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[. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
[.A. Summary of the Secor Notebook Project

Integrated ewironmenta policies basedupon comprehensive aralysis of ar,
water ard land pollution are a bgical supplenent to tradtiona single-media
appoactes o ervironmerta protecion. Environmental regulatory ageries
are beginning to enbrace canprehensive, multi-statute sdutions to fadlity
pemitting, erforcenert ard campliance assuance, educaion/ outreach
reseach, ardregulatory development issues.The cetral concepsdriving the
new poalicy directionarethat palutant releasesd eachervironmerta medium
(air, water ard land) affecteachother, ard thaternvironmental strategiesmust
actively identify and address these inter-relationshipshby designing padliciesfor
the "whole" facility. One way to achieve a whole facility focusis to design
environmental pdlicies for gmilar indudrial facilities. By dong so,
environmental concerns that are common to the manufacturing of smilar
products canbe addessed in a canprehensive mannea. Recagnition of the
need b dewelop the industial “sector-based” appsachwithin the BPA Office
of Compliance led to the creation of this document.

The Sector Notebook Project was originally initiated by the Office of
Compliance wihin the Ofice d Enforcenert ard Campliance Assuence
(OECA) to provide its saff and managers with summay information for
eighteenspediic industial secors. Asother EPA offices states,the regulated
community, ervironmerta groups,ard the pubic becane interested n this
project, the scope of the ariginal projectwas eparded b its curent form.
The abilit y to design comprehensive, common sense environmental protection
measiresfor gpecfic indudries is depenert on knowledge d severa inter-
related topics. For the pumposesof this project, the keyelemerts chosenfor
incluson are: general indudry information (economic and geographic); a
description of indudrial proceses; padlution outputs; padlution prevertion
oppartunities; Federal datutory armd regulatory framework; compliance
history; and a description of patnerships that have been formed baween
regulatory ageries,the regulated canmunity ard the pubic.

For ary given industy, eachtopic listed above could abne ke the sulpect of
alengthy volume However, in order to produce amanageable document, this
project focuses on providing sunmary information for eachtopic. This
formatprovides he reademwith a sywopssof eachissueard referenceswhere
more in-dept information is available. Text within each profile was
reseached fom a \ariety of sources,ard was usu#y condersed fom more
detailed saurcespettaining to spediic topics. Thisappoachalows for awide
coverage d acivities that canbe further explored kased upa the ciations
ard references isted atthe er of this profile. Asa check anthe information
included ,eacmotebook wert throughanexernalreviewprocess.The Ofice
of Compliance appeciates he eforts o al those tha paticipatd n this
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process ad eralded us b dewelop more complete, accuete ard upto-date
summaries. Many of those wio reviewed his notebook are listed as cotacts
in Section IX ard may be saurces ¢ addtional information. The individuak
and groupson this list do not necessarily concur with all statementswithin this
notebook.

|.B. Additional Information
Providing Comments

OECA'’s Office d Compliance phrs to peiodicaly review arl updae the
notebooks and will make these updaes available both in hard coy ard
electronicaly. If you have any comments on the exsting notebook, or if you
would like to provide addional information, please setha tard copy and
computer disk to the EPA Office d Compliance, Secior Notebook Project,
401 M &., SW (2223A), Washington, DC 20460. Comments canalso be
uploaded b the Enviro$ere World Wide Web for gereral accesso all uses
of the system Follow instructions in Apperdix A for accessig this system
Once you havelogged n, proceduesfor uploading text areavailable fromthe
on-line Enviro$erse Hep System

Adapting Notebooks to Particular Needs

The scope of theindudry sector described in this notebook approximatesthe
national occurence d faciity types wihin the secbr. In many instarces,
indudries within specfic gearaphic regions or sates may have unique
characteristics hat are rot fully captured n these pofiles. The Ofice d
Compliance erourages sate am local ervironmertal agencies ard other
groupsto suppkener or re-packagehe informationincluded n thisnotebook
to include more specific indudrial and regulatory information that may be
available. Addiiondly, interested gates may wart to suppkenern the
"Summary of Applicalle Federal Statutes al Reguhtions' sectonwith state
ard local requirements. Compliance a techical assstarce poviders nay
also want to develop the "Pollution Prevention™ section in more detail. Please
contactthe appiopriate specalist listed on the goering page dthis notebook
if your office is interested in assisting usin the further development of the
information or pdlicies addressed within this volume. If you are interested in
asssting in the dewlopmernt of new notebooks for secbrs rot already
covered, pleag catactthe Ofice d Compliance at202564-2395.
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[I. INTRODUCTION TO THE PLASTIC RESIN AND MANM ADE FIBER INDUSTRIES

This secton provides lackgiound information on the ske, gearaphic
distribution, enployment, production, sales, ard ecaomic condition of the
plastic resin and manmade fiber indudries. Facilities described within this
document are desabed in terms d their Stardard Industial Classificaton
(SIC) codes.

I1.A. History of the Plagic Resin and Manmade Fiber Industries
TheOrigin of Plagic Resins

Plasics tbday are ane d the nost used materials in U.S. industial ard
commercia life. Table 1 Ists sekcied phsic resins ard synthetic fibers by
yearof development ard their principaluses.Thefirst plasicswere invented
in the 1800swhen pele expelimented © produce eeryday objects out of
alternative neterials. The first plagic wasdeweoped n 1851 wlen hard
rubber, or elonite, was sythesized. Thiswas he first material that involved
a dstinct chemcal modification of a retural material.

w
U Table 1 Introduction of Seleced Plagic Resins ard Manmade Fbers
o Year Mataial Examge
1868 Cdlulose Nitrate Eyeglass frames
a 1900 Viscose Rayon Lining in dothing, curtains
1909 Phenol-Formaldéhyde Telephone Handset
m 1927 Cdlulose Acetate Toothbrushes, lacque's
1927 Polyvinyl Chloride Wall Covering, pipe sding
> 1936 Aacrylic Brush Backs, display signs
(- 1938 Polystyrene Housewares, toys
1939 Nylon Fibers, films, gears
: 1942 Low Density Polyethylene Packaging, squesze hottles
Unsaturated Polyester Boat Hulls
u 1952 Polyethylene terephthalate Clothing, fiberfill
u 1957  Polypropylene Safety Helmets
1964 Polyimide Bearings
q 1970 Thermoplagic Polyester Electrical/Electronic Parts
1978 Linear Low Density Polyethylene Extruded HIm
¢ 1985 Liquid Ciystal Polymers Electrical/Electronic Parts
n Source: This talle has been adapted from Factsand Figuresof the US. Plagics
Indudry, (1995 Editio) prepared amually by The Society of the Plagics
I.I.I Indugry, Inc., Washington, DC. Please refer to that document for a mae
m complete listing of plagic resin development.
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The first plastics in the US. were deweloped whle John Wedley Hyatt was
experimenting to produce a hilliard ball from maerials other than ivory. In
1870,John ard his brother Isaiahtook out a paéent for a poces producing
a horn-like meterial using celulose ntrate ard canphor.

Another important precussor to modem plasics was he dewopment of
formaldetyde esins. Early expeliments to produce wlite chalkboards in
Gemmary around the turn of the 20t certury led to the dewelopmert of
formaldehyde resins. These resins were first produced by reactng casein
(milk protein) with formaldehyde

During the 1930s the initial commercial development of today’'s major
themmoplasics bok place. These mcluded pdyvinyl chloride, low dersity
polyethylene, polystyrere, ard pdymethyl methaciylate. Denand for plasics
escahted dumg World War 1l whensulstitutes for scace ratural meterials,
like rubbe, were in high demand. Large-scale produdion for synthetic
rubberstriggered extensive reseach into polymer chemistry ard new plasic
maerials.

In the 1940spdypropylere ard high dersity payethylene were deweloped,
and in 1978, linear low dersity pdyethylene was deeloped. Largescale
production of these naterials reduced heir cost sulstantially, which allowed
these ew plasics naterials to compete with tradtional materials like waood
and meal. The introdudion of dloys and blends of various poymers has
made it possible to tailor properties to fit certain peformance requirements
that a single resin could not provide. Demand for plasics res seadly
increasedard now plasics ae accepd as lasic meterials abng with the
more tradtional materials in desgns ard ergineeing plars (SPI, 1995)

The Oigin of Manmade ers

In1664,Robert Hooke first suggesed hat manmade yarn could be produced.
He speculated, in Micrographia, that synthetic fibers could be paternedafter
the excretion of sik by sikworms.

And | have often thought, that robably there might be a way, found out,
to make anattificial glutinous @mposition, much resembling, if not full
asgaood, nay better, than the Excrement, or whatever other substancesit
be out o which, the Silk-worm winds ard draws his dew. If such a
composition were found, it were certainly an easier matte to find very
quick ways of drawing it into small wires for use (Linton, 1966).

During the 19th century, scientists were busy making precursor solutions of
the irst manmade ftbers, celulosic fibers. In 1840, F. Gattlob Keller of
Gemary devsed a é¢chique for making pulp for paperby squeezig
powdered wand takenfrom a gindsone. Thiseraled the future producion
of rayon ard other celulosic itens. During that sane year, Louis Shwake,
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an English slk manufacturer, developed the fir st spinnerette throughwhich a
spinning solution could be extruded Cinton, 1966)

The irst manmade fhers commercially manufactured n the US. were the
celulosics led by rayon in 1910 ad aceéte in 1924. Cellulosic fibers are
manufactured ty first treaing celulosewith chemcals, dissdving, ard then
regenerating the fibers. Cellulose is an abundant naurally occurring arganic
compound which makes up alarge portion of the world’s vegetable matter.
Often referred to as atificial silk, rayon retained nmany of the sane physical
propetties as ction, suchas hgh moisture alsarption ard sulsequent
swelling of the fibers. While cellulose acetite wasiirst developed asaplasic
in 1865, it wasnot succesfully souninto a fiber until the 1920s The first
U.S. acette pioducton took place atthe Cunberand, Maryland plart of
British Celanese (now Hoechst Celanese).

In 1926,Du Pat Laboratoriesbeganachemnicalresearch program thatled to
the adwent of the synthetic, or noncelulosic, fiber industy. Unlike celulosic
fibers, synthetic fibers are wiolly compounded fom chemicak. The first
synthetic fiber that Du Pont developed was Fiber 66. Now known &s nylon-
6,6, the fiber beganwidepread poducion for markets, suchasnylon hosiery,
in 1939. During World War 11, nylon wasused n producng parachutes,
unforms and a host of other military equipment. Started primarily as a
hosiery yarn, the use dnylon spreadatfter the warinto other applcatonslike
carpeting and woven fabrics.

Wrinkle-resistant and strong, thefirst polyester fiber, Terylene, wasdeveloped
by a British scientist group caled the Calico Printers Association. In 1946,
Du Pont secued exclusive rights to produce his pdyeser fiber inthe US.
In Decenber 1950, Du Pont amounced pars to build its first plart at
Kinston, North Carolina a a capecity of 36 million poundsayear and a cost
of $40 million. Du Pont first urveiled the new fiber, named Dacron, & a
famous pess cofererce wrere it was dsplyed in a swimsuit that had been
worn 67 day continuoudy without ironing. After polyeder fibers were first
produced commercialy in the U.S. in 1953, the fibers were rapidly used to
make men’s suts, women's dousesard men's shirts.

Sincethen most tecological advances n manmade fbers have occurred in
synthetics, which now make upamost all of the U.S. produdion of manmade
fibers. Synthetic fibers have many advantages to cellulosic fibers, such as
controlled shiinkage, creaseetention, ard wrinkle resistarce. Synthetic fibers
have dewelopedto seemmore natural, sdter, easér to care for, morelustrous,
ard more comfortable.
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[1.B. Introduction, Background, and Smope of the Notebook

This notebook focuses on indudrial processes and environmental issues
relevant to the plsic resin ard manmade fber industies. These ndusties
were chosenfor this notebook becausettey have cettain industial processes
in common, suchas pdymerizaton ard exrusion. Both the phsic resin
indudry ard the manmade fber indugry use refined petoleumproducts ard
synthetic orgaric clemicak to make seécted pdymers, which are large
molecules made up of Smple repeating chemical unts. Facilit ies then process
the pdymersinto plagic pelets ard manmadefibers. Figuresl ard 2 provide
anoverview d the raw material inputs, products, ard erd uses dplasic resin
ard manmade fber.

The phsic resin industy is classiied ly the Ofice d Manegenent ard
Budget (OMB) as Plagics Materials and Resins, Stardad Indugria
Classificaion (SIC) code 2821.This clasificaion carrespondsto SIC codes
which were estblished by the OMB 1o track he flow of goodsard sewrices
within the ecaomy. SIC 2821 caeresponds to fadlit ies that manufacture
manmade esin, plasic meterials, ard nonvulcarizalleelasomer. Table 2 Ists
products that are chssified urder SIC 2821. The manmadefiber indudry is
made up & two cakegaies. Celulosc Manmade Fkbers, SIC 2823, ard
Organic Fbers, Noncelulosic, SIC 2824.Cellulosic Manmade Fbersincludes
facilities hat make celulosic fibers, like rayon ard celulose acedte. The
category, Organic Fbers, Noncellulosic, covers facilities that make other
manmade fber, including nylon ard pdyeser. Manmadefiber products that
fall under SIC Codes2823 ad 2824 ae listed in Table 3.

OMB isinthe piocess 6 charging the SC cade sgtemto asystembasedon
smilar produdion processes caled the North American Indudrial
Classiication System (NAICS). In the NAIC system the manufacturing of
plasic resins, synthetic rubber, artificial ard synthetic fibersard filaments ae
all clasified asNAIC 3252.Resin ard synthetic rubber manufacturing ae
further classified as NAIC 32521, ard atificial ard synthetic fibers ard
filaments manufacituring are further classified asNAIC 32522.

Only the manufacturing of plasic resin ard manmade fber is covered in this
notebook. Companiesthatperformupsteamprocessng, suchas sythesizing
reactrts, ard camparies that peform downsream operations, such as
procesang plasic resinsinto plasic hottles o processing manmadefibersinto
fabric, are not covered in this notebook. For information on companies that
manufacture argaric cremicalk (SIC 286)used n plagic resin ard manmade
fiber manufacture, refer to the Olgaric Chemcak Sector Notebook. For
facilit iesthat processresinsinto plastic produdsof different shapes, sizes, and
physical propetties,refer to the Rulber ard Plasics Sector Notebook. Reker
to the Textiles Sector Notebook for information on facilit ies that process
manmade fbers into yarn ard fabric. Note that compounding operations,
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where addiives ae incorporated nto polymers, are ot covered in this
notebook.

Figure 1: Plagic Resns. From raw material to finished product

Oil & Natural Gas

v

Monomers

v

( Synthetic Resins ) Additives
SIC 2821

Compounding
- ®  SIC 387
| I ' [ |

Film & Sheet Plagic Shapes Ligiifd Plagics Pipe I;Iglts::gss
SIC 381 SIC 3082 SIC 3083 SIC 384 SIC 3085

. Plumbing Plastics

Plagic Foam
SIC 3086 Fixtures Products, NEC
SIC 3088 SIC 3089
[ [ ] [
i I Major Markets

Transportation |—> Aerospace, Automotive, Aircraft, Marine, Railroad, Recreational

| Packagng |—> Closures, Coatings, Containers, Flexible packaging

Building/Condruction |—> Building materials, Pipe & fittings, Plumbing fixtures

| Electrical/Electronic |—> Appliance, Batteries, Business machines Communications, Recards

| Furniture/Fumishings |—> Bedding, Carpets (incl. backing), House furnishings, Rigid & flexible furniture

| Conaumer/Insttutional |—> Cutlery, Lawn & gamen, Luggage Medical & hedthcare, Toys & sporting goods

| Industrial/M achinery |—> Engine parts, Farm & constr. equip., Mach. tools, Marine supplies, Signs & displays

| Other |—> Adhesives, Inks, Coatings

| Exports |
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Source:Factsand Hguresof the US.PlagicsIndudry, (1995 Edition) prepared amually by The Society of thePlagics
Indudry, Inc., Washington, DC.
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Figure 2: U.S. Manmade Fiber Industry: Principal raw materials, producer types, major
products, and principal end uses

U.S.ManmadeFbe Indusry
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Source: Indugry and Tade Sunmary: Manmade Fibers, U.S. International Trade Canmission, Washington, DC,
1995.
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I1.C. Characterization of the Plagic Resin and Manmade Fiber Industries

[1.C.1. Product Characterization

Plagic Resins
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The phsic resin industy produces esinswhich are further treaedin plasics
processing fecilities and sold largdy to the packaging, bulding and
construction, ard cansumer markets. Specfic produd formulations ard
manufacturing paameters are dten kept as tade se@ts sice he
competitiveness of many companies dgpends on the abilit y to produceresins
with different physical characteristics, such as stength, toughness, ard
flexibilit y (Brydson, 1995)

Plasic resins are typicaly brokendown into two catgaies: thermoplasics
ard themrmoses. Thermoplasic resins are resins that can be heatd aml
molded nto shapes epeaedly, while thermosetresins are resins that canbe
heaed and molded aily once. Themmoplasic resins dominate phsic resin
sales ard producion. In 1994, themmopladics made up abut 90 pecen, or

Secbr Notebook Project 9 Sepenber 1997
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Table 2 Plastics Materials, Synthetic Resns, and Nonvulcanizable Elastomers (as

listed under SIC 2821)

acetal resins

acetate, cellulose (plastics)

acrylic resins

acrylonitrile-butadiene-styrene
resins

alcohd resing pdyviny

alkyd resins

alyl resins

butadiene @pdymers, containing
less than 50 percent

butadiene

carbohydrate plastics

casan plastics

cellulosenitrate resins

cellulosepropionate (plastics)

cod tar resins

condensation pladics

coumaroneindene esins

cresol resins

cresl-furfural resins

dicyandiamine esins

diisocyanate resins

elagomers, nonwlcanizable
(plastics)

epichlorohydrin bisphend

epichlorohydrin diphend

epy resins

eser gum

ethyl celluloseplastics

ethylenevinyl acetate resins

fluorohydrocarbon resins

ion exdang resins

ionomer resins

isobutylene ptymers

lignin plagdics

melamine esins

methyl acrylate resins

methyl celluloseplastics

methyl methacrylate resins molding
compounds plagics

nitrocellulose plastics (pyroxylin)

nylon resins

petroleumpdymer resins

phend-furfural resins

phendic resins

phenxy resins

phthalic alkyd resins

phthalic anhyride esins

pdyacrylonitrile resins

pdyanide resins

pdycarbonatk resins

payesters

pdyethylene resins

pdyhexangthylenedamine
adipamide resins

padyisbutylenes

padymerization plagics, exapt
fibers

pdypropylene esins

pdystyrene esins

pdyurethane esins

payvinyl chloride esins

pdyvinyl halide esins

payvinyl resins

protein plagics

pyroxylin

resins, synthetc

rosin modified resins

siliconefluid sdution (fluid for

sonar transluaers)

siliconeresins

soybean phstcs

styrene esins

styrene-acrylonitrile resins

tar acid resins

urea esins

vinyl resins

Source: Standad Indudrial Classification Manual,Office of Management and Budge, 1987,
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Figure 3: Percentage Digribution of Plagic Resns. Saks and Captive Use, 1994

Thermosets
10% Other

All Other Plastics Themopladics

Source: SPI Cammittee on Resin Statigics ascompiled by Assaiation Services Group, LLC, 1995

63.3 hillio n pounds of plastic resin produdion by dry weight and accainted
for 82 pecent, or $27.2 billion ddllars of the total value of shipments for
plagic resin (SPI 1995) Commercially important themrmoplagics include
polyethylene (all forms), polyvinyl chloride, polypropylene, and paystyrene
ard are slown in Figure 3. These bur themoplasics make up wer 69
percent of plasic resin saks. These hemoplasics ae cansidered gewmral
purpose,or commodity plasics shce hey are usudly manufactured in large
guantitiesusng well established technology and are typically geared towards
a small numkber of high volume users.
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In 1994 thermosets accaunted for alout 10 pecert, or 7.5 hillio n pounds, of
pladic resin producion by dry weight ard 17 pecert of the value d
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shipments for the plastic resinindudry. The leading thermosets in sales were
pherolic resins, urea kesins, ard ursaurated pdyeser resins. Specalty plasic
resins, which often include hemrmoses, are produced @ a cusbmized lasis
in small producton runs ard typicaly involve sgnificart reseach ard
dewelopmert costs (Depatment of Commerce, 1994)

Manmade bers

Manmadefibersare pioduced pimmarily for use asaw materials for thetextile
indudry. In 1993 about 34 pecert of manmade fbers were sold to the
carpets ard rugs market, 28 pecert was s0ld to the indudrial and
miscelaneous consumer products market, ard 25 pecert was old to the
appael market (International Trade @mmission, 1995) The increasng use
of manmade fbers in a \eriety of markets has enabled manmade fbers to
account for 57% of al fibers, natural ard manmade,consumed n the US.
Figure 4 illustrates manmade fiber consumption with respect to other fibers
ard shows the leadhg manmade fbers. The piice aml quaity of manmade
fibers are important determinants in the qudity and competitiveness of
appael, home textiles, ard indudrial ard consumer products (Depatmert of
Commerce, 1994;AFMA, 1997)

There ae two main typesof manmade fbers. noncelulosic (SIC 2824)ard
celulosic (SIC 2823) Noncelulosic, or synthetic, fibersconsist of fibersthat
are formed ly the pdymerizaion and sulsequen fiber formation of synthetic
organc chemcak ard refined petoleumproducts.
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Table 3 Manmade Hbers (as listed by S C code)

Céllulosics (SIC 2823)

Noncdlulosics (SIC 2824)

Acefate fibers

Cdllulose acetate mondfilament, yarn, staple, or tow
Cellulosefibers, manmade

Cigarette tow, cellulosic fiber

Cuprammonium fibers

Fibers, rajon

Horsehair, atificial: rayon

Nitrocellulosefibers

Rayon primary produds. fibers, straw, gtrips, and yarn
Rayon yarn, made in chenical plans

Regenerated cellulosefibers

Acrylic fibers
Acrylonitrile fibers
Anidex fbers

Casein fibers

Elastomeric fibers

Fibers, manmade:exapt cellulosic
Fluorocarbon fibers
Horsehair, atificial: nylon
Linearesers fibers
Modaaylic fibers

Nylon fibers and brstles

Textured yarns and fbers, cellulosic: made in chemical Olefin fibers
plants Organic fibers, synthetic: exapt cellulosic
Triacetate fibers Polyester, fibers
Viscose fibers, bands gtrips, and yarn Polyvinyl ester fibers
Yarn, cellulosic. madein chemical plants Polyvinylidene chloride fibers
Protein fibers
Samn fibers

Soybean fibers (manmade textile materials)
Textured fbers and ywrns noncellulosic: made n
chemica  plants

Vinyl fibers

Vinylidene tloride fbers

Zein fibers

Source: Standad Indudrial Classification Manual,Office of Management and Budge, 1987

In 1992 ,noncelulosic fibers were responsible for 88 pecert, or $11.1 billio n
dollars, of the total value of shipments for the indudry. Indudry datistics
from the Fber Economics Bureau eported $106 hllio n as the value of
shipmentsfor thenoncelulosicfiber indugry for 1996 ATMI, 19978. Major
noncellulosic fibers include nylons, payesters, payolefins, and acrylics.
Pdyolefins include pdyethylene and pdypropylere. Fgure 4 $iows a
breakdown of U.S. fiber consumption by material.

Most celulosic fibers are formed by the cawersion of the celulose nto a
soluble deivative, followed by reforming as filaments. Cellulose is an
ahundart naturally occurring orgaric canpound which makesup ane-third of
the world’s vegetable mater. In some cases, the cellulose deivative is
retained nthe new fiber (e.g., celulose acette), ard sanetimes the celulose
derivative isdegladedand celuloseisregererated (e.g., rayon). Lyocelisa
new class of cellulosic fibers made by direct solution of cellulose (and not a
derivative) in orgaric sdverts (e.g., anine axides)ard ewvapaation of the
solvert to form the rew filaments. In 1992,the celulosic fiber indugry had
a value of shipments of $1.7 hillion according to the U.S. Depatment of
Commerce. Thisiscompared b $850millio n for the 1996 \alue d shipments
for the cellulosic fiber industy as eported ty the Fber Economics Bureau
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(ATMI, 1997h. Commercialy important celulosic fibers include ayon ard
celulose acette.

Figure 4: U.S. Fiber Conaumption: Percentage digribution by principal fibers, 1993

Other Manmade

4% fibers
57% Polyester
40%

Cotton
39%
Cellulosics
6%
Acrylic
Polyolefin 4%
22%
All Fibers = 19.2 hillion pounds Manmade Fibers = 11.0 billion pounds

Source: Indugry and Tade Sunmary: Manmade Fibers, U.S. Intemnational Trade Canmission, Washington, DC,
1995.

[1.C.2. Industry Charaderization

Petroleum refining and synthetic organic chemical manufacturing facilit ies
producethe raw meterial feedsbcks useda make plsic resin and manmade
fibers (except cellulosic fibers). In some cases, these facilities aso meke
plasic resins ard manmade fbers. Because Dintegration betweenthe
indudries, the development of the petrochemical indugry has contributed
strongly to the growth of the plasic resin ard manmade fber industies.

Plagic Resin Indudry

In 1992,the Deparment of Commerce reported 240plagic resin companes
ard 449 etablishmertsin 1992. The value d shipments for the indudry was
$313 hillio nddllars. Thelargest four companiesaccaunted for 24 pecert of
the vdlue d shpments, and the largest 20 canpanes accainted for 63
percert. Table 4 summarizes evenue aml campary size satistics or the
indudry.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 14 Sepenber 1997




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Plagic Resin and Manmade Fiber

I ntroduction

Table 4: Siz and Revenue for the Plagic Resin and Manmade Fiber Industries

ltem Plastic Resns Manmade Fbers
Cedllulosic Noncellulosic
(SIC 2821) (SIC 2823) (SIC 2824)

Egtaldishments (no.) 449 7 71°
Companies (mo.)? 240 5 42
Values of Shipments 31,3039 1,7481 111137
(millions of ddlars)®

Total Employees (0005) 604 110 444

Saurce: 1992 @nsus of Manufactures, Indugry Seies. Plagics Materials, Synhetic Rubbe, and ManmadeFibe's,

US Department of Commerce, Bureau & the Genaus June 1995.

Note: 1992 @&nsus of Manufadurers dat are the nost recent available. Changes in the nunber of facilitie s, Iacation,

and enployment figures snce 1992 ag nd refleded in thee dat

Defined asa busnes organization ngsting of one esablishmentor more undercommon ownership o control.
bValue d all produds and grvicessold byegablishments in the phdics and nanmade fbers indugries.

‘Dun and Badgreetinformation reports 1553 fcilitie s indicating SIC 2821 asone d their top five SIC codes
9Dun and Bradstreet information reparts 2 facilitie s indicating SIC 2823 asone d their top five SIC codes
*Dun and Badgreetinformation reports 152 fcilitie s indicating SIC 2824 asone d their top five SIC codes

Employment for the indudry increagd fom 54,700 enployeesin 1982 b

60,400 enployees in 1992.

Most enployees alout 60 pecert, are

considered poductionworkers. Althougha snall number of large, integrated
comparies dominate sales ard producion, the ngority of individual
establishmentstend to ke small. About 71 percent of establishments have less
than100 enployees Interms of geagraphic distribution, four states- Texas,
[llinois, Michigan, and Pennsylvania - accainted for atout 40 pecert of
indugry enployment ard 23 pecert of egablishmertsin 1992. Employment

ard gearaphic distribution figuresappeaiin Table 5.
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Table 5: Establishment Size and Geographic Distribution of the Plagic Resin and

Manmade Fiber Industries

ltem Plastic Resns Manmade Fbers
Cédlulosic Noncellulosic
(SIC 2821) (SIC 2823) (SIC 2824)

% of estaldishments with less than 24 0 4.2

20 anployees

% of estaldishments with less than 71 14 25

100 employees

Major gates in which indugry is TX, PA, MI, LA TN, SC VA, AL SC NC, VA, TN

concertrated, based on enployment

% o indudry’s employment 40 100 77

attributabe to four mapr ates

Saurce: 1992 @nsus of Manufactures, Indugry Seies. Plagics Materials, Synhetic Rubber, and MannadeFibe's, US
Depatment of Commerce, Bureau @ the Gensus June 1995.

Note: 1992 &nsus of Manufadurers data are the nost recent available. Changes in the nunber of facilitie s, Iacation, and
enployment figures since 1992 ag nd refleded in thee dat

Manmade ers

The manmade fber industry is dominated ky a snall number of large phrts
that manufacture a purchase lasic orgaric clenicak am then synthesize
them into fiber-forming poymers. These larger fiber producers often
manufacture poymer for internal use and to sell to smaller firms which only
process purchased polymersinto fibers. The dominant firms tend to fall into
one of the following caegaies: 1) large, multi-product chemcal comparies;
2) highly integrated perochemical companies, or 3) widdy diversified
indudrial firms with large chemicals- or materias-related segments (EPA,
1995) Few firms proces fibers into erd-use caxsumer products
(International Trade @mmission, 1995)

In 1992, the Depatment of Commerce reported 5 canparies involved in
cellulosic fiber manufacture and 42 companies involved in noncellulosic fiber
manufacture. The value of shipments for the indudry was $128 hillio n
dollarsin 1992. Noncelulosic fiber manufacturing accainted for 88 percent
of the value d shipments for the indudry. Table 4 hghlights indugry
statistics, including value of shipments. Industy statistics ieported Ly the
Fiber Economics Burau ndicated that the value d shipments for the
manmade fiber indugry was $11.5 hillio n in 1996, with noncelulosic fiber
manufacturing accaunting for 93 pecert of the value d shpments for the
indugry (ATMI, 1997H).
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The US. manmade fiber industy is highly concertrated. Accarding to the
U.S. International Trade Canmissbn, nine firms accainted for roughy 70
percert of U.S. production capady in 1994,while the remaining 30 pecert
was hdd byabout 85 aher firms. The number of firms and level of indugry
concertration variesby fiber type. In 1994,only two firms produced agylic
ard three poduced ayon. Although rougHy 30 pioduced ptyeder ard
nylon ard 60 produced ptyolefins, sewen produces accainted for alout 85
percert of total U.S. nylon ard polyester capadiy, ard three accanted for
over one-half of pdyolefin capady. Recetly, the rumber of pdyolefin
producers has increased to meet increasing demand and availabilit y of low-
volume production equpmert.

Sincethe md-1980s the manmade foer indudry hasgreaty consolidatedard
reorganized. Facilities have tried to expand and diversify by purchasing
existing plarts, edarging capady, or starting up rew capadiy in other pats
of theworld. In an effort to improve profit margins and market share, several
companes have sdd their smaller fiber businessesn orderto concertrate an
their grongeg fiber operations (International Trade @mmission, 1995)

While numbers of comparnies ard egablishmerts remained $eadyfrom 1982
to 1992, enployment for the indugry dramaticaly deceagd fom 60,200
enployeesto 44,400 enployees Most enployees alout 75 pecert, are
considered pioducton workers. Roughy 25 pecert of estblishmerts have
less than 100 enployees Most of the manmade fber fadlit ies are located in
the Southeast, where the main cugomer, the textile mill indudry, is
concentrated. Three sates - Tennessee,South Camwlina, ard Virginia -
accaunted for alout 62 pecent of indugry enployment in 1992. Table 5
shows enployment data for the indudry. Fgure 5 hghlights those gates
which have the largest number of plasic resin ard manmade fber
manufacturing fecilities. Note that indudry gatistics from the Fiber
Economics Bureau ndicated hat there wee 42000 enployees for the
manmadefiber indugry in 1996. About 39,000 enployeeswere enployed ly
the roncelulosic fiber indugry, ard 3000 enployeeswere enployed Ly the
celulosic fiber indugry (ATMI, 1997h).

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 17 Sepenber 1997




Plagic Resin and Manmade Fiber I ntroduction

Figure 5: Geographic Digribution of Plagic Resn (SIC 2821)and Manmade Fber (SIC
2823,2824)M anufacturing Facilities

Source: 1992 Gnsusof Manufactures, Indugry Seies: Plagics Materials, Synhetic Rubbe, and ManmadeFibe's, USDepartment
of Commerce, Bureau é the Gensus June 1995.

Leading @mpaniedor the Radic Resin and Manmade er Indugries

Table 6 slows the top U.S. comparies with plasic resin ard manmade fber
operations, accading to the 1997 Dun& Braddreets Million Dollar
Directory. Thisdirectory compilesfinancial dataon U.S. companiesincluding
those operating within the phsic resin ard manmade foer industies. Dun
ard Bradsteetsranks U.S. comparies, whether they are aparent compary,
subsidiary or division, by sales volume within their asigned 44igit SIC code.
Reades stould note that comparies ae asgined a 4digit SIC code that most
closely resenbles their principal industy ard that saks figures nclude btal
compary saks, including sulsidiaries anl operations not related to plastic
resins ard manmade fbers. Additional sourcesof compary spediic financial
information include Standard & Poor’s Stock Rport Serices Moody's
Manuals, ard amual reports.
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Table 6: Top U.S. Companiesin the Plagic Resn and Manmade Fiber Industries

Plastics Resins (SIC 2821)

Manmade Fibers, Cdlulosic and Noncellulosic (SIC 2823,2824)

Rank Company 1996 fles | 4-digit SIC Rank Company 1996 Zles | 4-digit
(millions of cade (millions of | SIC code
ddlars) ddlars)
1 Huntsman Chemical Corp. 1472 2821 1 Monsanto Campany 8,962 2824
Salt Lake City, UT Saint Louis, MO
2 The Geon Camparny 1,268 2821 2 Hoechst Cdanese Carp. 7,395 2824,
Avon Lake, OH Bridgewate, NJ 2823
3 Albemaile Carp. 1,244 2821 3 Wellman Inc. 1,109 2824
Batan Rouge LA Shrewsbury, NJ
4 A Schulman Inc. 1,027 2821 4 Nan-Ya Plastics Cap. 365 2824
Akron, OH Livingston, NJ
5 Aristech Chemical Corp. 945 2821 5 Cookson Fibers Inc. 175 2824
Pittsburgh, PA Bristal, VA
6 Condea Vista Company 882 2821 6 Du Pont El de Nemours and 175 2824
Houdgon, TX Co.
Camdn, SC
7 Cailisle Companies Inc. 823 2821 7 Allied Sgnal Inc. 160 2824
Syracuse NY Chester, VA
8 Novacor Chemicalsinc. 756 2821 8 Amoco Performance Produds 124 2824
Leominster, MA Alpharetta, GA
9 Amaco Fabrics and Fibers Co. 721 2821 9 BASF Cap. 123 2824
Atlanta, GA Anderson, SC
10 Shintechlinc. 700 2821 10 Lenzing Fbers Carp. 120 2823
Hougon, TX Lowland, TN

Saurce: Dun & Bradstreet’s Million Dollar Directay, 1997.
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Plagic Resin and Manmade Fiber I ntroduction

[1.C.3. Economic Outlook
Plagic Resin Indudry

The US. is a ngor exporter of plasics. Figure 6 stows trerds n U.S.
producion of sekcted phsic resins for the pas5 years. Tradewith Careda
and Mexco accainted for alout one-third of total U.S. plasics exorts in
1992. Chronic worldwide overcapadiy in plagics has continued b depess
and dow growth rates. Since theindugry is mature, the plastic resin indugry
was geaty affected ly the depesson in the global ecaromy in the ealy
1990s Pl closures ard capady cutbacks were paitly successful in
preverting further price delines duimg this petiod (Depatment of
Commerce,1994) From 1993 b 1998,global consumption of plagic resins
is projected D increase 4 peert amualy.

Figure 6: U.S. Production of Sdected Resins, in millions of pounds

14000 -

-4 LDPEHLLDPE
——PVC

—a HDPE

—— Polypropylene
—— Padlystyrene

Production (in millions of pounds

Year

Source; U.S. Tariff Conmission (for 1970 data); Bl Committee on Resin Statigics ascompiled by the Assaiation
Services Group (for 1975-1995 data).
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Plagic Resin and Manmade Fiber I ntroduction

As the gbbal ecaomy rebounds from the recesion of the ealy 1990s
growth is expected to be simulated by upsvingsin the packaging, building,
ard canstruction markets. This growth is expeced © occur primarily in
countries abng the Pacfic Rim ard in Latin America as hese cartries
continue pid industializaton, increased cowsumer speming, ard
sulstitution of other materials by plasics. Plasic resin production capady
is alsoincreasng in these egions in respanse b the high denand.

The US. represenmsthe largestsingle plasics narket in the warld, based o
faciors suchas &rge danestic markets, readly avaiable capial ard
technology, ard relatively inexpersive raw material ard erergy costs. Inthe
U.S,, consumption ard production are rot experiercing high growth rates.
This is, in part, the high level of substitution of traditional materials (like
wood or metal) for plasics curently in place ad the factthat the commodity
plastics maket is well-developed. As a result, mgor plastic resin
manufacturers are nerging ard swvappng producion lines. Large
multinational chenicalcompariesarearranging licersing ageenertsas a way
to tap into foreign markets. The phsic resin industy is also focushg an
upgrading its production to higher-value-added ad specalty resins tailored
for niche markets. Researh on plasic resins has sarted to focus o refining
existing resins through blerds ard aloys ard abko improving catlyst
technology to produce mw grades 6 pdymers. For instarce, sewerd
comparies are plaming to produce speeity grades & paypropylere usng
new meallo cene catalysts (McGraw-Hill, 1994)

Advances n plasic resin propettiesis expectdto spurgrowth ard foster the
dewelopmert of new erd-use narkets. For instarce, the ccst, low weight, ard
versatilit y advantages of newer plastic resins will make them more attractive
intheau asserbly industies. Environmerta regulatonsard cancems have
an impact on many faces o the phlsic resin industy. The demand for
recycled aml hiodegidalle phlsic resinsis expeced © continue aml diive
developmert of more ecanomical recycling technologies Pepatment of
Commerce, 1994)

Manmade koer Indugry

Onre-half of al fibers consumed ae manmade. In 1992, global denand for
manmadefibersincreased ¥ 3 pecert. Inthe pastdeweopedcountries have
dominated the manmade fber indudry. Between 1980 ad 1993, the
deweloping countries o Asialed by China, Taiwan ard Koreahave accainted
for most of the giowth in manmade fber producton. During that peliod,
these cantries increasedheir aggegae stare of world production from 15
to 42 pecert. Deweoping courtries ae execed D continue ncreasng
produdion and capability as thar consumption and demand levels increase.
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Plagic Resin and Manmade Fiber I ntroduction

Figure 7: Manmade Fber Production Data for Sekcted Fbers 19701995
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Source: Fiber Economics Bureau, Inc., 1996.

On the other hand, production in the U.S. has remained relatively sagnant.
Figure 7 shows U.S. production trerds from 1970 b 1995 br selecied
celulosic ard roncelulosic fibers. Fgure 7 slows that producton of
polyeser ard nylon fibers was sgnificartly greaer than the production of
celulosic fibers, suchas acedte ard rayon. Note that numbers for aceate
producion ard rayon yarn producion were not available for 1985 b the
presemsincethe industies have shrunk to only a few comparies. Asa resul,
data do not appear for aceate from 1985 b 1995, ard dat for rayon
represert rayon yarn ard staple producton for the perod from 1970 b 1980
ard rayon sapke producion only from 1985 b 1995.

In 1993, U.S. manmade fber imports rose 11 pecert due b increagsin
noncelulosic fiber imports. U.S. exports deceagd 1 pecert in 1993.
Meanwhile, domestic shipments of noncellulosic fibers, such as nylon and
polyester, increased % 2 pecert. U.S. shpments d celulosic fibers
increased 14 pecent to $1.8 billi on primarily dueto growth in rayon staple
fiber demand and producion. Rayon producton has recerlly undergone
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Plagic Resin and Manmade Fiber I ntroduction

extensgverenovation to achieve additional environmental benefits and become
more competitive with noncellulosic fibers (U.S. Department of Commerce,
1994)

Barriers o ertry into the manmade fber industy are caxsiderale, since
producion is highy captal intensve aml requires sgnficart techical
expettise amd economies of scake. Since he md-1980s the manmade fber
industy has urdergone exensive cansolidaton ard reorgarizaton. During
19891993, severa fiber companes sold off smaller fiber operationsin order
to concertrate an their strongestfiber operations, which produced gher
value-added poducts. In addtion, large canpanes, which tradtionaly
produce conmodity fibers, have looked © the saé of specalty fibers (e.g.
heatresistart or high-strergth fibers) as a wayto increase weral profits
(Depatment of Commerce, 1994) Backdintegration of the capetindudry,
has resulted in the establishment of many new, small fiber producers (AFMA,
1997)

Becausehe manmade tber industy is highly developed,the industy’s most
promising growth is expectd © occur throughtheseimprovements in fiber
characteristics. For instarce, the U.S. Indudrial Outlook states tat
microfiber yarns am fabrics have eralded manmadefibers to compete nore
directy with luxury fibers, suchas sik ard casimere, in fashon appasl.
Fabrics made wih these iner fibers are usudly more comfortable ard scfter
thanother fibersand canbeusedn a \eriety of finished appaal. The industy
also predicts that lyocel, a new fiber which canbe produced wih paticular
environmental benefit s, will contributeto cellulosic fiber growth (Department
of Commerce, 1994) In addtion, the indudrial ard techical products
market is expectd © continue © be dominated by manmade fbers (AFMA,
1997) Gedexiles, or manmade fbers used D reinforce cvil ergineeing
projects, biological filt ers, and military uses are end-usesthat may create more
oppartunities for manmade fber product.
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Plagic Resin and Manmade Fiber Industrial Process Description

[ll. INDUSTRIAL P ROCESS DESCRIPTION

This section describes the mgor indudrial processes used within the plastic
resin ard manmade fber indudries, including the neterials ard equpment
usedandthe piocesses eployed. The sedbnisdesgned or those interested
in ganing a geera understanding of the indudry, ard for those interested n
the interrelationship between the indudrial process and the topics described
in subsequent sections of this profile -- pollutant outputs, pollution prevention
oppartunities, ard Federa regulations. This section does not attempt to
replicate pulished engineering information that is available for this indugry.
Refer to Section IX for a ist of reference da@wunents that are a\aiable.

This secton spediicaly contains adesciption of commonly usedproducton
processesassaiated raw materials, the byproductsproducedor releasedard
the meterials either recycledor trarsferred off-site. This discussn, coupled
with sclematic drawings d the iderified piocesses,provide a cocise
desciption of where wases nay be produced m the process.The first
subsection, I11.A ., discusses polymerization processes common to the plastics
resins and manmade fibers indudries. The following subsection, 111.B.,
discusses s@gbquenmprocessng seps speéic to manmadefiber manufacture.
This section concludes with a description of the potential fate (via air, water,
ard il pahways) of proces-specfic wase products.

lll. A. Industrial Processesin the Plagic Resins and Manmade Fibers Industries

The phsic resin ard manmade fber industies oth use ad manufacture
polymers. Polymers are large organic molecules (molecular weight ~10*-107)
that consist of small repeatng molecuks. Polymers used m the phsic resin
ard manmade fber industies ether occur naturaly, suchas cdlulose,or are
formed duing pdymerizaton when bond-forming reactons cause sl
repeating mdecules to join together. Polymers are typically made from one
type of smple chemical unit, or monomer. However, sometimes another
compound, or comonomer, is used with the monomer to make a copolymer.
Comonomers can be used to make copolymers with random chemical
structures, called random copolymers, or orgarized clenicalstructures,caled
impact copolymers.

Polymers are certral to plasic resin ard manmade fber manufacture. Many
grades 6 different padymers are produced, eachwith different physical
characteristics suctas stength ard ease bflow whenmelted. These diferent
physical characteristics ae acheved by charging operating parameters or by
usng different poymerization processe to charge popeties, such as
polymer density and mdecular weight. Polymers which have been dried and
shapedmto pelets are caled plasic resins. Theseresins are further processed
at plastics processing fecilities which create plastic produds of different
shapessizes,and physical propetties.(Refer to the BPA Rulber ard Hasics
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Plagic Resin and Manmade Fiber Industrial Process Description

Secior Notebook for more information on plasics piocesang.) Polymerscan
also be used © make syithetic fibers, which are canmonly used to make
manmade extile products. Some synthetic fiber manufacturers syithesize
polymers on-site, while some purchase phsic resins for use n their fiber
operations. Fiber formation processesincluding the useof natural polymers
to make cellulosic fibers, and particular textile fiber operationswill be covered
later in this section.

There ae sewera steps hatareimportant to polymerization. Frst, reactarts
are purified prior to polymerization. During poymerization, catalysts, heat,

pressue, ard reacton time are al optimized to maximize polymer conversion

ard speedktie reacton. The pdymer isoften thensepaated fromthereacton

mass hrougha seres d se@ration ard drying steps. (Excegionsto thisare
acwlic pdymers, (AFMA, 1997h.) Findly, the pdymer is extruded ad

peletized br packagng ard shipment. Various suppating deps are
important to note because btheir patential effecton the ervironmert. These
suppating stepsinclude utoading ard gorage d chemicak ard equpmert

cleanng. Note that methods used d recover raw materials ard caontrol

pollutionarecovered in Section [11.D . Althoughthere arethousandsof types
of resins ard fibers that may be produced duing pdymerization, the kesic

indudrial processes are Smilar. These processes are summaized below:

1) prepaation of reacarts
2) poymerization

3) polymer recovery

4) poymer extruson

5) suppating operations

This secton briefly descibes the piocessesnvolved n the manufacture of
plasic resins ard noncellulosic manmade fbers. These pocesses ary by
facility. For instance, some manufacturers purchase reacarts in pure form,
while others may synthesize reactrts on-site. Other facilities compound or
incorporate additives into the finished poymers. Facilities that specialize
primarily in compounding pdymers are listed urder SIC Code 3087ard are
not covered in this natebook.

lll. A.1. Preparing Reactants

Many chemicak carbe used b make polymers. The nostimportant chermicak
are nonomers, cailysts, ard sdverts. Monomers are the hasic building
blocks of padymers. They can be smple in sructure (e.g. ethylene CH,CH,)
or complex (e.g. eser of a dhydric alcohol ard terephthalic acd -
HOCH,CH,0COGH,COOH). Catalysts are ctemcak used © speed up o
initiate the pdymerizaton reacton. Common caglysts include Zeglr
catalysts (titanium diloride and duminum akyl compounds), chromium-
containing compounds and organic peroxides. Details of commercially- used
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Plagic Resin and Manmade Fiber Industrial Process Description

callysts are hHghly guaded secets shce small differences n caalyst
prepaation canlead b huge diferences n paymerization costsard polymer
propetrties (Kroschwitz, 1986) Sdverts are smetimes used © dissolve or
dilute the nonomer or reactrts. The use 6 sdverts fadlit ates polymer
trarsport through the phart, increases &at disspaton in the reacbr, ard
promotes unform mixing in the reactor. Other chemicals used in
polymerizaion include suspetting ard emulsifying agems which dispese
monomer in solution.

Reacarts, paticulady monomers, must be suficiertly pure before they can
be chargedto the polymerizaion reacbr. Trace arunts o contaninarnsin
monomer, such as water, oxygen, and sulfur compounds in pat pe million
guariities, can impede ptymerizaton ard decease poduct yield. Most
monomers ard sdverts can be purchased m suficiert puity for
polymerizaion, howewer, sanetimes reactirts must be purified to remove
contaminants. Facilities may use different purification methods, such as
digtillation or selective adsorption, to increase monomer purity. Some
companes manufacture monomer ard other reacarts at different chemical
facilit iesand transport themto plastic resin and manmadefiber facilit ieswhere
the chemicak canbe further processed d a suficiert purty level. For
exanple, the rylon-6 monomer, E-capolaciam is often made ar-site,
prepaed,ard charged b the pdymerizaion reacors.

In addtion to puification steps,reactrts are dten diluted, premxed, or
otherwise treaed lefore being sem to the reacbrs. The preparation ard
charging of reachtrts often varies ty poymerization method. For instarce,
Ziegkr-type catalysts are usualy diluted with dry inert sdvert ard prenixed
beforeinjecioninto the pdymerizaionreacbr. For suspesionard enulsion
polymerizaion, the catlyst, emulsifier, suspeding agets, modifier, ard
activator are dssdved n water ard adpsted D the proper concertration
before pdymerization. In some continuous processes, two agitated make-up
tanks ae dten runin parllel sothat caialysts cansimultareously be mixed
ard charged b the pdymerizaion vesselfrom one tank while a freshsdution
is prepaed n the aher.

lll. A.2. Pdymerization

Polymerization is the mgor process involved in the synthesis of plastic resins
and manmade fibers. Two types of paymerization, addition polymerization
ard pdycondersaion, are canmonly used © make phsic resins ard
manmade fbers. These o methods use dferent chamical steps b make
polymers.(McKetta, 1992) In addtion podymerizaion, monomer is
polymerized usig a fee iadical catalyst (a highly reactve nolecuk having
one a more unpared eéctrons) or acoordination catalyst (e.qg. Ziegkr type)
to actvate the nonomer molecuks ard triggerpaymerizatonreactons. With
polycondersaionreactons, typicaly two or morereactrtsare first combined
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Plagic Resin and Manmade Fiber Industrial Process Description

ina pepdymerizerreacbr to forma nmonomer before polymerization. During
polymerizaion, two reactng nonomers are inked bgether in condersaion
reactons where waer molecuks ae spit off of the reactng monomers
(Lewis, 1993) In pdycondersation reactons, water is typicaly removed by
vacuumnto speedhereacton. Because adtion poymerizaton processes &
widely used ® make phsic resins ard manmade fbers, this secton focuses
primarily on addition polymerization processes.

Continuousversus Batch Roceses

Chemcal modifiers ae dten injected nto the reacbr to give poymers
spediic charackeristics. Temperature ard pressue have a piofound efecton
polymerization processes and may be varied in order to control conversion,
reacton rate ard erd propetties d the polymer produced. Addition
polymerization is a hghly exothermic reacton, ard reacbr conditions are
tightly monitored to control heat producton ard reacton stahlit y. Continuous
processes artypicaly used ér largevolume, or commodity, polymerizaions,
while batch or senibatch processes & used dr low-volume, or specaly,
polymerizaions. In continuous piocessesthe feed s continuously charged
into the reacbr ard efluert is continuously removed. In batch processesal
reagets are addeda the reacbr ard remain in the reacor for the same
anmount of time. Insenibatch processessomereactrtsareaddedatintervals
while some byproducts are removed (Kroschwitz, 1986)

Typesof Reactors

Two main reacbr types ae usedn paymerization: stirred tank reacbrsard
linearflow reacbrs. Stirred-tank reacors (or aubclaves)are usudly made
of stainless steelard range in size fom 1,400-2,800 t3 (40-80 n¥), athough
some reacbrs aslarge as7,000 t3 (200 nf) are in commercial use. The
reacbrs usualy consist of a pckeed cyindrical vesselwith anagtator ard
have highly pdished dainless seel linings which ae noncorrosive and
minimize pdymer depaits left on wals (Kroschwitz, 1986) Stirred-tank
reacbrs also have thick wals to withsard high presures ard suppatt low
heat trarsfer capady. Temperature s controlled by heat trarsfer to the
jacket internal cooling cdls, water cooled mpelers, exernal reflux
condersess, and external heatexchargers. Typicaltemperatures ange fom
160-570°F(70-300°C) ard canversionrates ranges fom a ow of 2 pecert
to 85 pecert (McKetta, 1992) Due D their versatility, sirred-tank reacbrs
operated for batch processng ae usedd produce adrge pation of paymers
inthe United Sates. Often two or more reacbrs d Smilar size are usd in
series to increase monomer to polymer conversion rates, to make maximum
use ¢ cablyst producivities, ard to reduce sparation costs o removing
monomer from the diuert. The first reacbr is sametimes referred to as he
prepdymerizer Snce nonomer conversion rates are low (McKetta, 1992)
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Continuous pocesses ar typicaly operatedin gasphase luid-bed reacbrs
or linearflow reacbrs. Gasphase luid-bed reactrs ae widely used m
polymerizing etylene ard propylere by way of coordination catlysts. The
reacbor is a vertica cylinder containing a bed of solid poymer powder
maintained n a luidized sate by pasang astreamof reacton gas up fom the
base d the reacbr. Catdyst ard nonomer are addedhroughthe sidesof the
reacbr. The reacton gas s withdrawnfrom the top of the reacbr ard heatof
reacton is removed with a canpressa ard caooler before being recrculated
back upthroughthe polymer powder. The solid polymer powder is removed
periodicaly asit builds up n the kase d the reacbr by opering a dscherge
valve that blows the pioductpowderinto a dsengaging system (SRI, 1995)
Figure 8 slows a sinplified diagram of a gasphase luid-bed reacbr.

Figure 8: GasPhase Huid-Bed Reacor for Production of Polyethylene

Souce: SR International 1995.

Linearflow reacbrs ae tubular ard jackeed wih a heattrarsfer fluid, like
Dowtherm® or water (Kroschwitz, 1986) The tubes may be several hundred
metersin length, but are often coiled in helix-lik e sructures as away to save
space ad awid buildup d paymer in ebows. Typical residerce ime in the
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Plagic Resin and Manmade Fiber Industrial Process Description

reacbrs varies fom 30 © 60 secads. The reacbrs have three dfferent
zones useddr preheating, paymerizaion, ard cooling.

Loop reacbrsarethe nost common linearflow reacors. Loop reacbrshave
long draight lengths of tubing interjected with short bends and are typically
490540 t (150165 n) long. The reacton slurry is circulated apund the
loop atspeed=of 10-30 /s (3.3-10 m's) by axal flow punps The residerce
time of the reacarts in the loop reacbrs ranges fom 45 o 60 secaods, ard
polymerizaion temperatures range fom 390480°F (200250°C) A
schematic diagram of atypical loop reacbr is stown in Figure 9. Polymer
slurries containing 2070 pecert sdid pdymer paticles ae cdlecied n
setling legslocatdat the base d the reacbr. Whentwo loop reacors are
used in series, a portion of the durry in the first loop is continuoudy
withdrawn and punped nto the secad reacbr, from which paymer is
removed asa surry. Emissionsard wadesgererated duiing pdymerizaion
include VOC emissions from leaks and spills, solid wastes from off-
specification polymer, and spent solvent from incomplete poymerization
(Kroschwitz, 1986)

Figure 9: Typical Loop Reacor for Production of Polyethylene
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Source: Encyclopedia of Cheical Procesing and sign. Volume 39. JJ. McKetta (ed.), Marcel Dekker,

Inc., New York, 1992.
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Methodsof Polymerization

The specific poymerization method used is key to polymer manufacturing.
Different paymerization conditions ard processes 1@ used D synthesize
different paymersard to creae diferent grades dagivenpolymer (McKetta,
1992) Addition pdymerization methodsarecovered primarily inthissecion.
Five general methods are used commecially for polymerization: bulk,
sdution, suspesion, ernulsion, ard pdycondersaion. Table 7 Ists typical
polymerizaion method ard reacarts for leadng cammercial plasic resins.
Note that distinctions betweenthese nethods ae rot wel-deined ard that
some companies use a combination of paymerization methods 1n addition,
details of spediic processes a dten protected ky manufacturers snce snall
process wariations canresuk in significart reducions in operating costs ard
unique clarges n paymer characteristics.
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Table 7: General Polymeri zation Parameters for Selected Polymers

Polymer Polymerization M onomer Catalyst Solvent Other Possible
M ethod Reactants
HDPE solution, suspension | ethylene Ziegler-type catalysts isobutare, hexane
LDPE bulk, suspension ethylene organic peoxides, hydrocarbons
peoxyesters
LLDPE solution ethylene Ziegler-type or odene, butene, or
Phillip s chromium hexene
oxide catalysts
Polypropylene bulk, solution, propylene Ziegler-Natta atalysts | hexanre, heptare, or
suspension liquid propylene
Pdystyrene bulk, suspension, styrene heat, organic paoxides | styrene ethylbenzene
solution
PVC suspension vinyl chloride azo compounds, wate padyvinyl almhols
organic peoxides (suspending agent)
Acrylic/ solution, aaylonitrile organic peoxides, azo | dimehylacetamide
Modacrylic suspension, compounds inorganic | or aqueous inorganic
emulsion redox initiators salt olutions
Nylon-6 bulk; e-caprolacdam wate acetic add
padycondensation (molecular weight
regulata)
Nylon-6,6 bulk; hexamehylene adpic add (viscosity
pdycondensation diammaium stahlizer),
adpate pdyphosphoric add
(reaction accekrator)
Polyester bulk; terephthalic add | antimony oxides ard
(Polyethylene pdycondensation and ethylene derivatives
terephthalatg glycol

Source: Encyclopedia of Blymer Science and Engineag, volume12, J1. Kroschwitz (ed.), John Wiley and Sons, New York, 1986;
Encyclopedia of Cheieal Procesing and [2sign, volume39, J.J. McKetta (ed.), Marcel Dekker, Inc., New York, 1992,AFMA, 1997.
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Plagic Resin and Manmade Fiber Industrial Process Description

Bulk Polymeization

In bulk padymerization, primarily monomer and a catalyst are used to make

polymer. Two reacbr vesse$are diten used 6 complete polymer conversion

ard recycle umreaced nonomer. Becauséew sdvertsor other chemmicak ae

used, bulk proceses typicaly produce puer poymers ard gererate less

pollutants thanthose pioduced ly other proceses. Sepaation proceduesof

polymer ard reactrtsare asosimplified, reducing expersive sdvert recovery

equpmert costs. Figure 10 $iows aflow chart for ahighdersity payethylene

proces with amplified separtion seps In the figure, high dersity

polyethylene is separated from the nonomer in the flash drum and gees
througha seres d recovery ard finishing steps. The nonomer is recovered

using a stipperand a delgdrator. Increased coversion rates ard deceased
recovery costs have made hulk processescreasngly favored in the industy

(McKetta, 1992) Note that bulk proceses used br pdycondersation

reactons are dscussedater in this secton.

Figure 10: High-Density Polyethylene Proces Flow Diagram
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Source; Exxon Chemical Compary’'s Mont Belvieu Ragics Plant Brochure.
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Bulk processes can be dividedinto two types based onwhether or not the
monomer ard pdymer are sduble in eaclother. If the nonomer ard pdymer
are rot sduble in eachother, paymer slurries ae formed whch consist of
solid polymer paticles mixed with ether liquid or gaseous monomer.
Polyester and nylon are among many polymers produced in continuous-flow
bulk paymerization systems.

Gas-phase polymerization is atype of bulk poymerization primarily used to
synthesize pdyethylene ard pdypropylere. Gaseos nonomer ard
comonomer are fed catinuously into a reacbr that is filled with fluidized
polymer particles. FHgure 11 slbws a ploto of two fluid reacors used dr
making polypropylere. In the Unpol proces, up fowing nonomer reacts
with grarular paymer paticles suspetied n a \ertical cylindrical reacbr.
The bed is typicaly 4050 ft (12-15 m) high ard 1516 t (4.5-5 m) in
diameter. Presuresrange fom 265 b 310 p$(18-21 aim), ard temperatures
range fom 176to 212°F (80-100°C) A distributor plate is atached © the
bottom of the reactor to mantain unform flow of monomer and even
distribution of poymer ard caalyst throughout the bed. Monomer gasis
cooled aml patially condersedin anexternal cooler to remove reacton heat
Only 2 pecert of monomer reacs perpass,so large wlumes o gas ae
recycled. Large pdymer paticles cdlectin the bottom of the reacbr where
they are micontinuoudy removed (McKetta, 1992)

Figure 11: Fluid Reactas Usedfor Mak ing Pdypropylene
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Source: Principals of Polymer Systernrs, 4th Edtion, Ferdinand Rodriguez, Tayor ard Frarcis,
Washington, DC, 1996. Reproduced with pemission. All rights reserved.
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Solution Blymerzation

Solution paymerization is commonly used to make plastic resins and textile
fibers. In solution polymerization, a solvent is mixed with monomer in the
reacor. Use d sdverts reduces eacton mass vscaty, improves heat
trarsferrates, and increases ming eficiercy during pdymerizaton. Choice
of sdvert canhave a lbrge efect on polymer propetties anl the rate of
polymerizaion. Because dation poymerizaion requires addiional
processang ard recovery steps,compariestypicaly try to optimize sdvert to
monomer ratios to reduce poymerization costs and emissions (Kroschwitz,
1986) Reacbrs are dten operated n seriesfor continuous operations,

In solution polymerization, the poymer may be soluble or insoluble in the
solvent. When the paymer is insoluble in the solvent, a durry is formed of
solid polymer patticles dispersed in solvert. Slurry proceses canbe divided
into two categaies, light slurry and heaw slurry, based a the nolecubr
weight of the sdvert. Surry processes @& canmonly usedm the continuous
produdion of high-density palyethylene, linear low-density polyethylene, and
polypropylere. Pdymers are typicaly formedattemperaturesof 320480°F
(160250°Q, with a dssolved pdymer content of usualy 10-15 pecert.
Loop reactbrs ae dten usedalthoughsome comparies usea seres d stirred
aubclavesaspolymerizaionvesses. Typicalsdvertsusedmcludeisobutane
(light Slurry) and hexane (heavy durry). Typical durry composition by weight
is 30 pecert paticulates 68 pecert solvert, ard 2 pecert monomers.
Reacton pressureisabout 650ps (44 am) ard reacton temperature is alout
225°F(107°C) Typicalpolymer concertrationsare 5070 pecert (McKetta,
1992)

Sugenson Polymeization

In suspesrion padymerization, agtation ard suspeding agems are used @
suspend manomer and polymer paticlesin water. The sugpending agentsaso
maximize heat trandfer, mantain unform mixing, and prevent polymer
clumping in the suspesion. Caglysts ae addedto initiate the reacton ard
typicalyinclude azaompounds,organc peoxides,or peioxydic cartbonates.
In sugpension processes, paymerization is initiated in the monomer droplets
and proceed as miniature bulk reactons. The pdymer droplets, usualy
0.006-0.20 in (0.155 mm) in diameter, settle out of solution as soon as
agtation is gopped. Fgure 12 &ows the typical flow diagram for the
sugpension polymerization of payvinyl chloride(PVC). Notethat monomers
ard pdymers produced ly suspersion ard enulsion processes undergo
addtional recovery stepsthanthose produced ly bulk or sdution processes.
For exanple, Fgure 12 sbws that the pdymer slurry is certrifuged ad
separated following paymerization. Monomer undergoesaddtionalrecovery
and drying sepsto remove water from the monomer.
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Figure 12: Typical Process Flav Diagram for Suspension Pdymerization of PVC

Source: Encyclopediaf Chenical Procesing and 2sign, Volume40, J.J. McKetta (ed.), Marce Dekker, Inc., New
York, 1992.
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Industrial suspesion processes genally use latch reacbrs. Suspeision
polymerization processes & used dr alout 90 % of al PVC produced.
Stirred-tank reacbrs for PVC producton range in sze fom 1,00050,000
galons, and reaction temperaturestypicaly range rom110-160°F (45-70°C).
Note that polymers produced ly suspersion processes mst undergo
addtional monomer ard pdymer recovery steps hanthose produced ly bulk
ard olution proceses (Kroschwitz, 1986)

Emulsion Pdymerizaion

Emulsion paymerization is Smilar in method to sugpension polymerization
but uses smaller monomer and paymer paticles. Emulsion poymerization
usesenulsifiers ard addiives to sugperd nonomer ard polymer paticlesin
water. Inenulsion paymerization, sufactart accunulates alound monomer
paticles, forming micelles that act astiny polymerization vessels. Polymers
form as nore monomers react. Agitation optimizes eacton rate by
dispersing nonomer, catalyst, and poymer and by transporting hest to the
reacbr surface. Emulsion processesypicaly produce moderately viscaus
reacton masses.About 10%of PVC ard same polystyrere ae poduced ly
emulsion proceses. Emulsion paymerizaion methods typicaly produce
polymers that are smaller ard more difficult to process hanthose pioduced
by suspenion polymerizaion methods. Polymers produced ly enulsion
processes & ako characternized ly high paymer viscasity, high heattrarsfer
rates, ard more difficult trarspat ard agtation of the pdymer slurry. For
those reasons, emulsion processes are frequently replacedwith sugpension
polymerizaion methods (Kroschwitz, 1986)

Polycondenation

Polycondersaion reactons are used @ make polymers, suchas pdyesers,
polyamdes 6r nylons), payurethanes, pherolics, urea esins, and epoxies.
Polycondensation is an equilibrium reacton that depexs o temperature,
pressue, ard the eficiert removal of reactarts ard the cablyst (Kroschwitz,
1986) Typicaly, two or more reactars are first combined © form a
monomer. The monomer is then charged to a paymerizer where monomers
link together in condersaion reactons. Condersaton reactons occurwhen
two moalecules are linked together from the splitting of water moleculesfrom
the reactng nolecuks. Reactontemperaturesrange fom446 b 545°F (230
to 285 C) for nylon-6,6 ard polyeser. These eactons are erlothemic,
unlike addiion paymerization reactons, ard therefore, require the addiion
of heatto complete paymerizaion (ATMI, 19971).

For nylon-6,6, paycondensation of nylon salt is carried out continuoudy for
commodity nylon producton ard betchwise for specal grade 1ylon
producion. The reaction typicaly takes pace n sewera stages. The first
stage takesplace n a tank or tubes under pressure greater than 250 p&g.
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Water vapor isremoved throughathrottle valve or in asubsequent separator.
The lest stage ¢ the pdycondersaion occurs under atmospheric or
subatmospheric pressure to further facilit ate water removal. Additives are
often introduced duing pdycondersaion to impait desrable piopetties
resinsard chips. Viscasity stahlizers, suchas acet acd, are sanetimesused
to limit the degree of poymerization. Reacton acceérators, such as
phosphoric acd, sometimes used © speed he reacton (McKetta, 1992)

lll. A.3. Pdymer Recovery

Once pdymerization is completed, a reacton mixture is produced wich
consists of paymer, monomer, ard trace arounts o catblyst. Because
reationmixture consistency varies acceding to which polymerizaion method
is used, different padymer separation ard recovery depsare required of
different poymerization methods. To recover the pdymer, the reacton
mixture typicaly goesthrough a seriesof three gparation ard puification
steps:1) urreaced nonomer is sepaated from the pdymer; 2) liquids aml
solids are sparated; ard 3) resdualwater or solvertstrappedmthe pdymer
are puged ly drying the pdymer.

The first stepin polymer recovery isflashng, in which sdvertsard urreaced
monomers are \olatilized fom the reacton mixture ard drawn off for
recovery. Hashng isacheved by lowering the pressuein a saged sepation
system, which causes monomers and solvents with low boiling points to
evaporate. A large portion of monomer and solvent is removed during this
step. Remaning manomer in the polymer can be removed in alow-pressure
degaser, asin bulk polymerizaion proceses, or by grauty, asin gasphase
processes. In some cases,combinations of heaing, flashng, thin-film
evapaation, and vacuunstripping ae useda sepaéte residualsadvert from
the paymer.

For reacton mixtures that contain heaw sdverts or liquids, further steps ae
used b sepaste the pdymer from the reacton mixture. Typicaly, the
mixture is centrifuged or filt ered to separate the solid polymer granulesfrom
the iquids The pdymer isthenwaded aml dripped ¢ residualsolvert ard
monomers.

Mostpadymer recovery operationsincludea diying sep. Polymersare usudly
sdvert or water-wet ard are died ater being certrifuged. Drying removes
water and residud solvents from the paymers. Hash drier-fluidized bed
systens with gas ecycle ae canmonly used 6r pdypropylere am high
density polyethylene. Combination dryers, such as sngle and mutistage
fluidizedbedsystens, are alsoused. In the lashdryer-fluidized ked system,
the flashdryer removes suface wagr in a netter of secands, while the
fluidized bed completes maisture removal by holding the polymer at drying
temperatures br alout 30 mnutes. Inrotary dryers, a hot gas passes/erthe
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polymer paticles, trarsferring heat ard vaporizing sdvert ard waier
molecuks. Rotary dryers and two-stage fashdryer-fluidizedbed sytens
have alsobeenused ¢ dry the wetPV C cakesesuking from polymerization.
Polyester is often dried by hot, dry ar or inert gas in tumbe, column, or
fluidizedbed dyers at atout 180°C. Wastes gererated from drying
operations include prmarily VOC enissions (Kroschwitz, 1986)

lll. A.4. Pdymer Extrusion

Most polymers undergo further procesing sepsto form pladic pelets. The
polymer is usually exruded ad peletized lefore being packaged ah
incorporated wih addtives to prevert productdeterioration. After polymer

recovery, the poymer is fed to a screw extrudea which mdts the polymer.

The mdten paymer is then fed to a pdletizer, which may be capable of

producing up b 5000 painds of pelets per hour. The peletizer exrudes
molten polymer out of small orifices, forming continuous strands 0.08-0.16
in (2-4 mm) in dianeter. Thesestrands ae cmled aml thencutusing ether
a fixed or rotating knfe. The pelets are thendried to remove ary dissdved
monomer that would exude from the pelets during dorage. Additives are

often added diecty to the extruder, to ablerderprior to the extruson sep,

or later in a highly concertrated naster batch. Often artioxidaris are added
to prevert deterioration of product propettiesduring gorage,shipment, ard

productfabrication. Other addtivesmay beaddedo increa® utraviolet light

stability, reduce the tendency for satic eectrical charges, or add color and

pigmert (McKetta, 1992)

[ll. A.5. Supporting Operations

Various suppating gepsto the manufacture o plagic resins ard manmade
fibers are important to note because © their effect on the ervironmert.
Suppating steps include the uroadng ard dorage ¢ chemicak ard
equpmert cleanng. Some of these suppating proceses arediscussed below.
Notethatsuppating operations, suchasraw materialrecovery and pollution
control, are mentioned in Section 111.C.

Equipment Ceaning

Cleanng of equpmert, suchas eacbrs ard sbrage \esses, is performed
petiodicaly as outine meintenance a the phart. Polymerization reacbrs ae
cleared often to remove buildup d paymer on heattrarsfer surfaceswhich
can result in contamination bdween bach runs of different poymers or
different grades 6 pdymers. Reacbr cleanng is paticulary important for
suspesion ard enulsion polymerization processesincethe reacton mass s
very viscaus. Depasits on reacbrs may consist of polymer gek or coagulim.
Spray rinse valves ae dten installed in the reacbr top to fadlit ate washing
while the reactr is enptied. High pressue water-jet streans ard hydrauic
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reacbr clearers ae akoused © remove hard depaits. Solvertsard manual
scraping ae abo sometimes used (Kroschwitz, 1986)

Cleanng of loading vehiclesand sbrage esse$is peformed both beforeand
after loading. Before plasic pelets canbeloadedinto rail hoppercars a bulk
trucks,the vehicles ae ckared b removeresidualtrapped ad clinging pelets
as wel as dher contamnartsthat may be presen. Pellets are removed first
using suctoning ard thenusng washwater. Therinse water iscadlected nto
the facility drainage and containment system where residud pellets are
recaptired via a seles d dans, skmmers, and surface lmoms. Wastes fom
equpmernt cleanng ako include wasewaer contamnated wih dilute
concertrations of orgarics acds ard slts (EPA, 1992)

Unloading and Staige ofReactants

Unloading ard soring reacartsisanimportant stepin poymerizaton. These
operationsare cbsely monitored to awid cantanination of reactants, runaway
or acadental paymerizaion, ard fugitive emissbns. To reduce ftigitive
emssons, gaseos canpounds ae dten unloaded fom tank cais by
pressuizing the tank car with vapors from the sbrage ank. Compressa
valves ae then reversed © remove ard trarsfer vapor from tank cars ©
storage anks.

Chemcak ae typicaly stored n large stinlesssteelstoragetanks equpped
with both external ard internal covers. Tank desgnis mostly concemed with
sakty, since naterials nmay be flammable, toxic, or aubcatlyticaly
polymerized. Autocatalytic paymerizaton occurs when monomer starts
polymerizing spntaneausly in the sbrage ank. Monomers are typicaly
stored n pressue vesset equpped wih excess liow valves o the autlet
connection. These aves sadguad aganst complete discrargein the evert
of pipe wpture. In addtion, monomer sorage anks are often equpped wih
systens o awid urwarted pdymerizaionincluding systerns to inject inhibitor
into reacbrs 1o stop pdymerizaionard insulstionand cailin g coils to prevent
polymerization.

Liquids with high boiling points are sored in vented amospheric tanks.
Solverts are usudly stored urder a Harket of nitrogengas ® minimize ar
contamnation. Some caflysts, suchas he Zegler-type, are soexplosive
whenin contactwith water ard air thattheyare diuted with hydrocarons for
easer handling (Kroschwitz, 1986) For thee sfety rea®ns, tanks are
usudly located outdoors and away from produdion fecilities. Because D
stringert dug ard nmoisture sardards for poymerizaton, unloading ard
storage sgtens nay have elatorate ar conditioning ard ventilation systers.
Emissbns gererated from storage @erations include ai enissons d VOCs
(EPA, 1993)
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Conveyance

Charging reacartsto reacbrsis one of the nostimportant conveyance seps
in plasic resin ard manmade fber producion. Charging reacaris ard
polymer must be controlled caefully to awid producing off-spec poductard
causng polymer buildup n the ppes Pdymerizaion feed s aubmaticaly
measued aml charged nto the reacbrs. Measuing ard charging reactarts
varies depening on whether the pioces is batch or continuous ard what
accuecy of formulation is required. Batch methods use weh tanks,
volumeric chargetanks, and flow metersto feed the polymerization vessels.
For continuousprocessegseactrtsare fed cantinuously ata spedic rateinto
the reacbr. Reacor heatup, purge,evacuaton, charge,ard discherge ae al
controlled by aubmatic control systems equpped wih temperature armd
pressure overrides.

Conveying systens ae abko used © move plasic pelets between plart
operations. Anexanple d a preunatic canveying systemin a pelet blerding
operation is shown in Figure 13. Pellets are caweyed usng preunstic or
mechancalsystens o move peletsbetweenthe peletizers amd drying systens
ard betweenstorage dios aml shpping containers. In preunstic systens,
high-pressuized ai can be used ¢ trarspat pelets through the phrt.
Mecharical systems are gereraly used ¢ trarspat pelets acioss slort
distarcesusng rigid drivenscrews to force pellets througha canduit. Pelet
spills can occur duting eachconveyance aml canbe awided ty controlling the
rate of pelet ertry and delvery fromtheconveying system Wastes geprated
during conveying operations may includeV OC emissions from leaks and spills
(EPA, 1992)

Pellet Stoage

Plastic pelets must be stored caefully to awid product contamnation or
accdertal splls. EPA has identified preventive measures to minimize pdlet
loss anl ertry into water streans which appl to plasic resin ard manmade
fiber plarts ard downstreamprocesing plarts. After paymer finishing, the
plasic pelets are trarsferred to intermedite storage \esse$ consisting of
30,000 © 100000 paund dlos. The pelets are thentrarsferred to slo lots
where theyare sanpled, baggedfor shpment, ard trarsferred to downstream
processes for hot-médt mixing and incorporation of additives. Pellets are
packagedi containersranging from50 pound bagsto 100000 paind railway
hoppercars. Wastesfrom pelet storage nclude séid wases o wasewaer
containing plagic pelets (EPA, 1992;SP| 1994)
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Figure 13: Typical Pneumatic Conveying Systemin a Pellet Blerding Operation
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[1l. B. Industrial Processes Specific to the Manmade Fiber Industry

The manufacture o manmade fbers is closely linked wih the synthess o
plasic resins. Fibers are the fundanertal unt of textiles ard fabrics and can
be defned asa unt of matter having a length atlea$ 100 imes its width or
diameter (Rodriguez,1996) HFber spinning processes may be smilar for
same noncelulosic fibers ard celulosic fibers. Mammade fibers can be
produced fom paymers that have beencontinuously or batch polymerized,
or by dissolving cellulosic maerials. The paymer or cellulosic solution is
then forced through tiny hoes of spinneets (which fundion much like
bathroom shower heads)ard exruded nto fibers (International Trade
Commission, 1995) In manmade fber plants, polymerization of the fiber
polymer can occur at the samefacilit y that producesthefiber, with continuous
polymerizaion equpmert linked drecty to afiber spinning unt (EPA, 1995)
Sulsequen procesing sepstypicaly includedrawing, crimping, texturizing,
and twisting. The following sections will discuss polymerization, primary
methods d spnning, ard fiber processng sieps.

lll. B.1. Pdymerization

Many of the lkeadng cammercial manmade fbers, suchas pdyethylene
terephthalate (PET) and polypropylene, use paymers smilar to those derived
from commodity plasic resins. Other manmade fbers are manufactured fom
polymers formed usng similar polymerization methods as those mentioned in
the precedng seciton. For instarce, nylon ard pdyeder are pdymerized
usng polycondensation or mdt poymerization mehods Recall that some
manmade fbers are manufactured using retural polymers, suchascelulosic
fibers, ard donot undergo polymerizaion.

In some plarts, padymerization equpment is hooked up diecty to fiber
spinning equpmert. For continuous manufacture o poyeder fiber,
terephthalic acd ard etylene glycol are first pased through primary ard
secadaly eserifiers © form the nonomer. The nelt is thenpassedd low
ard high pdymerizers o acheve higher conversion rates. The hgh
polymerizeris usualy equpped wih a high vacuumard highwals to alow
excess dtylene glycol to escapepromoting chain exension. The pdymer is
then fed to saveral banks of direct fiber melt spinning headsor asolid polymer
chipping system(Kroschwitz, 1986) Wastesgererated duling pdymerizaion
may include VOC emissions from leaks, spills, and vents; solid wastes from
off- specification padymer; and spent solvent from incomplete polymerization
(AFMA, 1997)
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[ll. B.2. Spinning

Spinning, in terms of manmadefibers, refersto the overall process of polymer
extrusion ard fiber formation. Fbersare formed ky forcing aviscausfluid or
polymer solution through the small orificesof a pinneret ard immediately
solidifying or precipitating theresulting filaments. Facilit iestypically produce
fibers of different thickness o dener, where derer is deined as he weght
in grans of 9,000 neters (9,846 yards) of filament yarn. Fiber dener can
range from less thanone to 3,600 deirer (McKetta, 1992)

Thethreeprimary methods d spnning are nelt, dry sdvert, ard wetsdvert,
which are shown in Figure 14. A fourth and less commonly used mehod is
reacton spnning. Table 8 Ists the diferent types d spinning methods wih
the fiber types ad typical reactarts used ér eachmethod. The spinning
process used for apaticular polymer is determined by the poymer’s meting
point, mdt stabilit y, and solubilit y in organic and/or inorganic (salt) solvents,
aswdl as the e ue o the fibers (AFMA, 1997;EPA, 1993) Sphning
processes involve spinning units which are made up of meter punps filter
packs,sphnnerets, ard querth cels. Meter punps ae used D trarspat
polymer throughthe spinning units at a constant rate. The paymer is passed
througha filter ard a sphneret. Note that fibers may be colored by including
pigmerts prior to exruson (AFMA, 1997)

The sphnerets are phtes cataining holes, of varying diameters ard stapes,
throughwhich moltenor dissdved pdymer isextruded. Pressues canreach
ashigh as 2900 ps (20 MPa). The ginnerets are usialy made d dainles
steelor nickel aloy for melt ard dry spnning processesathough for more
corrosive wet sphning processeshieyare usudly made d glass o aplatinum
aloy. The spnneret may be a recessedlt plate (melt sphning) or a
protruding thimble shape (dry and wet spinning). The spinnerets for molten
polymers are relatively thick 0.1-0.4 in (3-10 nm) ard have hole diameters of
0.0070.030 n (175-750 um). For solution polymers, the spinnerets are
dightly thinner with smaller hole diameters.

The number of hdes in a pinneet ranges from a few to severa thousand.
These Ioles may be divided into groupsto produce,for instarce, two 30-
filament yarns from a 60-hole spinneret. The exit hole is usually circular,
however fibers may have lobed, dunbbdl-, or dogbone-like cross-sections
(dry-spun fibers) or round, lobed, serrated, or bearshaped cpss-secions
(wet-spunfibers). Wastesgererated during spinning operationsinclude VOC
emssons ard wasewaer contamnated wih sdverts.
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Figure 14: Genreral Process Diagrantor Melt, Dry, and Wet Soun Synthetic Fibers
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Table 8: Typical Fiber Spinning Parameters for Sdected Fibers

Spinning Method Fiber Type Solvents or Other Reactants
Méelt Spinning nylon-6 N/A

nylon-6,6

pdyester

payolefin
Solvent Spinning

Dry solvent spinning

Wet solvent spinning

aaylic/madacrylic
cdlulose actate

cdlulose triacetate
spandex

dimethylacetamide
acetone or chlorinated hydrocarbon

di-isocyanate ehylenediamine, manoamine
(stahlizer)

aaylic/madacrylic dimethylacetamide

Readion Spinning

Spardex
rayon (viscose process)

di-isocyanate ehylenediamine, toluene
sodium hydroxide, carbon disulfide, sulfuric add

Saurce: U.S. EPA, AP-42, Office of Air ard Radiation, 1993;AFMA, 1997.

Types of Spinning

Melt Spinning

Melt spinning processes useshtto melt polymer which canthenbe exruded
through the sphneret. Spinning asserplies ae fed by either electicaly-
heaed scew extrudess, which convert powdered a chipped pdymer into a
polymer mdt, or directly from a continuous mdt polymerization process.
Many nylon and polyester plants use continuousmdt paymerization and send
molten paymer from poymerization units directly to the spinning units.
During polymerization or extrugon, variousadditives may beincorporated to
impart goecia properties to the fibers, such as heat gability, anti-static, and
eased dging.

Polymer chips or paymer mdt is then passed throughmetering gear punps
which feedthe noltenpaymer to a filter syssematpressures of 500-1000ps
(7,400-14,700atm). The filter systemscreers out large ®lid or gelpatticles
througha seres d metal gauzesriterspersed n layers of gradedsard (EPA,
1993) The filter may also screenout cailyst residuesor precipitated
addtives (McKetta, 1992) The filtermay be erclosedin a Davtherm-heaed
manifold to mantain unform temperature. After passing throughthe filt er,
the nolten paymer is fed to the inneret (Kroschwitz, 1986) A narrow
zone below the spinneret may be filled with inert gas to prevent deposits of
degradaion produds around the holes for oxidation-sensitive polymers.
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Extruded filaments are quenched by a cool, filt ered airstream which solidifies
the filaments.

Dry Spinning

Dry spinning istypically used for easly dissolved paymers such as cellulose
acette, acwylics, ard modacwylics. In dry spinning processesthe polymer is
first dissdved n anorgaric sdvert. The sdution (or spnning dope)is then
blerded wth addtives, filtered, ard charged b a spn cel. The spn cell
contains a feed \essej a reatexcharger, a spnneret, ard aquerch cel. The
spin cel may be 5-10 m(5.5-11 yards) long ard 1323 cm (5.1-9.1 in) in
diameter (Grayson, 1984) The lutionisheatd b a emperature atove the
solvent boiling paint and isthen extruded throughthe spinneret into azone of
heaed gas. The sdvent evapaates nto the gas seam leavung sdidified
filaments. The heakd gas seamis typicaly ar athoughinert gas,sudt as
nitrogenarnd superheakedsdverts, canalso be used. Fbers are thenpassed
throughbaths to washresidud sdvert from the fibers. To reduce csts arl
pollution, the washwater from these laths is typicaly recycled. Thesebaths
may be followed ly acivated cabon systens used @ adsorb sdvert from
procesar (AFMA, 1997) Fbersproduced ly dry spinning cantain less void
space han those produced ly melt sphning ard therefore have higher
densties and lower dyeability than those produced by other mehods
(Kroschwitz, 1986) Of the three prmary spinning methods, dry spinning
operations havethelargeg patential VOC emissions 'to the ar (EPA, 1993)

Wet Spinning

Wet spnning processesalso use stverts, suchas dinethylaceanide o
agqueaisinorgaric st solutions, to prepae inning dgpe AFMA, 1997)
In wet spinning, the palymer is dissolved in solvent in asolution vessel and is
forcedthrougha spnneret which is submerged h a caguhtion bath. Asthe
polymer sdution energes n the caagukbting beth, the pdymer is either
precpitated or chemicaly regererated. In precpitation, the fiber is formed
whensdvert diffuses aoit of the threadard coaguhrt diffusesnto the thread.
For same processesa clemical reacton occurs during precpitation which
gererates fibers. Coaguhtedfilaments pas over a gude © godets or drive
rollers. Windup peedsare alwut 150 mimin. The yarn is then pased
through addtional baths for wasing ard resdual solvert removal
(Kroschwitz, 1986)

Reaction Spinning

Reacton spnning methods are typicaly used © make spadexard rayon.
The process bgins with the prepaation of a viscaus spnning sdution
containing adissolved low madecular weight polymer, such as polyester, in a
sutade sdvert ard a eactrt, suchas diisocyarate. The spnning sdution
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is then forced throughspinnerets into a solution containing adiamine (similar
to wet spnning) or is combined wih a third reacart and thendry spun The
primary distinguishing characteristic of reacton spnning processessthatthe
final cross-linking between the paymer malecule chainsin thefilament occurs
after the fibers have been spun The fiber isthen transported fromthe bath to
anoven where lvert is evapaated EPA, 1993)

Inthe US., most rayon ismade ly the viscase process. This process$worth
noting becausetiis typicaly asseiated wih alargevolume of ar enssbns.
Shown in Figure 15,the Viscose piocess caverts celulose fom one form
(dissolved pup) to arother (rayon). Although the manufacturing proces
further purfies the celulose,alersthephysicalform of the fiber, ard nodifies
the molecular orientationwithin thefiber and its degree of padymerization, the
product is essatially the same chemcal as he raw material. Since the
product retains the sane chenical structure, al other chemcak usedn the
proces ard al byproducts formed n the pioces mug be removed.

Figure 15: Typical ProcesFlowchart for Synthess of Rayon FbersUsng the Viscose Roces
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Saurce: U.S. EPA, AP-42, Office of Air and Radiation, 1993
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The series of chenical reactons in the viscase piocess useddtmake rayon
consists of the following sages. First, puiified cellulose pulp is steeped in a
solution of sodium hydroxide arl water, producng anakali celulose durry.
The exces sodium hydroxide ®lution is removed fromthe durry, producing
alkali celulose crumb. The clumb is shreddedard fed into silos for agng, a
process which controls the degree of poymerization of the cellulose
molecuks. After aging, the akali celulose & reacted n large reacors with
carbon disulfide, produdng sodiumcellulosexanthate, whichis then dissolved
in dilute aqueais sodium hydroxide. That solution is known asviscose.

The vsccse sdution isthenaged (ipered), during which asetiesof chenical
reactons takesplace. The nost important of these eactons is the spitting
off of caibon disufide aml the regereration of celulose Thesemclude he
redistribution of the cabon disufide m the celulose nolecues and the
formation of small amounts of sulfur byproduds. The viscose is filt ered
sewera times ard deaeated pror to sphning. The viscose isthenextruded
throughspinneettes, typically containing thousands of very small hdes, into
a spnning bath of dilute sufuric acd, sadium sufate, zinc sufate, various
spnning aids, ard water. The celulose »anthate, in the viscose, reacs with
the acidic spinning bah, forming an urstable xanthac acid derivative which
loses carbon disulfide to yield regenerated cellulose. The carbon disulfide is
releasedrom the xanthate, ard the sufur byproducts creaed duing agng
reactto form hydrogensufide.

After spinning the fibers are cdlected gether, stretched to orient the
cellulose maecules aong the axis of the fibers, processed to remove the
residual chemcal from the celulose, finished, dried, ard paclaged. The
fibers may be cut after sretching bu prior to further processing, produdng
rayon stapke (cut) fiber, or they may be procesed without cutting, producing
rayon filament or tow (AFMA, 1997;EPA, 1993)

[ll. B.3. Fiber Processig

In most casesthe extrudedproductfrom melt, dry, wet, or reacton spnning
is further processed to impart paticular qudities to the fibers and facilit ate
downstreamprocessing. Fibers canbeprocesseasfilament yarn or as sapk.
Figure 14 illustrates general fiber processing seps

After fibers have been formed, spin finish is usudly applied by collecting the
extruded flaments an a gooved cearic guide @ rotating roller coated wih
spin finish. The spin finish, which includes lubricants and finishing ails,
facilit ates further processing steps by reduang friction and atic, and
improving further mecharical procesing (AFMA, 1997) Minera oils have
historicaly beenused asubricarts, ard orgaric compounds have beenused
to reduce satic. Spin finishes \ary accading to fiber type anl are citicalto
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the processang of fibersinto yarns ard fabrics. Insufficiert lubricaion of fibers
canlead b strainsin the fabric which may produce uevendyeing, deceased
strength, or urpleasng aeshetic qualties (Grayson, 1984)

Filament Yarn

After finish is applied, a thread guide converges the individud filaments to
produce a catinuous filament yarn that contains between 15 am 1000
filaments (AFMA, 1997) The gun yarn is then either immmediately wound
onto bobbins ard cdlecied i cars o isfurther treaed b impait specal fiber
gualties (EPA, 1993) Flaments are typicaly drawnto align ard orient the
polymer molecules and strengthen the filament. In mdt spinning operations,
companieshave moved towardshigh-speed spinning processeswhich combine
spnning ard drawing operations. Flaments may be forwardedat speedof
300 © 6,000 mimin for subsequemn procesing. For polyeder, the diferent
commercia melt-spinning processes a& chssiied accoding to the degee d
molecular orientation in the fiber. For instance, polyester spinning processes
operating at speedsof 500 b 1,500 nimin give low oriented spun yarn
(LOY), while proceses operating at between4,000 am 6000 mimin give
pattialy oriented yarn (POY) (Kroschwitz, 1986)

Themoplasic fibers canbe further modified ky thermomecharicalameaing
treatments, including texturing. Texturing usescurling, crimping, and tangling
appastusest givestraight, rod-like filament fibersthe appeaarce,structure,
ard feel of natural fibers (EPA, 1995) Flaments may be mechanicaly
distorted by compressing the fibers in a Suffing box or between rolls or by
false twisting, where wisting is followed ly heat seting ard releasng or
reversing the wist. Textured yarns are ether fine dener (15-200dernier) for
woven, knitted gretch ard textured fbricsfor appagl or heaw (1,000-3,600
derier) for capet(McKetta, 1992) Recal thatdeneristhe weght in grams
of 9,000 neters (9,846 yards) of yarn.

Staple

Many manmade fber operations produce sapk, or yarn that is cut into
spediic lengths, for use ly textile manufacturers. To make stpk, a w is
formed by collecting thousands of continuous filaments into large rope-like
bundles. These lindles ae canbined fom al the sphning positions ard
thrown into a large ‘creel cari at speedsof 1,000 to 2,000 mimin. This
bundle of filaments is 50000 b 250000 bta dener, with asspun dener
ranging from 2.5 to 9.0 (Dekker, 1992) Thebundlesarethenspread at into
a flat band winding over the feed plls ard draw rolls of the diaw nmachne.
After drawing, the fiber may be heatsetard aimped to charge te tensile
propetties. The tow canbe shpped br further processng, or it canbe
converted nto staple-length fiber by simply cutting it into spediied engths,
usualy aninchto seeral incheslong. Whenmanmade tbersare produced ér
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blending with natural fibers, they are cut into smilar lengths as the natural
fibers, typicaly 1.5-5.0 in (3.8-125 cm) (Kroschwitz, 1986) A baling urit
following the cuting machne cdlects and bales the cutfiber (Kert, 1992)

Wastes gesrated duting fiber processng operations anise romthe spn finish
application and drying steps (Wellman, 1997) During procesing, fiber
finishes canbe saurces @ volatile ard hazadous ar pdlutants that may be
emtted into the ar ard into wasewaer (AFMA, 1997)

[1l. B.4. Supporting Operations
SolentRecovery

Solverts used m sphning processes ar typicaly recovered by distillation.
Other recovery systens include gas adsption ard candenstion ard ae
specific to ather fiber type or spinning nethod. Dry spinning processes
typicaly use coderseror sciubbersfor recovering sdvert fromthe spn cel.
Distillation columns are used to recover solvent from the condenser, scrubber,
ard washwater. Efficiert sdvert recovery is paticularly important in dry
sphning since sdvert isused athree b five times the quarity of polymer.
Wet spinning processes typicaly use distillation to recover solvent from the
spinning bath, drawing, and washing operations. Scrubbe's and condensers
are usedto recover sdvert emssons from the spnning cels ard the diyers.
Carbon adsaption is used b recover enissons from storagetank vents and
from mixing and filtering operations (EPA, 1993). Refer to Section 111 A. for
a nore detailed discussion of padlution control equpmert.
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lll. C. Raw Material Inputs and Pollution Outputs in the Production Line

Raw maeria inputs to plastic resin and manmade fibers indudries primarily

consst of synthetic organic chemcalk, such as ehylene glycol ard
actylonitrile, ard refined petroleumproducts, suchas ehylene. The mgjority
of these ckmcak ae used ¢her as nonomers or as NDNOMer Precursors.
Other uses a as stverts, caflysts, ard addiives. Because clemcal
proceses rarely convert 100 pecert of raw materials to desred products,

byproducts ard urreaced nonomer may constitute a large pat of fadlit ies

wastesteans. Pollutant outputs generaly include VOCs, off-spec o
contamnated pdymer, ard wasewaer from equpmert cleanng. Typical
wasesteansassaiatedwith processegvolved nplasic resinard manmade
fiber manufacture arelisted in Table 9. Wastesteans vary depeling on what
polymer isbeing synthesized, what fiber spinning nethod isused, and whether
abatch or continuous process is used. Small- scale batch facilit ies that make
polymersto orderoften have complex ard variadewasesteans (New Jesey
Hazadous Waste Facilities Siting Commission, 1987)

Air Emissions

Over70percert of TRI releasesdr plasic resin ard manmade tber plartsare
in the form of ar emssbns. Commonly released chimcak include cabon
disulfide, meahanol and other volatile solvents and manomers. Typica
chemicak released a listed in the Pllowing secion on TRI releases ah
trarsfers. Air emissons from plasic resin ard manmade fber plarts arise
from point saurces ad fugitive emissbn saurces, suchas \aves, punps,
tanks,compressas, efc. Point saurces d ar errissons ey includemonomer
storage ad feed désdver tanks ard reacbrs.

While individual leaks ae typicaly small, the sumof al fugitive leaks ata
plant canbe one d its largestemisson saurces. Fugitive enmissbns canbe

emitted continuoudy or intermittently. Continuous ar emissions may be

emitted frommonomer recovery systems, dryer sacksand miscellaneoussolid

handling vents, centrifugevents, and blending qperations Fugitive emissions

can also result from volatiliz ation of monomers, solvents, and other volatile

organic compoundsduring polymerization; sublimation of solids during resin

production; wasewaer treamment; ard volatilizaion of sdverts duing

storage ad handling of resins. These enssons ae largely controlled by

sdvert ard monomer recovery systens. Potential VOC emission release
points for a typical polymerizaion method are stown in Figure 16. In the

figure, volatile orgaric canpounds enitted from particular operations are

shown as daséd ines, ard sdid wases ad waer wases ae slown by

bolded arows.
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Industrial Process Description

Table 9: Summary of Potential Releases Emitted During Plagic Resin

and Manmade Fiber Manufacturing

Proces

Air E missions

Proces Wagewater

Reddual Wages

Preparing Reactants

volatilized monomer,
sdvents

little or nowastewater
produced

raw material drum
residuak

Polymerization

volatilized monomer,
sdvents, rexction
byproduds

little or nowastewater
produced

off-specifi cation or
contaminated pdymer,
readion byproduds, spent
equpmentail, spent
sdvent, catalyst
manufadure waste, gas
purification catalyst waste

Polymer Recwery

volatilized sdvents and
unreaded monomer

little or nowastewater
produced

little or noresidud waste
produced

Polymer Extruson

volatilized sdvents and
unreaded monomer

extrude quench water

off-specifi cation or
contaminated pdymer

Equipment Cleaning

volatilized sdvents and
unreaded monomer

reator and foor wash water
contaminatd with organics,
adds, and slts, equpment

rinse water

little or noresidud waste
produced

Unloading and Strage

volatilized monomer and

Rinse vater from deanihg

little or noresidud waste

of Reactants sdvents out trensyort vehicles produced
containing solvents,
monomers, and dher
reatants
Conweyance and volatilized residud little or no wastewater plastic pdlets from leaks

Pellet Sorage

monomer or solvents from
plastic pdlets

produced

or splls

Sphnning

volatilized residud
monomer

sdvents, alditives, ather
organics, volatilized finishes

water contaminated with
residud monomer sdvents,
additives, ather organics,
finishes

off-spec pdymer, off-spec
fiber, and esidualfinishes

Fiber Processing

volatilized residud
monomer

sdvents, alditives, ather
organics, volatilized finishes

water contaminated with
residud monomer, sdvents,
additives, ather organics

residual monomer and
solvents; off-spec fibers

Pollution Contol
Systens

volatilized sdvents and
unreaded monomer

water contaminated with
residud sdvents and
unreaded monomer; air
stripper water

little or noresidud waste
produced

Saurce; U.S. EPA, AP-42, Office of Air and Radiation, 1993; US. EPA, Bes Managermant Practicesfor
Pollution Prevention in the @xtile Indusry, Office of Research and Development, 1995;SCCMA Pollution
Preverion Sudy, Prepared for SOCMA, Washington, DC, 1993; Rindall, P.M., “Pollution Prevention
Strategies for Minimizing of Indudrial Wastes in the Vinyl Chloride Monomer - Polyvinyl Chloride
Indudry,” in Environmental Progress, volume 13, no. 4, November 1994; AFMA, 1997;Welman, 1997.
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Figure 16: Pdential Emissians from Plastic ResinManufacturin g Operations

Adaped from Exxon Chemeal Conpany’s Mont Belvieu Ragics Plant Brochure; Synthetic Organic Chemical
Manufacturers Assaiation, SOCMA Pollution Preverion Sudy, Prepared for SOCMA, Washington, DC, 1993;
Randall, PM., “Pollution Prevention Strategies for Minimizing of Indudrial Wastesin theVinyl ChlorideMonomer -
Polyvinyl Chloridelndudry,” in Environnertal Progress, volume 13,no. 4, November 1994;U.S. EPA, AP-42, Offi ce
of Air and Radiation, 1993.
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Sourcesof intermittent air emssons typicaly include utoading ard charging
operations, reacbrs, sakty valves, stripping towers, punps, flarges, filters,
strainers, ard seak (Rardal, 1994) Fugitive emssbns canbe reduced
througha number of techniques, including installing leak resistant equipment
suchas sedéss purps aml bellows valves,reducng the rumber of tanks arul
other patential sources ard in the cag d light liquid or vapor systens,
implementing an ongoing leak detection and repar program (Wellman, 1997)

In addtion to pdlutants emitted duing pdymerizaton, fiber finishes are
saurces @ volatile ard hazadous ar pdlutants enitted from manmadefiber
processng operations. Because &t spnning does rot require the use ©
solvents, mdt spinning emits sgnific antly less VOCs than dry or wet spinning
processes. Dry spnning typicaly emits the largestamounts o VOC pea
pound of fiber produced of the three main spinning methods Dry spinning
canemnit from 5 to 150 kg btal non-methare argaric cabons (TNMOC) per
Mg of produd, while met spinning can emit less than 5 kg TNMOC pe Mg
product Wet spunfiberstypicaly emt5to 20 kg TNMOC perMG product
Air pdlutant emissionsincludevolatilized ressdud monomer, fiber lubricants,
organic solvents, additives, and other organic compounds used in fiber
procesing (EPA, 1993)

Unrecovered sdvert accairts for same of the VOC enissbns from fiber
sphnning processespaticulady for aceate producion. Typicaly, 94 © 98
percent of the sdverts used m fiber spnning processessirecovered. The
largestanmounts d unrecovered sdvert are enitted from the fiber spinning
ard drying steps.Other ermissbn saurces nclude dge pepagation (dissdving
the pdymer, blerding the ginning solution, ard filtering the dge), fiber
procesing (drawing, wasing, crimping), ard solvert recovery. Fgure 17
illustrates the patential release points of VOCs in a typica fiber spinning
operation (EPA, 1993) Other padlutants emtted duing manufacturing
includeair padlutants emitted during combugion. Criteriaair pollutants, such
as 9,, NO,, CO, and CO,, are enitted from combuston equpmert used 0
heatreacbrs, dryers, ard ather process equimert.
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Plagic Resin and Manmade Fiber Industrial Process Description

Figure 17: VOC Emissians from Fiber Processimg Operations
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Saurce: U.S. EPA, AP-42, Office of Air and Radiation, 1993.
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Plagic Resin and Manmade Fiber Industrial Process Description

Waskewater

Plastic resin and maamadefiber facilit ies generate relatively largeamounts of
wastewater fromprocesses, cooling operations, utilit iesand mantenance, and
air palution control systems. Unless solvents are used in poymerization
processesyastewater contaninartsare usudl restricted o off-spec pbymer,
polymer, ard raw materials (EPA, 1987) Wastewakr dreans from
polymerization operationstypicaly contain dilute concertrations of orgarics,
acis,ard sats. Process wasiwatr may begererated from water that comes
into direct contad with raw materials, intermedeate products, finished
produds, byproducts, or wade pioduct Proces wasewaer may alko be
gererated from indirectcontactprocess wadr disclarged fom vacuumjets
ard seamejeciors. Cooling waker makesup a &rge pation of water usedm
the industies am can either be gererated from water that contains
contamnarts or from water used m noncontact processessuch as waer
treatment wagsesard boiler blowdown (EPA, 1987)

Effluent containing contaminants may aso be dischaged from bach
operations during equpmert cleanng. Wastes gererated from cleanng
operationsinclude \esselwashwaters, floor washwaters, equpmert draining,
sunp draining, ard ar stipper water effluert. These dicharges ca be
minimized ly initiating water conservation programs ard by cleanng reacors
using high-pressue water or processsdverts which canbe recycled nto the
reacbr (SOCMA, 1993)

Wastewaer is also gererated duing monomer ard pdymer recovery
processessuchascertrifuging, monomer stripping, ard surry tanks. Process
saurces gesrate liquid wastes wth relatively high concertrations of

contaminarts, including equpmert oil, sper sdvert, ard raw material drum
residuds. Leaks and spills aso generate waste and often occur & punps

flanges, valves, ard agtator seas. Loading/unoadng operations ard beg

fillin g operationsalso are commaon sources of leaks and spills (Randal, 1994)

In addtion to pdlutants emitted duing pdymerizaton, fiber finishes are
sources of volatile ard hazadous pdlutants found in manmade foer plart

wastewater. Spin finishes nay increase mlogical oxygendenand (BOD)

ard chemical oxygendenand (COD) andsaome may be toxic to aquaic life
(EPA, 1995)

Residual Wages

Resdualwases nake up asignificart portion of wases fom plasic resin ard
manmade fber faciities. Unless sdverts are used n poymerizaion
processegesidualwases ae usudy restricted b off-spec poymer, poymer,
ard raw meaterial chemicak (EPA, 1987) Typical contaminarts include
contamnated pdymer, calalyst manufaciure wase, gaspurificaton catalyst
waste, reacton by-products, wase dl, ard gerera plart wases Clements
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Plagic Resin and Manmade Fiber Industrial Process Description

and Thompson, 1993) Although propetly run ard maintained phrts with
new technology may be capable of obtaining 95 percent or higher polymer
yields off- spec and contaminated polymer is ill generated and m&kes up a
sizealbe portion of the wasesteam Unreaced a improperly reaced
polymer synthesisor regeneration residuesmay includemonomers, oligomers,
metals, degadaton products, solverts, ard coaguhrts (EPA, 1995) Other
saurces d residualwaste include ckarup alsarberts, spen acivated cabon,
laboratory wades ard ar pdlution control residues (SOCMA, 1993)
Process-related residud waste can be reduced by implementing better
inventory control practices personnel training, ard erhanced pocess catrol
systens. Process chrges ad raw material sulstitutions canalso be used o
reduce esidualwage pdlution.

[ll. D. Pdlution Control Systems

Recovery of raw materials, such as stverts ard nonomers, is widely
practiced inthe indudries and is highly integrated into indudrial processes as
a nears 0 reduce costs assoiated wih raw materials am sulsequen
treament of wase. During the pdymer sepaation step, often sdvent and
monomers are flasked from the reacton mixture. The flasied nonomer ard
solvent are then condersed nto liquids using a canpressa ard sepaated
ugng vacuumdigtillation. Monomer and comonomer are passed througha
series of digtillation columnsto increase purity. These chemicals may then be
sert to either a monomer recovery unit or anincinerator to be burnedasfuel
or to reduce ai emssbns throughthemmal destuction. Wastewater canbe
gererated duing nonomer ard pdymer recovery proceses, such as
certrifuging, monomer sripping, ard durry tanks(AFMA, 1997;EPA, 1987)
Selecied equpment ard methods used ¥ the industies to recover raw
materials ard reduce ai ard water padlution are desadbed below.

Air Pollution Control Sysems

Condensers. Condersers are widely used m the plasic resin and manmade
fiber industies to recover monomers ard sdverts fromprocesoperations(a
process cadersel) ard asair pollution control devices b remove VOCs fom
vented gasesProcess cadersesdiffer fromconderseisusedasair pollution
control devces ashe pimary purposeof a processconderseris to recover
material asanintegral part of a unt operation. The process caderseristhe
first conderser located afer the pioces equpment ard suppats avapor-to-
liguid phae clarge Pr the vapors produced in the proces equpmert.
Examples of process condensers include distillation condensers, reflux
condersers, process cadersessinline keforethevacuunsource,and process
condersers used n sripping or flashing operations (EPA, 1978) Venson
condersess canbe saurces ¢ VOC enissbns.
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Plagic Resin and Manmade Fiber Industrial Process Description

Adsorption. Adsorption is another method for removing VOCs from
individual process wassteans through orgaric vapor recovery. This
method canbe used to filter out ard recover sdverts by pasang process
streans through a paked column of acivated cabon or ary other porous
suiface wich has a nicrocrystalline structure. As the gas sream passes
throughthe cdumn, the VOCs adsib to the cdunmn surfface. Evertualy, the
adsaption material in the coluim becanes cbgged wih adsabed
contamnarts ard mug be either regererated or disposed Maders, 1991;
EPA, 1987;CMA, 1989)

Saubbers. Scrubbers or gas absarbers ae used @ remove one a more
constituerts from a gas seamby treatment with a iquid. When using a
scrubber as an air palution control device, the solubility of the constituents
in the gas stream in the absorbing liquid must be determined. The main types
of sciubbers are the packedower, plate or tray tower, venturi sciubber, ard
spray tower (EPA, 1978)

Combustion or Incineration. Another method for controling VOC

emssons is combusion or incineration. Although combusion systens can
acheve highremoval efficiercies,thesesystens ae typicaly more expersive

toinstall, operate,ard maintain ard have secadary enissonsassa@iatedwith

their operation. Additionally, scrubbers may be required to control inorganic

gass produced adyproducts of combugion (EPA, 1978)

Water Pollution Control Systems

Digtillation. Distillation is used to separate liquidsfor recovery. Two widdy
used types of distillation are batch and continuous (or fractionation). Batch
distillation is used when components' vapor pressures vary widdy. In batch
digtillation, solvent waste is first placed mside a cotainer where teatis
applied ard condersed werhead @por is removed simultareously.
Continuous digtillation is commonly used to separate mutiple fluids from a
wasesteamard uses a dam that contains multiple trays a packng
materials to provide hgh vapor-liquid suface aea. Vapas that rise to the
top of the reaed cdurm are cadersed ad removed, while a pation is
returned to the column for further fractionation. Lower boiling solvents
progressively enter the vapor, leaving aliquid with less volatile contaminants
at the bottom of the cdumn (CMA, 1989)

GasStripping (Air and Steam). Stripping @an beused to removerelatively
volatile componerts that are dssdved a enulsified n wasewaer. Thisis
acheved throughthe pasage d air, seam or other gasthroughthe liquid.
The gripped wlatiles are usialy procesed by further recovery or
incineration. In air sripping proceses, a iquid cantaining dissolved gass
is brouglt into contactwith ar in a stipping tower, causng anexcharge d
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Plagic Resin and Manmade Fiber Industrial Process Description

gasedetweentheair ard thesdution. If the cancertrations of gases alow,
the gasexan be enitted directy to the ar. If the cacertrations are hgh,
these gases apassedatair pdlution control devces.

Insteam stripping processes, volatile componentsaredistilled by fractionation

from a waseéwaer stream Steam stripping towers operate by passig

prereaed wastwaer downward through the distillation column.

Supeheakdsteamand orgaric vaporsflow countercurrent to thewasewater
stream rising up fom the ottom of the colurm. Contact betweenthe wo

streans piogressvely reduces e concertrations of VOCsin the wasewaer
as t appoacles te lottom of the colunn. Retux condersing may be used
to alter the compaosition of the vapor sreamtakenfrom the stipping cdunn

(EPA, 1987)

lll. E. Managament of Chemicals in the Production Process

The Pollution Prevention Act of 1990 PPA) requires facilities to report
information about the managenent of Toxics Rekase mventory (TRI)

chemicals in waste and efforts made to eliminate or reduce those quantities.

These da have beencdlected amualy in Secion 8 of the TRI reporting
Form R beginning with the 1991 eporting year. The dadsummarized lelow
cover the years from 1994 trough 1997 ad awe neart to provide a lasic
understanding of the quatities of wage handled by the indudries, the
methods typicaly used 6 manage this wase, ard recen trerds in these
methods. TRI waste management daa canbe usedto assessrendsin saurce
redudion within individud indudries and facilities, and for specific TRI

chemical. This information could then be used as aobl in identifying
oppartunities for palution prevertion compliance asstarce acivities.

While the quatities reported or 1994 ad 1995 ae esimates of quarities
alreadymanaged,the quaitities reported or 1996ard 1997are projecions
only. The PPA requires these projections to encourage facilit ies to consider
future waste gemration ard sairce reducion of those quatities as welas
movement up the wase managenent hierarchy. Future-yearestmates ae rot
commitments that facilit ies reporting under TRI are required to meet.

Table 10 shows that the TRI reporting plastic resin manufacturing facilit ies
managed about 1.4 hillio npoundsof produdion related wastes (total quantity
of TRI chemicak in the wase from routine production operations in counn
B) in 1995. The yealy dat in cdumn B indicate that plagic resin
manufacturing fecilities substantially lowered the amount of produdion-
related wade managed letween1994 ad 1995. Projections for producton-
related wage managenent indicaie sight increagsbetween1995 ad 1996
followed by adight decrease in 1997. Values in column C are intended to
revealthe pecertage d TRI chenicak that are ethertrarsferred off-site or
releasedd the ervironmert. Caunmn C iscakulated by dividing the total TRI
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trarsfers am releasesreported n Sectons 5 ard 6 d the TRI FormR) by the
total quanity of producion-related wage (reported n Secton 8). The
percertage d TRI chenmicak tandered off-site or released @ the
environmert by the phsic resin industy increased rore than three bld
between1994 ad 1995.

The datindicate that atout 82 pecert of the TRI wasksare managed ansite
through recycling, erergy recovery, or treament (colunns D, E, and F,
respecively) in 1995. About 13 pecert of thewadeswere managedoff-site.
The remaining pation of TRI chenical wases @bout 5 pecert), slown in
column J, were releasedo the ervironmert throughdirectdischarges b ar,
land, water, ard urderground injection, or were dispasedoff-site. The overall
proportions of wastes managed orsite (colurms G, H, ard I) and off-site
(columns D, E, and F) are eypeckd  remain relatively constant between
1995ard 1997. Note that between1994 ad 1995 he proportion of wade
treaged on-site deceased v 125 pecert ard the poportion of wase
recycled m-site increased Y aimost 16 pecert.

Table 10: Source Reduction and Recycling Activity f or the Plagic Resin Industry (SIC 2821
asReported Within TRI

A B C J
On-Site Off-Site
Quartity of
Produdion-
Related | % Released D E F G H I % Releasd
Waste and and
Year | (10°lbs)* | Trangferred %  |% Energy % % Energy Transferred®
Recycled| Recovery | % Treatad | Recycled| Recovery | % Treated
1994 4116 51 235 118 432 17 74 3.7 8.8
1995 1,363 188 393 119 306 6.2 44 26 51
1996 | 1,448 N/A 361 158 277 73 38 21 7.2
1997| 1432 N/A 370 152 283 74 36 20 6.5

Source: U.S.EPA, Toxic Releas Inventoly Databag, 1995.

@ Within this indudry sector, non-produdion related waste < 1% d produdion related wastes for 1995.

® Total TR trarsfers and releases asreparted in Section 5 ard 6 of Form R asa percentage of produdion related
wastes.

¢ Percentage of produdion related waste released to the environment ard transferred off-site for disposal.

P Represents projected wastes for 1996 ad 1997.
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Table11showsthat the TRI reporting manmadefiber manufacturing facilit ies
managed alout 689 million pounds of produdion related wastes (total
guartity of TRI chemicak in thewast from routine producion operationsin
coum B) in 1995. The yealy da@ in cdumn B indicat that fiber
manufacturing fecilit ies project yearly increases in produdion-related waste
between1994 ad 1997. Valuesin column C are intended b reveal the
percertage d TRI chenicak that are ether trarsferred off-site or releasedo
the environmert. Colunn C is catulated by dividing the total TRI trarsfers
ard releasesrgported n Sections 5 ard 6 d the TRI Form R) by the total
quartity of producion-related wade (reported n Secton 8). The pecertage
of TRI chemcak trarsferred off-site or releasedd the ervironmert by the
manmade fber indugry decea®d sightly between1994 ad 1995.

The datindicate that atout 79 pecert of the TRl wasks ae managed ansite
through recycling, erergy recovery, or treament (colunns D, E, ard F,
respecively) in 1995. About 7 pecert of the waseswere managed df-site.
The remaining pation of TRI chenmicalwases @bout 14 pecert), sltown in
column J, were releasedd the ervironmert throughdirectdischargesto ar,
land, water, ard underground injection, or weredispased df-site. Theoverall
proportions d wases nanaged asite (columns G, H, ard ) are expeced b
increa® by 7.3 percert between1995ard 1997. The overall proportions of
wases nanaged df-site (colurms D, E, ard F) are expecedto deceaseby
1.9 pecert between1995 ad 1997. Note that between1995 ad 1997 he
proportion of wase treaed a-site is expeced D decease i 12.3 pecert
ard the pioportion of wase recycled a-site isexpeced D increase B alout
20 pecert.
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Table 11: Source Reduction and Recycling Activity f or the Manmade Fiber Industry (SIC
2823,2824)asReported Within TRI

A B C J
On-Site Off-Site
Quartity of
Produdion-
Related | % Releasd D E F G H [ % Reeasd
Waste and and
Year | (10°lbs)* | Trangferred || % Recycled % % % Energy Transferred®

Energy % Recycled | Recovery | % Treated
Recoveay| Treated

1994 634 210 230 0.70 555 76 0.50 0.13 129
1995 689 208 305 0.75 480 6.2 0.23 0.29 142
1996 814 N/A 435 0.65 397 4.8 0.13 0.29 109
1997 908 N/A 503 0.56 357 4.3 0.13 040 8.6

Source: U.S. EPA, Toxic Release Inventory Databas, 1995.

& Within this indusry sector, non-produdion related waste < 1% d produdion related wastes for 1995.

® Total TR transfers and releases asreparted in Section 5 ard 6 of Form R asa percentage of produdion related
wastes.

¢ Percentage of produdion related waste released to the environment ard transferred off-site for disposal.

P Represents projected wastes for 1996 ad 1997.
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Plagic Resin and Manmade Fiber Release and Trander Profile

IV. CHEMICAL RELEAS E AND TRANSFER PROFILE

This section is designed to provide background information on the pollutant
relea®s that are reported ty this industy. The lest saurce d comparative
pollutant releasenformation isthe Toxic Release ventory (TRI). Pursuart
to the Emergency Planning and Community Right-to-Know Act, TRI includes
self-reported facilit y release and transfer data for over 600 bxic chemicals.
Fecilities within SIC Codes20 trough 39 (marufacturing indudries) that
have more than 10 enployees,ard that are atmve weght-based reporting
thresholds are required to report TRI on-site releases and off-site transfers.
The information presemed within the secor notebooks is delived from the
most recertly available (1995) TRI reporting year (which includesover 600
chemicak), and focuses pmarily on the an-site releases reported by each
secbr. Because RI requires cansistent reporting regardlessof secbr, it is
anexcelent tool for drawing campatisons acossindusties. TRI datprovide
the type,anmount ard media recepbr of eachchenicalreleased ptrarsferred.

Although this secbr notebook does rot presen historical information
regarding TRI chemicalrelease®ver time, please ote that in gereral, toxic
chenical releagshave beendeclning. Infact, accading to the 1995 Dxic
Relkase mventory Public Data Rekase,reported asite releases btoxic
chemicals to the environment decreased by 5 percent (854 million pounds)
between1994 ad 1995 (ot including chrenicaksaddedand removed fromthe
TRI chemical list during this peiiod). Reported ileags dropped ly 46
percert between1988 and 1995. Reported rarsfersof TRI chemicakto off-
site locations increased by 0.4 percent (11.6 million pounds) between 1994
and 1995. More detiled information canbe obtained fom EPA's annual
Toxics Retase mventory Public Data Rekase bok (which is awailable
through the BPCRA Hotline at800535-0202) or directy from the Toxic
Relea® Inventory Systemdaitbase (for user suppat cal 202260-1531)

Wherever passble, the secbr notebooks presem TRI dat as te pimary
indicator of chemical release wihin eachindustial category. TRI daia
provide he type, anount ard media recepor of eachchemcal released o
trarsferred. Whenother saurces d pdlutant release dathave beenobtained,
these da have beenincluded b augnert the TRI information.

TRI Data Limitations

Certain limitations exist regarding TRI daa. Release and transfer reporting
are limited to the approximately 600 clenmicak onthe TRI list. Therefore, a
large portion of the emissions from indudrial facilities are not captured by
TRI. Within sane secbrs, (e.g. dry cleanng, printing ard trarspatation
equipment cleaning) the mgority of facilit ies are not subject to TRI reporting
becauselieyare rot considered manufacturing industies,or becausehieyare
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below TRI reporting thresholds For these sectors, release information from
other sources has beenincluded. Inaddition, many facilit ies report more than
one SC cade kflecing the nultiple operationscariedout onsite. Therefore,
reported releases ah trarsfers may or may not al be as®ciated wih the
indudrial operations described in this notebook.

The readershould also be awake that TRI "pounds eleased” dat presemed
within the rotebooks is not equvalent to a"risk" ranking for eachindusty.
Weighting eachpound of releaseequaly does rot facior in the relative
toxicity of eachchemical that is released. The Agercty is in the pocess 6
deweloping anappoachto assgn toxicological weightings © eachchenical
released sdhat one candifferentiate between pdlutants with significart
differencesin toxicity. Asapreliminary indicator of the environmental impact
of the industy's most commonly released chmicalks, the rotebook briefly
summarizes he toxicological propettiesof the top five chermicak (by weight)
reported ty eachindusty.

Definitions Assocated With Section IV Data Tables
General Definitions

SIC Code -- the Sardad Industia Classiication (SIC) is a shtistical
classficaton stardard used ér al estblishmert-based Federa ecaomic
statistics. The SIC codes facilit ate comparisons between facilit y and indugry
data.

TRI Facilities-- are manufacturing facilit ies that have 10 or more full-time
enployees ad are alwve esablished chemical throughput thresholds.
Manufacturing facilities are ddined as facilities in Standard Indugrial
Classification primary codes 20-39. Facilit ies must submit estimates for al
chemicak that are an the BPA's deined list ard ae almve throughput
thresholds

Data Table Coumn Heading Defnitions

The following defnitions are based upan gardard defnitions developed ly
EPA’sToxic Rekase hventory Program. Thecatgaiesbelow represemthe
possble pdlutant destnations that canbe reported.

RELEASES - are an on-site dsclerge d a toxic clemical to the
ervironmert. This includes enssons to the ar, discherges b bodies d
water, releases a the facility to land, as well as contained disposal into
underground injecion wels.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 66 Sepenber 1997




Plagic Resin and Manmade Fiber Release and Trander Profile

Releases to Air (Point and Fugitive Air Emissions) -- Include al ar
emissions from indudry activity. Point emissions occur throughconfined air
streans as dbund in stacks, vents, duds, or pipes. Fugitive enmssbns include
equpmert leaks,evapaative losses fom suface mpoundments ard splls,
and releases from building ventilation systems.

Releases 6 Water (Surface Waer Discharges)-- ercompass ap releases
going drrecty to streans, rivers, lakes, ocears, or other bodies d water.
Releases duentrunoff, including siorm water runoff, are ako reportalde to
TRI.

Releasesto Land -- occur within the boundaries of the reporting facilit y.
Rekases d land include dspcsal of toxic chemcak in landfills, land
treament/applicaion farming, suface mpoundments,ard other land dispcsal
methods (such as Soills, leaks, or waste piles).

Underground Injection -- is a cottained release ba fuid into asulsurface
well for the pupose d wase dispcsal. Wastes cantaining TRI chenricalk ae
injected nto either Class Iwels or ClassV wells. Class Iwels are useda
inject liquid hazadous wases o dispcse d industia ard municipal
wasewagers keneah the lowemost undemground saurce d drinking wagr.
ClassV wells are gerrally used o inject non-hazadous tuid into or atove
anundemground sourceof drinking water. TRI reporting daesnot currently
distinguish betweenthese wo types d wells, althoughthere ae important
differences n ervironmenta impactbetweenthese o methods d injection.

TRANSFERS -- is atransfer of toxic chemicals in wastes to afacility that is
geographically or physically separate from the facilit y reporting under TRI.
Chemicals reported to TRI as transferred are sent to off- site facilit ies for the
purpose d recycling, erergy recovery, treaiment, or dispcsal. The quanities
reported represem a novement of the chemcal awayfrom the reporting
facility. Except for off- site transfers for disposal, the reported quantities do
not necessaly represen ertry of the chemicalinto the ervironmert.

Transfersto POTW s-- are waséwaters trarsferred throughpipes o sewes
to a puMlicly owned treatments works (POTW). Treatment or removal of a
chemicalfrom the wasewater depenls a the nature of the chemical, as well
as he treamment methods pesen atthe POTW. Not al TRI chemcak can
be treatd a removed by aPOTW. Some chemical, suchas netals, may be
removed, but are not destroyed and may be disposed of in landfills or
discharged b receving wagrs.
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Transfers to Recycing -- are sent off-gite for the purposes of regenerating
or recovery by a variety of recycling methods, including sdvert recovery,
metals recovery, ard acd regereration. Once hese ckmcak have been
recycled, they may be returned to the originating facilit y or sold commaercially.

Trandersto Energy Recovey -- are wases canbusted off-site in industial
furnacedor erergyrecovery. Treatment of a clenical by incineration is not
considered b be erergy recovery.

Transfers to Treatment -- are wasesmoved off-site to be treaed trough
a \variety of methods, including neutralizaton, incineration, biological
destruction, or physical sepaation. In same casesthe cltenicak ae not
degroyed hut prepaed r further wade managenent.

Transfers to Disposal -- are wastes taken to another facility for disposal
gererally as a élease ¢ land or as annjection underground.

IV.A. EPA Toxic Release Inventory for the Plagic Resin and Manmade Fiber Industries

Plagic Resins

Rdeases

This secton sunmarizes TRI dat& of plasic resin ard manmade fber
manufacturing fecilities reporting SIC codes 2821, 2823, or 2824 asthe
primary SIC code for the facilit y.

Accarding to the 1995 DxicsRelea® Inventory (TRI) data, 444plagdicresin
and manmadefiber manufacturing fecilit iesreporting SIC2821,2823,0r 2824
released tp the ar, water, or land) ard trarsferred (shipped df-site or
discharged b sawers) a total of 399millio n poundsof toxic chemicals during
cakerdaryear1995. This represerts appoximately seven percert of the 57
billio n pounds of releases and transfers from all manufacturers (SICs 20-39)
reporting to TRI that year The top three clenmicak released % volume are
caibon disufide, nitrate compounds, ard ethylene. These hree accarnt for
about 51 pecent (82 million pounds) of the indudries tota releases.
Ethylene glycol, used in making pdyeser, accaints for 45 pecert (107
millio n pounds) of thetotal TRI chemicals transferred by theindudries. The
variabilit y in facilities TRI chemical profiles may be attributed to the variety
of processes ard produds in the indudries. Note that over half of the
chemicals were reported by fewer than ten facilit ies.

Table 12 presetts the rumber ard volumes o chemicak releasecdoy pladic
resin manufacturing facilit ies reporting SIC 2821 n 1995. About 410 pagic

Secbr Notebook Project 68 Sepenber 1997



Plagic Resin and Manmade Fiber Release and Trander Profile

resin facilit ies reported TRI emissions for 184 clemicak in 1995. Thetotal
volumeof releases was 64 .1 millio n poundsor 25 percent of the totd volume
of chemcals reported © TRI by the phsic resin industy (i.e. releases ah
trarsfers). The top five chemicak released ty this industy, in terms o
volumes, include: ethylene, metharol, acebnitrile, propylere, ard anmmonia.
The wery volatile nature of these clmicak is appaent in the fact that about
74 pacent (48 million pounds) of theindudry’ sreleasesare to the air. About
49 percent (314 million pounds) of al the TRI chemicals released by the
plasic resin industy were released © ar in the form of pont saurce
emissions, and 25 percent (16.3 millio n pounds) were released as fugitive air
emissions. Roughy 21 pecent (13.3 million pounds) of releases were by
underground injecion. The remaining five percert were released asvater
dischargesard disposals to land.
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Plagic Resin and Manmade Fiber Release and Trander Profile

Tranders

Manmade Fibers

Rdeases

Table 13 pesensthe rumber ard volumes o chemicaktransferred by plagic
resin manufacturing facilit ies reporting SIC 2821,in 1995. The total volume
of trarsfers was192 million pounds or 75 percent of the total volume of
chemicak reported © TRI by the phlsic resin industy (i.e. releases ah
trarsfers). Tranders to recycling ard erergy recovery accaurted for the
largest amount, 46 percent (88.5 million pounds) and 31 percent (60.2 million
pounds), respectively. About 16 pecent (305 milion pounds was
transferred off-site for treatment, with the remaining seven percent (132
million pounds) transferred for ether disposal or POTW treatment. Four
chemcak (ethylere glycol, N-hexane, xylene (mixed somers), ard vinyl
acette) accainted for alout 59 pecert of the 192 nilio n pounds of total
trarsfers for this industy. Ethylene glycol alone accainted for alout 34
percent (65.0 million pounds) of thetotal transfersand was primarily recycled.

Table 14 pesensthe numberard volumes o chemcakreleasedy manmade
fiber manufacturing fecilit iesreporting SIC 2823 @ 2824in 1995. Thirty-four
manmade fiber facilit ies reported TRI emissions for 116 clenicalk in 1995.
The total volume of releases was 959 million poundsor 67 percert of the
total volume of TRI chemicak reported ly the manmade fber industy (i.e.
releases amhtrangers). The top five chemicak released ¥ this industy, in
terms of volumes, include carbon disulfide, nitrate compounds, hydrochloric
acd, formic acd, ard metharol.

A typical manmadefiber facility averaged 2.8 millio n pounds of releases and
1.4 million poundsof transfers. The highrelease averageis attributed largdy
to the release of carbon disulfide by four facilit ies. Carbon disulfide, used in
making rayon, accaunted for alout 62 pecert (59.5 millio n pounds) of TRI
releases for the indudry. Even diminating carbon disulfide from the average
release calculation revealsthat manmadefiber facilit ies sill averageabout 1.1
million pounds of releases pa facility. These relatively high releases and
transfers pe facility may reflect the large volumes of material processed a a
relatively small number of facilit ies.

About 72 percent (69.5 million pounds) of dl the chemicals released by the
manmade fber industy were released @ ar in the form of point source
emissions, and six percent (6.3 million pounds) were released as fugitive air
emissions. RougHy 19 pecent (179 million pounds) of releases were by
underground injecton. The remaining three pecert were released as wat
dischargesard disposals to land.
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Plagic Resin and Manmade Fiber Release and Trander Profile

Tranders

Table 15 pesers the rumber ard volumes of chemicak trarsfered by
manmade fiber manufacturing facilit ies reporting SIC 2823or 2824,in 1995.
Thetotal volume of transfers off- site was 47.3 million pounds or 33 percent
of the total volume of chemicak reported to TRI by the manmade fher
industy (i.e. releases ahtrarsfers). Trarsfers to recycling accaunted for 90
percent of al transfers (42.5 million pounds). The remaining 10 pecent (4.8
millio n pounds) was transferred for disposal, treatment, energy recovery, or
to a FOTW. Ethylene glycol accainted for about 90 percert of theindusty’'s
transfers (425 million pounds), and was primarily recycled.
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Table 12:1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AVG.
# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSAL RELEASES PER FACILITY
STYRENE 169 691,663 2,194,288 724 0 13,524 2,900,199 17,161
METHANOL 117 1,151,653 3,514,948 300,637 231,524 609 5,199,371 44,439
ETHYLENE GLYCOL 94 565,134 878,651 136,554 0 130,051 1,710,390 18,196
TOLUENE 87 507,664 543,594 1,130 0 1,175 1,053,563 12,110
XYLENE (MIXED ISOMERS) 87 287,506 541,365 318 0 40 829,229 9,531
AMMONIA 83 283,371 724,002 98,963 1,900,000 §,307 3,014,643 36,321
METHYL METHACRYLATE 80 148,666 329,859 386 0 1,056 479,967 6,000
FORMALDEHYDE 78 213,263 554,705 117,744 26,000 26,029 937,741 12,022
BUTYL ACRYLATE 75 40,469 40,180 172 0 559 81,380 1,085
ETHYLBENZENE 67 102,350 184,558 452 0 261 287,621 4,293
VINYL ACETATE 58 488,372 1,462,610 §,088 0 1,717 1,960,787 33,807
MALEIC ANHYDRIDE 57 9,117 15,050 12 0 1,000 25,179 442
ZINC COMPOUNDS 56 2,282 1,015 11,759 0 110,087 125,143 2,235
ACRYLIC ACID 54 18,559 123,816 57 780,000 47 922,479 17,083
PHTHALIC ANHYDRIDE 54 12,122 27,083 649 0 396 40,250 745
PHENOL 47 107,358 137,001 957 0 4,497 249,813 5,315
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 47 90,798 1,060,560 5 0 0 1,151,363 24,497
CERTAIN GLYCOL ETHERS 46 15,868 9,408 1,531 0 0 26,807 583
DIISOCYANATES 45 13,923 7,042 5 0 5 20,975 466
N-BUTYL ALCOHOL 43 73,768 29,381 67,850 0 750 171,749 3,994
ETHYL ACRYLATE 42 45,868 33,253 495 0 523 80,139 1,908
METHYL ETHYL KETONE 40 78,863 222,717 41 0 14 301,635 7,541
ACRYLONITRILE 39 109,000 523,858 2,809 2,200,000 617 2,836,284 72,725
ETHYLENE 36 3,792,909 7,042,370 0 0 0 10,835,279 300,980
CHLORINE 32 34,923 77,838 §,403 0 0 121,164 3,786
PHOSPHORIC ACID 31 1,867 4,078 5 0 10 5,960 192
ANTIMONY COMPOUNDS 30 915 971 171 250 19,172 21,485 716
4,4'-ISOPROPYLIDENEDIPHENOL 30 34,581 1,694 3,445 0 0 39,720 1,324
NAPHTHALENE 30 46,149 6,860 66 0 59 53,134 1,771
1,2,4-TRIMETHYLBENZENE 30 18,396 7,395 276 0 0 26,067 869
N-HEXANE 29 519,196 1,225,066 244 80 0 1,744,586 60,158
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Table 12 ¢€ont.): 1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSAL RELEASES  PER FACILITY
1,3-BUTADIENE 28 129,591 329,654 19 0 0 459,264 16,402
PROPYLENE 26 1,637,967 1,944,230 0 0 0 3,582,197 137,771
DICYCLOPENTADIENE 25 44,152 32,195 250 0 0 76,597 3,064
SULFURIC ACID 25 3,777 45 1 0 0 3,823 153
TOLUENE DIISOCYANATE
(MIXED ISOMERS) 24 1,040 175 0 0 250 1,465 61
VINYL CHLORIDE 23 170,307 626,332 335 0 1 796,975 34,651
METHYL ACRYLATE 23 21,964 70,767 5,662 0 0 98,393 4,278
ACRYLAMIDE 22 2,554 2,911 1,329 1,600,000 121 1,606,915 73,042
CUMENE 22 141,079 149,870 262 0 5 291,216 13,237
METHYL ISOBUTYL KETONE 22 12,785 54,766 281 0 28 67,860 3,085
DICHLOROMETHANE 20 2,092,888 277,492 409 0 0 2,370,789 118,539
SEC-BUTYL ALCOHOL 20 4,760 2,526 65 0 5 7,356 368
TRIETHYLAMINE 16 32,968 3,259 170 0 0 36,397 2,275
BIPHENYL 15 65,291 3,482 1,354 0 0 70,127 4,675
N-METHYL-2-PYRROLIDONE 15 21,744 18,180 102 0 0 40,026 2,668
NITRATE COMPOUNDS 14 0 0 1,012,654 640,000 5 1,652,659 118,047
CHLORODIFLUOROMETHANE 14 262,468 95,831 5 0 0 358,304 25,593
BENZENE 13 76,370 47,516 7 200 209 124,372 9,567
ACETALDEHYDE 13 122,381 914,889 12,647 24,000 0 1,073,917 82,609
TERT-BUTYL ALCOHOL 13 26,600 8,207 308 0 750 35,865 2,759
N-METHYLOLACRYLAMIDE 13 392 1,270 47 0 34 1,743 134
BENZOYL PEROXIDE 12 87 260 0 0 0 347 29
CYCLOHEXANE 12 73,351 140,347 1,509 0 0 215,207 17,934
1,1-DICHLORO-1-FLUOROETHANE 12 194,482 31,909 0 0 0 226,391 18,866
DIETHANOLAMINE 11 370 84 5 0 0 459 42
CHROMIUM COMPOUNDS 10 549 26 487 400 0 1,462 146
COBALT COMPOUNDS 10 250 96 93 440 9,340 10,219 1,022
COPPER COMPOUNDS 9 533 1,214 7,595 0 980,018 989,360 109,929
TOLUENE-2,4-DIISOCYANATE 9 22 510 0 0 0 532 59
LEAD COMPOUNDS 8 273 510 1,723 0 0 2,506 313
FORMIC ACID 8 4,525 282 139 16,000 0 20,946 2,618
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Table 12 ¢€ont.): 1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AlIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
N,N-DIMETHYLFORMAMIDE 8 5533 30083 255 0 5 35876 4485
PROPYLENE OXIDE 8 4,689 17257 250 0 250 22446 2,806
EPICHLOROHYDRIN 8 7,782 2,247 0 0 0 10,029 1,254
NITRIC ACID 8 9,986 1,892 0 0 1 11,879 1,485
CHLOROMETHANE 7 37052 220010 571 0 5 257638 36805
HYDROQUINONE 7 636 128 19 43,000 0 43,783 6,255
DECABROMODIPHENYL OXIDE 7 2,698 387 250 0 0 3,335 476
CRESOL (MIXED ISOMERS) 7 5,730 3,692 30 0 0 9,452 1,350
TITANIUM TETRACHLORIDE 7 182 135 0 0 0 317 45
1,1,1-TRICHLOROETHANE 6 14,203 17,473 48 0 0 31,724 5,287
CHLOROETHANE 6 412746 329336 121 0 0 742203 123701
1-CHLORO-1,1-DIFLUOROCETHANE 6 67266 1223217 1 0 0 1,290484 215081
TRICHLOROETHYLENE 6 76,245 8,795 0 0 0 85,040 14,173
DI(2-ETHYLHEXYL) PHTHALATE 6 271 310 15 0 0 596 99
HYDROGEN FLUORIDE 6 1,766 146625 0 0 0 148391 24,732
NICKEL COMPOUNDS 5 250 5 322 11000 0 11577 2315
ETHYLENE OXIDE 5 5,085 7,118 250 0 5 12458 2492
PHOSGENE 5 123 20 0 0 0 143 29
O-XYLENE 5 68,038 41387 0 0 0 109425 21885
1,2-DICHLOROETHANE 5 98265 116224 273 0 0 214762 42952
14-DIOXANE 5 3810 1,763 17246 0 22 22841 4568
BARIUM COMPOUNDS 4 255 255 0 0 0 510 128
CARBON TETRACHLORIDE 4 10 140 80 0 0 230 58
CARBON DISULFIDE 4 110,755 958275 0 0 0 1,069030 267258
VINYLIDENE CHLORIDE 4 4542 97440 5 0 0 101987 25497
TRICHLOROAR.UOROMETHANE 4 6,227 1,522 0 0 0 7,749 1,937
CUMENE HYDROPEROXIDE 4 112 1,169 5 0 0 1,286 322
ALLYL ALCOHOL 4 331 7,529 0 55,000 0 62,860 15,715
N,N-DIMETHYLANILINE 4 1,065 0 0 0 0 1,065 266
PRORONALDEHYDE 4 24,914 16,094 0 0 0 41,008 10,252
CARBONYL SULFIDE 4 7,720 47,748 0 0 0 55,468 13,867
BORON TRIFLUORIDE 4 3.079 165 0 0 0 3,244 811
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Table 12 ¢€ont.): 1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
CYANIDE COMPOUNDS 3 0 16 1232 770000 0 771248 257083
MANGANESE COMPOUNDS 3 250 271 290 250 2420 3481 1,160
ANILINE 3 4,036 13848 2 0 0 17886 5,962
CHLOROFORM 3 556 5,905 392 0 0 6,853 2,284
HYDROGEN CYANIDE 3 25,000 34,700 0 0 0 59,700 19,900
PROPYLENEIMINE 3 555 0 0 0 0 555 185
FREON 113 3 11667 219650 38 0 0 231355 77118
DIBUTYL PHTHALATE 3 250 827 0 0 0 1,077 359
TOLUENE-2,6-DIISOCYANATE 3 5 13 0 0 0 18 6
O-CRESOL 3 500 3,746 5 0 0 4,251 1417
4 4-METHYLENEDIANILINE 3 685 48 0 0 0 733 244
ACROLEIN 3 56 1978 0 3,500 0 5,534 1,845
13-PHENYLENEDIAMINE 3 1,215 25 0 0 0 1,240 413
CHLOROBENZENE 3 256001 159000 6 0 0 415007 138336
2-METHOXYETHANOL 3 5,760 3,665 6,000 0 0 15425 5,142
BUTYRALDEHYDE 3 17,399 35,115 263 0 0 52,777 17,592
DIMETHYL PHTHALATE 3 939 34 29 0 0 1,002 334
HYDRAZINE 3 6 47 0 0 0 53 18
ZINC (FUME OR DUST) 3 5 354 0 0 0 359 120
CADMIUM COMPOUNDS 2 5 6 5 0 0 16 8
DIETHYL SULFATE 2 3407 19 0 0 0 3,426 1,713
DICHLORODIFLUOROMETHANE 2 49194 4404 0 0 0 53598 26,799
DIMETHYL SULFATE 2 5 6 0 0 0 11 6
ISOBUTYRALDEHYDE 2 1,824 1,677 0 0 0 3,501 1,751
O-TOLUIDINE 2 6,480 1,560 5 0 5 8,050 4,025
ACETOPHENONE 2 3,190 2,100 640 0 0 5,930 2,965
4,4-METHYLENEBIS(2-CHLOROANIL INE) 2 0 0 0 0 0 0 0
ALLYL CHLORIDE 2 870 2311 0 0 0 3,181 1,591
2-ETHOXYETHANOL 2 575 9,908 0 0 0 10483 5,242
PYRIDINE 2 2,773 3,250 314 140000 0 146337 73169
ANTHRACENE 2 179 12 2 0 0 193 97
TETRACHLOROETHYLENE 2 628 4500 0 0 0 5128 2.564
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Table 12 ¢€ont.): 1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)

by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
TETRACHLOROETHYLENE 2 628 4,500 0 0 0 5,128 2,564
NICKEL 2 65 0 0 0 0 65 33
COPPER 2 0 0 0 0 0 0 0
SODIUM NITRITE 2 0 0 0 0 0 0 0
ARSENIC COMPOUNDS 1 0 0 0 200 0 200 200
SILVER COMPOUNDS 1 0 0 0 0 0 0 0
PIPERONYL BUTOXIDE 1 0 0 0 0 0 0 0
ACETAMIDE 1 5 0 0 490000 0 490005 490005
THIOUREA 1 0 0 12 0 0 12 12
ISOPROPYL ALCOHOL (MANUFACTURING,
STRONG-ACID PROCESSONLY, NO SUPPLIE 1 250 250 0 0 0 500 500
HEXACHLOROETHANE 1 1 2 0 0 0 3 3
BROMOMETHANE 1 8,600 370000 3 0 0 378603 378603
ACETONITRILE 1 9,000 20000 0 4,300000 0 4,329000 4,329000
TRICHLOROACETYL CHLORIDE 1 0 1 0 0 0 1 1
DICHLOROTETRAFLUOROETHANE (CFC-114) 1 0 44035 . 0 0 44035 44035
1,2-DICHLOROPROPANE 1 11818 146880 1,056 0 0 159,754 159,754
1,1,2-TRICHLOROETHANE 1 898 0 0 0 0 898 898
1,122-TETRACHLOROETHANE 1 0 0 0 0 0 0 0
1,2-DICHLOROBENZENE 1 91,000 14000 170 0 100 105270 105270
4,4-DIAMINODIPHENYL ETHER 1 5 17 0 0 0 22 22
2A-DIMETHYLPHENOL 1 90 150 5 0 0 245 245
P-XYLENE 1 84,000 63,000 0 0 0 147000 147000
P-CRESOL 1 250 250 250 0 0 750 750
14-DICHLOROBENZENE 1 7342 435 11 0 0 7,788 7,788
P-PHENYLENEDIAMINE 1 3,200 0 12 0 0 3,212 3,212
CHLOROMETHYL METHYL ETHER 1 2 2,854 10 0 0 2,866 2,866
M-CRESOL 1 250 250 5 0 0 505 505
CYCLOHEXANOL 1 0 0 0 0 0 0 0
2-METHYLPYRIDINE 1 5 0 0 20000 0 20005 20005
PROPOXUR 1 0 5 0 0 0 5 5
CHLORENDIC ACID 1 0 6 0 0 0 6 6
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Table 12 ¢€ont.): 1995 TRI Releasesfor Plagic Resn Manufacturing Facilities(SIC 2821)

by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES

CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
DIPHENYLAMINE 1 1,029 2,197 0 0 0 3,226 3,226
DIMETHYLAMINE 1 0 70 0 0 0 70 70
METHACRYLONITRILE 1 0 0 0 990 0 990 990
CHLOROPRENE 1 125 0 0 0 0 125 125
POTASSIUM DIMETHYLDITHIOCARBAMATE 1 0 0 0 0 0 0 0
METHYL PARATHION 1 0 192 0 0 0 192 192
1-CHLORO-1,1,2,2-TETRAFLUOROETHANE 1 0 502000 . 0 0 502000 502000
1,2-DICHLOROETHYLENE 1 253 1,408 0 0 0 1,661 1,661
LITHIUM CARBONATE 1 0 0 0 0 0 0 0
26-DIMETHYLPHENOL 1 1,720 780 12 0 0 2512 2512
CIl.BASICRED 1 1 0 0 0 0 0 0 0
MOLYBDENUM TRIOXIDE 1 250 0 0 38,000 0 38250 38250
ASBESTOS (FRIABLE) 1 1 1 0 0 0 2 2
ALUMINUM OXIDE (FIBROUS FORMS) 1 0 640 0 0 0 640 640
2-CHLORO-1,1,1,2-TETRAFLUOROETHANE 1 0 127,700 0 0 127,700 127,700
CROTONALDEHYDE 1 0 0 0 1,500 0 1,500 1,500
LEAD 1 0 0 0 0 0 0 0
ANTIMONY 1 0 64 110 0 7,544 7,718 7,718
CADMIUM 1 0 5 0 0 0 5 5
CHROMIUM 1 0 120 0 0 0 120 120
COBALT 1 0 0 340 0 2,900 3,240 3,240
TETRAMETHRIN 1 0 0 0 0 0 0 0
PHOSPHORUS (YELLOW OR WHITE) 1 0 0 0 0 0 0 0
BROMINE 1 0 29 0 0 0 29 29
DIAMINOTOLUENE (MIXED ISOMERS) 1 5 5 250 0 5 265 265
OXYFLUORFEN 1 0 0 3 0 0 3 3
PERMETHRIN 1 0 0 0 0 0 0 0
410 16247638 31388839 1842689 13292334 1324533 64096033 156332
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Table 13:1995 TRI Trandersfor Plagic Resn Manufacturing Facilities(SIC 2821),
by Number of Fadlities Reporting (in poundsyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY|
STYRENE 169 49,155 80,514 3,473 2,484,986 2,859,959 5,478,087 32,415
METHANOL 117 4,137,730 1,293 2,392,756 1,600,406 4,189,501 12,321,699 105,314
ETHYLENE GLYCOL 94 1,405,804 33,917 57,503,330 2,356,337 3,653,009 64,952,397 690,983
TOLUENE 87 1,343 158,651 1,025,109 275,707 4,588,473 6,049,283 69,532
XYLENE (MIXED ISOMERS) 87 8,881 58,701 2,823,319 6,829,205 6,647,313 16,367,419 188,131
AMMONIA 83 488,000 2,037 24,293 5,353 519,683 6,261
METHYL METHACRYLATE 80 249,367 11,407 . 83,811 1,068,305 1,412,890 17,661
FORMALDEHYDE 78 271,686 84,144 §,689 83,875 302,857 751,253 9,631
BUTYL ACRYLATE 75 24,243 2,045 28,229 61,428 67,694 183,639 2,449
ETHYLBENZENE 67 1,949 9,545 141,149 675,363 1,107,753 1,935,759 28,892
VINYL ACETATE 58 187,114 29,140 513,204 8,197,006 5,985,939 14,912,403 257,110,
MALEIC ANHYDRIDE 57 876 9,676 . 76,650 21,283 108,485 1,903
ZINC COMPOUNDS 56 24,491 465,019 70 1,314,536 16,350 1,820,466 32,508
ACRYLIC ACID 54 4,096 23 11,455 100,686 189,911 306,171 5,670
PHTHALIC ANHYDRIDE 54 1,503 38,060 2 102,164 40,877 182,606 3,382
PHENOL 47 1,335,607 234,309 12,965 1,091,655 713,248 3,387,784 72,081
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 47 5 45 . 4,743 . 4,793 1024
CERTAIN GLYCOL ETHERS 46 1,244,400 36,776 250 305,896 1,023,988 2,611,319 56,768
DIISOCYANATES 45 10 4,941 . 262,788 3,550 271,289 6,029
N-BUTYL ALCOHOL 43 87,572 39,528 282 134,483 451,391 713,256 16,587
ETHYL ACRYLATE 42 25,191 1,079 8 46,005 40,017 112,300 2,674
METHYL ETHYL KETONE 40 81,049 20,856 15,519 128,995 685,946 932,365 23,309
ACRYLONITRILE 39 20,905 802 462,028 141,921 625,656 16,042
ETHYLENE 36 17 14,001 10,615,169 10,629,187 295,255
CHLORINE 32 0 . . 450 . 450 14
PHOSPHORIC ACID 31 0 1,225 0 14,220 0 15,445 498
ANTIMONY COMPOUNDS 30 11 50,873 252 80,717 2,157 134,010 4,467
4,4'-ISOPROPYLIDENEDIPHENOL 30 101 59,099 1,978 330 61,508 2,050
NAPHTHALENE 30 35 §,050 118,877 498,457 625,419 20,847
1,2,4-TRIMETHYLBENZENE 30 514 695 . 14,465 199,733 215,407 7,180
N-HEXANE 29 8,080 66,651 §,995.720 356,032 8,275,874 17,702,357 610,426
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Table 13 ¢ont.): 1995 TRI Trandersfor Plagic Resin Manufacturing Fadlities (SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY]
1,3-BUTADIENE 28 20 8 85,966 1,826 87,820 3,136,
PROPYLENE 26 5 . 1 3,132,222 3,132,228 120,470]
DICYCLOPENTADIENE 25 43 5,910 93,157 300,204 399,314 15,973
SULFURIC ACID 25 2,801 1 286 3,088 124
TOLUENE DIISOCYANATE
(MIXED ISOMERS) 24 5 . . 43,424 1,002 44,431 1,851
VINYL CHLORIDE 23 302 331 66,470 74,161 12,002 153,266 6,664
METHYL ACRYLATE 23 871 860 10,347 17,272 135,776 165,126 7,179,
ACRYLAMIDE 22 161 8 5,047 345 5,561 253
CUMENE 22 12 62,573 . 56,310 58,344 177,239 §,056
METHYL ISOBUTYL KETONE 22 118 35 0 14,268 80,465 94,886 4,313
DICHLOROMETHANE 20 7 17,096 200,860 146,444 130,915 495,322 24,7766
SEC-BUTYL ALCOHOL 20 151 182 1,440 25,138 26,911 1,346]
TRIETHYLAMINE 16 2,356 . . 5,764 744 8,864 554
BIPHENYL 15 269 2,140 71,034 1,392 204,113 278,948 18,597
N-METHYL-2-PYRROLIDONE 15 80,300 186,178 1,298,802 117,573 37,718 1,720,571 114,705
NITRATE COMPOUNDS 14 41,700 110,308 . 110,470 . 262,478 18,748
CHLORODIFLUOROMETHANE 14 0 . 140 5 126,140 126,285 9,020
BENZENE 13 1,323 46 94,081 67,563 186,465 349,478 26,883
ACETALDEHYDE 13 223,239 . . 143,412 61,610 428,261 32,943
TERT-BUTYL ALCOHOL 13 94,622 515 220 102,269 143,457 341,083 26,237,
N-METHYLOLACRYLAMIDE 13 2,793 13 1,601 294 4,701 362
BENZOYL PEROXIDE 12 5 296 . 5 5 311 26
CYCLOHEXANE 12 1,500 0 1,008 4,604 921,139 928,251 77,354
1,1-DICHLORO-1-FLUOROETHANE 12 0 . 32,840 900 33,740 2,812
DIETHANOLAMINE 11 5,395 5 . 9,858 360 15,618 1,420
CHROMIUM COMPOUNDS 10 0 8,668 5 4,853 0 13,526 1,353
COBALT COMPOUNDS 10 0 31 24,000 17,049 500 41,580 4,158
COPPER COMPOUNDS 9 0 87,375 668,600 72,888 . 828,863 92,006
TOLUENE-2,4-DIISOCYANATE 9 0 . . 1,027 1,237 2,264 2524
LEAD COMPOUNDS 8 0 4,748 5 1,126 5,879 735
FORMIC ACID 8 0 0 5 5 1
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Table 13 ¢ont.): 1995 TRI Trandersfor Plagic Resin Manufacturing Fadlities (SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AVG

# ENERGY TRANSFER]

REFORTING POTW  DISPCSAL RECYCLING TREATMENT RECOMVERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
N,N-DIMETHYLFORMAMIDE 8 106238 . 53890 488482 648610 81076
PROPYLENE OXIDE 8 177100 160 9 4 177273 22159
EPICHLOROHYDRIN 8 9,888 . 5,563 15,451 1,931
NITRIC ACID 8 0 0 8,450 8,450 1,056]
CHLOROMETHANE 7 250 . 486 . 736 105
HYDROQUINONE 7 119 74 377 7 577 82
DECABROMODIPHENYL OXIDE 7 5 32360 4,436 . 36801 5,257
CRESOL (MIXED ISOMERS) 7 0 . . 2361 42453 44814 6,402
TITANIUM TETRACHLORIDE 7 0 32282 129127 0 . 161409 23058
1,1,1-TRICHLOROETHANE 6 0 3,088 . 24,340 720 28,148 4,691
CHLOROETHANE 6 0 2,726 2,726 454
1-CHLORO-1,1-DIFLUOROETHANE 6 0 . . . 0 0
TRICHLOROETHYLENE 6 12 . 143735 21073 1,960 166,780 27,797
DI(2-ETHYLHEXYL) PHTHALATE 6 0 3,036 . 11673 1404 16,113 2,686
HYDROGEN FLUORIDE 6 0 . 210 5,400 8,840 14,450 2,408
NICKEL COMPOUNDS 5 502 576 27426 28504 5,701
ETHYLENE OXIDE 5 250 162 412 82
PHOSGENE 5 0 . . . 0 0
O-XYLENE 5 2,104 16000 177450 76531 272085 54417
1,2-DICHLOROETHANE 5 1,766 . 5,876308 2,766 3371 5884211 1,176847
14-DIOXANE 5 0 271 12655 11990 24916 4,983
BARIUM COMPOUNDS 4 251 1401 . 16 10 1,678 420
CARBON TETRACHLORIDE 4 0 4,000 355475 72370 10 431855 107964
CARBON DISULFIDE 4 13260 1,820 0 12130 610 27820 6,955
VINYLIDENE CHLORIDE 4 0 250 33323 33573 8,393
TRICHLOROAR.UOROMETHANE 4 0 250 5 . 255 64
CUMENE HYDROPEROXIDE 4 5 0 . 0 5 1
ALLYL ALCOHOL 4 191310 79933 430 271673 67918
N,N-DIMETHYLANILINE 4 5 . 550 517 1072 2694
PRORONALDEHYDE 4 87,434 0 . 5,565 92,999 23,250
CARBONYL SULFIDE 4 0 16,000 16,000 4,000§
BORON TRIFLUORIDE 4 0 10 10 3]
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Table 13 ¢ont.): 1995 TRI Trandersfor Plagic Resin Manufacturing Fadlities (SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AVG

# ENERGY TRANSFER]

REFORTING POTW  DISPCSAL RECYCLING TREATMENT RECOMVERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
CYANIDE COMPOUNDS 3 1,048 . . 89925 90973 30324
MANGANESE COMPOUNDS 3 0 259 2,000 12028 . 14287 4,764
ANILINE 3 8,182 5 . 3,300 44229 55716 18577
CHLOROFORM 3 0 1 126,776 3,774 130551 43517
HYDROGEN CYANIDE 3 87 87 29
PROPYLENEIMINE 3 0 . . 0 0
FREON 113 3 0 . 106088 16570 . 122658 40884
DIBUTYL PHTHALATE 3 5 5 505 129 644 215
TOLUENE-2,6-DIISOCYANATE 3 0 . 178 178 59
O-CRESOL 3 0 . 0 0 0
4 4-METHYLENEDIANILINE 3 5 122 17400 . 17527 5,842
ACROLEIN 3 0 . 4,035 35301 39336 13117
1,3-PHENYLENEDIAMINE 3 5 80 . . . 85 28
CHLOROBENZENE 3 0 4,205 614904 528000 117000 1264109 42137(
2-METHOXYETHANOL 3 0 . 1565 11279 12844 4,287
BUTYRALDEHYDE 3 440 41 2,200 . 2,681 894
DIMETHYL PHTHALATE 3 600 5 18639 5 19249 6414
HYDRAZINE 3 0 . 274 274 9]
ZINC (FUME OR DUST) 3 250 5420 . 5 5,675 1,897
CADMIUM COMPOUNDS 2 0 9 5 14 7l
DIETHYL SULFATE 2 158 158 79
DICHLORODIALUOROMETHANE 2 0 0 0]
DIMETHYL SULFATE 2 0 . . . 0 0
ISOBUTYRALDEHYDE 2 0 0 31 0 31 16}
O-TOLUIDINE 2 1463 . 90221 91684 45843
ACETOPHENONE 2 0 1 500 501 251
4 A-METHYLENEBIS(2-CHLOROANILINE) 2 0 . 234 234 117
ALLY L CHLORIDE 2 5 85 . 90 45
2-ETHOXYETHANOL 2 0 160 1,200 1,360 68(Q
PYRIDINE 2 0 88282 66595 154877 77439
ANTHRACENE 2 0 . 1593 40576 42169 21085
TETRACHLOROETHYLENE 2 0 712881 290 1,650 714821 357417
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Table 13 ¢ont.): 1995 TRI Trandersfor Plagic Resin Manufacturing Fadlities (SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AVG
# ENERGY TRANSFER]
REFORTING POTW  DISPCSAL RECYCLING TREATMENT RECOMVERY TOTAL PER
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
NICKEL 2 14 8,309 12960 21283 10647
COPPER 2 142 2,104 33192 . 35438 17,719
SODIUM NITRITE 2 250 . 505 755 378
ARSENIC COMPOUNDS 1 0 . 5 5 5
SILVER COMPOUNDS 1 0 97,000 . 97,000 97,000
PIPERONYL BUTOXIDE 1 250 15,148 15,398 15,398}
ACETAMIDE 1 0 . 250 250 250
THIOUREA 1 0 495 495 495
ISOPROPYL ALCOHOL (MANUFACTURING,
STRONG-ACID PROCESSONLY, NO SUPPLIE 1 0 500 500 500§
HEXACHLOROETHANE 1 0 75132 75132 75132
BROMOMETHANE 1 0 . 380 380 38(
ACETONITRILE 1 0 1,750 1,750 1,754
TRICHLOROACETYL CHLORIDE 1 0 0 0
DICHLOROTETRAFLUOROETHANE (CFC-114) 1 0 . 0 0
1,2-DICHLOROPROPANE 1 0 404 . 404 404
1,1,2-TRICHLOROETHANE 1 0 4,026507 4,026507 4,026507
1,12 2-TETRACHLOROETHANE 1 0 72142 . 72142 72142
1,2-DICHLOROBENZENE 1 0 14010 25690 124087 163,787 163,787
4,4-DIAMINODIPHENYL ETHER 1 5 120 . 125 125
2A-DIMETHYLPHENOL 1 0 2,000 2,000 2,000
P-XYLENE 1 0 0 0
P-CRESOL 1 0 . . 0 0
14-DICHLOROBENZENE 1 0 498408 48 498456 4984549
P-PHENYLENEDIAMIN E 1 0 . 0 0
CHLOROMETHYL METHYL ETHER 1 0 70 70 70
M-CRESOL 1 0 0 0
CYCLOHEXANOL 1 0 . 0 0
2-METHYLPYRIDINE 1 0 5 5 5
PROPOXUR 1 250 750 1,000 1,009
CHLORENDIC ACID 1 0 488 488 488
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Table 13 ¢ont.): 1995 TRI Trandersfor Plagic Resin Manufacturing Fadlities (SIC 2821)
by Number of Fadlities Reporting (in poundsyear)

AVG

# ENERGY TRANSFER]

REFORTING POTW  DISPCSAL RECYCLING TREATMENT RECOMVERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
DIPHENYLAMINE 1 5 9417 9422 9,422
DIMETHYLAMINE 1 0 0 0
METHACRYLONITRILE 1 0 . 0 0
CHLOROPRENE 1 0 254406 254406 254404
POTASSIUM DIMETHYLDITHIOCARBAMATE 1 160000 160000 160000
METHYL PARATHION 1 0 0 0
1-CHLORO4,1,2,2-TETRAFLUOROETHANE 1 0 0 0
1,2-DICHLOROETHYLENE 1 0 . 0 0
LITHIUM CARBONATE 1 0 860 . 860 860
26-DIMETHYLPHENOL 1 0 . 200 . 200 204
ClL.BASCRBED 1 1 250 668 250 250 1418 1419
MOLYBDENUM TRIOXIDE 1 0 . 330 330 330
ASBESTOS (FRIABLE) 1 0 191000 . 191000 191000
ALUMINUM OXIDE (FIBROUS FORMS) 1 0 3,424 3,424 3,424
2-CHLORO1,1,1,2-TETRAFLUOROETHANE 1 0 0 0
CROTONALDEHYDE 1 0 . 0 0
LEAD 1 0 . 3,000 3,000 3,000
ANTIMONY 1 0 7544 . 7,544 7,544
CADMIUM 1 0 5 5 5
CHROMIUM 1 0 0 0 0
COBALT 1 0 4 4 4
TETRAMETHRIN 1 0 750 750 750
PHOSPHORUS (YELLOW OR WHITE) 1 0 0 0
BROMINE 1 0 . . 0 0
DIAMINOTOLUENE (MIXED ISOMERS) 1 250 110 990 1350 1,35(¢
OXYFLUORFEN 1 3,135 11268 14403 14403
PERMETHRIN 1 0 505 505 505
410 10885040 2311895 88496795 30453640 60227508 192374893 469201
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Table 14:1995 TRI Releasesfor Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)
by Number of Fadlities Reporting (in poundsyear)

AVG.
# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGE INJECTION DISPOSAL RELEASES PER FACILITY
S
ETHYLENE GLYCOL 13 479,311 558,748 218,523 3,500 1,655 1,261,737 97,057
BIPHENYL 12 246,298 52,811 298 5,500 271 305,184 25,432
AMMONIA 11 78,827 107,090 284,152 230,695 26,005 726,859 66,078
CHLORINE 10 511 62,250 110 0 0 62,871 6,287
ANTIMONY COMPOUNDS 9 940 2,303 688 6 18,005 21,942 2,438
METHANOL 9 665,183 1,592,326 5,198 370,250 0 2,632,957 292,551
ACETALDEHYDE 9 400,610 799,922 3,990 120,000 0 1,324,522 147,169
PHOSPHORIC ACID 9 5 6 0 0 0 11 1
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 8 240 6,034,881 0 0 0 6,035,121 754,390
1,4-DIOXANE 7 13,339 48,658 125,342 0 10 187,349 26,764
NITRATE COMPOUNDS 6 0 0 856,584 11,000,000 0 11,856,584 1,976,097
ZINC COMPOUNDS 6 250 2,653 63,900 2 533,600 600,405 100,068
TOLUENE 6 310,790 616,243 266 0 0 927,299 154,550
SULFURIC ACID 6 0 2,907 0 0 0 2,907 485
MANGANESE COMPOUNDS 5 0 2,500 2,000 340 19,000 23,840 4,768
FORMALDEHYDE 5 3,914 40,678 12,724 28,000 0 85,316 17,063
METHYL ETHYL KETONE 5 96,416 87,991 424 88,000 0 272,831 54,566
NITRIC ACID 5 2,400 4,900 0 200,000 0 207,300 41,460
CHROMIUM COMPOUNDS 4 0 533 1,510 0 §,400 10,443 2,611
CARBON DISULFIDE 4 2,697,000 56,760,000 39,110 0 265 59,496,375 14,874,094
FORMIC ACID 3 1,602 17,908 52 3,400,000 0 3,419,562 1,139,854
N-BUTYL ALCOHOL 3 35,011 3,838 18,000 830,000 0 886,849 295,616
TRICHLOROFLUOROMETHANE 3 219,927 4,400 75 0 0 224,402 74,801
ACRYLONITRILE 3 36,836 222,786 0 8,760 0 268,382 89,461
VINYL ACETATE 3 9,909 125,510 1 750 0 136,170 45,390
HYDROQUINONE 3 12,000 1,039 3,400 0 0 16,439 5,480
BUTYRALDEHYDE 3 17,330 53,300 110 84,000 0 154,740 51,580
DIMETHYLAMINE 3 18,312 261,417 20,500 0 0 300,229 100,076
NICKEL 3 0 110 341 6,100 1,340 7,801 2,630
COPPER COMPOUNDS 2 0 270 690 170 6,100 7,230 3,615
DIISOCYANATES 2 142 0 0 0 0 142 71
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Table 14 (cont.): 1995 TRI Releases for Manmade Fiber Manufacturing Facilities (SIC 2823 & 2824),
by Number of Facilities Reporting (in pounds/year)

# REPORTING FUGITIVE POINT WATER UNDERGROUND LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPOSAL RELEASES  PER FACILITY
CERTAIN GLYCOL ETHERS 2 98,400 7,100 408 0 0 105,908 52,954
BENZENE 2 0 §,100 0 0 0 §,100 4,050
1,1,1-TRICHLOROETHANE 2 6,394 227,694 0 0 0 234,088 117,044
ETHYLENE 2 3,400 110,000 0 0 0 113,400 56,700
ACETONITRILE 2 39,536 44,719 497 0 0 84,752 42,376
DICHLOROMETHANE 2 125,694 291,436 0 0 0 417,130 208,565
ETHYLENE OXIDE 2 250 23,005 0 0 0 23,255 11,628
TERT-BUTYL ALCOHOL 2 0 65 0 750 0 815 408
DICHLORODIFLUOROMETHANE 2 23,581 0 0 0 0 23,581 11,791
STYRENE 2 1,500 2,100 190 0 0 3,790 1,895
1,3-BUTADIENE 2 380 18,400 0 0 0 18,780 9,390
PHENOL 2 191 1,171 626 0 0 1,988 994
2-METHOXYETHANOL 2 24 63 2,800 0 0 2,887 1,444
N-HEXANE 2 188,179 4,672 0 0 0 192,851 96,426
CYCLOHEXANE 2 10,900 150,980 9 20,000 0 181,889 90,945
DIETHANOLAMINE 2 270 1,483 0 0 0 1,753 877
PROPIONALDEHYDE 2 14,000 100,000 7 80,000 0 194,007 97,004
DIMETHYL PHTHALATE 2 6 275 230 750 0 1,261 631
BUTYL ACRYLATE 2 36 513 5 0 0 554 271
SODIUM NITRITE 2 0 0 0 6,500 0 6,500 3,250
TOLUENE DIISOCYANATE
(MIXED ISOMERS) 2 10 5 0 0 0 15 8
CADMIUM COMPOUNDS 1 0 0 0 0 0 0 0
COBALT COMPOUNDS 1 0 280 0 0 14,000 14,280 14,280
CYANIDE COMPOUNDS 1 0 0 0 0 0 0 0
LEAD COMPOUNDS 1 0 13 0 0 0 13 13
NICKEL COMPOUNDS 1 0 1 0 0 0 1 1
2,4-DINITROPHENOL 1 110 0 2,000 0 0 2,110 2,110
ANILINE 1 40 120 4,300 0 0 4,460 4,460
DIETHYL SULFATE 1 230 0 0 0 0 230 230
CHLOROFORM 1 7,000 17,000 2 0 0 24,072 24,072
N,N-DIMETHYL FORMAMIDE 1 460 4,100 410 0 0 4,970 4,970
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Table 14 ¢ont.): 1995 TRI Releasesfor Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)
by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
BROMOMETHANE 1 720 210000 11 0 0 210731 210731
METHYL IODIDE 1 4,000 16 0 0 0 4,016 4,016
HYDROGEN CYANIDE 1 27,200 44,410 0 0 0 71,610 71,610
VINYLIDENE CHLORIDE 1 190 5,900 0 0 0 6,090 6,090
CHLORODIFLUOROMETHANE 1 5,790 0 0 0 0 5,790 5,790
FREON 113 1 167230 30375 0 0 0 197605 197605
DICHLOROTETRAFLUOROETHANE
(CFC-114) 1 8,244 0 0 0 0 8,244 8,244
DIMETHYL SULFATE 1 0 0 0 0 0 0 0
ISOBUTYRALDEHYDE 1 20,000 7,300 0 0 0 27,300 27,300
SEC-BUTYL ALCOHOL 1 0 0 0 48,000 0 48,000 48,000
ACRYLIC ACID 1 3 1,087 20 0 0 1,110 1,110
1,122-TETRACHLOROETHANE 1 160 250 0 0 0 410 410
4,4-1ISOPROPYLIDENEDIPHENOL 1 0 0 0 0 0 0 0
METHYL METHACRYLATE 1 750 750 0 0 0 1,500 1,500
DIBUTYL PHTHALATE 1 7,000 190 85 0 0 7275 7275
PHTHALIC ANHYDRIDE 1 3,900 1,100 0 0 0 5,000 5,000
PICRIC ACID 1 0 0 0 25,000 0 25,000 25,000
O-ANISIDINE 1 460 10 0 0 0 470 470
2-PHENYLPHENOL 1 0 59 0 0 0 59 59
O-XYLENE 1 17000 35000 2 0 0 52002 52002
O-TOLUIDINE 1 460 0 0 0 0 460 460
METHYL ACRYLATE 1 3 817 0 0 0 820 820
DICHLORAN 1 0 0 0 0 0 0 0
P-NITROANILINE 1 3 0 2 0 0 5 5
BENZYL CHLORIDE 1 0 0 0 0 0 0 0
P-XYLENE 1 6,400 63,000 0 0 0 69400 69400
P-PHENYLENEDIAMIN E 1 0 0 . 0 0 0 0
QUINONE 1 3,800 3,300 1,500 0 0 8,600 8,600
METHYL ISOBUTYL KETONE 1 44000 100000 4,000 0 0 148000 148000
MALEIC ANHYDRIDE 1 0 0 0 0 0 0 0
M-XYLENE 1 1,000 1,000 0 0 0 2,000 2.000
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Table 14 ¢ont.): 1995 TRI Releasesfor Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)

by Number of Fadlities Reporting (in poundsyear)

#REPORTING FUGITIVE POINT WATER UNDERGROWD LAND TOTAL AVG. RELEASES

CHEMICAL NAME CHEMICAL AIR AIR DISCHARGES INJECTION DISPCSAL RELEASES  PER FACILITY
1,3-PHENYLENEDIAMINE 1 0 0 . 0 0 0 0
CHLOROBENZENE 1 290 1,500 1 0 0 1,791 1,791
CYCLOHEXANOL 1 92 3,600 0 1,300000 0 1303692 1303692
PYRIDINE 1 41 2 190 0 0 233 233
PROPYLENE 1 540 14000 0 0 0 14540 14540
DI(2-ETHYLHEXYL) PHTHALATE 1 8,300 2 230 0 0 8,532 8,532
TRIETHYLAMINE 1 280 12000 13 0 0 12293 12293
N,N-DIMETHYLANILINE 1 0 0 0 0 0 0 0
TETRACHLOROETHYLENE 1 420 3,280 . 0 0 3,700 3,700
ETHYL ACRYLATE 1 2 844 0 0 0 846 846
P-NITROSODIPHENYLAMINE 1 24 0 0 0 0 24 24
BIS(CHLOROMETHYL) ETHER 1 0 0 0 0 0 0 0
VINYL BROMIDE 1 220 8,000 0 0 0 8,220 8,220
N-METHYL-2-PYRROLIDONE 1 84 1 8,000 0 0 8,085 8,085
DECABROMODIPHENYL OXIDE 1 0 1 0 11 0 12 12
XYLENE (MIXED ISOMERS) 1 30,000 33,000 270 0 0 63270 63270
CROTONALDEHYDE 1 35,000 55,000 680 0 0 90,680 90,680
ANTIMONY 1 0 5 250 0 250 505 505
CADMIUM 1 0 0 71 0 71 142 142
COPPER 1 0 0 620 29000 0 29620 29620
BORON TRIFLUORIDE 1 0 0 0 0 0 0 0
HYDROGEN FLUORIDE 1 0 340000 0 0 0 340000 340000
CHLORINE DIOXIDE 1 0 0 0 0 0 0 0
34 6261300 69457072 1685487 17886084 629068 95919011 2821147
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Table 15:1995 TRI Tranders for Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)
by Number of Fadlities Reporting (in poundsyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY|
ETHYLENE GLYCOL 13 81,958 333,823 40,865,058 67,979 1,186,722 42,535,540 3,271,965
BIPHENYL 12 0 19,777 46,500 5,197 5,400 76,874 6,400,
AMMONIA 11 752 752 68
CHLORINE 10 0 . . . 0 0]
ANTIMONY COMPOUNDS 9 194 6,843 12,799 10,922 30,758 3,418
METHANOL 9 15,565 580 1,180,100 12,273 241,958 1,450,476 161,164
ACETALDEHYDE 9 0 250 27,000 §,920 500 36,670 4,074
PHOSPHORIC ACID 9 1,600 1,600 178
HYDROCHLORIC ACID
(1995 AND AFTER "ACID AEROSOLS" ONLY) 8 0 . . . 0 0]
1,4-DIOXANE 7 140 13,557 1,190 1,182 16,069 2,296,
NITRATE COMPOUNDS 6 0 . 467 467 78
ZINC COMPOUNDS 6 901 868,900 . . 869,801 144,967
TOLUENE 6 923 3,619 1,000 12,065 58,369 75,976 12,663
SULFURIC ACID 6 0 . . 0 0]
MANGANESE COMPOUNDS 5 305 501 2 808 1624
FORMALDEHYDE 5 2,060 37 2,097 419
METHYL ETHYL KETONE 5 0 700 79,951 80,651 16,130
NITRIC ACID 5 0 . . 0 0]
CHROMIUM COMPOUNDS 4 0 5 24,000 . 24,005 6,001
CARBON DISULFIDE 4 0 2,900 2,900 725
FORMIC ACID 3 0 208 . 208 69
N-BUTYL ALCOHOL 3 0 . 181 58 239 80
TRICHLOROFLUOROMETHANE 3 0 . 3,850 . 3,850 1,283
ACRYLONITRILE 3 200 120 250 . 570 190)
VINYL ACETATE 3 0 . 557 1,290 1,847 616
HYDROQUINONE 3 150 43 193 64
BUTYRALDEHYDE 3 0 0 0]
DIMETHYLAMINE 3 0 . . 0 0]
NICKEL 3 0 13 185,000 185,013 61,671
COPPER COMPOUNDS 2 0 1,686 30,000 . 31,686 15,843
DIISOCYANATES 2 0 17,258 17,258 8,629
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Table 15 ¢ont.): 1995 TRI Trandersfor Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)
by Number of Fadlities Reporting (in poundsyear)

AV(]
# ENERGY TRANSFER]
REPORTING POTW  DISPOSAL RECYCLING TREATMENT RECOVERY TOTAL PER]
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY]
CERTAIN GLYCOL ETHERS 2 430 43,000 240 43,670 21,835
BENZENE 2 0 . . 0 0]
1,1,1-TRICHLOROETHANE 2 0 17,443 320 17,763 8,882
ETHYLENE 2 0 . 0 0]
ACETONITRILE 2 0 350,340 350,340 175,170]
DICHLOROMETHANE 2 0 47,125 2,999 50,124 25,0624
ETHYLENE OXIDE 2 0 0 0]
TERT-BUTYL ALCOHOL 2 0 0 0]
DICHLORODIFLUOROMETHANE 2 0 0 0]
STYRENE 2 0 0 0]
1,3-BUTADIENE 2 0 . . 0 0]
PHENOL 2 0 2,881 1 2,882 1,441
2-METHOXYETHANOL 2 0 . 0 0]
N-HEXANE 2 0 508 508 254
CYCLOHEXANE 2 0 0 0]
DIETHANOLAMINE 2 0 0 0]
PROPIONALDEHYDE 2 0 0 0]
DIMETHYL PHTHALATE 2 0 . . 0 0]
BUTYL ACRYLATE 2 0 15 337 352 176
SODIUM NITRITE 2 0 0 0]
TOLUENE DIISOCYANATE
(MIXED ISOMERS) 2 0 . 450 450 225
CADMIUM COMPOUNDS 1 0 9,000 . 9,000 9,000
COBALT COMPOUNDS 1 0 4,000 9,500 13,500 13,500
CYANIDE COMPOUNDS 1 0 . 0 0]
LEAD COMPOUNDS 1 0 0 0 0]
NICKEL COMPOUNDS 1 0 0 0 0]
2,4-DINITROPHENOL 1 0 0 0]
ANILINE 1 0 0 0]
DIETHYL SULFATE 1 0 0 0]
CHLOROFORM 1 0 . 0 0]
N,N-DIMETHYL FORMAMIDE 1 0 1,300 1,300 1,300
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Table 15 ¢ont.): 1995 TRI Trandersfor Manmade Fber Manufacturing Facilities(SIC 2823 & 2824)

by Number of Fadlities Reporting (in poundsyear)

AVG
# ENERGY TRANSFER
REFORTING POTW DISPCSAL RECYCLING TREATMENT RECOVERY TOTAL PER
CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
BROMOMETHANE 1 0 0 0
METHYL IODIDE 1 0 0 0
HYDROGEN CYANIDE 1 0 0 0
VINYLIDENE CHLORIDE 1 0 0 0
CHLORODIALUOROMETHANE 1 0 . 0 0
FREON 113 1 250 500 750 750
DICHLOROTETRAFLUOROETHANE
(CFC-114) 1 0 0 0
DIMETHYL SULFATE 1 0 0 0
ISOBUTYRALDEHYDE 1 0 0 0
SEC-BUTYL ALCOHOL 1 0 . 0 0
ACRYLIC ACID 1 0 287 287 287
1,12 2-TETRACHLOROETHANE 1 0 0 0
4,4-1SOPROPYLIDENEDIPHENOL 1 0 0 0
METHYL METHACRYLATE 1 0 0 0
DIBUTYL PHTHALATE 1 0 . 0 0
PHTHALIC ANHYDRIDE 1 0 1,000 1,000 1,000
PICRIC ACID 1 0 0 0
O-ANISIDINE 1 0 0 0
2-PHENYL PHENOL 1 0 0 0
O-XYLENE 1 0 0 0
O-TOLUIDINE 1 0 . 0 0
METHYL ACRYLATE 1 0 78 78 78
DICHLORAN 1 0 0 0
P-NITROANILINE 1 0 0 0
BENZYL CHLORIDE 1 0 0 0
P-XYLENE 1 0 . 0 0
P-PHENYLENEDIAMINE 1 0 3,200 3,200 3,200
QUINONE 1 0 0 0
METHYL ISOBUTYL KETONE 1 0 0 0
MALEIC ANHYDRIDE 1 0 0 0
M-XYLENE 1 0 0 0
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Table 15 (cont.): 1995 TRI Transfers for Manmade Fiber Manufacturing Facilities (SIC 2823 & 2824),
by Number of Facilities Reporting (in pounds/year)

AVG

# ENERGY TRANSFER

REPORTING POTW  DISPCSAL RECYCLING TREATMENT RECOMWERY TOTAL PER

CHEMICAL NAME CHEMICAL TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS TRANSFERS FACILITY
13-PHENYLENEDIAMINE 1 0 104000 104000 104000
CHLOROBENZENE 1 0 0 0
CYCLOHEXANOL 1 0 0 0
PYRIDINE 1 0 0 0
PROPYLENE 1 0 . 0 0
DI(2-ETHYLHEXYL) PHTHALATE 1 0 8,500 8,500 8,500
TRIETHYLAMINE 1 0 600 600 600
N,N-DIMETHYLANILINE 1 0 . 0 0
TETRACHLOROETHYLENE 1 0 2,400 2,400 2,400
ETHYL ACRYLATE 1 0 354 . 354 354
P-NITROSODIPHENY LAMINE 1 0 15000 15000 15,000
BIS(CHLOROMETHYL) ETHER 1 0 0 0
VINYL BROMIDE 1 0 . 0 0
N-METHYL-2-PYRROLIDONE 1 0 . 398000 398000 398000
DECABROMODIPHENYL OXIDE 1 0 3,700 . . 3,700 3,700
XYLENE (MIXED ISOMERS) 1 0 370 800029 13000 813399 813399
CROTONALDEHYDE 1 0 . . 0 0
ANTIMONY 1 0 500 . 12150 12650 12650
CADMIUM 1 0 8,400 11000 19400 19400
COPPER 1 0 0 0
BORON TRIFLUORIDE 1 0 0 0
HYDROGEN FLUORIDE 1 0 0 0
CHLORINE DIOXIDE 1 0 0 0
34 105428 1278583 42503375 1828249 1603880 47319515 1391750
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Plagic Resin and Manmade Fiber Release and Trander Profile

Top 10 TR Releasng Pladic Resin and Manmade Her Companies

The TRI daabase contains a detailed compilation of self-reported, facilit y-

specific chemical releases. The top reporting facilities for the plastic resin

manufacturing secbr ard manmade fber manufacturing secor, based m

poundsof TRI chemicak releasedare listed in Tables 16 ad 18,respecively.

Facilit ies that have reported only plagic resin SIC codes(SIC 2821)appear
in Table 16, and facilit ies that have reported only manmade foer SIC cades
(SIC 28230r 2824)appeaitn Table 18. Tables17ard 19 contain addtional

facilities that have reported plastic resin and manmade fiber SIC codes, and

one a more that may have also reported SIC cades hat are rot within the

scope of this notebook. Therefore, Tables 17 and 19 may includefacilit ies

that conduct multiple operations -- same that are urder the scpe d this

notebook, and some that are not. Currently, the facilit y-level data do not

alow pdlutant releasesd be brokenapat by industial process.
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Plagic Resin and Manmade Fiber Release and Trander Profile

Table 16:Top 10 TRI Releasng Plagic Resn Manufacturing Facilities(SIC 2821}

Rank Facility Total Releases in Pounds
1 BP ChemicalsInc. - Lima, OH 13566,/95
2 Rexene Carp. - Odessa, TX 2558214
3 Quantum Chemical Carp. - Clinton, 1A 2,508685
4 GE Hastics Ca - Mount Vernon, IN 2,344168
5 Du Pont - Washington, WV 2,281027
6 Quantum Chemical Carp. - La Porte, TX 2225186
7 Shell Chemical Co. - Apple Grove, WV 1529579
8 Carlina EagmanDiv. - Cdumbia, SC 1487312
9 GE Ca - Waterford, NY 1,366,735
10 Exxon Chemical Ca - Baton Rouge LA 1,365,101
h TOTAL 31232802
z Source; U.S. EPA, Toxics Releas Inventory Datalase, 1995.
!Being included on this list does not mean that the releases are associated with noncompliance with
m environmental laws.
z Note: TRI Rdeag 5hovvn_in thi_s tade are asa_ociatec_l v_vi_th all marufaduring adivities at a &cility ard not jus
those asociated with plagic resin marufaduring adivities.
-
u Table 17: Top 10 TRI Releasng FacilitiesReporting Plagic Resn Manufacturing SIC
O Codes to TRI *
a Rank SIC Codes Reported in Facility Total Releasesin
TRI Pounds
m 1 2821,2824,2824,2869, | Monsanto Co. - Cantonment, FL 18/058,7/37
> 2865
— 2 2821,2869 BP ChemicalsInc. - Lima, OH 13566,795
: 3 2821,2823,2869,2865, | Tennessee EasmanDiv. - Kinggport, TN 7481378
2893
U 4 2821,2812,2813,2819, | Dow Chemical Co. - Fregport, TX 6,120977
“ 2822,2865
5 2821,2911,2869,2865 | Shdl Qil Cao. - Deer Park, TX 4757517
< 6 2821,2869 Eagman Chemical Ca - Longview, TX 3,908,702
7 2821,2865,2824 Du Pont - Leland, NC 3,653612
{ 8 2821,2611,2631 2653 | Union Canp Cap. - Savannah, GA 3,121612
n 9 2821,2869,2819 ELF Atochem N.A. Inc. - Cdvert City, KY 3,082676
m 10 2821,2869 Cdanese Eng. ResinsInc. - Bishop, TX 3,049800
TOTAL 66,801806
m’ Source; U.S. EPA, Toxics Releas Inventory Datalase, 1995.
: !Being included on this list does not mean that the releases are associated with noncompliance with

environmental laws.
Note: TRI Releases down in this tale are asociated with all marufaduring adivities at a &cility ard not jus
those asociated with plagic resin marufaduring adivities.
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Plagic Resin and Manmade Fiber

Release and Trander Profile

Table 18:Top 10 TRI Releasng Manmade Fber Manufacturing Facilities

(SIC 2823,2824}

Rank Facility Total Releases in Pounds
1 Coaurtaulds Fibers Inc. - Axis, AL 34018200
2 Lenzing Fbers Cap. - Lowland, TN 23231860
3 Monsanto Ca. - Cantonment, FL 18/058,737
4 Tennessee EagmanDiv. - Kinggport, TN 7481378
5 North American Rayon Carp. - Elizalethton, TN 2,960,770
6 Monsanto Co. - Decatur, AL 1,580530
7 Du Pont - Canden, SC 1,105503
8 Du Pont - Seaford, DE 774488
9 Hoechst Cdanese Carp. - Sartanburg, SC 754912
10 Hoechst Cdanese Carp. - Rock Hill, SC 754174
TOTAL 90,720552

Source: U.S. EPA, Toxics Releas Inventory Datalase, 1995.
'Being included on this list does not mean that the releases are associated with noncompliance with
environmental laws.
Note: TRI Releases $own in this tale are asociated with all marufaduring adivities at a &cility ard not jus
those asociated with mammace fiber marufaduring adivities.

Table 19:Top 10 TRI Releagng FacilitiesReporting Manmade Fber Manufacturing

SIC Codesto TRI *

Rank SIC Codes Reported in Facility Total Releasesin
TRI Pounds
1 2823,2819 Courtaulds Fibers Inc. - Axis, AL 34018200
2 2823 Lenzing Fbers Cap. - Lowland, TN 232313860
3 2824,2869,2821,2865 | Monsanto Co. - Cantonment, FL 18/058,/37
4 2823,2821,2869,2865, | Tennessee EagmanDiv. - Kingport, TN 7481378
2893
5 2824,2865,2821 Du Pont - Leland, NC 3,653612
6 2823 North American Rayon Carp. - Elizalethton, 2,960,/70
TN
7 2824,2821,2869 Du Pont - Washington, WV 2,281027
8 2824,2869 Monsanto Ca. - Decatur, AL 1,580530
9 2824,2821 Du Pont - Canden, SC 1,105503
10 2824,2821 Du Pont - Seeford, DE 774488
TOTAL 95,146,105

Source: U.S. EPA, Toxics Releas Inventory Datalase, 1995.
!Being included on this list does not mean that the releases are associated with noncompliance with
environmental laws.
Note: TRI Releases down in this tale are asociated with all marufaduring adivities at a &cility ard not jus
those asociated with mamace fiber marufaduring adivities.
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Plagic Resin and Manmade Fiber Release and Trander Profile

IV.B. Summary of Selected Chemicals Rekased

The following is asynopss of current scientific toxicity and fate information
for thetop chemicals (by weight) that plastic resin and manmade fiber facilit ies
releaged D the ervironmernt in 1995. Ethylene glycol is mentioned ako
becausetiaccaintsfor alargeportion of the trarsfers for the industies. The
top chemicals were selected based on TRI release data that facilities self-
reported. Becausehis secton is based o sef-reported elease dat it does
not attempt to provideinformation on managenent pracices erployed ky the
secbr to reduce he release b these ckmcak. Information regarding
pollutant release educions over time may be available rom EPA’s TRI ard
3350 programs, or direcly from the industial trade asseiations that are
listed in Secion IX of this document. Since hese desaptions are cumsory,
please cosult the sairces desébed in this secton, ard the chencak that
appearon the full list of TRI chemical appeang in Secion IV .A.

The lrief de<riptions provided bdow were taken from the 1994 Toxics
Release Inventory Public Data Rlease (EPA, 1995) the Hazadous

Substances Daa Bark (HSDB), ard the Integrated Rsk Information System

(IRIS), both accesed via TOXNET.! The dscussbns d toxicity desciibethe

range d posshle aderse heath effects that have beenfound to be asseiated

with exposure to these chemicak. These aderse efects nay or may not

occur at the levels released d the environmert. Individuak interested n a

more detled picture o the clemcal concertrations asseiated wih these
adwerse efects stould consult a oxicologist or the toxicity literature for the

chemical to obtain more information.

Acetonitrile (CAS: 75-05-8)

Sources. Acetonitrile may be generated as a byprodud of acrylonitrile
manufacture ard may be used as a $eent in butadiere extracion processes.

Toxicity. Toxicity may be caused throughingestion, inhdation, or dermal
exposure. Exposure to acebnitrile may lead b cyande pasoning by
metabolic release 6 cyande afer alsarption. Toxicity canbe prolonged.

1 TOXNET isa @omputer system run by the National Library of Medicine that includes a rumber of toxicological
datalases maraged by EPA, National Cancer Institute, and the National Institute for Occupatianal Safety and
Health. For mare informatian on TOXNET, contad the TOXNET help line at 800-231-3766Datatases includel
in TOXNET are: CCRS (Chemical Carcinogenesis Research Information System), DART (Developmental ard
Reprodudive Toxicity Datalase), DBIR (Directory of Biotechnology Information Resources), EMICBACK
(Environmental Mutagen Information Center Backfile), GENE-TOX (Genetic Toxicology), HSDB (Hazadous
Substances Data Bank), IRIS (Integrated Risk Information System), RTECS (Registry of Toxic Effects of Chemical
Substances), ard TR (Toxic Chemical Release Inventory). HSDB contains chemical-specific informatian on
marufaduring ard use, chemical ard physical properties, safety and handling, toxicity and biomedical dfects,
phamaal ogy, environmental fateand expasure paential, exposure sandards ard regulations, manitoring ard
amalysis mehods ard adlitional references.
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Individuak exposed to dight concertrations may develop nausea,vomiting,
headack aml lasstude. Severely poisoned paterts may dewelop exreme
weakness o lasstude respratory depresson, shock, coma, and sekures.
Pulse may became rapid, weak,ard sametimes irregular. Lactc acdosis is
common after oral ingeston, as a resuk of the cawersion to cyande.
Chronicaly exposed paerts may dewlop headach, lack of appeite,
dizziness, weakness, ard de'matitis. In one sudy, exposures o 40to 160
ppmfor four hours resulted in no symptomsor only mild symptoms A dose
of 0.006 ng of acebnitrile perkg body weight perdayis expeced D result
in no adverse effects if an individud is exposed to this dose for a lifetime.
Thisdose level wasdetermined fom astudywhichfound deceagdred blood
cel countsard hematocrit, ard hepatic lesionsin miceexposed b acebnitrile
for 90 dag.

Carcinogenicity. There is currently no long-term human or animal datato
sugges that this chemcal is carcinogeric in humans.

Environmental Fateand Potential for Human Exposure. Biodegradaion
is likely to occur if it is released to soil. It is dso mobile in soil and may
evapaate from the suface ¢ sdl. In water, the ngor loss pocess $
biodegradaion. Acetonitrile will persist in the troposphere for along time
ard may be trarspated a bng distarce from the saurce d its release. Wet
depasition may remove same of the atnospleric acebnitrile.

Carbon Disllfide (CAS: 75-15-0)

Sources. Carbon disulfide is used in a variety of indudrial applications
including the manufacture o regererated celulose myon ard celophare,ard
in the producton of rubber.

Toxicity. Short-term (acuk) exposure of humans to caton disufide can
cause hadach, dizziness, fatigue, ard irritation of eye, nose, and throat.
Exposureto highconcertrationsmay resuk introuble kreating or respratory
fallure. Contactwith skin cancause seare burns.

Long-tem (chronic) exposure to highlevelsin excessof regulatory stardards
may result in peiipheral nerve danmege(involving the rerves hat control feet
legs, hands,ard ams) ard cadiovascuér effects. A few studies caterd that
chronic exposure may also resuk in potential reproductive effects.

Carcinogenicity. There are no long-term human or arimal da&to sugges
that this chemicalis carcinogenc in humans.
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Environmental Fate. If released on land, carbon disulfide will be primarily
lost to volatilizaton ard it may leachinto the giound where it would be
expected to biodegrade. The chemical will also volatiliz e if released to water
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ard dces ot adsab to sedment. In ar, catbon disufide reacs with atomic
oxygen to produce lydroxyl radicak with half-lives d a few days. Carbon
disufide gass adsabed anl degaded ly sal, which denonstratesthat sal
may be a retural sink for this chemical The gemra populaton may be
exposed o caton disufide prmarily from anbiert ar as t is released not
only from industial saurces,but alsofrom a wide \ariety of natural sources.

Ethylene(CAS: 74-85-1)

Sources. Ethyleneis used to make payethylene, paypropylene, paystyrene,
polyester, and polyvinyl chloride resins. Ethylene is the monomer used to
make high-density polyethylene, low-density polyethylene, and linear low-
density polyethylene.

Toxicity. Ethylenehasbeenused as aaraeshetic; the efects reported tere
are related to its piopetties as aranaesthetic. Asphyxia may occur from
breating etylene in erclosed spaces ahin cases were the amospteric
oxygenhas keendisplced b alout 15 o 16 pecert or less.

Carcinogenicity. According to the International Agercy for Reseach on
Cancer, there is inadequag eviderce n humans ard anmals to sugges
carcinogenicity in humans

Environmental Fate. Inthe ar, ozone, nitrateradicals, ard hydroxyl radicak
may degradeethylene. Inwater and soil, ethylene may be oxidized to produae
ethylene oxide,ard the chemcalmay pemeat sal ard sedment. The ngjor
environmental fate process is volatiliz ation. The most probable way humans
are exposed s by inhaling etylene from contamnated ar.

Ethylene GlycolCAS: 74-85-1)

Sources. Ethylene glycol isusedto make polyethylene terephthalate (PET).
It is also used m the manufacture o akyd resins ard as a slvert mixture for
celulose estrsard ehers. Over75percert of ethylene glycol releases & by
mears d point ard fugitive air enmissbns.

Toxicity. Long-term inhalation exposureto low levels of ethyleneglycol may
cause throat irritation, mild headache and backache. Exposure to highe
concertrations nay lead © unconsciousress. Liquid ethylene glycol is
irritating to the eyes and kin.

Toxic effects from ingeston of ethylene glycol include darage © the certral
nervous systemard kidneys,intoxicaion, conjunctivitis, nausea ad vomiting,
aldominal pan, weakress low blood oxygen trenors, convulsions,
respiratory failure, and coma Renal failure dueto ethylene glycol poisoning
canlead b deah.
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Environmental Fate. Ethylene glycol readily biodegradesin water. No data
are awailable that report itsfate in sals; however, biodegiadaton is probaldy
the daminart removal mecharism. Should etylene glycol leachinto the
groundwater, biodegradation may occur.

Ethylene glycol in water is not expeced D bioconcertrate in aquaic
organisirs, adsarb to sedments a volatilize. Atmospheric etylene glycol
degades apidly in the presere d hydroxyl radicak.

Hydrochloric Acid (CAS: 764701-1)

Sources.  Hydrochloric acid can be gererated duing plagic resin
manufacture.

Toxicity. Hydrochloric acid isprimarily a concern in its aerosol form. Acid
aensols have beenimplicated n causing ard exacerbatng a \ariety of
respiratory alments. Dermal exposure and ingestion of highly concentrated
hydrochloric acd canresuk in corrosivity.

Ecologicaly, accdertal releases bsdution forms of hydrochloric acd may
adwersely affect aquaic life through a tarsiert lowering of the pH {.e.
increasng the acdity) of suface wagrs.

Carcinogenicity. There iscurrently no eviderceto suggesthatthischemcal
is carcinogeric.

Environmental Fate. Rekases bhydrochloric acd to surface wadrs ard
soils will be neutralized to an extent dueto the buffering capacities of both
systens. The exent of thesereactons will depend on the characteristics of
the spedic ervironmert.

Physical Properties Concertrated tydrochloric acd is highly corrosive.
Methanol (CAS: 67-56-1)

Sources. Metharol canbe used as a $eent in plasic resin manufacture.
Methanol is used in some processes to make payester, dthough many
companes have converted b newer process mathods that do not use
metharol (AFMA, 19978,

Toxicity. Metharol isreadiy atsorbed fomthe gastointestinal tractard the
respiratory tract, and is toxic to humans in moderate to high doses. In the
body, metharol is converted nto formaldetyde aml formic acd. Metharol is
excreted as érmic acd. Obsewned bxic efects athigh dose bvels gererally
includecertral nervous syptemdanege am dindness. Long-term exposure
to high levels of methanol via inhalation cause liver and blood damage in

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Secbr Notebook Project 98 Sepenber 1997




Plagic Resin and Manmade Fiber Release and Trander Profile

animals.

Ecologicaly, metharol isexpectd b have low toxicity to aquaic orgarisns.
Concertrations lethal to half the argansns d a test population are expeced
to exceedone ng metharol perliter water. Metharol is not likely to persist
in water or to bioaccunulate in aquaic orgarsirs.

Carcinogenicity. Thereiscurently no eviderce b suggesthatthischemcal
is carcinogeric.

Environmental Fate. Liquid metharol is likely to evapaate when left
exposed. Metharol reacs in arr to produce brmaldehyde whch contributes
to the formation of ar pdlutants. In the amosplere it canreactwith other
atmospleric cremcak o be wasled ait by ran. Methanol is readly
degaded ly microorgarisims in sdls ard suface wagrs.

Physical Properties Methanol is highly flammeable.
IV.C. Other Data Sources

The toxic chemicalreleasedataobtained fom TRI capures the vast majority
of facilit iesin the plastic resin and manmadefiber indudries. It dso dlowsfor
a campatison across ‘ears ar industy secbrs. Repated clemicak ae
limited however to the 316 reported ctemicak. Most of the hydrocaron
emissions from organic chemical facilit ies are not captured by TRI. The EPA
Office d Air Qualty Plaming ard Sardards has compiled ar poallutant
emission factors for determining the total air emissions of priority palutants
(e.g., total hydrocarbons, SO,, NO,, CO, particulates, ec.) from many
chemical manufacturing saurces.

The EPA Office of Air's Aerometric Information Retrieval System (AIRS)
contains a wde range d information related to stationary saurces ¢ ar
pollution, including the emissions of anumber of air palutants which may be
of concemwithin a paticularindusty. Withthe excepion of volatile orgarc
compounds (VOCs), there s little overlap with the TRI chemicak reported
alove. Table 20 summarizes anual releases bcaibon monoxide (CO),
nitrogen dioxide(NGO,), patticulatematter of 10 mcronsor less (PM10), total
paticulate (PT), sulfur dioxide SO,), and volatile organic compounds
(VOCs.
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Plagic Resin and Manmade Fiber Release and Trander Profile

Source: U.S. EPA Office of Air and Radiation, AIRS Database, 1997. ||

Table 20: Air Pollutant Releases by Industry Sector (tons/year)
Industry Sector CO NO, PM, PT SO, VOC
Metal Mining 4,670 39,849 63,541 173,564 17,690 915
Nonmedal Mining 25,922 22,881 40,199 128,661 18,000 4,007
Lumbe and Wood 122,061 38,042 20,456 64,650 9,401 55,98
Produdion
Fumiture and Fxtures 2,754 1,872 2,502 4,827 1,538 67,604
Pulp end Paper 566,883 358,675 35,0300 111,210 493,313 127,80&
Printing 8,755 3,542 405 1,198 1,684 103,012H
Inorganic Chemicals 153,294 106,522 6,703 34,664 194,153 65,42"
h Organic Chemicals 112,410 187,400 14,596 16,053] 176,115 180,35(H
z Petroleum Refining 734,630 355,852 27,497 36,1411 619,775 313,98]H
m Rubbe and Misc. Rastics 2,200 9,955 2,618 5,182 21,720 132,94!H
z Stong, Clay and Concrete 105,059 340,639 192,964 662,233 308,534 34,33"
Iron and Sed 1,386,461 153,607 83,938 87,939 232,347 83,882"
: Nonferrous Metals 214,243 31,136 10,403 24,654 253,538 11,05*
u Fabricated Metals 4,925 11,104 1,019 2,790 3,169 86,472"
O' Electronics and Computes 356 1,501 224 385 741 4,866“
a Motor Vehicles, Bodies, 15,109 27,355 1,048 3,699 20,378 96,332lI
Parts ard Accessaies
L Dry Cleaning 102 184 3 27 155 7,441
> Ground Transportation 128,629 550,551 2,569 5,489 8,417] 104,824
- Metal Casting 116,538 11,911 10,995 20,973 6,513 19,03]
: Pharmaceuticals 6,586 19,088 1,576 4,425 21,311 37,214
U Plagic Resins and 16,388 41,771 2,218 7,546 67,546 74,13
“ Manmade Fbers Eﬂ
< Textiles 8,177 34,523 2,028 9,479 43,050 27,76£
Power Generation 366,208 5,986,759 140,760 464,542 13,827,511 57,384"
{ Shipbuilding and Repair 105 862 638 943 3,051 3,96*
Q.
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IVV.D. Comparison of Toxic Release Inventory Between Sdected Industries

The following information is presemned asa comparison of pdlutant release
ard trarsfer data actoss ndustial caegaies. It isprovided b give a gemra

serse & to the relative scaé o releases amh trarsfers within eachsecor

profiled urderthis project Please ote that the following figure ard tabledo

not contain releases and trarsfers for industial caegaies that are rot

included n this project ard thus camot be used ¢ draw caclusions

regarding the total release ath transfer amourts that are reported b TRI.

Similar information is available within the annud TRI Public Data Release

Book

Figure 18 s a giaphcalrepresertation of asummary of the 1995 RI datafor
the phsic resin ard manmade fbers industies ard the other secors piofiled
in sepaate notebooks. The kar graphpresensthe total TRI releases ahtotal
trarsfers on the \erticalaxis. The graphis based mthe dat shown in Table
21 and is meant to facilit ate comparisons between the relative amounts of
releases, transfers, and releases pea facility both within and between these
secbrs. The readershould note, howewer, that differences n the proportion
of facilities captured by TRI exist between indugry sectors. This can be a
factor of poor SIC matching and relative differences in the number of facilit ies
reporting to TRI from the varioussecbrs. Inthe case bthe phsic resin ard
manmade fber indudries, the 1995 RI dat preened here covers 469
facilit ies. Only those facilit ieslisting SIC Codesfalling within SIC2821,2823,
ard 2824 wee used.
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Plagic Resin and Manmade Fiber Release and Trander Profile

Figure 18: Summary of TRI Releases ad Transfers by Industry
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: 0 Total Releases W Total Transfers
“ Souce USEPA 1995 Toxts Rdease Inventory Databas.
SIC Range | Industry Sector SIC Range | Industry Sector SIC Range Industry Sector
ﬁ 22 Textiles 2833,2834 | Phamaceuticals 333,334 Nonferrous Metals
n 24 Lumber and Wood Poducts 28612869 | Organic Chem. Mfg. 34 Fabricated Metals
m 25 Furniture ard Fixtures 2911 Petroleum Refining 36 Electronic Equip. ard Camp.
26112631 | Pulp ard Paper 30 Rulber ard Misc. Plagics 371 Motor Vehicles, Bodies,
Parts, and Accessdes
m‘ 27112789 | Printing 32 Stone, Clay, ard Concrete 3731 Shipbuilding
: 28122819 | Inorganic Chemical 331 Iron and Seel
Manufacturing
2821, Plastic Resins and 332,336 Metal Casting
2823,2824 | Manmade Fbers
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I £ Table 21: Toxics Release Inventory Data for Sdected Industries
z g_’ TRI Releases TRI Transfers
m o Industry Sector SIC #TRI Total Ave. Total Ave. Trans. [| Total Releases|| Average Retases +
~ Range Facilities Releases | Releasesper || Transfers | per Facility +Transfers || Transfers per Fadility
z Y, (million Ibs.)|  Facility (million Ibs.)| (pounds) |f (million Ibs.) (pounds)
TBD' (pounds)
:, Q Textiles 22 339 178 53,000 70 21000, 248 74000
u Lumber ard Wood Roducts 24 397 30.0 76,000 41 10,000 34.1 86,000
Furniture and Fixtures 25 336 376 112000 99 29000 475 141000
o Pub and Paper 26112631 305 2326 763000l 565 185000 2891 948000
a Printing 27112789 262 339 129000 104 40000 443 169000
Inorganic Chem. Mfg. 28122819 413 607 468000l 217 191000 4385 659000
wi Plagic Resins and 28212823 410 641 156000 1924 469000 2565 625000
M anmade Fbers 2824
> = Pharmaceticals 2833,2834 200 299 150000 1472 736000 1771 886000
(-] « Organic Chemical Mfg. 28612869 402 1483 598000l 2086 631000 9468 1,229000]
: Peroleum Refining 2911 180f| 738 410000l 292 162000 1030 572000
Rubber and Misc. Plastics 30 1,947 1431 73000 1026 53000 2457 126000
U‘ Stone, Clay, and Conarete 32 623 439 70000 318 51000 757 121000
“ Iron and Stee! 331 423 907 214000l 5139]  1,215000] 6046 1,429000]
Metal Casting 332,336 654 360 55000 739 113000 1099 168000
< Nonferrous Metals 333,334 282 2017 715000(| 164 582000 3657 1,297000
Febricated Metals 34 2676 835 31,000 3505 131000 4340 162000
ﬁ Electroric Equip. ard 36 407 43 11000 688 169000 731 180000
a. Comp
Motor Vehicles, Bdies, 371 754 793 105000 194 257000 2733 362000
|||-| % Parts, arl Accessogs
! Shipbuilding 3731 43 24 56000]| 41 95000]| 65 151000]|
m‘ é_ Source: US EFA ToxicsReleas Inventoly Databa®, 1995.
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Plagic Resn and Manmade Hber Pollution Preventon

V. POLLUTIO N PREVENTION OPPORTUNITIES

The best way to reduce pdlution is to prevert it in the first place. Some
companes have creaively implementedpallution prevertion techiques bat
improve efficiency and increase profits while a the same time minimizing
environmental impacts. This can be done in many ways such as redudng
material inputs, re-engineering processes to reuse by-produds, improving
managenent practces, and sulstituting benign chenicak for toxic ones.
Some smaller facilities are able to get bdow regulatory thresholds jug by
reducing pdlutant releagsthroughaggessive padlution prevertion padlicies.

The Pdlution Prevertion Act of 1990 etablished a rational pdlicy of
managing wase through saurce reducion, which mears pewerting the
gereration of waske. The RollutionPrevertion Act alsoestblished as ational
policy a hierarchy of wase managenent optionsfor situaionsinwhich saurce
redudion cannot be implemented feasbly. In the waste management
hierarchy, if saurce reducion is not feasble the rext alternative is recycling
of wases, followed ly erergy recovery, ard wase treatment as a ast
alternative.

In order to ercourage hese appracles, this secton provides loth gereral
ard campary-speciic desciptionsof same padlution prevertion advances hat
have beenimplemented wihin the plsic resin ard manmadefiber industies
ard the clemicalindusty as a wble. While the list is not exhaustive, it does
provide core information that can be used as the starting paint for facilit ies
interested n starting their own padlution prevertion projects. This secton
provides information from real activities that can, or are being implemented
by this secbr -- including a discussin of asseiated cats, time frames,ard
expeced rtes o return.

This section provides summay information from activitiesthat may be, or are
being implemented by this sector. When passible, information is provided that
givesthe context in which the techique carbe effectively used. Pleasenote
that the actvities desdbed in this secton do not necessaly apply to al
facilities that fall within this sector. Facilit y-specific conditions must be
carefully considered whenpdllution prevertion options ae ewaluaied, ard the
full impacs d the crargemustexanmine how eachoption affects ar, land ard
water polutant releases.

v Subditute raw materials. The substitution or eimination of someof the raw
materials usedn the manufacituring of plasic resins ard manmade fbers can
resut in stbstantial waste redudions ard costsavngs. Rawmeaterials canbe
substituted with less water soluble materials to reduce water contamination
and less volatile maerials to reduce fugitive emissions. Sometimes certain
raw maerials can be eliminated dl together. The need for raw maerials that
erd up as wass slould be reexanined © deermine if raw materials canbe
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Plagic Resn and Manmade Hber Pollution Preventon

eliminated by modifying the process and improving process control.

. A speialty batch polymer plantin the Northeast avoids highly toxic and
hazardous subgancesin thefacilit y’ s proprietary products and formulations
The company dso minimizes waste by usng waer-based chemistry in place
of organic-based chemistry wherever passble (SOCMA, 1993)

. Du Pont subdituted coal with butadiene in the production of nylon and
substiuted terephthalic acid for dimethyl terephthalate in the production of
pdyester. The subditutionsdiminated generation of by-products, such as
liquid methanol (North Carolina Department of Environment, Health, and
Natural Resaurces, 1995)

. A manmadébers and organichemicals manufaturer diminated benzene
from its manufacturing processes. As a result, the facility smplified its
compliance and recordkesping procedures sinceit is no longe subject tothe
benzene NESHAP (EPA, 1993)

v Improve cdalyst. The catlyst plays a citical role in the efectiveressof
chemical conversion in the reacbr. Alternative caglyst chemical makeups
ard ptysical characieristics canlead to sulstantial improvements in the
effectiveness and life of a catalyst. Different catalysts can dso diminate
byproduct formation. Using a nore acive caglyst ard purchasing cablysts
in the actve form canreduce caalyst consumption ard decease emssbns
gererated during catalyst acivation. Catlyst acivity canalso be optimized
by limiting catalyst residence time in the charge lines (Smith, 1964)

v Optimize processes. Process chrges hat optimize reactons ard raw
meaterials use caneduce clemcalreleases Developing more reliable reacor
operations wih fewer upses canreduce ai emssons am pdlution from
unreaced reactarts. Modificaions may include mproved process ontrol
systens, optimized use bchemcak, or equpment modificatons. Mary
larger facilities are usng computer controlled systems which analyze the
process catinuously ard respand more quickly and accuetely than manual
control systens. These sgtens ae dten capale of aubmatic sartups,
shutdowns ard product changeover which canbring the process ¢ stalde
conditionsquickly, minimizing the generation of off- spec wastes. Textile fiber
manufacturers canoptimizeuse ¢ chenicak ard minimize tazadous wase
fromfiber finishesbyimproving control of finish add-on and selection of finish
componerts (EPA, 1995)

Processes canalso be optimized trough equpmert retrofits ard
replacenerts. For instarce, dedicated pping canisolate cetain types &
solverts from others, awiding offgrade pioduct ard waste production.
Equipment and process chrges canalso minimize lyproduct wase ard
improve productyield by lowering pdymer conversion rate in the reacors.
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Plagic Resn and Manmade Hber Pollution Preventon

Rationalizing the equipment used for high pressure punping and installing
interlocking raw maerial valves to gan better recipe control can minimize
offgrade poduct (Clements ard Thompson, 1993)

BP Chemicals switched from a series of programmable controllers and
analog ontrollers to a distributed control system. The new control system
has greater ability to report what is occurring in te reaction fank and
provides operators with more oppartunity to improvereaction cngstency or
correct small problems before they become big ones. This results in less
reactor downtime and off-spec product (Elley, 1991).

Du Pont’s Wilmington, North Carolina pdyester plant reduced its releases
and transfers of 3360 chemicals by 55 pacent, 