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Foreword

This book describes in detail each chemical additive used in the plastics industry.
It analyzes the chemicals used as additives in polymer manufacturing and the
processing of plastics, environmental releases of these chemicals, and possible
occupational exposures to them.

Since World War 1}, the development and growth of the use of plastics has been
phenomenal The technology for the manufacture of polymers and plastic prod-
ucts has expanded into the most impartant of the chemical-based industries, pro-
ducihg new products for new uses at a remarkabiy high vaie. Fiastics additives
have played a critical and complex role in this growth. The emphasis-is on identi-
fication of the additives used and discussion of their functions, properties, and
applications. -

The plastics additives are presented by major functional groups of chemicals,
which are further subdivided into chemically-, functionally-, or physically-
simitar chemicals. An overview of each major functional group includes the
propertids and application of the subclasses, their environmental impacts, and
possibje occupational exposures. Common worker exposure practices for each
functionai group are also presented.

A series of appendices details the physical and chemical properties and pofymer
application of each chemical within the functional groups; the industriaf, com-
. mercial, and consumer uses and consumption vofumes for each chemical, and
data on toxicological and worker exposure concerns for each chemical. The
17 sections of this book give substantial information on the broad spectrum
of plastics additives.

The information in the book is from /ndustrial Process Profiles for Environ-
mental Use: Plastics Additives, prepared by Radian Corporaticn for the U.S.
Environmental Protection Agency, July 1985.
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Foreword

Two companion volumes, Polymer Manufacturing—Technolov and Health

Effects and Plastics Processing—
able from Noves.

Technology and Health Effects, are also avail-

The table of contents is organizad in such a way as to serve as a subject index
and provides easy access to *he information contained in the book.

' Advanced composition

and production methods developed by

Noyes Data Corporation are employed to bring this durably

bound book tc you in

a minimum of time. Special techniques

are used to close the gap between “manuscript’ and “‘completed
book.” In order ta keep the price of the book to a reasonable
level, it has been partially reproduced by photo-offset directly
from the original report and the cost saving passed on to the
reader. Due to this method of publishing, certain portions of .
the book may be less legible than desired.

The materials

NGTICE

in this book were prepared as

accounts of work sponsored by the U.S. En- .
vironmentai Protection Agency. It has been

subject to the

Agency's peer a1d administra-

tive review and has been approved for publi-
cation as an EPA document. On this basis
the Publisher assumes no responsibility nor
liabitity for errors or any consequences aris-

ing from the
tained herein.

use of the information con-

Mention of trade names or commercial prod-
ucts does not constitute endorsement or rec-

ommendation
Publisher. Fin

for use by the Agency or the
al determination of the suit-

ability of any information or product for use

contemplated

by any user, and the manner

of that use, is the sole responsibility of the
user. The book is intended for informa-

tional purposes only. The reader is warned

that caution must always be exercised when
dealing with hazardous chemicals, and ex-
pert advice should be sought at all times.
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1. Industry Description

INTRODUCTION

Since Wourld War II, the development and growth of the use of plastics has
been phenomenal. The technology for the manufacture of polymers and plastic
products has expanded into the most important of the chemical-based indus-
tries, producing new products for new uses at a8 remarkably high rate. Plastic
additives have played a critical and complex role ia this growth.

The purpose of this report is to put additives used in the aanufacture of
plastic products in perspective for environmental snd health impact analysis.
It focuses oun the use of chemicals rather than on the evaluation of
manufacturing processes and the impact of process operations on health
and the enviroument. More specifically, the emphasis here is on identifica-
tion of the additives used and discussion of their fuactioms, properties, and
applications. .

Consideration {s given to the potential for environmental impact or harm-
ful human exposure assoclated with the use of various additives. However,
because of the large ber of comp ds involved (more thzan 2,000 specific
chemicals in the 16 categories identified below), the discussion is, by
necessgity, somewhat general. The nain objective is to provide a sound basis
for more detailed analyses of individual compounds that mway prove to be of
interest. Although the objective vas to be as specific and quantitative as
possible, the proprietary nature of the industry at times presented some
difficulty in thac certain additives wvere designated only by trade names.

Even g0, it was possible in most cases at least to characterize the product by
a generic chemical clAlsiflcafiou. .

For the purposes of this report, plastics additives are defined as
chemsicals used to polymerize, process, or wmodify the properties of a plastic.
As such, they include all chemicals used in plastics except monomers,
polymers, copolymers, and physical aixtures of two polymeric components.

Many addictives provide more than oae functilon in polf-crl. They may act
as both heat stabilizers and plasticizers, both as colorants and UV stabil-
izers, or as flame retardaancts and fillers. Clearly, the division between
functional groups of additives is not clearcut. The division between polymer
and additive may be equally vague. Cure agents for thermogsetting resins, for
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example, are tncorporzted in the polywer backbone. This document makes a
distinction for curing agents that are chemically boanded to the polymer; they
are considered additives {f used at concentrarions below 25 parts per hundred
parts of resin. Chemicals usx2d Iin ;olymerization above this concertratrion are
defined as moncuwers.

Although tndividual additives may be multi~-functional and can be
classified in nuzserous ways (as shown %{n Table 1), four dasi{c groups that
consist of 16 categories and about 1OV subcategories are counsidered in this
report. These include:

polymerization aids;
processing aids;
stabilizers: and

end-use modifying additives.

The four basic categories are generally relatable to specific process
steps. Polymerization aids are used tc facilitate the reaction of monomers to
produce resins. Processing aids such as lubricants, etc., are nsed in forming
plastic products. Stabilizers {ncrease the lifespan of resia and plastics
products, praventing their degradation by environmental factors. They may bde
incorporated into the plaatic during either production or proceseing, dependiag
upon the product's susceptibility to decericration and the eavironzment(s) to
vhich {t i3 subjected. The end-use mcdifying additives are generally iacorpo-
rated in the plaecic during processing.. Toese additives modify the properties
of the poiywer, makiag the plastic sutrable for its end use and/or reducing
product cost.

The resainder of this section provides a discussica of the additives
fndustry thut considers the relarionship betveen polymers and additives and
the aarketing of additives, a aummary of the environmental fmpacts asasoclated
with addicive use, and an cverview of possitle exposure of workers to
additives.

The succzeding sections of this report (Sections 2 tinrough !7) present
the malor fuanctional additive classes (in slphabetical crder). Included in
each sectfon 1s the overview of the cliass., 2 suammary of the application of
perticular additive groupz to poiymsra, and (where svailable) an indicacticn of
the consumption volumes within the subgroups of the class. The general
properties of each of rhe subgrcups within the class are presented along with
an analysis of the environmental impsct of each functional group. Summaries
of worker exposure concerns are also presented. Each section refers to a
series of three appendices coataining tabulared data for the specific sddi-
tives. Thess appendices, referred to io the text by table letter and nuaber,
detail the specific chemicals used 2s additives within the functional groups,
their physicsl and cheaical properties, polymer application, uses, consuaption
voiumes, toxicity, and worker sxposure concaras. :
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TABLE 1. SUMMARY OF ADDITIVE FUNCTIONAL GROUPS

POLYMERIZATION AIDS:

Catalysts altar the rate of polymerization reactions without themselves being
chesically changead. (Catalysts for polyolefin, thersoplastic polyester,
polycarbouste, polysmide, polyphecylene oxide, and polyscetal resins; catalyst
neutralizers.)

Curing Agents and Catalysts for Thermosetting Resins achieve polymerization of
thermosetting resins through incorporation f{a the polymer backbone or through
catalysis. (Catalysts for alkyds and polyurethanes; cure agents for aaino,
epoxy, and phenolic resins; neutralizers; deactivators; an¢ stabilizers.)

Yree Radical Initistors act as »uicu of unpaired electrons to initiate
polymerization by forming resctive sites for the monomsr 0T polymer chain.
(Peroxides, azo compounds, inorganics, activatcrs, and inhibitors.)

Solution Modifiers and Other Polymerizatiun Aids are chemicals used to control
molecular woight during polymerization and/or to maintais the polyoer in solu=
tion. (Acids, bases, buffers, chain transfer agents, coagulants, crossiinking
agents, defosxants, emulsifiers, feed strean desiccants, inert gases, protec~

tive colloids, solvents, and thickeners.)

PROCESSING AIDS:

Lubricants and Othar Processing Aids improve the processing and/or and use
performance characteristics of pEstlcn. {(Patty acids and alcohois, fatty
acid auides, farty ascid eoters, metallic soaps, paraffin vaxss, other
synthetic polymerics, and inorganics.) )
Blowing Agents and Other Additives for Poamed Plastics produce porous poly~
mers. Bloving agents are converted to gases during processing and form the
cellular component of the plastic. Otber additives aid in forming and main
taining cell structure. {Physical blowing agents, chemical blowing agents,
blowing agent catalysts, suzfsctants, sad nucleating ageats.)

STABILIZERS:

Antioxidants inhibit or reduce the rare of oxidativk degradation of polymers
at amblent or elsvated temperatures. They extend service life and increase
processing stabiiity. (Phenolice, aromstic smines, thioesters, phosphites,
and asiscellanecus antioxidants.)

-

Heat Stabilizers inhibit or retard the degradation of halogenated polymers and
copolymers, particularly polyviayl chloride. (Mixed metsl stabilizers,
organotin snd mercaptotino compounds, lead salts, antimony mercaptides, and
miscellaneous stsbilizers.)

(Continued)
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TABLE 1 (Continued)
Preservatives prevent the biological degradation of plastics by micro~
organisas. (Bactericides, bacteriostats, fungicides, and fungistats.)’
Ultraviolet Stabilizers inhidbit or reduce degradation of polymers resulting

from ultraviolet radiation. (Benzophenones, benzotriazoles, nickel organics,
and miscellaneous stabilizers.)

END-USE_MODIFYING ADDITIVES:

Antistatic Agents reduce the accumulation or increase the rate of dissipation
of electrical charge on the surface of polymers. (Amines, quaternary ammonium °
compounds, anionic surface active ageuts, snd miscellaneous antistats.)

Colorants impart hue (shade), value (brightness), and chroma (intensity or
strength of color) to plastics. (Inorganic pigments, organic pigments, dyes,
optical brightners, fluorescents, metallics, phosphorescents, and

pearlescents.)

Coupling Agents improve polymer—mireral surface bonds for filled and rein~
forced products. (Silanes, titanates, and miscellanecus wetting agents.)

Fillers and Reinforcers are inert solids added to plastics to lower the prod=
uct's cost and/or enhsnce its propertias. (Inorganic extenders, organic
extenders, inorganic fibers, and orgsnic fibers.)

Flane Retardants reduce the combustibility of .p].utic-. (Inorgsnics,
nonreactive organics, and reactive organics.)

Plasticizers impart flaxibility to resins. (Phthalates, trimellitates,

epoxidized esters, polyestars, phosphates, linear esters, extenders, and
aiscellaneous plasticizers.)

o
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INDUSTRY DISCUSSION

Addicives come from a wide variety of sources, many being derived from
industrial organic chemicals. These include the plasticizers, solvents,
antioxidants, and flame retardants. Many fillers and reinforcers are derived
from the mining and ainerals industry, aand others may be byproducts of
agricultural production. Preservatives originate in the pesticides industry,
whereas mauy lubricants are produced in the petroleum industry. Colorants
originate in the dyes and pigments industry.

These additives are produced by a wide variety of companies for a wide
variety of customers other than those that make plastic products. The
subsections that follow consider the role of additives and how they are
marketed.

Additive-Polymer Relationship

Overall, additives account for 20 percent by weight of the tetal volume
of plastic products marketed. The conavaption and value of sales for various
classes are shown in Table 2. These data, though incomplete, show the demi=
nance of a few categories as far as volume is concerned. In additisa, the
data indicate the general level of total production and provide an indication
of the importance of additives in the chemical industry.

The sales data shown for 9 of the 16 additives totaled almozt $1.8 x
107, an amount equivalent to almost 5 percent of the total sales of §37.0 x
109 for all plastic products in 1981.

The polymers used to produce plastic products have very diffarent addi-~
tive requir ts. For ple, in 1982, acrylonitrile-butadiene-styrene
(ABS) constituted only 2 percent of the total plastics market, but this
plastic used 30 percent of the antioxidants.[47, 151} By way of comtrast,
about half of the basic polymers generally incorporate no antioxidant.
Polyvinyl chloride provides another example of the differences in additive
requirements. This product incorporates plasticizers in amounts as high as 40
percent by weight, but many polymers require none at all. The variability in
polymer requirements is further 1llustrated by flame retardants. Polyurethane
foams, because of their susceptibility to combustion and because of their
widespread use in furniture cushioning and building products, use up to 40
weight percent flame retardant in building products.{190] Table 3 presents
the major functional groups of additives and the polymers in which they are
used. The polymer applications shown are for the most heavily used additive
classes only. Other minor applications are presented in the sections for
individual functional groups.
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TASLE 2. CONSUMPTION ARD SALES OF ADDITIVES ;

1982 1982 1980
Thoussnd Uistribution Salgs

Additive Clama Metric Tons 3y Weight $10
Aatiogidanta 14.0 0.4 37
Antistatic Ageacs 2.8 0.1 7
Blowing Agents 3.4 (1980) 1.4 148
Catalysts » ‘ * *
Colorants 146.6 3.9 124
Coupling Agentis 2.5 (1979) <C.1 .
Cure Agents (Urethane Catalysts only) 2.3 £0.1 *
Pillers and Reinforcars 2,655.2 70.6 -
Flame Ratardauta 171.0 4.6 327
*ree hadiczl Inf:iacors (Peroxides ooly) 15.0 0.4 76
Heat Stadilizers 35.4 1.0 140
Lubricanre end iold Ralesse Agents 7.8 1.0 70
Flasticizers 624.0 16.6 775
Praservarives b * hd
Solurion Nodifiers * o bd
UV Stanilizsre 2.1 <0.1 48
TOTAL 3,762.1 100.0 1,7‘52

* - Unknown.

Sources: Curry, Susan and Susan Rich, The Kline Guide to the Chemical

Irdustry, 1980.
Modern Piut ics, July 1979, p. 49. »

Modera Plastics, July 1982, p. &4.
Modern Plastics, Seprember 1982, p. 55.




