolecular 

(NOSE), 604 

weight (M,,; Mn), 601, 
602 

number average sequence length 
(NASL), 604 

number branching points per 
molecule (NUP), 604 

nuniber marker, 388 
number of cycles (N), 603 
numerical aperture (NA), 603 
uumerical control (NC), 388, 

nutrient film technique (NFT), 

Nylon, 45t 
Nylon 610 (PA), 6116 
nylon plastic, 388 

amorphous, 388 
nylon plastic nucleation, 388 

occupational exposure limit 

occupational exposure standard 

Occupational Safety and Health 

604 

604 

(OEL), 605 

(OES), 605 

Adiiiniistration (OSHA), 
605, 649 

octyl (0), 605 
octyl decyl phthalate (ODP), 605 
odor, 389 
odorant agent, 389 
Office of Federal Kegister, US.  

(OFK), 605 

Office of Manageiiient and Bud- 

Office of Naval Kesearch, U.S. 
get (OMB), 649 

(ONR),  605 
offset, 4% 
offset intaglio, 49, 
offset printing, 52t 
ohm (a), 605 
oil (0), 389, 605 

cracking, 389 
crude, 389 
and gas, 389 
stand, 389 

oil canning, 389 
oil extended (OE), 605 
oil extended~ethylene-propyleIie 

diene iiiononier (OE- 
EPDM), 605 

605 
oil extended polynier (OEP), 

oil-in-water (O/W),  606 
oil-reactive plastic, 389 
oil resistance (OR), 389, 605 
oil resources, limited, 389 
oil wells, undersea, 389 
olefinic themioplastic elastomer 

(OTPE), 605 
olefinic thermoplastic vulcanizate 

(OTPV), 605 
olefin-modified styrene-acryloni- 

trile (OSA), 605 
olefin-styrene-acryloiiitrile plastic 

(OSA), 390 
oleophilic, 390 
oleo plastic, 390 
oleyl nitrile (OLN), 605 
oligomer, 390 
one essential ingredient (OEI), 

605 
one-thousand of inch (mil), 602 
online bidding (OLU), 603 
on-the-job training (OJT), 605 
on weight of fiber (OWF), 606 
on weight of goods (OWG), 606 
opalescence, 390 
opaque, 390 
open-cell model (OCM), 605 
open-hole compression (OHC), 

opeii-mold deposit (OMD), 605 
open system, 390 
open tubular hydrodynamic chro- 

operating characteristic (OC), 

operating data gathering (ODG), 

operation 

605 

matography (OTLC), 605 

605 

605 

automatic, 390 
manual, 390 
primary, 390 
secondary, 390 
semiautomatic, 390 

operational autoniated sched- 
ule inforniation system 
(OASIS), 605 

operational data recording 

operational evaluation 
(OPEVAL), 605 

operator’s station, 390 
optical brightener agent, 390 
optical character recognition 

(OCR),  390, 605 
optical comparator, 390 

(OUR), 605 

optical conjugate plane, 390 
optical data disc (ODD), 605 
optical data storage (OIIS), 605 
optical density (OD), 390, 605 
optical density ratio (ODR),  605 
optical disc (OD), 605 
optical distortion value, 390 
optical eiiiissiou spcctroscopy 

(OES), 605 
optical image spectroscopy, 391 
optical isonierisni, 391 
optically active plastic, 391 
optically transparent thin layer 

electrochemical (OTTLE), 
606 

optical microscopy (OM), 605 
optical monitoring, 391 
optical nuclear magnetic reso- 

nance (ONMR),  605 
optical parametric oscillator 

optical property (OP), 391, 605 
optical transparent electrically 

(OTE), 605 
optical vanable device (OVD), 

606 
optical waveguide microscopy 

(OWM), 606 
optimized potential for liquid 

simulation (OPLS), 605 
orange peel, 39 1 
order-disorder transition (OlIT), 

605 
ore, 391 
organic (org). 391, 605 

organically modified montmoril- 
lonite (ONION), 605 

organic-inorganic- composite 

organic molecular beam deposi- 

organization (org), 605 
organizational concepts, 32 
organizational development, 

three stages of, 27t 
Organization of Petroleum Ex- 

porting Countries (OPEC), 
605 

Organization of Plastics Proces- 
sors of India, 629 

organization structure, 32 
organa-aluminum compound 

(OAU), 605 
organo-functional silane (OFS), 

605 
organosol, 391 
organosol diluent, 391 
organosol dispersant, 391 
organosol nonaqueous dispersion, 

organosol stabilizer, 391 
orientation, 391-392 

accidental, 392 
balance, 393 
biaxial (BO), 393 
characteristic, 393 
and chemical property, 392 
cold-stretching, 393 
and cost, 392 
and crystallization, 392 
and electrical property, 392 
and glassy statc, 392-393 
and heat-shnnkability, 393 
and mechanical property, 393 

(OPO), 605 

in-, 391 

(OIC), 605 

tion (OMBLI), 605 

39 1 

2nd mobility, 393 
molecular, 393 
and optical propcrty, 393 
random, 393 
shrink-film, 393 
tenter frame and roll, 394 
t h e r d  characteristic, 394 
uniaxial (UO), 394 
wet-stretching, 394 

orientation distribution function 

orientation temperature, 393- 

orientation tenter mark, 394 
oncntcd (0), 605 
oriented-blow extrusion tech- 

nique (Orbet), 605 
oriented fiber (OF), 605 
oriented polyethylene terephthal- 

oriented polypropylene (OPP), 

oriented polystyrene (Or’s), 605 
oriented polyvinyl chloride 

orifice, 394 
orifice flow test (OFT), 605 
original (org), 605 
original equipment (OE), 605 
original equipment manufacturer 

ortho (0), 605 
oscillating disk rheometer 

oscillatory flow birefringence 
(OFB), 605 

osniometry (OS), 605 
os111o\is, 394 

reverse, 394 
ounce (oz) ,  606 
outgassing, 394 
out-of-round, 394 
output transient response, 394 
outside diameter (OD), 605 
out to lunch (OTL), 605 
over the counter (OTC), 605 
Owens-Corning, 657 
oxidation, 394 
oxidation resistauce (OXli) ,  606 
oxidative induction test (OIT), 

oxide (Ox), 395, 606 
oxidized polyethylene (OPE), 

605 
oxidizing agent, 395 
oxy (0), 605 
oxygen (O?),  395, 605 
oxygen denoting attachment 

oxygen-hydrogen (OH), 605 
oxygen index (01),  605 
oxygen transmission rate (OTR),  

ozone (O,),  395, 605 
ozone-depleting compound 

(ODC), 605 
ozone depletion potential 

(ODP), 605 
ozone resistance (OZR), 606 
ozonolysis, 395 

pacer cardioverter difibrillator 

Pacific Design Engineering 

(OlIF), 605 

394 

ate (OPET), 605 

605 

(OI’VC), 605 

(OEM), 605 

(OLIli), 605 

605 

(0-), 603 

606 

(PCD), 607 

Show, 645 
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packaging, 397 
aseptic, 397 
bag-in-box (BIB), 397 
beverage-can, 397 
of biological substances, 397 
blister, 397 
breathable-film. 397 
bubble-pack, 397 
container content misprepre- 

sentation, 397 
contour, 397-98 
dual-ovenable tray (DOT), 

edge-bowing, 398 
electronic, 398 
food, 398 
grocery-bag, 398 
hot-fill, 398 
loose-fill plastic, 398 
modified-atmosphere (MAT), 

oxygen-scavenger food, 398 
peelable-film, 398 
pouch heat-sealed wraps and 

398 

398 

reusable containers, 398- 
399 

retortable-pouch, 399 
shrink-wrap tunnel, 399 

Packaging and Food Processing 

Packaging Association of Canada, 

packaging clasp, 397 
Packagiiig Dkesl, 652 
packaging grade (PKG), 608 
Packaging Machinery Manufac- 

turers Institute (PMMI), 
608, 641 

Indonesia, 647 

627 

packaging market, 398 
Packaging Strategies, 646 
packaging type, 399 
packaging utilization, 399 
Pack Expo, 647 
packing, 399 
packing factor, 399 
Pacprocess Drink-technology 

paint, 399 
oil-reactive plastic, 399 

paintable (PNT), 608 
paint coating, in-mold, 399 
paint emulsion, 399 
paint framing defect, 399 
painting plastic, 399 
paint wiping, 5 l t  
Pakex, 645 
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Pakistan Plastic Manufacturers As- 
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Pan-European associations, 632- 
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paper (PI), 400, 608 
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paraffin wax, 400 
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(PFFC), 608, 652 

tics Industry, 633 

parameter, 400 
paramethyl styrene (PMS), 608 
parametric, 400 
paraphenylene diamine (PPD), 

parison inflation thinning analysis 

Parkesin plastic, 400 
part handling, 400 
part-handling equipment (PHE), 

400, 608 
particle, 400 
particleboard, 400 
particle size distribution (PSD), 

particulate filler, 400 
parting line (PL), 608 
Partnershipc for Plastics Progress 

(PPP), 609 
part per billion (ppb), 609 
part per hour (pph), 609 
part per hundred @hr), 400, 608 
part per hundred million (pphm), 

part per million (ppni), 400, 609 
part per minute (ppm), 609 
part per weight (pbw), 606 
parts guide, 401 
parylene plastic, 400-401 
Pascal (Pa), 401, 606 
Pascal second (Pa-s), 606 
paste, 401 
Patent and Trademark Ofice, 

U.S. (PTO), 610, 659 
Patent Cooperation Treaty 

(PCT), 607 
Patent Office, U.S. (USPO), 615 
patent term expansion (PTE), 

609 
peak heat release (PHR), 608 
peening, 401 
pellet, 401 

micro-, 401-402 
pellet color sorter, 401 
pelletizing, 401 
penetrant, 402 
Pennsylvania College of Technol- 

Pennsylvania State University, 
Behrend Plastics Engi- 
neering Technology, 657 
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400 

ogy, 657 

pentadiene plastic, 402 
pentane gas, 402 
people and machines, 402 
people’s challenge, 402 
peptide, 402 
peptizer, 402 
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percentage by weight (%wt; 

percolation, 402 
perfluorinated ionomer (PFI), 

perfluoroalkoxy alkane (PFA), 

perfluoroalkoxy plastic, 402 
perfluorobenze (PFB), 608 
perfluorobutync acid (PBA), 606 
perfluorocarbon plastic, 402 
peduoroethylene propylene ter- 

polymer (ETER), 594 
perfluoromethylvinyl ether elasto- 

mer, 402 
performance prediction, 402 
performance standards, 31 

vol%), 606, 616 

wt%), 606, 617 
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period, 402 
periodic, 402 
periodic boundary condition 

(PBC), 606 
periodic table, 402-403 
permanence, 403 
pernieability (P), 403, 606 
pernieability coefficient (PC), 

permissible exposure limit (PEL), 

permittivity, relative, 403 
peroxide curing vulcanizate 

personal communication service 

personal computer (PC), 403, 

Personal Computer Memory 

606 

607 

(PCV), 607 

(PCS), 607 

606 

Card Association 
(PCMCA), 607 

personal repreeentative (PR), 609 
Personnel Communications In- 

dustry Association (PCIA), 
607 

persorption, 403 
Peru, asociations of, 633 
Petlite, 403 
Petrochemical Review, 646 
petrochemicals, 403 
petroleum distillate (Pet), 607 
petroleum plastic, 403 
pH, 403 
pharmacopoeia, U.S. (USP), 615 
pha\e, 403 
phase change, 403 
phase contrast microscopy 

(PCM), 607 
pH buffer action, 403 
phenol, 403 
phenol formaldehyde (PF), 607 
phenol furfural (PFF), 608 
phenolic, 45t 
phenolic bulk-molding com- 

phenolic cement, 403 
phenolic foam plastics (PFP), 

phenolic plastic, 403-404 
resorcinol modified, 404 

phenolic sheet molding com- 
pound (PSMC), 609 

phenolsilane plastic, 404 
phenoxy (PHEN; PO), 608 
phenoxy plactic, 404 
phenyl (P), 606 
phenylpolyimine (PIM), 608 
phenylsilicone elastomer (PMQ), 

phenyl tetrazine (PT), 609 
Philippines, associations of, 633 
Philippines Plastics Industrial Ac- 

sociation Inc. (PPIA), 633 
pH indicator, 404 
phonographic record, 404 
phosgene, 404 
phosphate (F), 594 
phosphorescence, 404 
phosphoric acid anodized (PAA), 

phosphorous-base flame re- 

phosphorus (P), 606 
phosphorus nitrile (PNF), 608 
phosphotungstic acid (PWA), 

pound (PUMC), 606 
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608 
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tardant, 404 
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photochemical hole burning 

photochemical hole-burning 

photochemical reciprocity law, 

photochemirtry, 404 
photochromic, 404 
photoconductive plastic, 404 
photo data analysis system 

(PDAS), 607 
photodegradable, 404 
photoelasticity (PE), 405, 607 
photoelastic relation (PER), 607 
photoelectron spectroscopy 

photoetching tool, 405 
photon correlation spectroscopy 

photooxidation (PO), 405, 608 
photopolymer, 405 
phthalic anhydride (AFB; PA; 

PTA), 405, 586, 606, 609 
physical blowing agent (PBA), 

606 
physical property, 405 
physical therapy (PT), 609 
physical vapor deposition (PVD), 

610 
pi, 405, 608 
picture level benchmark (PLB), 

608 
piezoelectnc (PE), 607 
piezoelectric effect, 405-406 
pigment, 406 

(PHU), 608 

spectroscopy (PHU), 404 
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(PES), 607 

(PCS), 607 

extended, 406 
fluorescent, 406 
inert, 406 
inorganic, 406 
luminous, 406 
metal chelate, 406 
metal-free, 406 
metallic, 406 
metal-toner, 406 
mineral-black, 406 
organic, 406 
pearlescent, 406 
reinforcing, 406 
rouge, 406 
Venetian red, 406 

pigmented, 406 
pigmented color dispersion, 

pigment undertone, 406 
pilot plant, 406 
pimple, 407 
pinch-off, 407 
pin hole, 407 
pipe, 407 

406 

deteriorating, 407 
geothermal, 407 

pipe bell end, 407 
pipe market, 407 
piperidine (PP), 609 
pipe toe-in, 407 

pitch, 407 
planetary gear extruder (PGE), 

planned obsolescence, 407 
plant control, 407-408 
plant environment, 408 
plant operation, 408 
plant safety, 408 
plasma, 408 
placma arc treatment, 408 

pit, 407 

608 
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plasma deposition (PD), 607 
plasma spray (PS), 608 
plasma treatment, 408 
Plasnet, 657 
P L A S P E C  Databank of Materials 

and Equipment Specifica- 
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plaster of Paris, 408 
Plast-Ex, 646 
plastic, 408 

advanced, 408 
air-inhibited, 408 
air-noninhibited, 408 
contact-pressure, 41 1 
and die-cast metal, 408-409 
electrically conductive, 41 1 
ethnic, 411 
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foundry, 411 
and the future, 409 
general-purpose (GP), 41 1 
granite, 412 
halocarbon, 412 
hydrocarbon, 413 
hygroscopic, 413 
inorganic, 413 
ion-exchange, 413 
light-switchable, 414 
liquid, 414 
long-life, 41 4 
low-profile, 414 
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magnetic, 414 
modified, 416 
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neat, 416 
nonpolar, 41 6 
nonrigid, 416 
oligomer, 41 6 
organometallic, 416 
and pollution, 409 
porous, 417 
preceramic, 417 
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rigid, 418 
self-reinforcing, 41 8 
semirigid, 418 
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synthetic, 419 
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and water conservation, 409 
water-soluble, 420 
XT, 420 

Plastic and Rubber Institute 
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plasticate, 409 
plastication, 409 

pre-, 409 
plasticator, 409-410 
plasticator safety, 410 
plasticator wobble, 410 
Plastic Bag Association (PBA), 

606,541, 657 
plastic composite (PC), 606 
plastic compounding (PC), 606 
plastic-concrete (PC), 606 
plastic-concrete composite, 41 0 
plastic conductivity, 410 
plastic consumption, 410 

by volume, 6f 
by weight, 6f 
in year 2000, 7t 

plastic content, 41 1 
plastic dispersion, 41 1 
plastic dopant, 411 
plastic drying, 41 1 
plastic failure or success, 41 1 
plastic feed form, 41 1 
plastic-glass alloy, 41 1-41 2 
plastic green strength, 412 
plastic grout, 412 
plastic growth, 412 
plastic heat staging, 412 
plastic history, 412 
plastic house, Sf, 412-413 
plastic industry, 413 
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413 
plastic industry size, 413 
plasticity, 41 3 
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plasticized polyvinyl chloride 
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iodine value, 414 
nonmigratory, 414 
nontoxic, 414 
phosphate, 414 
phthalate ester, 414 
phthalic, 414 
polyester, 414 
primary, 414 
secondary, 414 
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plasticizer extender, 414 
plasticizer exudation, 414 
plasticizing, 58-61 
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plastic marriage, 415 
plastic material, 41 5 

plastic material outgassing, 415 
plastic material refining, 415 
plastic material selection, 415 
plastic material type, 415-416 
plastic matrix, 416 
plastic memory, 41 6 
plastic multilayer (PML), 608 
plastic myth and fact, 416 
plastic optical fiber (POF), 608 
plastic paper, 416 
plastic performance, mechanical, 

417 
Plastic Pipe and Fittings Associa- 
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(PPCC), 609 
plastic processing, 417 
plastic product designers forum 

(PPDF), 609 
plastic product failure, 417 
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plastic properties, 417 
plastic reflective material (PRM), 

plastic reinforced concrete 
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plastics 
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plastic segregation, 418 
plastics engineer (PE), 607 
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52 
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Plastics Fair-Cleveland, 646 
Plastics Federation o f  South Af- 

rica, 625 
Plastics Fucus, 652 
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plastic solidification, 41 8 
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Plastics Packaging Association 
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Plastics Pipe Institute (PPI), 609 
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Plasticc Recycling Foundation 

(PRF), 609 
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Plastics Show, The, 646, 647 
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Plastics Technical Evaluation 
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Ohio, 642, 657 
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Center (PLASTEC), 608, 
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Plastics Technology (PT), 21, 609, 
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Plastics Technology Center, 658 
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PIastics Week ,  652 
Plastics World (PW), 610 
plastic system, 419 
plastic types, 419 
Plastic Waste Management Insti- 

plastigel, 420 
Plastindia Foundation, 629 
plastisol, 420 

fused, 420 
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tic, 420 
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plastisol blending extender plas- 

Plastivida Argentina, 625 
Plastivida Brazil, 626 
platable (PLT), 608 
platen, 420 

floating, 420 
multidaylight, 420 

platen press, 420 
plate-out (PL), 420, 608 
plating, silver-spray, 420 
platinum (Pt), 609 
plunger, 420 
plutonium (Pu), 610 

plywood, 421 
pneumatic, 421 
pocket, plastic, 421 
point of minimum viscosity 

point of  purchase (POP), 609 
point stress criterion (PSC), 609 
poise (P), 421, 606 
Poland, associations of, 633 
polarimeter, 421 
polariscope, 421 
polarity, 421 
polarizability, 421 
polarized light, 421 
polarized light microscopy 

polarized microscopy (PM), 608 
polarizing lens, 421 
polarizing light plane, 421 
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polish, 421 
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ply, 421 

(PMV), 608 
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cold-gas, 421 
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pollution, 421-422 
air, 422 
thermal, 422 
water, 422 

pollution control system (PCS), 

poly-, 422 
polyacetal (POM), 608 
polyacetyleiie (PAC), 606 
polyacetylene-polypyrrole (PPY), 

polyacrylamide (PAA; PAM), 

polyacrylamide plastic (PAM), 

polyacrylic (PAC), 606 
polyacrylic acid (PAA), 606 
polyacrylonitrile (PAN; I’C), 606 
polyacrylonitrile plastic (PAN), 

polyactic acid (PLA), 608 
polyalkyl methacrylate (PAMA), 

polyalkylthiophene (PAT), 606 
polyallomer plastic, 422 
polyallyl diglycol carbonate 

(PADC), 606 
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(PAMS), 606 
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polyamide-imide plastic (PAI), 

polyamide plastic (PA), 422 
polyamide-sulphonamide 

(PASA), 606 
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polyarylate (PAR), 606 
polyarylate plastic, 422 
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422 
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polyarylene ether phosphine ox- 

polyarylether (PAE), 606 
polyaryletherketone (PAEK), 606 
polyaryletherketoneetherketone 

polyaryletherketone plastic 

polyaryl ether sulphone (PAES), 

polyaryl polyisocyanate (PAPI), 

polyarylsulfone (PASU), 606 
polyaryl sulfone plastic (PAS), 

polyaxelaic acid (PAz), 606 
polybenzamide (PBA), 606 
polybenziniidazole (PBI), 606 
polybenzimidazole plastic (PBI), 

polybenzobisoxazole (PRO; 

polybrominated diphenylether 

polybutadiene (Buna; PB; PBD; 

polybutadiene polyurethane 

polybutadiene rubber (BP), 588 
polybutadiene-vinyl pyridine 

polybutadiene-vinyl styrene 

polybutadiene-vinyl terephthalate 

(PEKK), 607 

(PAEK), 422 
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PUZ), 606 

(PUDE), 606 

Pbu), 588, 606 

(PUU), 606 

(PBK), 606 

(PUS), 606 

(PBT), 606 

polybutyl acrylate (PUA), 606 
polybuhilcyanoacrylate (PBCA), 

polybutylene (PB), 606 
polybutylene~acrylonitrile 

(PBAN), 606 
polybutylene adipate (PEA), 606 
polybutylene glycol adipate 

polybutylene isophthalate (PUIP), 

polybutylene terephthalate plastic 

polybutylisocyanate (PBIC), 606 
polybutyl methacrylate (PBMA), 

polybutyl naphthalate (PBN), 

polycaprolactmi (l’CL), 607 
polycaprolactaiii plastic, 423 
polycarbodiinide (PCD), 607 
polycarbonate (PC; PCO; PK), 
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polycarbonate-acrylic (PCA), 606 
polycarbonate plastic (PC), 423 
polycarbonate/polybutylene- 
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(I’BT), 423 
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terephthalate (K/ PBT), 
607 

polycarbonate polyurethane plas- 
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polycarbosilaue (PCS), 607 
polychlorinated biphenyl (PCU), 

polychlorinated tetrafluoroethyl- 

polychlorofluorocarbon (PCFC:), 

polychloroprene (PCP), 607 
polychloroprene elastomer (CK), 

polychloroprene rubber (CR) ,  

polychlorotrifluoroethylene 

polychlorotrifluoroethylene plas- 

polycondensate, 423 
polycyclic aromatic hydrocarboii 

(PAH), 606 
polycyclohexylenedimethylene- 

terephthalate (PCT), 607 
polydiallyl phthalate (PDAP), 

607 
polydicyclopentadiene (PCDP; 

PLICPD), 607 
polydihexylfluorene (PlIHF),  

polydioxanoiie (PDS), 607 
polyelectrolyte, 423 
polyepichlorohydrin (PECH), 

polyester (PES), 607 
polyester alkyd (PAK), 606 
polyester carbonate (PEC), 607 
polyester molding compound 

(PMC), 608 
polyester plastic, 423 

aromatic (ARP), 423 
isophthalate, 423 
liquid-crystal, 423 
thermoplastic, 423 
thermoset, 423-424 
unsaturated, 424 
water-extended, 424 
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m e  plastic, 423 

423, 607 

423 

423, 590 

(PCF; PCTFE), 607 

tic (PCTFE), 423 

607 
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polyester reinforced urethane pias- 
tic, 424 

polyester urethane (I’AUK), 606 
polyether (PE), 607 
polyether block amide (PEBA), 

polyether chlorinated pldstic, 424 
polyether eyter (PEE; PEEL; 

Yl’UO), 607, 617 
polyetheretherketone (PEEK), 

607 
polyetheretherketoneketone 

(PEEKK), 607 
polyetherether sulfone (PEES), 

607 
polyetherimide (PEI), 607 
polyether-imide plastic (PEI), 

polyetherketone (KEP), 607 
polyetherketoneetherketone- 

ketone (PEKEKK), 607 
polyetherketoneketone (PEKK), 

607 
polyethernitrile (PEN), 607 
polyether-polyamide (PEPA), 

polycther sulfone (PES), 607 
polyether sulforie plastic, 424 
polyethersulphone (PESU), 607 
polyether urethane (PEU; 

polyethyl acrylate (PEA), 607 
polyethylene (PE; l’L), 46t, 607, 

polyethylene adipate (PEA), 607 
polyethylene-chlorosulfotiated 

polyethylene dioxithiophene 

polyethylene ether carbonate 

polyethylene glycol (PEG), 607 
polyethylene imine (PEI), 607 
polyethylene isophthalate (PEI), 

polyethylene naphthalate (PEN), 

polyethylene naphthalate plastic 

polyethylene oxide (PEO), 607 
polyethylene pla5tic (PE), 424 

607 

424 

607 

PEUK), 607 
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(PE-CS), 607 

(PFUT), 607 

(PEEC), 607 

607 

607 

(PEN), 424 

chlorinated (CPE), 424 
high-density (HDPE), 424 
linear (LPE), 424 
linear low-density (LLLIPE), 

low-density (LDPE), 424 
polyclilorosulfonated (PCSPE), 

terephthalate, glycol-modified 

ultrahigh-molecular-weight 

vulcanizable, 425 

424 

424-425 

(PETG), 425 

(UHMWPE), 425 

polyethylene polyamine (PEP), 

polyethylene terephthalate 

polyethylene terephthalate glycol 

polyethylene terephthalate plastic 

polyethylene-vinyl alcohol plastic 

polyethylmethacrylate (PEMA), 

polyfluoroalkophosphazene 

607 

(PET), 607 

(PETG), 607 

(PET), 425 

(EVOH), 425 

607 

(PNF), 608 

polyhydroxamine (PHA), 608 
polyhydroxybutyrate (PHB), 608 
polyhydroxybutyrate plastic 

(I’HU), 425 
polyimide (PI), 608 
polyiniide plastic 

bismaleimide (BMI), 425 
diadic, 425 
polymerization ofinononirr re- 

actant\ (PMR), 425 
polyimidesilozane (PISX), 608 
polyiniidesulfone (I’ISU), 608 
polyion, 425 
polyisobutene (PIU), 608 
polyisobutylene (PIB; PIE; PIS), 

polyisobutylene butyl rubber 

polyisobutylene-isopteiie (PIBI), 

polyisobutylene rubber (IM), 

polyiwcyanurate (l’ll<), 608 
Polyisocyanurate Insulation Man- 

608 

(PIB), 425 
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598 
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polyisophthalaniide (PIPA), 608 
polyisoprene rubber/plastic, 425 
polyketone (PK), 608 
polyketone plastic (PK), 425 
polylactic plastic (PLA), 425 
polyliner, 425 
polymer (1’; POL), 425-426, 

606, 608 
addition, 426 
block, 426 
branched, 426 
full-contour length, 426 
graft, 426 
head-to-head, 426 
head-to-tail, 426 
high, 426-427 
high derived, 427 
homo-, 427 
inter-, 427 
isomeric, 427 
isoniensm, 427 
ladder, 429 
pre-, 429 
primary high, 429 
reactive, 429 
reactive elastomer, 429 
reactive-processing, 429-430 
renewable, 430 
ter-, 430 

polymer analysis and simulation 
software (PASS), 606 

polymer cement concrete 

polynier chain stiffening, 426 
polymer chain transfer (CV), 

polymer chain-transfer agent, 

polymer characterization, 426 
polynier chemical reagent, 426 
polymer chemistry terminology, 

polymer concrete (PC), 606 
polymer cross-linked density, 

polymer decomposition temprra- 

polymer disproportionation, 426 
polymer evolution, 426 
polymer fiber (PLF), 608 

(I’CC), 607 

426 

426 

426 

426 

ture (I’DT), 607 
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polynieric flow model (PFM), 

polymeric isocyanate (PPI), 609 
Polymeric Materials Related Re- 

sources, Cornell, 658 
polymeric matrix (PM), 608 
polymeric methylene dipheiiy- 

lene diisocyanate (PMDI), 
608 

polymeric polyisocyanate (PPI), 
609 

polymer impregnanted concrete 

polymerization, 427 
addition, 427 
aldehyde, 427 
anionic, 427 
aqueous, 427 
block, 427 
bulk, 427 
catalytic, 427 
cationic, 427 
chain, 427 

Condensation, 428 
condensation cloud point, 

428 
de-, 428 
degree of, 428 
electron-beam (EB), 428 
emulsion, 428 
free-radical, 428 
gas-phase, 428 
interfacial, 428 
ion-beam, 428 
ionic, 428 
ionization, 428 
living plastic system, 428 
number-average degree of 

(X,,,), 617 
photo-, 428 
short stopper, 428 
solution, 428-429 
Spheripol process, 429 
step-reaction, 429 
suspension, 429 
thermal, 429 
weight-average degree of 
(Xu,), 617 

polymerizatio~i catalyst, 427 
polymerization charge-transfer, 

polymerization history, 428 
polymerization homopolymer, 

polymerization inhibitor, 428 
polymerization initiator, 428 
polyiiierization monomer re- 

actant (PMK), 608 
polymerization regulator, 428 
polynier living system, 429 
polymer melting temperature 

polymer mer, 429 
polymer molecule, number of 

polymer network, 429 
Polymer Processing Institute 

Polymer Processing Society 

Polymer Processors Association 

polymer reactivity, 430 
Polymers Dotcom, 658 
polymethacrylimide (PMI), 608 
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(PIC), 608 

CO-, 427-428 
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(PMT), 608 

structural units in (X), 61 7 

(PPI), 609, 642 

(PPS), 609 

(PPA), 609 

polymethyl acrylate (PMA), 608 
polymethyl-acrylonitrile 

(PMAN), 608 
polyiiiethyl-chloroacrylate 

(PMCA), 608 
polymethylene (PM), 608 
polymethylene oxide (PMO), 

608 
polyniethyl methacrylate 

(PMMA), 608 
polymethylpentane plastic 

(PMP), 430 
polymethylpentene (PMP; PMT; 

TPX), 608, 615 
polymorphism, 430 
polyol (POLY), 430, 608 
polyolefin (PO), 608 

polyolefin elastomer (POE), 608 
polyolefin plastic, 430 
polyolefin plastomer (POP), 609 
polyolefin plastorrier plastic 

Polyolefins Fire Performance 

polyol OH-number, 430 
polyorgdnophosphazene (POS; 

polyoxyadiazol (POD), 608 
polyoxymethylene (POM), 608 
polyoxypropylene (POP), 609 
polypara-methylstyrcne (PPMS), 

polyparaphenylene (PPP), 609 
polyphenylene ether (PPE), 609 
polyphenylene ether copolymer 

polyphenyleneether plastic, 430 
polyphenylene oxide (POP; 

therinoplastic (TPO), 430 

(POP), 430 

Council, 643 

PPZ), 609 
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( r w ) ,  607 

PPO), 609 

(PPO), 430 

(PPS), 430 

(PPSS), 609 

modified, 46t, 603 
polyphenylene oxide plastic 

polyphenylene sulfide (PPS), 609 
polyphenylene sulfide plastic 

polyphenylene sulfide sulfone 

polyphenylene sulfone (PPSU), 

polyphenylene terephthalate 

polyphenylenevinylene (PPV), 

polyphosphate (PPh), 609 
polyphosphazene plastic, 430- 

polyphthalaniide (PPA), 609 
polypropylene (PP), 46t, 609 

multiple monomer, 43 1 
Polypropylene (conference), 647 
polypropylene-butene plastic, 

polypropylene methacrylate 

polypropylene oxide (PO; 

polypropylene plastic (PP), 431 
polypropylene terephthalate 

poly(P-xylylene) (PPX), 609 
polyquinoline (PQ), 609 
polysaccharide plastic, 431 
polysebacic acid (PSA), 609 
Polysort, 658 
polystyrene (PS), 45t, 609 

609 

(PPTA), 609 

609 

431 

43 1 

(PPMA), 609 

PPOX), 608, 609 

(PPT), 609 

polystyrene butadiene rubber 

polystyrene-ethylene copolymer 

polystyrene-foam (PS-F), 609 
polystyrene latex (PSL), 609 
Polystyrene Packaging Council 

(PPC; PSPC), 609, 658 
polystyrene plastic (PS), 431 

(PSB), 609 

(PSE), 609 

crystal, 431 
general purpose (GPPS), 431 
impact, 431 
syndiotactic (SPS), 431 

polystyrene rulphonate (PSS), 

polysulfide plastic, 431 
polysulfide rubber (SR), 613 
polysulfone (PSO), 46t, 609 
polysulfone plastic (PSU), 431 
polysulphone (PES; 1’s; PSE; 

polytetrafluoroethylene (PTFE), 

polytetrafluoroethylene playtic 

polytetramethylene glycol 

polytetramethylene-terephthalate 

polythene (PE), 607 
polythioglycol ether (ST), 613 
polythiophene (PT), 609 
polytrimethylene terephthalate 

polyurethane (PU; PUR; UP), 

polyurethane elastomer (PUE), 

polyurethane foam (PUF), 610 
Polyurethane Foam Association, 

609 

PSU), 607, 609 

609 

(PTFE), 431 

(PTMG), 609 

(PTMT), 610 

plastic (PTT), 432 

610, 615 

610 

642, 658 
Meeting, 647 

Polyurethane Manufacturers A5- 
sociation (PMA), 608, 642 

Fall Meeting, 647 
Spring Meeting, 645 

polyurethane plastic (PUR), 432 
nonelastomeric thermoplastic, 

432 
nonelastomeric theriiioset, 

432 
Polyurethane Recycle and Iie- 

covery Council (PKRC), 
609 

polyvinyl acetal butyral (PVB), 
610 

polyvinyl acetal plastic, 432 
polyvinyl acetate (PVA; PVAC), 

polyvinyl acetate plastic (PVAC), 

polyviiiyl alcohol (PVAL; 

polyvinyl alcohol plastic (PVAL), 

polyvinyl butyral (PVU), 610 
polyvinyl butyral plastic (PVB), 

polyvinyl caprolactam (PVCL), 

polyvinyl carbazole (PCZ; 

polyvinyl carbazole plastic, 432 
polyvinyl chloride (PVC), 610 
polyvinyl chloride, plastic gelled, 

610 

432 

PVOH), 610 

432 

432 

610 

PVCZ; PVK), 607, 610 

433 

polyvinyl chloride acetate 

polyvinyl chloride acetate plastic 

polyvinyl chloride dispersion plas- 

polyvinyl chloride plastic (PVC), 

(PVCA), 610 

(PVC), 432 

tic, 432 

432 
alloy, 432 
chlorinated, 432-433 

polyvinylcyclohezane (PVCH), 

polyvinyl dichloride plastic 

polyvinyl ether ether (PVEE), 

polyvinyl ether plastic, 433 
polyvinyl ethyl ether plastic, 433 
polyvinyl fluoride (PVF), 610 
polyvinyl fluoride plastic (PVF), 

polyvinyl formal (PVFM; PVF), 

polyvinyl formal plastic (PVF), 

polyvinylidene acetate (PVDA), 

polyvinylidene chloride (PVUC), 

polyvinylidene chloride plastic 

polyvinylidene fluoride (PVLIF), 

polyvinylidene fluoride plastic 

polyvinylimidazole (PVI), 610 
polyvinyl isobutyl ether (PVIE), 

610 
polyvinyl iyobutyl ether plastic 

(PVIE), 433 
polyvinyl pyrroldone plastic 

(PVPO), 433, 610 
polyvinyl pyrrolidone (PVP), 61 0 
polyxylenyl ether (PXE), 610 
population confidence interval, 

population confidence level, 433 
population confidence limit, 433 
pore volume ( p . ~ . ) ,  610 
poronieric plastic, 433 
porosity, 433 
porous, micro-, 433 
porous metal, 433 
Porter, Michael, 31 
Portugal, associations of, 633 
Portuguese Associatioii for the 

Mold Industry (Cef3lliOl), 
633 

Portuguese Astociation of the 
Plastics Industry, 633 

610 

(PVLIC), 433 

610 

433 

610 

433 

610 

610 

(PVDC), 433 

610 

(PVUF), 433 

433 

positive (POS), 609 
positive collapse (PC), 606 
positively deviation behavior 

(PDB), 607 
positive work euviroiimeiit, 30- 

31 
positron, 433 
positron emission tomography 

(PET; PETE), 607 
poxconsumer plastic, 433 
postconsumer recycled (I’CR), 

postconsumer resin (PCR), 15, 

postexposure baking (PEB), 607 
postforming, 433-434 

607 

607 
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Post Office, U.S. (PO; USPO), 
608, 615 

postscript (ps), 609 
post vulcanization stabilizer 

pot, molding, 434 
potassium (K), 599 
potassium hydroxide (KOH), 

potassium iodide (KI), 599 
potentiometer, 434 

potting, 434 
pouch, 434 
pound (Ib), 600 
pound-force (IbO, 600 
pounds per cubic foot (pcf), 607 
pounds per square foot (psf), 609 
pounds per square inch (psi), 609 

(PVS), 610 

599 

pot life, 434 

absolute (psia), 60‘9 
differential (psid), 609 
gauge (psig), 609 

pourable (POK), 609 
powder (PWD), 610 

powder coating, 434 
powder injection moldiiig 

(PIM), 608 
powder metallurgy (PM), 434, 

608 
powder mold coating (PMC), 

608 
powder molding, 434 
power supply (PS), 609 
practice, 434 
Practice uf Management, The 

precipitate (PPT), 435, 609 
precipitated calcium carbonate 

precipitation (PPTN), 435, 609 
precision, 435 
preconsunier, 435 
precursor, 435 
preform, 435 
preforni process, 435 

black, 434 

(Lhcker) ,  35 

(PCC), 607 

plenum chamber, 435 
prefonn screen, 435 
water slurry, 435 

preloaded, 435 
preiiianufacturing notice (PMN), 

608 
preniarket approval (PMA), 608 
prepeg, 435 

prepeg out time, 435 
prepeg shop life, 435 
prepeg solution proces, 435 
prepeg tack control, 435 
prepeg tack primer, 435 
prepeg tape, 435 
prepeg volatile content, 436 
preservative, 436 
press, 436 

angle, 436 
automatic, 436 
block, 436 
cold, 436 
double ram, 436 
downstroke, 436 
floating punch, 436 
gravity-closing, 436 
hydraulic, 436 
hydromechanical, 436 
mechanical, 436 
molding, 436 

thermoplastic, 435-436 

punching, 436 
rotary, 436 
tliding punch, 436 

press-blowing (PP), 609 
prcss release (PR), 609 
press stroke, 436 
press table, 436 
pressure (P), 436, 606 

absolute, 436 
ambient, 436 
atmospheric, 436 
bar, 436 
boiling, 436 
contact, 437 
critical, 437 
gauge, 437 
hydrostatic, 437 
Lavell, 437 
line, 437 
locking, 437 
partial. 437 
standard-state, 437 
vacuum, 437 
volume, 437 

pressure booster, 436-437 
pressure-detecting film, 437 
pressure flow, 437 
pressure reduction time (PRT), 

prrswre sensitive adhesive (PSA), 

pressure-temperature (P-T), 609 
pressure-teniperature concentra- 

pressure volume (P-V), 610 
pressure-volunie-temperature 

preventive maintenance (PM), 

primary mtioxidant (PAO), 606 
primer, 437 
principal component analysis 

principal component regression 

printable (PRN),  609 
pnnted circuit (PC), 606 
pnnted circuit board (PCU), 

437-438, 607 
pnnted wiring board (PWB), 610 
printing, 438 

609 

609 

tion variables (PTX), 610 

(pVT), 610 

608 

(PCA), 606 

(PCK), 607 

Acrobot, 438 
electronic dot generation 

electrostatic charged area devel- 

flexographic, 438 
gravure, 438 
gravure offset, 438 
heat-transfer, 438 
lithographic resist, 439 
pad-transfer, 439 
photoengraving, 439 
photography and photome- 

(EDG), 438 

opment (CAD), 438 

chanical. 439 
photolithographic technique, 

439 
photomechanical coating, 439 
roll-leaf, 439 
roll-on, 439 
rubber plate, 439 
screen, 439-440 
thermographic transfer, 440 

and varnish, 438 
xerography, 440 

valley, 440 

printing/coating offset, 438 
printing electronically, 438 
printing ink. 438 

radiation, 438-439 
transparent, 439 

printing pica, 439 
printing procesws guide, 51 -52t 
printing signature, 440 
probability, 440 
probability-based matching sys- 

tem (PUMS), 606 
problemr aiid solutions, 440 
problem solving (E), 609 
procedure-oriented language 

process, 440 
processability, 440 
process control (PC), 64-65, 

(PO), 608 

440-441, 606 
adaptive, 441 
computer, 441 
control-loop, 441 

process-control comparator, 441 
processing 

art of, 441 
in-line, 442 
intelligent (IP), 442 
reactioii viscosity, 442-443 
via fluorescence Fpectroscopy, 

443 
processing agent, 441 
processing defect, 442 
processing feedback, 442 
Processing Handbook arid Buyers’ 

Guide, 21 
processing improvement, 442 
processing line 

downstream, 442 
upstream, 442 

procesing-line downtime, 442 
processing-line uptime, 442 
processing parameter, 442 
processing rules, 443 
processing stabilizer, 443 
processing window, 443 
processor, 443 

captive, 443 
and competition, 443 
CUStofll, 444 
custoin-contract, 444 
micro-, 444 
micro, control, 444 
proprietary, 444 

processor certification, 443-444 
process simulator, 444 
process validation (PV), 610 
product, semifinished, 445 
product data-exchange specifica- 

tion (PDES), 607 
product downgrade, 444 
product improvement prograin 

production bill of inaterial 

production budget base, 444 
production-capacity overhead 

production capacity plan, 444 
production-capacity utilization, 

444 
productioii-control system 

(PCS), 444, 607 
production data acquirition 

(PDA), 444, 607 
production order point, 444 
production order quantity, 445 

(PIP), 608 

(BOM), 444 

rate, 444 

production overrun analysis, 445 
production pegging, 445 
production performance, 445 
production planning and control 

production priontizing, 445 
production schedule, 445 
productivity, 445 

plant, 445 
product reliability test (PRT), 

609 
product requirements optiniiza- 

tion (PRO), 609 
product scale-up, 445 
product shape, 445 
product update, 445 
profersional engineer (PE), 607 
Professional Syndicate of Plastic 

Materials Producers 
(SPMP), 628 

(PPC), 609 

profit 
and technology, 446 
and time, 446 

profitability study, 446 
profit plan, 446 
program, 446 
program controllers, 64 
programmable circuit (PC), 606 
programmable controller (PC), 

programmable-controller safety, 

programmable logic controller 

programmable read-only nieni- 

programmer, 446 
project checklist, 446 
proline (PRO),  609 
promoter, 446 
propane (Pro), 609 
property 

extension, 446 
intensive, 446 
macroscopic, 446 
microscopic, 446 
specific, 446 

proportional (P), 606 
proportional band (PB), 606 
proportional control, 446 
proportional integral (PI), 608 
proportional-in tegral-derivative 

(PID), 608 
proportional limit, 446 
proprietary (PR), 609 
propylene carbonate (PC), 606 
propylene chlorinated (PPC), 

propylene glycol (PG), 608 
propyleneoxide elastomer 

propylene oxide rubber (OPR; 

propylene plastic, 447 
propylene tetramer, 446 
prortheses, 447 
protein, 447 

protocol 

606 

446 

(PLC), 608 

ory (PROM), 609 

609 

(PPOK), 446-447 

PPOK),  446-447, 605 

conjugated, 447 

Kyoto, 447 
Montreal, 447 

proton, 447 
proton magnetic reronance 

prototype, 447 
rapid, 447 

(PMK), 608 
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prototyping by objectives (PUO), 

prototyping modeling, stereo- 

prototyping modeling mold, 447 

pseudoplastic, 447-448 

606 

lithography, 447 

rapid, 447 

psi, 448 
I T  Auxiliaries, 652 
1’-T diagram, 448 
P-T-X diagram, 448 
publication (Publ.), 61 0 
public-interest research group 

public school (PS). 609 
PU China, 646 
puller, 448 
pull-out strength (PO), 608 
pulse amplitude modulation/fre- 

quaicy modulation (PAM/ 
FM), 606 

608 

(PIKG), 608 

pulse injection molding (PIM), 

pultrusion (Pul), 610 
pulverized fuel ash (PFA), 608 
pumice, 448 
PU”P 

positive-displacement, 448 
variable~displacenient, 448 

puiiip ratio (PR), 609 
punch, 448 
punching device, 448 
puncture resistance (PNC), 608 
purchase order (PO), 448 

blanket (BPO), 448 
purchase order hold, 448 
pure internal pressure (PIP), 

608 
purging, 448 
purification, 448 
purified terephthalic acid (PTA), 

609 
putty, 448 

body, 448-449 
bouncing, 449 

PVC Geomeinbrane Institute 

Pyrabekisk, 634 
pyrolysis (Py), 449, 610 
pyrolyzation, 449 
pyrometer, 449 
pyrophoric material, 449 
pyrrone plastic, 449 

qualification test, 451 
qualified products list (QPL), 

qualitative (QUAL), 610 
qualitative analysis, 451 
qualitative chemical analysis, 451 
quality, 451 

quality assurance (QA), 451, 610 
quality assurance test, 45 I 
quality auditing (QA), 451, 610 
quality control (QC), 451-452, 

quality-control manual, 452 
quality control variable, 452 
quality cost, direct, 452 
quality cost overview, 452 
quality data statistics (QUS), 610 
quality factor (QF), 610 

perfomiance. 452 

Home Page, 659 

451, 610 

and control, 451 

610 

quality indicator, image (IQI) ,  
452 

quality level, acceptable (AQL), 

quality nranageiiient (QM), 61 0 

quality of life (QOL), 452 
quality optimization goal, 452 
quality system QS-9000, 452 
quality-system regulation (QSK), 

quantitative (Quan), 610 
quantitative analysis, 453 
quantity lower range value, 453 
quartz, 453 
quench, 453 
quench aging, 453 
quench bath, 453 
qua-wave, 453 
question + answer (Q+A),  610 
quick change systeni (QCS), 610 
quicklime, 453 
quick material change (QMC), 

610 
quick mold change (QMC), 610 
quod vide (9.v.). 610 
quote (Q), 610 

rad, 455 
radar absorbent material (RAM), 

610 
radar dome (radome), 610 
radian (rad), 455, 610 
radiation, 455 

absorbed-dose, 455 
diffraction, 455 
monochromatic. 456 
photon, 456 
tent-value-layer (TVL), 456 

452 

total (TQM), 452, 615 

453, 610 

radiation activation, 455 
radiation blackbody, 455 
radiation cross-linking (Kx), 61 1 
radiation curing (Rx), 61 1 
radiation damage, 455 
radiation depth dose, 455 
radiation dose, 455 
radiation dose equivaleiit, 455 
radiation dosimeter, 455 

primary-standard, 455 
secondary-standard, 455 
solid-phase chemical, 455 

radiation fallout, 455 
radiation-induced reaction, 455 
radiation oxidation (KO),  61 1 
radiation polymerization, 456 
radiation pyrometer, 456 
radiation resistance (RAD), 610 
radiation-resistant plastic, 456 
radical, 456 
radioactive, 456 
radioactive beta particle, 456 
radioactive decontamination. 456 
Radio Corporation of America 

radio frequency (RF), 61 1 
radio frequency interference 

radio-frequency preheating, 456 
radiographic constrast, 456 
radiographic inspection, 456 
radiography, cine-, 456 
radio immune assay (RIA), 61 1 
radioisotope, 456 
radiometer, 456 
radionuclide decaying activity, 

radium (Ka), 610 
radius (R), 610 

(KCA), 610 

(RFI), 611 

456 

radius of gyration (R ;  RG),  456, 
61 1 

radome, 456 
rail car 

Glasshopper, 456 
SCRIMP, 456 

rail-rar coiitaniiiiation, 456 
rail-track protection, 456-457 
rain, 457 
Kama~i  optical cavity (KOA), 

61 1 
Raman spectroscopy (RS), 61 1 
rani booster, 457 
ram force, 457 
ramie (Ra), 610 
ram input, 457 
ramping, 457 
rani travel, 457 
random access file (RAF), 610 
random access nieinory (RAM), 

randon-copolynicr (RCO), 610 
range, 457 
Kankine (K), 610 
Rankine scale (R), 457 
Raoult’s law, 457 
rapid crack propagation (RCP), 

rapid isothermal processing 

rapid prototyping (KP), 611 
kapid Prototyping and Manufac- 

rapid thermal aniiealing (RTA), 

rapid tooling (RT), 61 1 
Kapra Technology Ltd., 658 
rare earth element (REE), 611 
rate-determining step, 457 
rate law, 457 
rate of heat release (RHR), 61 1 
ratio, 457 
raw material (RM), 61 1 

610 

610 

(RIP), 611 

turing Institute, 658 

61 1 

and injection molding, 56f, 67 
to plastic products, 3f, 417 

redox, 458 
zero-order, 458 

(RCM),  610 

reaction 

reaction compression molding 

reaction-injection iiiolding 
(RIM), 457-4353, 61 1 

impingement mixing, 458 
structural, 458 

reactioii-injection molding day 
tank, 458 

reaction-injection molding de- 
gassing, 458 

reaction-injection molding de- 
mold time, 458 

reaction-injection niolding free 
rise, 458 

reaction-injection molding peak 
rise point, 458 

reaction-injection molding self- 
cleaning, 458 

reaction-injection molding tem- 
perature stratification, 458 

reaction mechanism, 458 
reaction order, 458 
reaction quotient, 458 
reaction rate, 458 
reaction spray molding (KSM), 

reactive diluent, 458 
reactive extrusion (REX), 61 1 

611 

reactive ion etching (RIE), 61 1 
reactive isocyanate (ISO), 599 
reactive liquid polymer (RLM), 

reactive oxygen interniediate 

rzactive polymer blending 

reactor 

61 1 

(KOI), 61 1 

(KPU), 611 

breeder, 459 
vapor-phase, 459 

reactor-made thermoplastic poly- 

reactor technoloby, 459 
read-only memory (KOM),  61 1 
reagent, 459 
reagent limiting, 459 
reagent resistance, 459 
real time (KT), 459, 611 
Reaumur (R), 459, 610 
recessed letter/decoration, 459 
recipe, 459 
reciprocal second (Rsec), 61 1 
reciprocating screw (RS), 61 1 
reciprocating screw plasticator 

reciprocating screw theonieter 

rrciprocating single plasticizing 

reclamation, 459 
recoatability, 459 
recognition threshold, 459 
recommended dietary allowance 

(KLIA), 610 
reconiiiiended practice, 459 
recording media, 459 
recording musical disk, 459 
recoverable resource, 459 
recovered material, 459 
recovery, 459 
rectification, 459 
recyclable, 459 
recycle, 459 
recycled carpet, 459-460 
recycled film and sheets, 460 
recycled high density polyethyl- 

ene (KHDPE), 61 1 
recycled paper, 460 
recycled plastic, 460 
recycled plastic identified, 460 
recycled-plastic properties, 460 
recycled polyethylene terephthal- 

recycled resin content (RCY), 61 0 
recycling, 460 

olefin (KTI’O), 61 1 

(RSl’), 61 1 

(RCR), 610 

screw-barrel system, 58 

ate (RPET), 61 1 

automatic-sorting, 461 
chemical (CR), 461 
community, 461 
cryogenic, 461 
electrokinetic, 461 
energy saver, 461 
integrated, 461 -462 
and lifecycle analysis, 460 
refinery, 462 
and sense, 460-461 
tertiary, 463 
themial reclamation, 463 

Kccycling Advisory Council 

recycling commingled plastic, 

recycling cost, 460 
recycliiig energy balance, 461 
recycling energy consumption, 

(RAC), 610 

461 

461 
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recycling fact and myth, 461 
recycling history, 461 
recycling limitations, 462 
recycling method, economic eval- 

uation of, 462 
recycling niixed plastic, 462 
recycling polystyrene, 462 
recycling polyurethane, 462 
recycling polyvinyl chloride, 462 
recycling postconsumer playtic, 

recycling separator, 463 
recycling size reduction, 463 
recycling steel with vinyl scrap, 

recycling waste, 463 
redox, 463 
redox potential, 463 
redox potentiometer, 463 
redox system, 463 
redox titration, 463 
redried (RD), 610 
reduced instruction set comput- 

reducing agent, 463 
reduction, 463 
reduction of area (RA), 610 
reduction potential, standard, 

reference (Ref), 61 1 
reflection absorption spectro5- 

reflection angle infrared ypectros- 

refractive index (RI), 61 1 
refractiveness, 463 
refractivity, 463 
refractory, 463 

brick, 463 
refractory ceramic fiber (KCF), 

610 
refrigeration grade (RF), 61 1 
refuse-derived fuel (RDF), 464, 

regenerated cellulose (CV), 591 
Regional Chamber of the Manu- 

facturing Industries of the 
State of Jalisco, 631 

regional technical conference 
(RETEC), 611 

regiytered trademark (RTM), 
61 1 

registration accreditation board 
(RAI3), 610 

regrind, 63, 64f 
Regulatory Affairs Professionals 

Society (RAPS), 642 
regulatory agency (KA), 610 
reheat blow (RHB), 611 
reinforced molding compound, 

reinforced plastic (KP), 464, 611 

462 

463 

ing (RISC), 611 

463 

copy (RAS), 610 

copy (RAIK), 610 

61 1 

464 

advanced (ARP), 464 
on Boring 777, 5f 
designing with, 71-77 
directional property, 68f, 466 
effects of fiber length on, 67f 
flexible, 466 
p i d e  to part to be processed, 

injection molding, 63, 69, 

interlaniinar, 467 
low-pressure, 467 
premolded, 469 
resin-rich, 470 

41f 

319, 467 

sheet-molding compoound 
(SMC), 468 

cynimetrical, 471 
XTC, 472 

ing, 464 
reinforced-playtic autoclave mold- 

reinforced-plastic bag molding, 

reinforced-plastic binder, 465 
reinforced-plastic bleeder cloth, 

reinforced-plastic bulk-molding 

reinforced-plastic characteriza- 

reinforced-plastic charring, 465 
reinforced-plastic cocuring, 465 
reinforced-plastic coinpaction, 

reinforced-plastic contact mold- 

reinforced-plastic cost, 465 
reinforced-plastic coupling agent, 

reinforced-plastic cutting, 465 
reinforced-plastic debulking, 

reinforced-plastic dry fiber, 466 
reinforced-plastic dry lay-up, 

466 
reinforced-plastic dwarf width, 

466 
reinforced-plastic extensional- 

bending coupling, 466 
reinforced-plastic fiber content, 

466 
reinforced-plastic fiber count, 

466 
reinforced-plastic fiber direction, 

466 
reinforced-plastic fiber pattern, 

466 
reinforced-plastic fiber percent 

by volume, 466 
reinforced-plastic fiber percent 

by weight, 466 
reinforced-plastic fiber wash, 466 
reinforced-plastic fill-out, lack 

reinforced-plastic gel coat, 466- 

reinforced-plastic ghosting, 467 
reinforced-plastic glassinesy, 467 
reinforced-plastic hairline craze, 

reinforced-playtic hand lay-up, 

reinforced-plastic ignition los ,  

reinforced-plastic lay-up 

464-465 

465 

compound (BMC), 465 

tion, 465 

465 

ing, 465 

465 

465-466 

of, 466 

467 

467 

467 

467 

dry, 467 
wet, 467 

reinforced-plastic let-go, 467 
reinforced-plastic macro prop- 

reinforced-plastic Marco process 

reinforced-plastic material, 467- 

reinforced-plastic material with 

erty, 467 

(RPMP), 467, 611 

468 

extra strength fibers (XTC), 
617 

reinforced-plastic microcracking, 
468 

reinforced-plastic micromechan- 
ics, 468 

reinforced-plastic niicro prop- 

reinforced-plastic moisture con- 

reinforced-plastic mold, elasto- 

reinforced-plastic molding, 468 

erty, 468 

tent, 468 

meric, 468 

lost-wax, 468 
match-metal, 468 

pound, 468 

468 

shrinkage, 468 

reinforced-plastic molding coni- 

reinforced-plactic molding dam, 

reinforced-plastic molding fiber 

reinforced-plastic nesting, 468 
reinforced-plastic peel ply, 469 
reinforced-plastic pipe, 469 
reinforced-plastic pregel, 469 
reinforced-plastic preimpregna- 

tion, 469 
reinforced-plastic preimpregna- 

tion peel ply, 469 
reiiiforced-plastic preply, 469 
reinforced-plastic prepreg, 469 
reinforced-plastic prepreg drape, 

reinforced-plastic prepreg out- 

reinforced-plastic prepreg 

reinforced-playtic prepreg tape, 

reinforced-plastic prepreg tracer, 

reinforced-plastic pres7 clave, 

reinforced-plastic pressure bag 

reinforced-playtic pressure-curing 

reinforced-plastic pressure intensi- 

reinforced-plastic process, 469- 

reinforced-plastic processing, lack 

reinforced-plastic processing vent 

reinforced-plastic pultrusion, 470 

469 

life, 469 

pucker, 469 

469 

469 

469 

molding, 469 

transducer, 469 

fier, 469 

470 

of plastic fillout, 470 

cloth, 470 

black mark, 470 
shrinkage in, 470 

reinforced-plastic pultrusion 
bow, 470 

reinforced-plastic pultrusion 
braiding, 470 

reinforced-plastic pultrusion 
chip, 470 

reinforced-plastic pultrusion 
crack, 470 

reinforced-plastic pultrusion die, 
470 

reinforced-plastic pultrusion 
dwarf width, 470 

reinforced-plastic pultrusion ex- 
posed underlayer, 470 

reinforced-plastic pultrusiori fiber 
bridging, 470 

reinforced-plastic pultrusion fiber 
prominence, 470 

reinforced-plastic pultrusiori flat, 
470 

reinforced-plastic pultrusion glass- 
inesc, 470 

reinforced-plastic pultrusion 
sluffing, 470 

reinforced-plastic reaction-injec- 
tion molding (RKIM), 470 

reinforced-plastic resin transfer 
molding (KTM), 470-471 

reinforced-plastic rotational mold- 
ing, 471 

reinforced playticc/composites 
( l < l ’ / ~ ~ ) ,  At I 

Institute (KP/CI), 61 1 
reinforced-plastic SCRIMP pro- 

cess, 471 
reinforced-plastic separator, 471 
reinforced-plastic sheet-molding 

compound (SMC), 471 
reinforced-plastic sheet molding 

compound carrier film, 471 
reinforced-plastic sheet molding 

compound doctor box, 471 
reinforced-plastic sheet molding 

compound iiiaturation, 471 
reinforced-plastic short-term wav- 

iness (STM), 471 
reinforced-plastic soluble-core 

molding, 471 
reinforced-pla5tic spray-up, 47 1 
reinforced-plastic squeeze mold- 

ing, 471 
reinforced-plastic surfacing mat, 

47 1 
reinforced-plastic surfacing veil, 

471 
reinforced-plastic syntactic cellu- 

lar plastic, 471-472 
reinforced-plastic test, exten- 

sional-shear coupling, 472 
reinforced-plastic vacuum-bag 

molding, 472 
reinforced-plastic venting cloth, 

472 
reinforced-plastic void content, 

472 
reinforced-plastic weight, areal, 

472 
reinforced-plastic wet-out, 472 
reinforced-plastic wet-out rate, 

472 
reinforced-plastic wet system, 

472 
reinforced polybutylene tere- 

phthalate (RPBT), 61 1 
reinforced polyethylene tere- 

phthalate (RPET), 611 
reinforced reaction injection 

molding (KRIM), 61 1 
reinforced thermoplastic (KTP), 

611 
reinforced thermoset (KTS), 

61 1 
reinforcement, 472 

disk, 472 
whisker, 472-473 

reinforcing agent, 473 
reinforcing filler, 473 
relative humidity (r.h.; KH), 

473, 611 
relative positive deviation 

(RPD), 611 
relative standard deviation 

(RSD), 611 
relative theriiial index (KTI), 

61 1 
relaxation, 473 

relaxation map analysis (RMA), 
ultrasonic, 473 

61 1 
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relaxation tinie, 473 
relaxation transition teniperxure 

relay, 473 
relay logic, 473 
release agent (RA), 610 
release film, 473 
reliability, 473 
reliability and maintainability 

reniict, 473 
Kensselaer Polytechnic Institute 

repeatability, 473 
repeatable/versatile (KV), 61 1 
Keplitech North America, 646 
repretentative volume element 

requeyt for quote (RFQ). 61 1 
research, 17 
Research, Developnient, and 

Trainuig Foundation of 
Turkirh Plastics Industrialists 
(PACEV), 635 

research and devrlopnient 
(R&D), 473-474, 610 

research on design (KonD), 611 
reserve bank of Aurtralia (RBA), 

610 
residence time (RT), 63-64, 

474, 611 
residence time distribution 

(RTU),  611 
residual deflection, 474 
residual gas analysis (KGA), 61 1 
residue, 474 
resilience, 474 

impact, 474 
resin acid (RA), 610 
rmin flow molding (RFM), 611 
resinography, 474 
resinoid, 474 
resinous, 474 
Resins I’orkut Guide, 19 
resin transfer molding (KTM), 

resistance condenser (RC), 610 
resistance temperature detector 

(RTD), 611 
resitol, 474 
resole plastic, 474 
resonance, 474 

draw, 474 
resonant forced vibration, 474 
resonant frequency, 474 
resorcinol (Res), 611 
resorcinol fomialdehyde (RF), 

resorcinol-for~naldehyde plastic, 

resorcinol monobenzoate 

(KTL), 611 

(K&M), 610 

(KPI), 61 1, 658 

(KVE), 611 

611 

611 

474 

(RMB), 61 1 
reqource 

allocation and marshalling of, 

renewable, 474 
32 

Kesource Conservation and Ke- 

respectively (resp.), 61 1 
Retail Packaging Manufacturer<’ 

retarder, 474 
reticulate, 474 
retort, 474 
return on capital employed 

covery Act (RCKA), 610 

Association (RPMA), 642 

(RCE), 620 

return 011 investment (ROI), 
475, 611 

Reusable Plastic Container and 
Pallet Arsociation, 642 

reverse gas chromatography 
(KCC), 611 

reversc lamindte theory (KLT), 
61 1 

reverw omiosis (RO), 611 
reverse phase (KP), 61 1 
revolutionary versus evolutionary 

developments, 475 
revolutions per minute (rpm), 

61 1 
revolutions per Fecond (rps), 611 
Keynold’s number (R), 475, 610 
rheological material behavior, 

475 
rheological mechanical spectrom- 

eter (RMS), 475 
rheology, 58, 60c 475 

micro-, 475 
rheometer, 475 

capillary, 475 
dynamic, 475-476 

rheometric dynamic scanning 
(KIX), 611 

rheometric on-line rheometer 
( R O R ) ,  611 

rheometry (RHE), 61 1 
rheopecticity, 476 
Rhode Island School of Design 

rib, 476 
rigid cellular polyrtyrene 

(RCPS), 610 
rigid gas-permeable (KGP), 61 1 
rigidity, 476 

rigid polyvinyl chloride (RI’VC), 
61 1 

rigidsol, 476 
rigid urethane foam (KUF), 61 1 
risk 

acceptable (AK), 476, 586 
fire, 476 

risk assessnient (KA), 476, 610 
risk factor (RF), 611 
risk management, 476 
riyk probability (RP), 611 
risk retention, 476 
Risk Retention Act (KRA), 61 1 
Kiteflex, 476 
robot, 476 

(RISD), 61 1 

relative, 476 

intelligent, 476 
material-handling, 476 
mobile, 476 
pick and place, 476 

Robotic Industriec’ Association 

Rockwrll (hardness) (R), 610 
rodent-resistant additive, 477 
rod stock, 477 
Koentgen (K), 610 
roll, 477 

pinch draw, 477 
roll arbor, 477 
roll coating, 51t, 477 
roll covering, 477 
roller, pinch-draw, 477 
roll-on-pilfer-proof (ROPP), 

61 1 
roll pressure, 477 
roll stand, 477 
Romania, associations of, 633 
Rome Laboratory (RL), 658 

(RIA), 611 

room temperature (RT), 61 1 
room temperature cure (RTC), 

rooni temperature dry (RTU), 

room temperature vulcanization 

room temperature wrt  (RTW),  

root mean square (KMS), 611 
root niran square difference 

Rosic O’Donnell Slzow, 35 
rosin, 477-478 
rotational isometric state (RIS), 

rotational molding (RM), 478, 

rotational molding cycle, 478 
rotatioiial-molding product, 478 
rotational-molding speed, 478 
rotational-molding type, 478 
rotational-molding venting, 478 
roughness, 478 
roving (R),  478, 610 

collimated, 47Y 
spun, 479 
textile, 479 

roving ball, 478-479 
roving band, 479 
roving catenary, 479 
roving cloth, 479 
roving end, 479 
roving end count, 47Y 
roving fiber tension, even, 479 
roving fuzz, 479 
roviug integrity, 479 
roving knuckle, 479 
roving open-top pdckage, 479 
roving ribbonization, 479 
rubber (RUB), 479, 61 1 

natural (NR) ,  479-480 
raw, 480 
synthetic, 480 

61 1 

61 1 

(KTV), 61 1 

61 1 

(RMSU), 61 1 

61 I 

61 1 

Riibher and Plastic News, 652 
Rubber and Plastics Machinery 

Division (VUMA), 629 
Rubber and Plastics Research As- 

sociation (KAPKA; 
RPRA),  610, 61 1 

rubber base (Z), 617 
rubber elasticity, 479 
rubber hydrocarbon content 

(RHC),  61 1 
rubber hydrochloride plastic, 479 
rubberize, 479 
rubber latex, agglomerate, 479 
Rubber Manufacturers Associa- 

tion (RMA), 61 1, 642 
rubber market, 479 
rubber niodified polystyrene 

rubber peptizing agent (RPA), 

rubber processing, 480 
rubber tire, camelback, 480 
rubbery material, 480 
rubbery plateau, 480 
rule of inistiires (ROM),  61 1 
run, 480 
runner, 58, 62-63 
runout, 480 
rupture, 480 
rupture rtrength, 480 
rupture time, 480 
rupture work, 480 

(RMPS), 611 

61 1 

Russia, asrociations of, 634 
Rirxsian Ailynicr New, 652 
rust, 480 
Kynitr, 480 
Ryton, 480 

safe, generally, 481 
Safe Drinking Water Act 

(SIIWA), 612 
safety, 481 

bolt preload, 481 
engineering, 481 
machine-lockout, 482 
and machines, 481 
police-officer, 481 
and processing, 481 

safety block, 481 
safety device, 481 
safety emergency stop device, 

safety factor (SF), 612 
safety gate and screen guard, 

481 -482 
wfety glas, 482 
safety hardener, 482 
safety helmet, 482 
safety interlock, 482 
safety manuals and standards, 482 
safety niechanisni, 482 
safety of enclosure for toxics us- 

481 

ing recirculated filtration 
(SETRAF), 612 

safety stop bar, 482 
sag, 482 
sales, percent method, 482 
sales investment turu, 482 
salt, 482 
Yalt acid (SA), 612 
salt bath, 482-483 
salt hydrolysis, 483 
SAM’E Journal, 652 
sample, 483 
sampling, 483 
sampling acceptable quality level 

sampling plan, 483 
sampling size, 483 
sandarc, 483 
sand blast, 483 
Sandia National Laboratory 

Fanding, 483 
sandwich construction, 483 
sandwich core material, 483 
sandwich facing material, 483- 

484 
sandwich peel torque, 484 
sanitize, 484 
Saran, 484 
satinizing, 484 
saturated (satd.), 612 
saturated polyester (SP), 613 
saturation, 484 

(AQL), 483 

(SNL), 658 

degree of, 484 
super-, 484 
wet strength, 484 

saturation compound, 484 
saturation pressure, 484 
Saturn, 36 
Saudi Arabia, associations of, 634 
Saudi Arabian Standard (SAS), 

612 
saw, 484 
sawdust, 484 
S-basic, 484 
scale, 484 
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scale-up, 484 
scanning acoustic microscopy 

scanning electron microscope 

scanning potential microscope 

scanning tunneling inicroscopy 

scavenger, 484 
scientific certificate system 

(SCS), 612 
scientific method, 484 
SciPolymer Database, 658 
scorch, 484 
scouring, 485 
scrap, 485 
scrapless forming (SF), 612 
scraplets forming process (SFP), 

rcreen, 485 
screen pack, 485 
screen-pack breaker plate, 485 
screen printing, 51 t 
screw, 485 

(SAM), 612 

(SEM), 612 

(SPM), 613 

(STM), 613 

612 

auger, 486 
and barrel bridging, 486 
and barrel clearance, 486 
and barrel wear, 486 
bamer, 486 
melt pumping, 489 
mixing, 490 
mixing, double-wave, 490 
mixing, llulmage, 490 
mixing and melting, 490 
multiple-flighted, 491 
multiple-stage, 492 
planetary, 491 
and plastic, 486 
and plastic, general purpose, 

single-flighted, 493 
stripping torque, 493 . 
strip-to-drive ratio, 493 
thermoset type, 493 
venting, 494 
venting, basic, 494 
venting ratio, 494 

486 

screw action, 485 
screw axis, 486 
screwback, 486 
screw blister ring, 486 
screw channel, 486 
screw-channel axial area, 486 
screw-channel axis width, 486 
screw-channel bottom, 486 
screw-channel depth, 486 
screw-channel depth ratio, 486- 

screw-channel volume devel- 

screw-channel volume enclosed, 

screw-channel width, normal, 

screw check up, 487 
screw coating, 487 
screw compression ratio (C/R),  

screw-compression ratio determi 

screw constant lead, 487 
screw cooling, 487 
screw core, 487 
screw decompression zone, 487 
screw depth, 487 

487 

oped, 487 

487 

487 

487 

nation, 487 

screw design, 58, 61, 487-488 
screw design performance, 488 
screw diameter, 488 
screw drag flow, 488 
screw drive, 488 
screw drive motor, 488 
screw face, 488 
screw feed side opening, 488 
screw feed zone, 488 
screw flight, 488 
screw flight crack, 488 
screw flight cutback, 488 
screw flight depth, 488 
screw flight front bottom radius, 

screw flight front face, 488 
screw flight full length, 488 
screw flight helix angle, 488 
screw flight land, 488 
screw flight lead, 488 
screw flight number of turns, 

screw flight pitch, 488 
screw flight rear face, 488 
screw front radius, 488 
screw heat treatment, 488 
screw hub, 489 
screw hub seal, 489 
screw inspection, 489 
screw key, 489 
screw lead constant, 489 
screw lead decreasing, 489 
screw leakage flow, 489 
screw length, 489 
screw length-to-diameter ratio 

screw marbleizing, 489 
rcrew material, 489 
screw mechanical requirement, 

screw melt performance, 489 
screw-melt temperature, 489- 

490 
screw metering zone, 490 
screw mixing 

488 

488 

(L/D), 489 

489 

Maddock, 490 
pin, 490-491 
Pulsar, 491 
Saxton, 491 

screw mixing device, 490 
rcrew mixing section, 491 
screw output, 491 
screw output lots, 491 
screw perfomiance, 491 
screw plasticator, 491 
screw plasticator frictional heat, 

screw plasticizing, 491 
screw plastic volume swept, 492 
screw pocket, 492 
screw pump ratio (PR), 492 
screw pushing flight, 492 
screw pushing side, 492 
screw radial clearance, 492 
screw radius, 492 
screw raised regirter, 492 
screw rear bottom radius, 492 
screw rear seat, 492 
screw rebuilding and repair, 492 
ccrew recovery rate, 492 
rcrew register, 492 
screw relief, 492 
screw removal, 492 
screw replacement, 492 
screw restriction or choke ring, 

491 

492 

screw retainer, 492 
screw reverse flight, 492 
screw rifled liner, 492 
screw root or stem, 492 
screw rotation speed, 492 
screw-rotation speed control, 

screw shank, 492 
screw shear rate, 492-493 
screw strip, polish, plating, 493 
screw taper, 493 
screw taper constant, 493 
screw temperature zone, 493 
screw thrust, 493 
screw thrust bearing, 493 
screw tip, 493 

492 

castle valve, 493 
injection, 493 

screw torpedo, 493 
screw torque speed, 493-494 
screw trailing edge, 494 
screw trailing flight, 494 
screw transition zone, 494 

conical and involute, 494 
wrap-around, 494 

screw venting bleeding, 494 
screw volumetric efficiency, 

screw wear, 495 
screw-wear loss, 495 
screw-wear protection, 495 
scrubber, 495 
scrubbing, 495 
seal, 495 
sealant, 495 
sealed housing for evaporative de- 

sealing 

495 

termination (SHED), 612 

heat, 495 
hot knife, 495 
impulse, 495 
O-ring, 495 
ultrasonic, 495-496 

sealing temperature, 495 
search 

blind, 496 
brute force method, 496 

seasonal affective disorder (SAD), 

sebacic acid (SA), 612 
yecond (s; sec), 611, 612 
secondary operation (SO), 613 
sedimentation (SED), 612 
segregation, 496 
Selar, 496 
self-lubricating (SL), 612 
self-opening style (SOS), 613 
self-staining tape (SST), 61 3 
semiconductor, 496 
semicrystalline plastic, 496 
sensitivity, 496 
sensor, 496 

612 

beta gauge, 496 
caliper, 496 
capacitive, 496 
dual laser, 496 
dynamic accuracy of a, 496 
electron optical, 496 
fiber-optic, 496 
film and sheet, 496 
gamma backscatter, 496-497 
inductive and capacitive prox- 

imity, 497 
infrared (IR), 497 
intelligent, 497 
laser, 497 

noise effect, 497 
nuclear, 497 
piezoelectric, 497 
ultrasonic, 497 

sensor accuracy, 496 
separator, 497 

balisic, 497 
sequential interpenetrating poly- 

sequestering agent, 497 
rerendipity, 497 
serviceability, 497 
serviceability limit state (SLA), 

service condition, 497 
Service Corps of Retired Execu- 

tives (SCOKE), 658 
rervo control, 497-498 
servo-control-drive reliability, 

498 
set, 498 
Fetting up, 498 
sewer rehabilitation, 498 
SGS International Certification 

shape 

mer network (SIPN), 612 

612 

Services, Inc., 658 

concave, 498 
convex, 498 
convexity, 498 

shape factor (SF), 612 
shaping mechanically, 498 
shear, 498 

shear controlled orientation of 
reinforcement in injec- 
tion molding (SCOKIM), 
612 

nology (SCORTEC), 612 

interlaminar, 498 

rhear controlled orientation tech- 

shear failure, 498 
shear force, 498 
rhear fracture, 498 
shear heating, 498 
shearing, 498 
shear joint, 498 
shear modulus (G), 498, 596 

complex, 499 
shear plane, 499 
shear rate, 499 

nielt, 499 
melt sensitivity, 499 

shear strain, 499 
shear strength, 499 

short-beam, 499 
shear stress, 499 
shear stress-strain, 499 
sheathing, 499 
rheave, 499 
sheet, 499 

laminated, 499 
sheet blocking, 499 
sheeter line, 499 
sheeting, 499 
sheet-molding compound 

(SMC), 499-500, 613 
and bulk-molding compound 

continuous fibers (SMC-C), 

directionally oriented (SMC- 

low-pressure molding (SMC- 

randomly oriented (SMC-R), 

structural (SMC-S), 500, 61 3 

recycling, 500 

613 

D), 613 

11), 613 

613 
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Sheet Molding Compound Auto- 
motive Alliance (SMCAA), 
613 

sheet overlay, 500 
sheet stampable thermoplastic 

sheet thinning analysis of thermo- 

shelf life, 500 
shellac, 500 
shell flour, 500 
shielding effect (SE), 612 
shim, 500 
shine, 500 
shock pulse, 500 
Shore A hardness (SAH), 612 
short, 500 
short beam shear (SBS), 612 
short cantilever beam (SCB), 612 
short fiber (SF), 612 
short glass fiber (SGF), 612 
shot, 500 

shot capacity, 500 
shot peening, 501 
shot size, 58, 60, 501 
shows and conferences, 501 
shrinkable fixture, 501 
shrinkage, 501 

(SSTP), 613 

forming (STAT), 613 

short, 501 

postmold, 501 
unrestrained, 501 

shrinkage block jig, 501 
shrinkage differential, 501 
shrinkage index, 501 
shrinkage pool, 501 
shrink allowance (SA), 612 
shuttle mold (SM), 612 
SI, 501 

prefixes, 624t 
units in use with, 624t 

Siemans (S), 611 
Siemens shrinkage specimen 

(SVK), 613 
sievert (Sv), 613 
signal-to-noise ratio (SNR), 613 
Sign Association of Canada, 627 
significant new alternatives pol- 

icy (SNAP), 613 
silane couple agent, 501 -502 
silica (SO2), 502, 612 
silicate, 502 
silicon (Si), 502, 612 
silicon-controlled rectifier 

(SCR), 612 
silicon dioxide (SiOJ, 612 
silicone (SI), 45t, 502, 612 

medical, 502 
room temperature vulcanizing 

silicone elastomer (Q). 502, 610 
silicone fluid additive, 502 
silicone isoprene rubber (SIR), 

silicone molding compound, 

silicone plastic, 502 
silicone processing aid, 502 
silicone rubber (CSI), 591 
silicon-on-sapphire (SOS), 613 
silk-screen printing, 50t, 502 
silver (Ag), 586 
simple shear, 58 
simple tension, 58 
simulated acid rain (SAR), 612 
sine hyperbolic (SINEH), 612 
Singapore, associations of, 634 

(KTV), 502 

612 

502 

Singapore Plastic Industry Associ- 
ation (SPIA), 634 

single screw (SS), 613 
single-site metallocene catalyst 

(SSMC), 613 
single source (SS), 613 
single stage (SS), 613 
single-stage plasticizing screw- 

barrel system, 58 
sink mark, 502 
sink-mark resistance (SK), 61 3 
sintering, 502-503 
sisal (Si; SI; SLS), 612 
size extrusion chroniatography 

(SEC), 612 
skin, 503 

synthetic, 503 
slate, 503 
sleeving, 503 
slenderness ratio, 503 

slit film (SLF), 612 
slitting, 503 
Slovenia, associations of, 634 
sludge, 503 
slurry, 503 
slush molding (SM), 612 
small-angle neutron scattering 

Small Business Administration 

Small Motors and Motion Associ- 

smog, 503 
smoke, 503 
smoke emission, 503 
snow, artificial, 503 
soap, metallic, 503 
Society for Bioniaterials, 642 
Society for the Advancement of 

Matenal and Process Engi- 
neering (SAMPE), 612, 
642, 658 

Society of Automotive Engineers 
(SAE), 612, 643, 658 

International Congress and Ex- 
position, 645 

(SCI), 612 

Engineers and Consultants, 
629 

Society of Israel Plastics and Rub- 
ber Industry, 630 

Society of Manufacturing Engi- 
neers (SME), 613, 643 

Rapid Prototyping and Manu- 
facturing Conference, 646 

SMC Automotive Alliance, 
643 

Society of Photo-Optical Instru- 
mentation Engineers (SPIE), 
613 

(SPE), 11, 613, 643, 658 
Annual Technical Conference, 

646 
Therinoforniing Division 

Conference and Exhibition, 
647 

Society of the Plastics Industry 
(SPI), 13, 613, 643 

Epoxy Resin Formulators Divi- 
sion Meeting, 647 

Foained Polystyrene Alliance 
Annual Conference, 646 

shp, 503 

(SANS), 612 

(SBA), 649 

ation (SMMA), 642 

Society of Chemical Industry 

Society of Independent Plastics 

Society of Plastics Engineers 

Machinery Division Spring 

Midwest Conference, 646 
Molders and Moldiiiakers An- 

nual Conference, 645 
Ohio Plastics Summit, 646 
Plastic Drum Institute Spring 

Polyurethane Expo, 647 
Sheet Producers Division 

Southern Conference, 647 
Structural Plastics Division, 

Thermoforming Institute Win- 

Vinyl Institute Annual Meet- 

Vinyl Siding Jnstitute Spring 

website, 658 
Western Section Conference, 

Conference, 646 

Conference, 645 

Meeting, 646 

645, 658 

ter Meeting, 645 

ing, 646 

Meeting, 645 

646 
sodium (Na), 603 
sodium acrylate (NAA), 603 
sodium carbonate (NaCO,), 604 
sodium hydroxide (NaOH), 504, 

sodium polystyrene wlphonate 

sodium silicate (Na2Si0,), 504 
sodium stearate, 504 
softener, 504 
softening point (SP), 504, 613 
soft resources, 32 
sol, 504 
solar absorptance, 504 
solar collector, 504 
solid, 504 
solid-core model (SCM), 612 
solidification point, 504 
solid-phase extraction (SPE), 613 
solid-phase forming (SPF), 613 
solid-plastic forming (SPF), 61 3 
solid redox polymerization elec- 

solid-state extrusion (SSE), 613 
Solid Waste Association of 

604 

(NaPSS), 604 

trode (SKPE), 613 

North America (SWANA), 
643, 658 

Solid Waste Cornposting Coun- 
cil (SWCC), 613 

solid-waste volume reduction, 
504 

solubility, 504 

solubility coefficient, 504 
solubility limit, 504 
solubility parameter (SP), 504- 

505, 613 
solubility product, 505 
soluble (sol.), 613 
soluble-core molding, 505 
soluble-core technology (SCT), 

612 
solute, 505 
solution, 505 

colloidal, 505 
dilute, 505 
ideal, 505 
saturated, 505 
solid, 505 
unsaturated, 505 

(LBR), 600 

and molecular weight, 504 

solution butadiene rubber 

solution volumetric analysis, 505 

solvating action, 505 
solvency, 505 
solvent, 505 

hydrocarbon, 506 
latent, 506 
nonpolar, 506 
polar, 506 

qolvent-borne coating, 505 
solvent cracking, 506 
solvent fractionation, 506 
solvent impregnated resin (SIR), 

solvent resistance (SOL), 506, 613 
solvent tolerance, 506 
sonic nozzle, 506 
sonic pulse, transverse, 506 
sorbent, 506 
sorption, 506 
sound absorption, 506 
sound attenuation, 506 
sound-deading, 506 
sound emission (SE), 612 
Southeast Recycling Conference 

and Trade Show, 645 
Southern States Waste Manage- 

ment Coalition (SSWMC), 
613 

61 2 

soyo bean flour, 506 
Spain, associations of, 634 
spalling, 506 
Spanish Association of Machin- 

ery Manufacturers for Plas- 
tics and Rubber, 634 

Enterprises (ANAIP), 634 

(STP), 613 

Spanish Confederation of Plastics 

Special Technical Publication 

specie, 506 
specific (Sp.), 613 
specification (Spec.), 506, 613 

limited-coordination, 506 
specific dispersion (SD), 612 
specific failure iiionient (SFM), 

specific gravity (s.g.; sp. gr.), 
612 

507, 612, 613 
apparent, 507 
bulk, 507 

specific gravity conversion, 507 
specific volume (sp. vol.), 613 
specimen, 507 

dumbbell, 507 
speck, black, 507 
Spectra, 507 
spectrochemical buffer, 507 
spectrograph 

x-ray, 507 
x-ray fluorescence (XRF), 507 

spectrometer 
mass (MS), 507 
ultraviolet, 507 

spectrometry, mass (MS), 507 
spectrophotometer, 507 
spectroscopic analysis, 507 
spectroscopy, 507-508 

absorption, 508 
atomic absorption (AAS), 508 
dielectric relaxation, 508 
Fourier’s transfer infrared, 508 
microwave, 508 
nuclear magnetic resonance 

(NMR), 508 
positron-annihilation (PAS), 

508, 606 
Raman, 508 

spectrum, 508 
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specular transniiskn (TJ, 508, 
61 3 

spherulite, 508 
spin axis, 508 
spin trimming, 508 
Spirex Corp., 658 
splay mark, 508-509 
sphne, 509 
spray, s o t  

air atomization, 509 
airless, 509 
centrifugd, 509 

spray coating, 509 
thermal (TSC), 509 

spray-coating transfer efficiency, 

spray metallization, 52t 
spray-paint coating, 509 
spray-paint coating mask, 509 
spray painting, 5 1 t 
spray up (SU), 613 
spray-up gun, SOY 
spreader, 509 
sprue?, 62  
spur, 509 
square (sq.), 613  
square centimeter (sq. cin), 613 
square meter (sq. m),  613 

S R I  Consulting, 658 
stability, 51 0 
stabilization, 51 0 
stabilizer, 510 

internal, 510 
stain 

antioxidant non-, 510 
contact, 510 

staining (ST), 613  
stainless steel (ss; SS), 61 3 
stain-resistant agent, 510 
staking, 510 
stalk, 510 
stanipable theriiioplastic coinpos- 

stamping, 510 
hot, 510 
reinforced theriiioplastic, 510 

internal, 5 I1 

509 

squeegee, 509 

ite (STC), 613 

standard (STD), 510, 613  

standard cubic foot (scf), 612 
standard cubic foot per minute 

standard depth of penetration 

standard deviation measurement 

standard dimension ratio (SDR), 

staiidard industrial classification 

Standard Natural Rubber  

standard reference iiianual 

Standards Research Institute 

standard temperature and pres- 

starch degradable, 51 1 
starved area, 51 1 
static, 51 1 

destaticization. 51 1 
static charge, 511 
static decay rate, 51 1 
static electricity (SE), 612 
static eliminator, 51 1 

(SCfill), 612 

(SIIP), 612 

(SDM), 612 

61 2 

(SIC), 510-511, 612 

(SNK), 613  

(SKM), 613 

(SKI), 613  

sure (STP), 613 

static light scattering (SLS), 612 
static load, 51 1 
static mixer, 51 1 
static neutralizer, 51 1 
static problem, 51 1 
statistic, 51 1 
statistical assessment, 51 1-512 
statistical benefit, 5 12 
statistical data collection, 512 
statistical effect, 512 
\tatisticcil equivalent loading sys- 

tem, 512 
statistical estiiiiatioii, 51 2 
statistical iactor, 51 2 
statistical forecasting, 51 2 
stati\tical F-test, 51 2 
statistical good manufacturing 

statistical level, 51 2 
statistical material selection 

reliability of, 512 
uncertainty in, 512 

statistical nieasure, 51 2 
statistical mechanics, 512-513 
statistical median, 51 3 
statistical method, 513 
statistical mode, 513 
statistical normal c~irve,  51 3 
statistical paraiiieter, 51 3 
statistical phase/reasoniiig, 51 3 
statistical population, 51 3 
statistical population parameter, 

statistical precision, 513  
statistical probability, 5 13 
statistical process control (SI'C), 

64, 513, 613  
statistical quality control (SQC),  

513, 613 
statistical randomization, 513 
statistical range, 513 
statistical regresyion method, 513 
Staudinger, Heriiiann, 513-51 4 
steady state, 514 
stearate, 51 4 
stearic acid (SA), 612 
steatite, 5 14 
steel and diinensional analysis 

steel fiber (STF), 613 
steel resources, limited, 5 14 
rtep-by-step test (SST), 613  
steradian (Sr), 613 
rtereoblock plastic, 514 
stereograph plastic, 514 
stereolithography (STL), 613  
stereolithography dpparatus 

stereolithography contour (SLS), 

stereoregular plastic, 514 
stereospecific plastic, 51 4 
steric hindrance, 514 
sterile, 514 
sterilization, 514 

practices (SGMP), 612 

513 

(S&DA), 61 1 

(SLA), 612 

612 

gas plasma, 514 
heat, 514 
radiation, 51 5 
vapor-phase hydrogen-perox- 

idr,  515 

514 
sterilization chemical indicator, 

sterilization quality assurance 

stifftiess, 51 5 
(SQA), 514-515 

bending, 515 

stiffness constant (C), 588 
stock, 515 
stoichionietry. 515 
Stoke's IAW, 515 
stone, 5 1 5 
storage, 515 

srlo, 515 
strain, 515 

alternating amplitude, 51 5 
axial, 516 
and elasticity, 516 
flexure of fiber, 516 

Initial, 516 
linear, 516 
logarithm decrement, 516 
macro-, 516 
micro-, 51 6 
noiiiinal, 51 6 
residual, 51 6 
sobpermanent set, 516 
thermal, 516 
transverse, 516 
true, 516 
true plastic, 516 

strain aniplitude, 51 6 
strain energy density (SEI)), 

612 
straiiier, 516 
strain extensoiiieter, 51 6 

laser beam, 510 
strain hardening, 51 6 
strain-induced crystallization 

strain rate, 516 
strain ratio, 516 
straiii relief, 516 
strain set, 516 
strain unit (SU), 613 
strapping tape, 516 
strategic direction, 31-32 
streak, 516 
strength, 517 

crosu-breaking, 5 17 
pull, 517 
specific, 517 
ultiiixite, 517 
wet, 517 

517 

gauge, 516 

(SIC), 612 

strengthening plastic mechanism, 

strength of iiraterial, 517 
strength ratio, 517 
strength servicc hc tor ,  517 
stress, 517 

alternating amplitude, 51 7 
cooling, 517 
e las t ic -h i t ,  518 
eiigiiiceriiig, 5 18 
fracture, 518 
frozeri-in, 51 8 
hoop, 518 
initial, 51 8 
nominal, 5 18 
noriii'il, 518 
offset yield, 518 
plane, 518 
remaining, 528 
residual, 518 

specific, 519 
static, 519 
true, 519 
uniaxial, 529 
waved, 5 19 
whitening, 519 
stress amplitude, 51 7 

alternating, 517 

stress coiicentration, 517 
stresu conceiitratioii factor, 517 
stress corrosion, 517 
stress crack, 517 
stress-cracking, themmal, 5 17 
stress-cracking Eiilure, 517 
stress-iiiiniber of cycles (S-N), 61 3 
stress-optical coefficient (SOC). 613 
stress ratio, 518 
stres\ relaxation, 518 
stress relieving, 51 8 
strrss softening, 5 18-5 19 
stress-strain (S-S), 519, 613 
stress-strain curve, i 19 
stress-strain measurement, 519 
stress-strain ratio, 519 
stress-strain stiffness, 519 
stress wave factor (SWF), 613 
stress wrinkle, 519 
stretch, 519 
stretch blow molding (SBM), 612 
striation, 519 
strip, 519 
stripping, 519 
stripping fork, 520 
stroboscope, 520 
stroke per minute (spin), 613 
stroritiuiir (Sr), 613  
structural adhesive, 520 
structural bond, 520 
structural envelope, 520 
structural foam (SF), 612 
stnictural foam inoldmg (SFM), 612 
Structural Insulated Panel Associa- 

structural reaction injection mold- 

structurd theriiioplastic compos- 

structure, 520 
Iiiicro-, 520 
primary, 520 
secondary, 520 

tion (SII'A), 643 

ing (SRIM), 613  

ite (STC), 613 

5tyrene (S; ST; STY), 520, 61 1,613 
styreiie acrylate (SA), 612 
styrene-acrylonitrile (SAN), 46t, 

utyrene~acr)ilonitrile-glycidyl 

styreiir~acrylonitrile plastic 

styrene block copolymer (SBC), 

styrenr-butadiene (SB), 612 
styrene-butadiene block (SBB), 612 
styrene-butadiene el'istoiiier 

styrene-butadiene rubber (GRS; 

styrene-butadiene-styrelie (SBS), 

styrene chloroprene rubber 

styrene derivative (SD), 612 
styrene-et hylene-propylene 

(SEP), 612 
Styrene Infomiation and Re- 

sexch  Center (SIlCC), 612 
styrene-isoprene (SIE; SIR), 612 
styrene-isoprene-styreiie (SIS), 612 
styrene maleic anhydride (SMA), 

utyrene-maleic anhydride plastic 

styrene/iiiethyl methacrylate 

61 2 

(SAG), 612 

(SAN), 520 

61 2 

(SHK), 520 

SBR) ,  596, 612 

612 

(SCR), 612 

612 

$MA), 520 

(S/MMA), 613 
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styrene-methylmethacrylate plas- 

styrene methylstyrene (SMS), 

styrene monomer (SM), 612 
styrene monomer miistion, 520 
styrene-oligoblock elastomer, 

styrene-paramethylstyrene plastic, 

styrene-rubber plastic (SRP), 

styrene-vinyl acrylonitrile (SVA), 

styreriic plastic, 520 
Styrofoani, 520 
styrol. 521 
subassembly, 521 
sublimation, 521 
subminiaturizatioii, 521 
substrate, 521 
sulfonated-EDPM (S-EDPM), 

612 
sulfonation, 521 
sulfone plastic, 521 
sulfuric acid/hydrogen sulfate 

(H2SOI), 521, 597 
sulphonated polystyrene (SPS), 

613 
sulphonated styrene (SST), 613 
sulphur (S), 611 
sulphur mustard (SM), 612 
superabsorbent plastic (SAP), 61 2 
Superfund Amendments and Re- 

tic (SMMA), 520 

613 

520 

520 

520, 613 

613 

authorization Act (SARA), 
612 

superhigh-impact polypropylene 
(SHI-PP), 612 

superhigh-impact polystyrene 
(SHIPS), 612 

superplastic forniing (SPF), 613 
superplastic forming/diffusion 

bonding (SPF/DB), 613 
Superplasticity on the Web, 

Michigan Technical Univer- 
sity, 658 

mer or plastic (SLCP), 612 
superstrong liquid crystal poly- 

Sripplier Directory, 21 
Supplier Search, 23, 658 
Suppliers of Advanced Conipos- 

ite Materials Association 
(SACMA), 612, 644 

supply chain, 521 
surface, 521 

asperity, 521 
clats A, 521 
specific, 522 

surface appearance, 521 
surface CASING, 521 
surface coating (SC), 521, 612 
surface faying, 521 
surface finish, 521 
surface modified rubber (SMK), 

613 
surface mounted technology 

(SMT), 613 
surface preparation, 522 
surface pumicing, 522 
surface skin, 522 
surface tack, 522 
surface tension, 522 

critical, 522 
surface treatment, 522 

waviness, 521 
surfactant, 522 

suspension, 522 
swaging, 522 
sweating, 522 
Sweden, associations of, 634 
Swedish Plastics Industry Associa- 

swell, 522 
swelling index (SI), 612 
Swiss Plastics Association, 634 
Switzerland, associations of, 634 
symbols and signs, 522-523 
symmetric, 523 
Syndicat det Producteurs de Ma- 

t i k s  Plastiques (SPMP), 
628 

tion (SPIF), 634 

syndiotactic, 523 
syndiotactic polypropylene (sPP), 

613 
syndiotactic polystyrene (SPS), 

613 
synergism, 523 
synthetic, 523 

natural, 523 
synthetic natural rubber (SN), 613 
Synthetic Organic Chemical 

Manufacturers Association, 
644 

synthetic rubber (SR), 613 
syrup, 523 
system, 523 

tack, 525 
tack-free time, 525 
tackifier, 525 
tackiness, 525 
Tag and Label Manufacturers’ In- 

tailing, 525 
Taiwan, associations of, 635 
Taiwan Plastics Industry Attocia- 

tion, 635 
Taiwan Synthetic Kesin Manufac- 

turers Association, 635 
take-off, 525 
talc (TAL), 525, 614 
tall, 525 
tamp printing, 52t 
tangliabue open cup (TOC), 614 
tank, 525 

tanker truck, reinforced-plastic, 

tantalum (Ta), 614 
tape, lap wrap, 525 
tapping, 525 
tare, 525 
tear failure, 525 
tear resittance, initial, 525 
tear strength (TRS), 525, 615 
TechMed, 646 
Technical Association of the 

stitute (TLMI), 614 

jacked, 525 

525 

Pulp and Paper Industry 
(TAPPI), 614 

technical cost modeling (TCM), 
69, 525-526, 614 

technical iuformation release 
(TIR), 614 

technical service, 526 
technical working area (TWA), 

technical writing, 526 
technology, 526 
technology assessment, 526 
Tedlar, 526 
Teflon, 526 
telcothene plastic, 526 

615 

telecommunication, 526 
telecommunication switching sys- 

tem (TSS), 615 
telescoping, 526 
television (TV), 615 
temper, 526 
temperature (T), 526, 613 

absolute zero, 526 
ambient, 526 
brittle (TJ,  615 
critical, 527 
dry-bulb, 527 
electrical resistance detector 

(KTD), 527 
freeze, 527 
homologous, 527 
and molecular bonding force, 

and pressure, standard (STP), 

room (RT), 528 
softening (T,), 615 
softening range, 528 
wet-bulb, 529 

527 

527 

temperature conditioning, 527 
temperature conductivity, super-, 

temperature conductivity factor 

teniperature control (TC), 614 
temperature controller, 527 

heatiiig overshoot circuit, 527 
teinperature controller rate temi, 

temperature conversions, 623t 
temperature flexibility, plastic, 

temperature measurement, 528 
temperature uiodulated calorime- 

try (TMC), 614 
temperature properties of plastics, 

528 
temperature proportional- 

integral-derivative control 
algorithm, 528 

527 

(K), 599 

527 

527 

temperature recalescence, 528 
temperature rising elution frac- 

tion (TKEF), 615 
temperature sensitivity, 528 
temperature sensor, 528 
temperature set, 528 
temperature shallow well, 528 
temperature solidification point, 

temperature stability, 528 
temperature timing and sequeiic- 

temperature transition, 529 
tempered, 529 
template, 529 
tende analysis, 529 
tensile elongation 

maximum, 529 
percent, 529 
ultimate, 529 

528 

ing, 528-529 

tensile elongation unit, 529 
tensile gauge length, 529 
tensile green strength, 529 
tensile hystere\is, 529 
tensile set, 529 
tensile strain recovery, 529 
tensile strain rupture, 529 
tensile strength (T,; TEN), 529, 

tensile stress, 529 
actual, 529 

613, 614, 615 

tensile stress at a given elonga- 

tensile stress necking, 529 
tensile stress-strain curve, 529 
tensile testing machine, 529-530 
tensile testing-machine test rate, 

tensile test specimen, 530 
tensile thermal inversion, 530 
tensile viscoelacticity, 530 
tension, 530 

interfacial, 530 
tension fatigue, 530 
tension impact test, 530 
tension member, 530 
tension parallel, 530 
tension-recovery chart, 530 
tension set, 530 
tension shrink film, 530 
tension tie, 530 
tenth-value layer (TVL), 61 5 
terebyte (TB), 614 
terephthalate, 530 
terephthalate/iiaphthalate (T/N),  

614 
terephthalic acid (TA; TPA), 

614, 615 
term not recommended (TNR),  

614 
tesla (T), 613 

tion, 529 

530 

test 
abrasion, 530 
adhesive tcotch-tape, 530 
aircraft canopy, 530 
aluminum wettability, 530 
bag-drop impact, 531 
ball-burst film impact, 531 
Barcol hardness, 531 
bearing-strength, 531 
Brabender plasticorder rheonie- 

ter melt-flow, 531 
Brinell hardnett, 531 
bubble, 531 
burst Mullen, 531 
Canadian melt-flow, 531 
carcinogenicity, 531 
cavitation erosion, 531 
Charpy impact, 531 
chemical, 531 
chemical property, 531-532 
Clash-Berg stiffness, 532 
cold-bend, 532 
color, 532 
column crash, 532 
comprestion-property, 532 
conductivity, 532 
crack-growth-resistance, 532 
cup-flow, 532 
dart-drop impact, 532 
deflection temperature under 

load (DTUL), 532 
deflection temperature under 

load versus crystallinity, 
532-533 

degree of, 533 
designated, 533 
destructive, 533 
dielectric, 533 
distortion-point heat, 533 
electrical-spark coating, 533 
fire cone and lift, 533 
flame spread index (FSI), 

flexoineter, 533 
foam-pressure. 533 
force-extension, 533 

533 
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Gdrdiier impact, 533 
impact, 533 
impact loading-rate, 533-534 
iiiipact-notch factor, 534 
impact reverse, 534 
impact tensile, 534 
impact tub, 534 
infrared, 534 
iodine value, 534 
Izod impact, 533 
Kling fusion, 534 
Knoop hardners, 535 
laminated curved-bar delaiiii- 

nation analysis, 535 
least COllllt, 535 
Martins temperature, 535 
Maxwell-Wagner effect, 535 
medical-device compatibility, 

melt-flow, 535 
melt-index (MI), 535-536 
melt rheometer, 536 
niicrodynamonieter, 536 
niicrotoniing optical-analysis, 

Mohs hardness, 536 
molding index, 536 
Mooney viscosity, 536 
NOL ring, 536 
nondestructive (NDT), 536 
nondestructive acourtic eniis- 

sion, 536 
nondestructive acoustic-holog- 

raphy, 536-537 
nondestructive carbon-fiber re- 

inforced-plastic x-ray scan- 
ning, 537 

iioridestructive electrical, 537 
nondestructive electrical eddy 

current, 537 
nondestructive electroniag- 

netic, 537 
nondestructive evaluation 

(NDE), 537 
nondestructive impact RP 

coin tapping, 537 
nondestructive inspection 

(NDI), 537 
nondestructive nioire fringe 

analysis, 537 
nondestructive photoelastic 

stress-analysis. 537-538 
nondestructive-radiography, 

i 3 8  
nondestructive stress-strain 

mearurenient, brittle lacquer 
technique, 538 

nondestructive temperature dif- 
ferential by infrared, 538 

nondestructive transparent me- 
dium light schlieren, 538 

nondestnictive ultrasonic, 538 
nondestructive ultrasonic pene- 

tration, 538 
organoleptic, 538 
oxygen gas transmission rate 

(OGTR),  538 
permeability, 538 
phenol Gibbs indophenol, 538 
plastometer melt-flow, 538 
product weight, 538 
proof, 538 
reinforced-plastic nioisture- 

content, 539 
residual-?tress, 539 
Rockwell hardness, 539 

535 

536 

Kossi-Peakkes melt-flow, 539 
scleroscope hardness, 539 
scorch Mooney, 539 
Shore hardness, 539 
short-time behavior, 539 
soap-bubble, 539 
sonic, 539 
spiral nielt-flow, 539 
tear-resistance, 539-540 
thermoset flow, 540 
torsional, 540 
tunnel fire, 540 
Vicat hardness, 540 
Vicat softening point, 540 
water-absorption, 540 
water-vapor transiiiissioii rate 

white-box and black-box, 540 
Wiegand pendulum heat, 540 

(WVTR), 540 

test analysis, micromechanical. 

test and evaluation (T&E), 613 
test area reduction, 531 
test certification, 531 
test compliance, 532 
test coupon, 532 
test data and uniforin standards, 

testing, 534 

530-531 

532 

and classification, 534 
and people, 534 
and quality control (QC), 534 

test jaw, 534 
test laboratories, worldwide ap- 

proval of, 535 
test laboratory, 535 
test machine, universal, 535 
test method, 536 
test method conforiiiance, 536 
test set, iniiiiediate, 539 
test specimen, 539 
tetracyanoethylene (TCNE), 61 4 
tetrafluoroethyleiie (TEFe; TFE), 

tetrahydrofiiran (THF), 614 
tetramethyl urea (TMU), 614 
tex, 540 
textile, 540-541 
textile cone, 541 
texture, 541 
texturizing, 541 
Thailand, associations of, 635 
Thai Plastic Industry Astociation, 

Thai Plastic Industry Club (PC- 

that is (Le.), 598 
theory, 541 
therimage, 541 
thermal, 541 
thernial acoustic nieasureiiient 

theriiial aging, relative thermal iii- 

thermal agitation, 541 
thermal analysis (TA), 541, 614 

en thalpimetric, 54 1 
thermal capacity, 541 
themmal conductance, 541 
themial conductivity (TC), 541, 

614 
theriiial conductivity analysis 

(TCA), 614 
thermal cracking rehistance 

(TCR), 614 
themial data, 542 

540, 614 

635 

FTI), 635 

(TAM), 614 

dex, 541 

thermal decomposition, 542 
themial decomposition teiiipera- 

tiire (TDT), 614 
thermal diffusivity (TLI), 542, 

61 4 
themial electrical ~iieas~irenieiit 

(TEM), 614 
thermal endurance, 542 
thermal energy storage (TES), 

thermal expansion (TE), 614 
thermal expansion coefficient 

thermal mechanical measurement 

thermal optical nieasureiiient 

thermal property, 59t, 542 
thernmal protection system (TPS), 

thernial reclanation, 542 
theriiial resistance, 542 
thernial resistivity, 542 
thermal sampling (TS), 6 15 
thernial setting (TS), 615 
thermal spray coating (TSC), 

Thernial Spray Society, 658 
thernial stability (THR), 542, 

thermal stimulated current 

thermal stress cracking (TSC), 

thermal transference, 542 
therniister (TM), 542 
theriiioanalytical (TA), 61 4 
thermochemical instability (TCI), 

thermocouple (T /C ;  TC),  542- 

614 

(TEC), 614 

(TMM), 614 

(TOM), 614 

615 

542, 615 

614 

(TSC), 615 

615 

614 

543, 614 
differential, 543 

tion, 543 

tion, 543 

thermocouple burn-out protec- 

thermodynamic phase traiisforma- 

therniodynamic properties, 543 
thermodynamics, 543 

first law of, 543 
second law of, 543 
statistical, 543 

thernioelastic effect, 543 
therinoelasticity, 543 
theriiioelastoplastic (TEP), 61 4 
thernioflow plastic, 543 
theriiioforin, 547 
thernioforniable (TF), 614 
thernioforming, 544 

air-assist, 544 
air-slip, 544 
billow, 544 
blicter-package. 544 
blowing, 544 
bubble, 544 
clamshell, 544 
cold forming, 544 
conioforni cold foriiiing/inold- 

ing, 544 
drape, 544 
drape with bubble stretching, 

forin, fill, arid seal (FFS), 544 
form and spray, 544 
versus iiijection molding, 547 

plug and ring, 546 

544 

plug, 546 

pneumatic control, 546 
prebillow, 546 
preprintiug, 546 
pressure, 546 
prestretched, 546 
sandwich heating, 546 
shrink-wrapping, 546 
slip, 546 
\napback, 546 
solid-phase prersure, 546 
stretch, 546 
tuperplastic, 546-547 
temperature control, 547 
thermotropic liquid crystd in, 

triniiiiing, 547 
uiiequal stretch, 547 
vacuuiii, 547 
web and bridge, 547 
thernioforniing coextruded 

film or shcet, 544 
thermoforiiiing draw, 544 
thermoforiiiing extruder line, 

thernioforiiiing heater, 545 
catalytic ga?, 545 
ceraiiiic, 545 
electric panel, 545 
halogen, 545 
metal-sheathed, 545 
tubular quartz, 545 

547 

544 

thermoforming niachine, 545 
theriiioforiniiig material, 545 
thernioforiiiing niold, 545-546 
thernioforming sag, 546 
theriiioforuiing thermoset plastic, 

547 
therniogravuiietric analysis 

(TGA), 547, 614 
vacuum theriiiobalancr, 547 

theriiiogravimetric index (TGI), 

thertiiograviiiietry (TG), 614 
thertiio-luminescence (TL), 61 4 
thermonicchanical analysis 

theriiioiiiechanical spectrum, 548 
theriiioiiieter, 548 

partial~inimcrsion. 548 
thermonuclear reaction, 548 
theriiiophotoiiietry (TP), 615 
thernioplastic (TP), 548, 615 

61 4 

(TMA), 547-548, 614 

compatibility of processes and, 

cross-linking, 548 
injection molding and, 56-57, 

melt profiles, 57f 
relating procesres to properties 

of, 45-46t 

44t 

58, 62, 63 

theriiioplastic composite (TIT), 
61 5 

thermopl~irtic elastomer (TPE), 
548,615 

thernioplastic elastomer alloy 
(TI'EA), 615 

thernmoplastic elasto~ner-a~~~ide 
(TPE-A), 615 

theriiioplastic elastomer ether- 
ether (TEEE), 614 

theriiioplastic elastomer-olefin 
(TPE-0; TPO),  615 

theriiioplastic elastoiiier olefinic 
(TEO), 614 

thernioplastic elastomer-polyester 
(TPEE), 615 
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thermoplastic elastomer polyo- 
lefin (TPE-0), 548 

thermoplastic elastomer-styrene 
(TES), 614 

thermoplastic isoprene rubber 
(YIK), 617 

thermoplasticity, 548 
thermoplastic liquid crystal 

polyiiier/plastic (TI’CP), 
614 

615 

iiier (TRE), 615 

thermoplastic polyimide (TPI), 

thermoplastic reinforced elasto- 

thrmioplnstic rubber (TPK). 61 5 
thermoplastic uretheiie (TPU), 

61 5 
thermoplastic vulcanizate (TI’V), 

548, 615 
thermoset (TS), 615 
thermoset elastoiiier (TE; TSE), 

548, 615 
thermoset plastic (TS), 548 

compatibility of procerses aiid, 

injection molding of, 57-58, 

melt profiles, 57f 
relating processes to properties 

44t 

61, 62, 63 

of, 4% 

548 
thermoset plastic binder/niatrix, 

therriioset plastic curing 
dielectric monitoring, 548- 

electromagnetic. 549 
fiber-optic sensor, 549 

549 

thernioret plastic staging, 549 
thermoset polyiiiiide (TSI), 615 
thermoset polyurethane (TSUR), 

thernioset rubber (TSR), 615 
thermotropic, 549 
thermovolatilization analysis 

(TVA), 615 
thickened (THK), 614 
thickening agent, 549 
thick niolding conipound 

(TMC), 614 
thickness (t), 613 
thickness gauge, 549 

ultrasonic, 549 
thin gauge (TG), 614 
thinner, 549 
thioplasts (TM), 614 
Thixoniolding, 549 
thixotropic (TX), 615 
thixotropy, 549 
thousand (KK), 599 
thousand pounds per quare inch 

(ksi), 599 
thread 

buttress, 549 
v, 549 

615 

thread-forming screw, 549 
thread pitch diameter, 549 
threr-dimensional (311; three-D), 

591, 614 
three-dinienrioiial printing 

(3DP), 591 
3M, 656 
three-stage (TS), 615 
three-step (TS), 615 
threshold h i i t  value (TLV), 614 
through-transmission ultrasonic 

(TTU), 615 

thyristor, 549 
tie layer, 549-550 
time (T), 613 

conrtant, 550 
dead, 550 
lead, 550 

time profile, 550 
tinier, 550 
time-temperature-transformation 

(TTT), 615 
time-weighted average (TWA), 

615 
tin (Sn), 613 
titanate coupling agent, 550 
titaniuni (TI), 614 

(TiALN), 614 

61 4 

tion (TDA), 614 

61 4 

(TMC), 614 

titaniuni aluniinum nitride 

titanium carbonitride (TiCN), 

Titanium Developnient Associa- 

titanium dioxide (Ti<>?), 550, 

titaniuiii-niatrix composite 

titanium nitride (TIN), 614 
titration, 550 
tolerance, 550 

full-indicator-moveiiieiit 

molding, 550-551 
aiid shrinkage, 550 
and warpage, 550 

tolerance allowance, 550 
tolerance stack-up, 551 
toluene (T; TLn; TOL), 551, 

toluene diaiiiinr (TDA), 614 
toluene diirocyanate (TDI), 61 4 
toluene isocyanate (TDI), 61 4 
toluenesulfonyl seiiiicarbazide 

Tool and Die Institute (TDI), 

tool guide, 40f 
tooling, 551 

brass, 551 
plastic, 551 
shell, 551 

(FIM), 550 

613, 614 

(TSSC), 61 5 

61 4 

Tooling and Manufacturing Asso- 

tooling cost, 551 
tooling indicator runout (TIR), 

torque (T), 551, 613 
torque rheometer (TK), 5.51, 

615 
torr, 551 
torsion, 551 
torsional deforiiiation, 551 
torsional modulus (C), 596 
torsional modulus of elasticity, 

torsional pendulum, 551 
torsional strength, 551 
torrional stress, 551 
torsional wind-up, 551 
total area coverage (TAC), 61 4 
total heat release (THR),  614 
total indicator reading (TIR), 

total internal reflection (TIR), 

total ion content (TIC), 614 
Total Life Cycle Conference and 

ciation (TMA), 614 

614 

551 

614 

614 

Exposition, 647 

total machine control (TMC), 

total organic carbon (TOC),  614 
total quality control (TQC), 61 5 
total solids (TS), 615 
toughened polystyrene (TI’S), 

toughening agent, 552 

61 4 

615 

toughiiess, 551 -552 
and area under curve, 552 

tower, 552 
toxic (Tx), 615 
toxicity, 552 
toxicity characteristic (TC), 61 4 
toxicity characteristic and Ieach- 

ing procedure (TLCP), 614 
toxicology, 552 
Toxic Substance Control Act 

(TOSCA; TSCA), 615 
toy, 552 
l o y s  of Toniorrow (TOT), 615 
TI’Os in Automotive, 647 
TPX, 552 
tracer, 552 
tracking reristance (TRK), 615 
Trade and Professional Organiza- 

trade magazines and publications, 

trademark (TM), 336, 614 
trade name (TN), 614 
train, 552 
training, 552 
training crisir, 552 
transcrystalline growth, 552 
transducer, 553 

magnetostrictive (MST), 553 
pressure, 553 

tion (TPO), 615 

651-652 

transducer calibration, 553 
tranrfer efficiency (TE), 61 4 
transfer iiiolding (TM), 553, 614 

transfer-molding cull, 553 
transfer-molding loading space, 

tranrfer-molding pot, 553 
transfer-molding pot plunger, 

tramfer-molding pot retainer, 

transfer-molding pressure, 553 
transfer-molding Shaw pot, 553 
transfer point control (TI’C), 615 
transfer printing, 553 
transient statc, 554 
transistor, 554 
transition 

screw-plunger, 553 

553 

553 

553 

firrt-order, 554 
second-order, 554 

translucent (TRL), 554, 615 
transmission electron microscope 

(TEM), 554, 614 
transniittance of light, 554 
transmitter, 554 
transparency improvement, 554 
transparent (TRP), 554, 615 
transparent internal waviness, 

transparent plastic, 554 
transparent slip-plane, 554 
transportation market, 554 
transport property, 554 
transverse direction (T; TU), 

613, 614 
trend analysis (TA), 614 
triacetate (CT), 591 

554 

triallyl cyanurate (TAC), 554- 

triallyl irocyanurate (TAIC), 61 4 
triallyl phosphate (TAP), 61 4 
triallyl trimellitate (TAM), 614 
trichloroethylene (TCE), 61 4 
trichloroethyl phosphate (TCEF), 

tricresyl phosphate (TCF; TCP; 

triethyl citrate (TEC), 614 
triethyl phosphate (TEP), 614 
triethyltramine (TETA), 61 4 
trifluorochloi-oethylene plastic, 

555 
trimethylene carbonate (TMC), 

614 
trimethylene niethanc (TMM), 

614 
triniethylolpropane triiiiethacry- 

late (TMI’TMA), 614 
trioctyl phosphate (TOF; TOP),  

614 
triphenyl phosphate (TPP), 615 
triple pressed (XXX), 617 
troubleshooting (TS), 555, 615 
troubleshooting by remote con- 

troubleshooting guide, 555 
for injection molding, 64 

troubleshooting optical sheet, 
555 

trowelling, 555 
truck load (T/L), 614 
trucks and playtic, 555 
tube, collapsible-squeeze, 555- 

Tube Council of North America 

tubing, 556 

555, 614 

614 

TKP), 614 

trol, 555 

556 

(TCNA), 614, 658 

heat-shrinkable, 556 
iiiicrobore, 556 

tumbling, 556 
drum, 556 
wet, 556 

tumbling agitator, 556 
tumbling blender-mixer. 556 
tungsten (W), 616 
tungsten carbide (WC), 616 
Turkey, arrociations of, 635 
turns per inch (tpi), 615 
TUV America Inc., 658 
twin-screw (TS), 615 
twin-screw kneader (ZSK), 617 
twin-sheet forming (TSF), 61 5 
twist 

direction of yarn, 556 
zero, 556 

twisting fiber direction (S-twist; 
Z-twist), 613, 617 

two-dimensional (two-D), 61 5 
two-shot molding, 48t 
two-stage screws, 58-61 
typical bias, 556 
Tyvrk, 556 

U.K. EPS Recycling Information 

Ulteni, 557 
ultimate h i i t  state (ULS), 61 5 
ultimate tensile strength (UTS), 

ultrafiltration (UF), 61 5 
ultrahigh niodulus (UHM), 615 
ultrahigh niodulus polyethylcne 

Service, 658 

61 5 

(UHMPE), 615 
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ultrahigh molecular weight 
(UHMW), 615 

ultrahigh molecular weight poly- 
ethylene (PE-UHMW; 
UHMWPE), 607, 615 

ultrahigh vacuum (UHV), 61 5 
ultralow-density polyethylene 

(ULDPE), 615 
ultrasonic degradation, 557 
ultrasonic fabrication, 557 
Ultrasonic Industry Association 

(UIA), 644 
ultrasonics, 557 
ultrasonic wave, 557 
ultrasound, 557 
ultraviolet (UV), 557, 615 
ultraviolet absorber (UVA), 557, 

ultraviolet curable (UVC), 615 
ultraviolet inhibitor (UVI), 635 
ultraviolet light (UVL), 615 
ultraviolet radiation, 557 
ultraviolet resistance (UVR), 616 
ultraviolet stabilizer, 557 

and color, 557-558 
unary system, 558 
underground pipe, 558 
Underwriters Laboratories (UL), 

615, 644, 658 
Underwriters Laboratories of 

Canada, 627, 654 
Underwriters Laboratory classifi- 

cation, 558 
Underwriters Laboratory factory 

inspection, 558 
Underwriters Laboratory fire- 

resistance index, 558 
Underwriters Laboratory Stan- 

dard UL-544, 558 
Unicarb, 558 
unidirectional (UD), 61 5 
unidirectional fiber (UDF), 615 
unidirectional tape (UT) ,  615 
uniform product code (UPC), 

615 
unioriented (UO), 615 
Unipol, 558 
unique selling price (USP), 615 
unit, 558 

alphabetical list of, 619-622t 
coherent system, 558 

United Kingdom, associations of, 

United Nations (UN), 615 
United States of America (USA), 

61 5 

635 

615 
associations of, 635-644 

universal time (UT), 615 
University Microfilms Interna- 

tional (UMI), 658 
University of Akron College of 

Polymer Science and Engi- 
neering, 659 

ley Library, 659 

for Composite Materials, 
659 

University of Iowa at Aims, Ma- 
terials Preparation Center, 
659 

(UM), 615 

Lowell, Plastic Engineering 
Department, 659 

University of California at Berke- 

University of Delaware Center 

University of Massachusetts 

University of Massachusetts at 

University of Michigan, Manage- 

University of Michigan, Materi- 
iiient Briefing, 647 

als Science and Engineering, 
659 

tute of Optics, 659 

sippi, Department of Poly- 
nier Science, 659 

University of Wisconsin at Mil- 
waukee, 659 

unplasticized PVC (UPVC), 615 
unsaturated compound, 558 
unsaturated polyester (UP), 615 
unsaturated polyecter resin 

(UPR), 615 
unsaturation, 558 

University of Rochester, Insti- 

University of Southerii Missis- 

i n  wn'ttun Laws 4 Eyjizeering, 
The, 558 

upper confidence liniit (UCL), 
615 

upper control limit (UCL), 615 
upstream, 558 
uraniuni (U), 615 
urea, 558 

urea fornialdehyde (UF), 615 
urea formaldehyde plastic (UF), 

urethane (Uli) ,  615 
Uruguay, associations oi, 644 
Uruguayan Association of Plastics 

Industries, 644 
usability engineering (UE), 61 5 
USA Standards Institute 

(USASI), 615 
use temperature h i t  (UTL), 61 5 

vacuum (V), 559, 616 
vacuun-assist molding (VAM), 

vacuun-asGst resin injection 

vacuum bag molding (VBM), 

vacuuiii casting (VC), 616 
vacuuiii coating (VC), 616 
vacuum condensing point (vcp), 

vacuum control (VC), 616 
vacuuni deposition (VU), 616 
vacuum deposition coating 

vacuum distillation (VD), 616 
vacu~~ti i  flashing (VF), 616 
vacuum forming (VF), 61 6 
vacuum hot pressing (VHP), 

vacuum impregnation (VI), 616 
vacuum injection molding 

vacuum loader/ conveyer 

vacuum metallizing (VM), 52t, 

vacuum mold cooling (VMC), 

vacuum press (VP), 559, 616 
vacuum-press molding (VPM), 

vacuum sizing, 559 
vacuum ultraviolet (VUV), 616 
valence, 559 

unsaturated (UA), 615 

558 

616 

(VARI), 616 

616 

559, 616 

(VDC), 616 

559, 616 

(VIM), 616 

(VL/C), 616 

61 6 

616 

616 

coordinate, 559 
long pair, 559 

valence band, 559 
valence shell, 559 
valley printing, 52t 
value 

approximate, 559 
n o m d ,  559 
order of magnitude, 559 

value-added tax (VAT), 616 
value analysis (VA), 53.9, 616 
value creation (VC), 616 
values, 31 
valve gate (VC), 616 
vanadium (V), 616 
vanadium trioxide (V,O,), 559 
van der Waals adsorption, 559 
van der Waals force, 359 
vapor, 559-560 

vapor deposition polymerized 

vapor drtector, dielectric, 560 
vapor hazard index (VHI), 616 
vaporization point, 560 
vapor-liquid chromatography 

(VLC), 616 
vapor-liquid-solid process (VLS), 

560, 626 
vapor phase inhibitor (VPI), 616 
vapor pressure, 560 
vapor pressure curve, 560 
vapor vacuum deposition, 560 
variable, 560 
variance, i 6 0  
varnish, 560 

Vehicle Recycling Partnership 
(VRP), 616 

veil, 560 
Velcro strip, 560 
velocity (V), 616 
velocity-pressure-transfer or trans- 

velocity-pressure-transfer point 

veneer, 560 
Venezuela, associations of, 644 
Venezuelan Bureau of Sniall and 

Mediuni Plastic, Rubber 
and Related Industries, 644 

Venezuelan Plastics Industry Asso- 
ciation (Avipla), 644 

vent bleed, 561 
vent cloth, 561 
vented barrel (VU), 63, 616 
vented extruder (VE), 616 
vent hole, 561 
venting, 561 
venting feeder, 561 
venting purifier, 561 

venturi, 561 
Verein Deutscherlngenieure 

(VDI), 616 
vermiculite, 561 
Vermont SIR1 MSDS Collec- 

versus (vs.), 616 
vertical ionization potential 

(VIP), 616 
very-low-density polyethylene 

(VLDPE), 616 
very low modulus (VLM), 616 
vibration, 561 

free, 561 
Vicat softening temperature 

condensable, 560 

(VDP), 616 

cold-cut, 560 

ducer (VPT), 616 

(VPTP), 616 

volatile, 561 

tion, 659 

(VST), 616 

Vicat teniperature (VT), 616 
video display terminal (VDT), 

Vietnam, ascociations of, 644 
Vietnam Plastics Manufacturers 

vinyl (V), 46t, 616 
vinyl acetate (VA), 562, 616 
viuyl acetate ethylene (VAE), 

616 
vinyl alcohol, 562 
vinylation, 562 
vinyl chloride (VC), 616 
vinyl chloride-ethylene (VCE), 

616 
vinyl chloride-ethylene-inethyl 

acrylate (VCEMA), 616 
vinyl chloride-ethylene-vinyl ace- 

tate (VCEW), 616 
vinyl chloride/niethylacrylate 

(VC/MA), 616 
vinyl chloride/methyl inethacry 

late (VCMMA), 616 
vinyl chloride nionoiiier (VCM), 

562, 616 
vinyl chloride-octyl /acrylate 

(VCOA), 616 
vinyl composition tile (VCT), 

562 
vinylene carbonate (VCA), 616 
Vinyl Environmental Resource 

Center (VEKC), 616 
vinyl ester (VE), 616 
vinyl ester plastic, 562 
vinyl fluoride (VF), 616 
vinylidene (VU), 61 6 
vinylidene chloride (VDC), 616 
vinylidene chloride-acrylonitrile 

vinylidene fluoride (VF), 616 
Vinyl Institute (VI), 616, 659 
viuyl plastic, 562 

stir-in, 562 
vinyl seagoing bag, 562 
Vinyl Siding Institute (VSI), 616, 

vinylsilicone elastomer (VMQ), 

vinyl toluene (VT), 616 
VinylToys, 659 
virgin plastic (VP), 616 
virtually cross-linked (VC), 616 
virtual reality (VR), 616 
viscoelastic creep, 562 
viscoelastic fluid, 562 
viscoelasticity. 58, 60f, 562-563 

616 

Association, 644 

(VCA), 616 

659 

616 

linear, 563 
nonlinear, 563 

viscoelastic material, 563 
viscometer, 563 

capillary, 563 
Weissenburg effect, 563 

viscose (CV; VI), 563, 591, 616 
viscose process, 563 
viscosity, 58, 563-564 

absolute (VIS), 564, 616 
apparent (AV), 564 
breaking, 564 
coefficient, 564 
depressant, 564 
dilute-solution, 564 
Hageii-Poiseuille law of, 564 
inherent (IV), 564, 599 
intrinsic (IV), 564, 599 
kinematic, 564 
K-value, 564 
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Newtonian flow, 564 
Newtonian flow, binghani 

non-Newtonian flow, 564- 

noii-Newtonian flow Ellis 

reduced, 565 
relative (RV), 565 
specific, 565 
stoke, 565 

body, 564 

565 

model, 565 

viscosity-average molecular 
weight (M>,), 601 

viscosity ratio (VR), 616 
viscosity susceptibility, 565 
viscous, 565 
viscous process, 565 
visible-spectra (VIS), 616 
vision correction system, 565 
visu‘il display tube (VDT), 616 
visual display unit (VUU), 616 
vitreous, 565 
void, 565 
volatile, 565 
volatile content, 565 
volatile corrosion inhibitor 

(VCI), 616 
volatile organic compound 

(VOC), 565, 616 
volatility product, 565 
volcano, 565 
volt (V), 616 
voltage frequency converter 

(VFC), 616 
volulile (vol), 565-566,‘616 

specific, 566 
unit, 566 

volume compression ratio 
(VCR), 616 

volume fraction, 566 
volume resistivity (VR), 61 6 
volumeter, 566 
volunie-to-weight coiiversioii 

volumetric, 566 
Volvo, 36 
vulcanizate, 566 
vulcaiiizate backriiiding, 566 
vulcanizate cross-link, 566 
vulcanization. 566 

de-, 566 
dynamic, 566 

vulcanization scorch, 566 
vulcanize, 566 
vulcmized elastoiiier, 566 
vulcaiiized fiber (VI:), 566, 616 
vulcanized fiber fish paper, 566 
vulcanized polyethylene (VPE), 

vulcanized rubber (VK), 616 
vulcanizing agent, 566 
vulcanizing system, 566 

Wacker proces\, 567 
wafer, 567 
waiting tiiiie dirtribution 

(WTII), 617 
warehousing, 67, 567 
warpage, 567 
Washington Legd Foundation 

waste, 567 

616 

(WLF), 617 

effluent, 567 
hazardous, 567-568 
industrial, 568 
invisible, 568 

iiiuiiicipal solid, 568 
plastic-bag, 567 
and plastic packaging, 567 
postconsumer, 568 
pressure cooking, 568 
solid, 568 
solid, council, 5h8 
solid, iiiaiiagement, 568 
solid commercial, 568 
solid food, 568 
solid urban, 568 
source reduction of, 568 

wa\te biostabilizer, 567 
waste compaction, 567 
waste conversion, chemical, 567 
Waste Policy Center, 659 
waste racp, 568 
waste separation, sink-floatation, 

568 
waste-to-enerLy (WTE), 568, 

617 
waste vitrification, 568 
wastewater treatment, 568 
water (H?O),  568, 597 

brackish, 569 
desalination of, 569 
hard, 569 
magnetic, 569 
white, 570 

water absorption, 568 
water adsorption, 568 
water-aqueous, 568 
water beading, 569 
water break, 569 
water brine, 569 
water contact angle (WCA), 616 
water jet (WJ), 616 
water of hydration, 569 
water of saturation, 569 
waterproofing, 569 
w‘iter property, 569 
water repellent, 569 
water resistance, 569 
water saturation, 569 
water softening, 569 
water solubility (WS), 627 
water soluble polyester (WSU), 

water swell, 569 
water-vqor diffusion, 569 
water-vapor resistance, 569 
water-vapor resistivity, 570 
water-vapor retarder, 570 
water-vapor transniission 

(WVT), 570, 617 
water vapor transmission rate 

(WVTR), 617 

61 7 

watt (W), 616 
wave, 570 
w a x  front, 570 
wavelength, 570 

standard, 570 
wave n~imber, 570 
waviness, 570 
w.ix, 570 

wear, 570 
weatherability, 570 
weather condition 

factual, 570-571 
normal, 571 

soluble-core, 570 

weathering, artificial, 571 
weatheroiiietrr, 57 1 
web, 571 
webber (We),  616 
web guide, 571 

websites, 21, 23, 25, 653-659 
Web Watch, 23 
weeping, 571 
weft, 571 
weftless, 571 
weight (wt). 571, 617 

iiiaterial, 571 
specific, 571 
unit, 571 

weight-average nioleculx weight 

weighted-average deforiiiation 

weight-to-volume conversion, 

Weisscnburg effect, 571 
weldable (WLI)), 617 
weld factor, 571 
welding, 571 

(Nu), 601 

characteristic (WAIX) ,  616 

571 

electrofusion, 571-572 
electromagnetic-induction, 

electron-beam, 572 
forced bossed, 572 
friction, 572 
fusion, 572 
hot-gas, 572 
hot-tool, 572 
hot-tool, noncontact, 572 
induction, 572 
infixed (IR), 572 
infrared, through transmission, 

572 

572 
Jig, 572 
laser beam, 572 
microwave, 572 
radio-frequency (r-t), 573 
resistance, 573 
seam, 573 
spin, 573 
spot, 573 
stitch, 573 
tack, 573 
thcriiioband, 573 
ultrasonic, 573 
ultrasonic, nodal point, 574 
ultrasonic, shear joint, 574 
ultrasonic booster, 573 
ultrasonic far and near field, 

ultrasonic gain, i73-574 
ultrasonic horn, 574 
ultrasonic scan, 574 
ultrasonic cpot, 574 
vibration, 574 

weldiug amplitude, 571 
welding heat-affected zone, 572 
welding process economic guide, 

Welding Society, 659 
weld line, 574 
WeldNet, 659 
Welex Inc., 659 
Western Plastics Exhibition 

Western Plastics Expo, 645 
wet ashing, 574 
wet felting, 574 
wet film thickness (WFT), 616 
wet lay-up (WLU), 617 
wettability, 574 
wetted, 574 
wetting agent, 574 
wetware, 574 
whisker (WH), 616 

573 

572-573 

(WI’E), 617 

metallic, 574 

white-box, 574 
wholesaler, 574 
wickiiig, 574 
width (w). 616 
width of section (b), 587 
wild-ass guess (WAG), 616 
Wiliiiington M‘ichuiery, 659 
Wilson Forum-East, 647 
win-win (W-W), 617 
wire and cable, 574-575 
wire-wrapping diaiiieter, 575 
Wisconsin I’lastics and Manufac- 

wood, 575 
turing Expo, 647 

balsa, 575 
compreg, 575 
hard-, 57i  
laniinated, 575 
modified, 575 
petrified, 575 

wood classification. 575 
wood composition b a r d ,  575 
wood compressed, 575 
wood cord, 575 
wood flour (WF), 57i, 616 
wood graining, Sot, 575 
wood-plastic coiiipo\ite (WPC), 

575. 617 
wood-plastic impregnated (WPI), 

575, 617 
wood-plastic profile, 575-576 
wood pressure process, 576 
wood pulp, 576 

paper, 576 
soft-, 570 

wood pulping, 576 
wood specific gravity (s.g.), 576 
wood cubstitutc, 576 
wood vriirer, 576 
wool (Wo), 617 
word proce\\ing (Wl’), 617 
work center, 576 
workstation (WS), 617 
~or ld-cIas~  nianufacturiiig 

(WCM), 016 
World Packaging Organization, 

659 
World Patent Index (WPI), 617 
World 1’lastic.r arid 12iibher T ~ h n ~ l -  

world product code (WI’C), 617 
i y y  (WI’&KT), 617, 652 

world trade, 576 
World Trade Organization 

(WTO), 617 
world w x  (WW), 617 
World Wide Web (www), 576, 

worst area differcnce (WAL)), 

woven fabric (WF), 616 
woven roving (WR), 617 
Wright l<esexcli and llevelop- 

riient Centr ( W R I X ) ,  617 
wrinkle, 576 
wysiwyg, 576, 61 7 

xanthate, 577 
x-axis, 577, 617 
xenon (Xe), 617 

x-ray. 577 
x-ray diffr‘ictioti (XKI)), 577, 

x-ray fluorescence (XRF), hl7 
x-ray ionization method, 577 
x-ray iiiicroanalysis (XMA), 61 7 

617 

616 

Xenoy, 577 

617 



7 16 Index 

x-ray microscopy, 577 
x-ray photoelectron spectroscope 

(XPS), 617 
x-ray radiograph, 577 
x-ray scanning diffractography 

(XRSD), 617 
x-ray scattering, long period, 577 
x-ray spectroscopy, 577 
Xydar, 577 
xylene (Xyl), 577, 617 
xylene formaldehyde (XF), 617 
xylenol plastic, 577 
xylylene amine (XLA), 617 
xylylene plastic, 577 
xylyl mercaptan, 577 
x-y recorder, 577 

yard, 579 
yardage, 579 
yarn, 579 

carded, 579 
combed, 579 
combination, 579 
commingled, 579 
continous filament, 579 
final twist, 579 
knot tenacity, 579 
multifilament, 579 
plied, 579 
spliced, 579 
turn per inch (TPI), 580 

yarn breaking length, 579 
yarn construction number, 579 
yarn count, 579 

yarn density, linear, 579 
yarn designation, 579 
yarn distortion, 579 
yarn end, 579 
yarn fill, 579 
yarn grex, 579 
yarn nib, 579 
yarn package, 579 
yarn quality index (YQI), 617 
yarn strand count, 579 
yarn stress, critical longitudinal, 

yarn tenacity, 579-580 
yarn twist 

579 

balanced, 580 
direction of, 580 
hawser, 580 

yarn warp, 580 
y-axis, 580, 617 
year (yr), 617 
year 2000 (Y2K), 617 
yellowing, 580 
yellowness, 580 
yellowness index (YI), 580, 617 
yellow oxide, 580 
yield, 580 

plastic, 580 
theoretical, 580 

yield point, 580 
yield point elongation (YPE), 

580, 617 
yield strength, 580 

offset, 580 
yield value, 580 

Young’s modulus (E), 593 
Yugoslavia, associations of, 644 

zanja, 581 ” 
2-average molecular weight 

z-axis, 581, 617 
Z calender, 581 
zein plastic, 581 
zeolite, 581 
Zepel, 581 
Zenon, 581 
zero balance, 581 
zero bleed, 581 
zero defect (ZD), 581, 617 
zero defect product (ZDP), 617 
zero insertion force (ZIF), 617 
zero tnetering screw (ZMS), 617 
zero pollution growth (ZPG), 

zero power resiqtance, 581 
zero-strength time (ZST), 617 
zero time, 581 
zeta (Z), 617 
Zetafin, 581 
Ziegler-Natta (Z-N), 617 
Ziegler-Natta catalyst (ZNC), 

Ziegler process, 581 
zinc (Zn), 581, 617 
zinc acetate (ZnAc), 581, 617 
zinc borate, 581 
zinc butyl zanthate (ZXB), 617 
zinc carbonate (ZnCO,), 581 

(MI), 601 

617 

617 

zinc dibenzyl dithocarbamate 

zinc dibutyl xanthate (ZBX), 

zinc diethyl dithiocarbamate, 

zinc dithiophosphate (ZDP), 617 
zinc formate, 582 
zinc gray, 582 
zinc hydroxide (Zn(OH)?), 582 
zinc hydroxystannate (ZHS), 617 
zinc isopropyl xanthate (ZIX), 

zinc mark, 582 
zinc mercaptobenzthiazole 

(MBZ), 601 
zinc nitrate, 582 
zinc oxide (ZnO), 582 
zinc oxide thickener (ZOT), 617 
zinc oxide viscosity (ZOV), 617 
zinc pentamethylene (ZDP), 617 
zinc stannate (ZS), 617 
zinc stearate (ZnSt), 582, 617 
zinc sulphide (ZnO), 582 
zinc tetraphenylporphyriii 

(ZnTPP), 617 
zipper, 582 
zirconium (Zr), 582, 617 
zirconium hydride (ZrHJ, 582 
zirconium oxide, 582 
zone, 582 
zorro, 582 
zymoplastic, 582 
zymurgy, 582 

(ZBD), 617 

617 

581. 

582, 617 
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