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BEFORE THE ILLINOIS POLLUTION CONTROL BOARDREcV~D

IN THE MATTER OF: h r~i CLERKS OFFICEurci ia’~i4L JUN16

PROPOSEDAMENDMENTS TO )
EXEMPTIONS FROM STATE ) STATE OF ILLINOIS
PERMITTING REQUIREMENTS ) PQlI~t,~~Control Soarci
FOR PLASTIC INJECTION MOLDING) R 05-20
OPERATIONS )
(35 Iii. Admin. Code201.146) )

PRE-FILED TESTIMONY OF LISA FREDE
ON BEHALF OF THE

CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My nameis Lisa Frede,andI amtheDirectorof RegulatoryAffairs for the

ChemicalIndustryCouncil of Illinois (“CICI”), a not-for-profitIllinois corporation.CICI

is pleasedto be theproponentoftherulemakingproposalin thisproceeding.

I would like to beginby giving you an overviewof CICI andits membershipand

thenbriefly discussthesignificanceofthis proposedrulemakingto ourmembers.

CICI is a statewidetradeassociationrepresentingthechemicalindustryin Illinois.

CICI hasofficesin DesPlainesandSpringfield, Illinois. We have198 member

companieswith over 54, 000employeesemployedin 745 manufacturingfacilities and

975 wholesaleanddistributionfacilities in Illinois.

OneofCICI’s functionsis to representits membercompaniesin theformation of

public policiesandprogramswhich aremutuallybeneficial to thecitizensof Illinois and

thechemicalindustry. In this capacity,CICI monitorsstatewidelegislationand

regulationsin Illinois, includingenvironmentalpermittingprograms,andprovides

informationandmakesrecommendationsto its membership.CICI also oftenadvocates

on behalfof its membershipfor morecosteffectiveand efficientregulatory -

requirements.
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Chemicalmanufacturersin Illinois produceawide arrayof productsfrom

plastics,pesticidesandindustrialchemicalsto lifesavingmedicinesandhousehold

products.Workersdirectly employedin thechemicalindustryrepresent7.3%ofthe

state’smanufacturingwork forceandhavean averagewageover$60,000per year. The

chemicalindustry generatesan additional296,000jobs in Illinois atindustrysuppliers,

manufacturers,transporters,tradeandbusinessservicescompanies,andconstruction

companies.

Theproposalin this proceedingwill amendtheBoard’sregulationsgoverning

stateair pollution controlpermitsto exemptplasticinjection molding operationsfrom the

stateconstructionandoperationpermittingprocedures.CICI is proposingthis

amendmentto clarify theBoard’sregulationsandachieveefficienciesandcostsavings

forits plasticinjection moldingcompanymembersin Illinois andfor theStatepermitting

program.

As will bediscussedby anotherwitnessin thisproceeding,theemissionsfrom

plasticinjection molding machinesareextremelylow — on theorderof a few tenthsof a

ton of volatile organicemissionsperyear. This is on theorderof— andin fact lessthan—

the0.1 lb/ houror 0.44 tonsperyearthat definesan “insignificant activity” underthe

Board’smajorsourceregulationsat35 Ill. Adm. Code201.210(a)(2) and(3).

Theseemissionlevelsarealsoon theorderof — or lessthan— theemissions

recognizedto be associatedwith othercategoriesof emissionsourcesthat arecurrently

exemptfrom statepermittingunderSection201.146. In fact, theemissionfactors

acceptedby Illinois EPA andotherregulatorsacrossthecountryfor determining

emissionsfrom plasticinjection molding operationsarethesameasthosethatareused
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for plasticextrusion— aprocesswhich is exemptedfrom Illinois statepermitting in

Section201.146(cc)anddefinedasan “insignificant activity” in Section201.210(a)(5).

While manyownersandoperatorsbelievethat “plastic injectionmolding” is aform of

extrusioncoveredundertheexistingcategoricalexemption,theadoptionofthespecific

languageproposedin thisrulemakingis designedto resolveany question.

Here’swhatthis amendmentwill do:

• It will appropriatelyregulatetheinsignificant level ofemissionsgeneratedby
plasticinjection molding operationsby treatingthoseoperationsin thesame
fashionasotheroperationswith similarly low levelsof emissions.

• It will reduceunwarrantedpermittingcoststo plasticinjection moldingbusinesses
acrossIllinois.

• It will alsorelieveownersandoperatorsofplasticinjection molding operations
from therisk ofenforcementactionsbasedupondifferencesin interpretationof
existingcategoricalexemptions.

• Finally, it will allow Illinois EPA to allocateits permittingandenforcement
resourcesto moresignificantemissionsources.

Whatthis amendmentwill not do:

• It will not relieveaffectedemissionunits from any applicablerequirementother
thanstateconstructionandoperatingpermitting. Thus,for example,aplastic
injection molder— like any otherexemptemissionsourceunderSection201.146—

remainssubjectto thegenericvolatile organicmatteremissionslimit of 8 lb/hour
foundin theBoard’srulesat35 Ill. Admin. Code215.301.

• It will not resultin an increasein emissionsandwill nothavean impacton air
quality in Illinois. Becausethis is only an exemptionfrom procedural
requirements,it will not affectemissionsto theenvironment.

Prior to proposingthis regulatoryamendment,CICI’s ExecutiveDirector,Mark

Biel, hadseveraldiscussionswith Don Sutton,theManagerof theIllinois EPA Permit

Section,aboutaddinga categoricalexemptionto thelist of existingcategorical

exemptionsin 35 Ill. Admin. Code§ 201.146for plasticinjectionmolding andassociated

resinhandlingand storageactivities. Mr. Suttonagreedthat this is a categoryof
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insignificantemissionsourcesfor which apermitexemptionis consistentwith other

categoricalexemptionsin Section201.146. He alsoagreedthatrelievingtheStateofthe

burdenof permittingtheseinsignificantsourceswould be beneficial to theState.

CICI believesthatreducingthepermittingburdenon theAgencyis in the interest

ofits members.Agencyresourcesshouldbefocusedon significantemissionsources.In

thependingrulemakingproceeding,R05-19,Mr. SuttontestifiedthattheAgencystill

hasn’t issued30 of theTitle V majorsourcepermitsthat weredueto be issuedbackin

1997. Transcript,pp.29-30,April 12, 2005Hearing,IPCB DocketR05-19. In addition,

CICI is awarethatmanyof its membershaveTitle V permitrenewalsandpermit

revisionsthathavebeenpendingbeforetheAgencyfor severalyears. Mr. Sutton

testifiedthatwhile IEPA issuesroughly 1,900air permitsayear,it hasat any time a

backlogof 900to 1,000permit applications.Id., p. 31. Yet theAgencyis requiredto

spendits resourceson ahostof constructionandoperatingpermitsfor very minor

emissionsources.Thetranscriptof theR05-19April 12, 2005hearingrevealsthat 70%

oftheAgency’sconstructionpermits areissuedformodifications involving no emission

increaseor increasesof lessthan 1 ton. Id. p. 12. At thesametime, 95%of theactual

emissionsemittedin Illinois areemittedby thetop 15%ofthe State’smajorsources.

p. 53. Permittingvery smallemissionsources,while largeemissionsourceapplications

arebackloggedisn’t agooduseoftax dollars,it isn’t goodfor theenvironment,andit

isn’t goodforregulatedbusinesses.

Thatburdenwill be significantly reducedwhentherulemakingin R05-19 is

adopted.However,becausethatrulemakingonly exemptsinsignificantemissionsources

atfacilitieswith othersignificantor non-exemptemissionsources,it doesnot relievethe
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Agencyfrom permittingaplasticinjectionmoldingfacility thathasno otheremission

sources.This is ananomalywith no rationalein termsofemissionsortheenvironment

whenit comesto plasticinjectionmolding. Given thelimitation in theproposalin

R05-19, theadoptionofaclearcategoricalexemptionforplasticinjection molding

operationsin thisrulemakingproceedingwill harmonizetheBoard’s regulatoryapproach

for acategoryrecognizedby all to emit atlevelsthatdonot warrantseparatestate

permitting.

CICI would like to thanktheBoardfor its considerationof thisproposal,andI

wouldbe happyto answeranyquestionsyou mayhave.

Date:Ct I lit.! oS Respectfullysubmitted,

LisaFrede

Director of RegulatoryAttain
ChemicalIndustryCouncilofIllinois
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PRE-FILED TESTIMONY OF LYNNE R. HARRIS
ON BEHALF OF THE

SOCIETY OF THE PLASTICS INDUSTRY, INC.

My nameis Lynne It Harris,and1 amtheVice President,Scienceand

Technology,for TheSociety ofthePlasticsIndustry,Inc. (“SF1”), a not-for-profit

501(c)6 tradeassociationheadquarteredin WashingtonD.C., predominantlyserving

membersacrosstheUnitedStates. I havebeenemployedby SPI for over 14 years.My

currentwork focuseson scienceandtechnology,environment,healthandsafety,and

codesandstandardsfortheplasticsindustry.My educationalbackgroundincludesa

BachelorofScienceandMastersof Engineeringin chemicalengineering.My

publicationsincludeco-authorshipon apaperfor thedevelopmentofemissionfactorsfor

theextrusionprocessingofpolyethyleneresin.tI haveworked in andaroundtheplastics

industryfor over25 years.

I havebeenaskedby theChemicalIndustryCouncil of Illinois (CICI) to provide

anoverviewoftheplastics injectionmolding industry, a descriptionoftheplastic

injectionmolding process,anda discussionof the typesandvolumesof emissions

generatedduringtheplasticinjection moldingprocessfor variousresins.



TheSocietyofthePlasticsIndustry:Who Are We?

Let mebegi.nby describingSF! andthework it performson behalfofits

members.Foundedin 1937.The SocietyofthePlasticsIndustry,Inc., is the trade

associationrepresentingoneof the largestmanufacturingindustriesin theUnitedStates.

SPIsmembersrepresenttheentireplasticsindustrysupplychain,including processors,

machineryandequipmentmanufacturersandraw materialssuppliers.The U.S. plastics

industryemploys1.4 million workersandprovidesmorethan$310billion in annual

shipments.SF1 representstheentireplasticsindustryandhasmorethan 1000members.

SF1 hasbeeninvolved in thedevelopmentof stateandfederalenvironmentalregulations

affectingtheplasticsindustryfor decades.As I will be discussing,SF1 hasalso

coordinateda numberstudiesofemissionsgeneratedby theextrusionprocessingof

thermoplastics.

BackEroundon thePlasticinjectionMoldinE industry

My testimonytodayis focusedon plasticinjectionmolding (“PIM”), a category

of plasticproductmanufacturing.Thereareover7,700NM facilities in theUnitedStates

and approximately500 operatingin Illinois.2’3 Thesefacilities rangein sizefrom small

facilities with a few machinesand lessthan20 employeesto largerfacilitieswith dozens

ofmachinesemployingover a hundredemployees.2’4The tradepublicationPlasticsNews

surveysthe NM industryannuallyandpublishesan annuallisting ofover 600PIM

companiesin North America.Thatlisting indicatesthetop NM companiesrespondingto

thesurveywith annualsalesrangingfrom approximately$100,000to $1.5 billion, with

medianannualsaleson theorderof $10 million. Thecomponentsproducedin NM

processesaregenerallysmall plasticcomponentsusedin a multitude ofproducts.For
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example.NM productsincludeknobsandhandlesusedin theautomotiveindustryand

holeplugs usedin householdappliances.NM productstendto be moldedto meet

specificneedsin customizedmoldsandmadewith resinsmeetingthetemperature,

strengthanddurabilityspecificationsrequiredfor aspecificuse.As aresult,PIM

machinesaregenerallydedicatedto molding specificcomponentpartsandcannotbe

usedto produceotherpartswithoutphysicalmodificationof theequipment.

Descriptionof PIM EquipmentandProcess

ThePIM processessentiallyinvolvesforcing moltenplasticinto amoldcavity.

This takesplacein severalsteps.A diagramof astandardNM machine,attachedto my

pre.filedtestimony,depictsthecomponentsof thePIM process.Exhibil 1. As canbe seen

from that diagram,theessentialcomponentsareahopperfrom which pelletizedresinis

fed into theextruderscrew,aheatedextruderbarrelwhich meltsthe resinas it is

advancedby theextruderscrewunderpressure,andadieheadthroughwhich themolten

resin is injectedinto a mold cavity.

Notethat the fundamentalpieceofequipmentinvolved in this processis a heated

screwextruder.The equipmentthat is requiredto extruderesininto molds in thePIM

processis thesameasthat which is requiredto extruderesininto a continuousstrand

exceptthat theresinis injectedinto an enclosedmoldattheendof theprocessratherthan

simply conformingto theshapeoftheextrusiondie. A PIM machineis essentiallya non-

continuousextruder.As I will discusslater, this is why theemissionfactorsdevelopedfor

extrusionprocessesareappropriatefor the P1M process.

Plastic injection moldingmachines,like othertypesofextruders,vary in size.A

small PIM machinemay havea throughputof 10 poundsper hour, while a largemachine
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mayprocessasmuchas200 poundsperhour.Thesenumbersarederivedbasedon a

typical injection capacityof4 to 100 ouncesandtypicaltonnageof50 to 600 tons.

Injectioncapacitycango to around400ouncesandtonnagecango up to around10,000

tons.5 Thesedataareconsistentwith productinformationcompiledfrom several

equipmentmanufacturers,asillustratedi.n Exhibit 2. Very largePIM machinescan

processover 1,000poundsper hour.PIM machinesof all sizesare in usein illinois and

acrosstheUnitedStates.1-lowever,the mostcommonlyusedmachinesin thePIM

industryhavean averagedaily throughputof lessthan100 poundsperhour.

The five mostcommonlyusedplasticresinsin the PIM industryaccordingto the

2005surveyofNorth Americaninjectionmoldersby PlasticsNews2arepolypropylene

(PP),acrylonitrilebutadienestyrene(ABS), polycarbonate(PC),high density

polyethylene(HDPE)andnylon ~po!yaniide,PA).

Emissionsfrom ExtrusionProcesses

Until 1995, little quantitativeinformationwaspublicly availableregardin.g

emissionsfrom thermoplasticextrusionprocesses.While it wasassumedthat any volatile

organic,particulateor hazardousair emissionswerevery low, emissionfactorssimply

didnot exist.To fill this gap,SPI sponsoreda numberofstudiespublishedbetween1995

and2002to developemissionfactorsfor a rangeof plasticresins.Thestudieswere

intendedto provideemissionfactorsfor processorswho neededTitle V permitsunderthe

US EnvironmentalProtectionAgencyCleanAir Act Amendmentsof 1990.

TheSN-sponsoredstudieswereconductedatan independenttesting laboratory

operatedby Battellein Columbus,Ohio. Studieswereconductedusingastrandextrudcr

with a 1.5-inchsinglescrewand fitted with aneight-stranddie for commonlyusedresins.
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Resinswith basicadditiveswereprovidedby anumberofsuppliersandtestedas

aggregates;the resinstestedwerePP.PC,PE,PA andethylene-vinylacetateand

ethylene-methylacrylatecopolymer(EVAJEMA).

Theextrudersystemwaschosenastheprocesslikely to overestimateemissions.

As acontinuoussystem,it wasanticipatedto mimic extrusionprocessesandoverestimate

closedmoldoperations,suchas injectionmolding.This assumptionwassupportedby a

two-yearstudy thatfoundextrusionprocessesgenerateda higherlevel ofemissionsthan

injectionmolding.6Emissionsfrom thedieheadoftheextrudersystemwerecaptured

andanalyzedfor volatile organiccompounds(VOC; volatile organicmaterialor VOM in

Illinois), particulatematter(PM-b), andavarietyofhazardousair pollutants(RAPs).

TheSNsponsoredstudiesofthecommonlyusedresinsPP PS,PEandPA are

attachedto my pre-filedtestimonyasExhibits3 —6 andwill bereferredto hereinasthe

“SPI Studies.” TheEVA/EMA study(Exhibit 7) is providedfor informationalpurposes.

A study on ABS. conductedat thesamelaboratoryastheSPI Studies,is alsoprovidedfor

informationalpurposes.Exhibit 8. Thatstudy wasnotconductedunderSPI auspices,and

thus I havelimited knowledgeoftheconditionsunderwhich it was performed.

Theabove-mentionedstudiesform thebasisfor theplasticsindustry’s

understandingofemissionsfrom theseprocessesandarerecognizedby industryand

regulatoryauthorities,asdefiningemissionfactorsfor both simpleextrusionandthe

extrusionprocessutilized in PIM.

Whatthesestudiesdemonstrateis that extrusionprocessingof differentresins

undervariousoperatingconditionsproducesdifferent typesandamountsofemissions.

Exhibit 9 attachedto my pre-filedtestimonyis achartsummarizingtheemissionfactors
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developedin theSPI Studiesfor eachof theemissionsofinterestfor the resinsstudied.

Theinformationin thischartwascompiledfrom informationcontainedin eachof theSPI

Studiesto makeit easierto reviewthis datain thisproceeding.

As canbe seenfrom this chart,theemissionsofinterestincludeVOM, PM anda

variety ofHAPs.

The typeandvolumeof emissionsvariesfrom a high ofapproximately0.4 lb of

VOM per ton ofresinprocessedto a low of approximately0.1 lb perton of resin

processed.HAPsrangedfrom ahigh of approximately0.3 lb perton of resinprocessedto

a low of approximately0.02lb per thousandtonsofresinprocessed.Particulate

emissionsrangedfrom ahighof approximately0.5 lb PM per ton ofresin processedto a

low ofapproximately0.02 lb PM perton of resinprocessedfor thecommonlyused

resins.Exhibit10

Basedon theemissionfactorsdevelopedin theSPI Studiesandthe capacityof

PIM machines,acrossthe rangefrom small to largeP1M machinesdiscussedabove,one

canobtainan overviewoftheannualvolumeof emissionsassociatedwith PIM

processes.Exhibit II to my pre-filed testimonyis achartshowingtheestimatedvolume

ofVOM, PM andHAP emissionsin tons peryear, associatedwith thevarioustypesof

resinsstudiedby SN. As canbe seenfrom this chart,theemissionsrangefrom a high of

0.2 tons per yearofVOM to a low of 0.002tons per yearVOM. HAP emissionsrange

from 0.1 tons peryearto 0.0004thousandthsofa ton per year.PM emissionsrangefrom

0.2 tons peryearto 0.0004tons per year.

Thatconcludesmy pre-filed testimonydescribingtheNM industry,PIM process

andtypesandvolumesof emissionsassociatedwith theprocessingofvariousresins.I
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appreciatetheopportunityto testify andamavailableto answerany questionstheBoard

orotherparticipantsin this proceedingmayhave.

Resp ctfully

tyi~eR. Harris
On~ehalfof
TheSocietyofthePlasticsIndustry,Inc.

‘Barlow, A.; Contos, V.; Hoidren, WI. W.; Garrison, P.; Harris, L.; Janke, 8. (1996). Development of
emission factors for polyethylene processing. 1 Air & WasteManage.Assoc.,46, 569-580.
2 2002 EconomicCensus,ManufacturingIndustrySeries,All OtherPlasticsProductManufacturing: 2002.

USCensusBureau,ECO2-311-326199(RV). December2004;p. 2.
‘SPI PlasticsDataSource.(2001).State-by-StateGuideto ResinandEquipment,p. A-2.

SurveyofNorth AmericanInjectionMolders. Plastics News. April I 1,2005.
Rosato,D.V., Rosato,DV. and Rosato,M.G. (2000). InjectionMoldingHandbook3~ed. Boston:

Kiuwer AcademicP.ublishers.p. 28.
‘Forrest,Mi., Jolly, A.M., HoLding,SR., andRichards,Si. (1995). Emissionsfrom Processing
Thernioplastics.Anna/sofOccupationalHygiene,39(l), 35-53.
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EXHIBIT 1

PLASTIC INJECTION MOLDING MACHINE DIAGRAM

Fig. 2-2 In-line reciprocating screw unit with hydraulic drive schematic.

Source: InjectionMoldingHandbook,3~Edition, 2000,KluwerAcademicPublishers.



EXHIBIT 2

PLASTIC INJECTION MOLDING
EQUIPMENT MANUFACTURER PRODUCT INFORMATION

(1) (2)
Maximum Cycle Maximum

Equipment Shot Weight Time Throughput
Manufacturer Model Tonnage (oz) (sec) (Ib/hr)

A A-i 17 0.47 10 11
33 0.95 25 9
55 1.95 25 18
110 6.02 25 54
165 10.59 25 95
330 31.4 50 141

(3) A A-2 990 352 100 815
1100 362 100 815
1500 540 100 1215
1760 769 150 1154
2200 769 150 1154

3000 1054 200 1186
3500 1054 200 1165
4000 1054 200 1186

B B-i 28 1.7 25 15
40 2.8 25 25

55 7 25 63
90 9.3 25 84

110 9.3 25 84
120 12.7 30 95
140 12.7 30 95
165 12.7 30 95
220 20.1 45 101

B 8-2 85 5 25 45
120 10.7 25 96
170 14.7 35 95
230 25.4 50 114
300 40.3 60 113
400 59.2 100 133
500 89.6 100 202

C C-i 30 3.76 25 34
50 5.04 25 54
80 11.9 25 107

130 11.9 25 107
280 34 50 153

C G-2 150 28 50 126
200 28 50 126
250 28 50 126
300 28 50 126

C C-3 225 22 45 110

310 54 90 135
450 75 100 171
550 105 100 236

NOTES:
(1) Typical cycle time is from 10 to 100 seconds for injection molding machines with typical injection capacity of

4 to 100 ounces and typical tonnage of 50 to 600 tons.
References: Typical cycle times - Chemical Engineering Department, University of Connecticut

w-ww .enpr.uconn.edulchecilpolymer/inimoldhtm
Typical injection capacity and tonnage . Rosato, Rosato and Rosato. Injection Molding Handbook 2000; page 28.

3rd edition. Boston, Kluwer Academic Publishers.
(2) Max. Throughput (lb / hr) = Max. Shot Weight (oz / cycle) x lb / 16 oz x cycle I cycle time (sec) x 3600 sect hr
(3) Injection molding machines outside ol the typical injection capacity and tonnage ranges.



Exhibit 3

TECHNICAL PAPER I$SN 104 7-3289[ Air & Waste Manage. .lssoc. 49:49-56

c~rcht999 n & Waste Maiagameni Assa,at,o,

Devebpment of Emission Factors for Polypropylene Processing

Ken Adams
The Society of the Plastics Industry, Inc., Washington, District of Columbia

John Bankston
Aristech Chemical Corporation, Pittsburgh, Pennsylvania

AnthonyBarlow
Quantum Chemical Company, Cincinnati, Ohio

Michael W. Holdren
Battelie, Columbus, Ohio

Jeff Meyer
Amoco Polymers, Inc., Alpharetta, Georgia

Vince J. Marchesani
Monte/I North America, Inc., Wilmington, Delaware

ABSTRACF
Emissionfactorsfor selectedvolatileorganiccompounds
andparticulateemissionswere developedduringextru-
sion of commercialgradesof propylenehomopolymers
andcopolymerswith ethylene.A small commercialex-
truder was used. Polymer melt temperaturesranged
from 400 to 605 °F.However, temperaturesin excess
of 510 °Ffor polypropyleneareconsideredextreme.
Temperaturesashigh as605 ~ areonly usedfor very
specializedapplications,for example,melt-blown fi-
bers, Therefore,useof this data should be matched
with the resinmanufacturers’recommendations.

An emissionfactorwascalculatedfor eachsubstance
measuredandreportedas poundsreleasedto theatrno-
sphereper million poundsof polymerprocessed(ppm
(wtlwt)l. Basedon productionvolumes,theseemission
factors can be usedby processorsto estimateemission

quantities from polypropyleneextrusion operations
thatare similar to theresinsandtheconditionsused
In this study.

[NTRODUCrION
TheCleanAir Act Amendmentsof 1990(CAAA90) man-
datedthe reductionof variouspollutantsreleasedto the
atmosphere.Consequently,companiesarebeingfaced
with the taskof establishingan “emissionsInventory”
for thechemicalsreleasedorgeneratedin theirprocesses.
Thechemicalstargetedarethosethateitherproducevola-
tile organiccompounds(VOCs)and/orcompoundsthat
areontheU.S. EnvironmentalProtectionAgency’s(EPA)
list of 189 hazardousair pollutants(HAl’s). TaleV of the
amendedCleanAir Actestablishesapermitprogramfor
emissionsourcesto ensureaneventuaLreductionIn emis-
sions.When applyingfor a stateoperatingpermit, pro-
cessingcompaniesarefirst requiredtoestablishabaseline
of their potentialemissions.’

In responseto theneedsof theplasticsIndustry,the
Societyof thePlasticsindustry,lnc.(SF1)organizedastudy
to determinetheemissionfactors for extrusionof ho-
mopolymerandcopolymeTof polypropylene.Sponsored
by tenmajorresinproducers,thestudywasperformedat
Battelle, an independentresearchlaboiatory.This work
follows apreviousSPI/Battellestudyon theemissionsof

IMPLICATIONS
This study provides quantItative emissions data that were
collected during extrusion of homopolymers and copoly-
mers of propylene. These data are directly related to pro-
duction volumes and can be used as reference poInts to
estimate emissions from similar polypropy4ene resins ex-
truded on similar equipment.
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polyethylene2andwas performedin con)unctionwith
emissionstudieson ethylene-vinylacetateandethylene-
methyl acrylatecopolymers.3

A reviewof theliteraturerevealsthat thermo-oxida-
tion studieshavebeenperformedon polypropylene.”The
primaryconcernsaboutthesepreviousemissionsdataare
thattheyweregeneratedusingstatic,small-scale,6or oth-
erwise unspecifiedprocedures.”5Theseproceduresmay
notadequatelysimulatethetemperatureandoxygenex-
posureconditionstypically encounteredin theextrusion
process.ThatIs, in mostextruders,thepolymermelt con-
tinuouslyflowsthroughthesystem,limiting theresidence
timein theheatedzones.Thiscontrastswith staticproce-
dures,in whichthepolymermaybeexposedto theequiva-
lent temperature,but for an effectively longerperiodof
time, thusresultingIn anexaggeratedthermalexposure.
In a similar way, theconcernoveroxygenin the indus-
trial extrusionprocessis minimizedastheextruderscrew
designforcesentrappedair backalongthebarrelduring
theinitial compressionandmeltingprocess.Theair exits
thesystemvia thehopper;consequently,hot polymeris

only briefly in contactwith oxygenwhen it Is extruded
throughthedie.Again, this is in contrastto statictesting,
in whichhotpolymermaybeexposedto air for extended
periodsof time. In view of theseconcerns,theacairacy
of dataobtainedfrom theseproceduresmay be limited
whenusedto predictemissionsgeneratedby polypropy-
leneprocessors.

As an alternativeto small-scalestatictechnology,a
betterapproachis to measureemissionsdirectlyfrom the
extrusionprocess.Sincethe typeandquantity of emis-
sionsareofteninfluenced
by operationalparam-
eters,the ideal situation
is to study eachprocess
underthespecificoperat-
ing conditions of con-
cern.Parametersthatcan
alter the nature of the
emissionsinclude ex-
trudersizeandtype,melt

temperatureandrate,the
air-exposedsurfaceto
volume ratio of the

extrudate, the cooling
rateof theextrudate,and
thesheareffect from the
extruder screw. Other
variablesreLatedto the
material(s) being ex-
trudedcanaLso influence
emissions.Theseinclude
resin type, age of the

resin, additivepackage,and any additional materials
addedto theresin prior to extrusion.If a processoruses
recycled materials,the thermalhistory is alsoan impor-
tant factor.

In view of thesevariables,aconsiderabletaskwould

beto deviseandconductemissionmeasurementstudies
for all majorextrusionapplications.Therefore,SPI’s ob-
jectivein this work wasto developbaselineemissionfac-
tors for polypropyleneprocessingunderconditionsthat
would provide reasonablereferencedatafor processors
involvedin similar extrusionoperations.

Thefiveresin typesevaluatedwerea reactorgradeho-
mopolymer,acontrolledrheologyhomopolymerwithand
withoutantistat,a randomcopolymer,anda reactorim-
pactcopolymer.The samplesusedwere mixturesof com-
mercial resinsfrom the sponsoringcompanies.The test
matrix usedwasdesignedto provideemissionsdataas a
functionof theirresintypeandtypicalmelt temperature(s).
This infomiation is providedin Table1, togetherwith the
averageadditivecontentof theresin mixtures.Theseare
typicaladditivesnormally foundin polypropylene.

A smallcommercialextruderwasequippedwith a1.5-
in. screwandfitted with an eight-stranddie. The emis-
sionsweremeasuredovera 30-mm.periodandwerere-
latedto theweightof resinextruded.Theemissionfactor
for eachsubstancemeasuredis reportedaspoundsevolved
to the atmosphereper million poundsof polymerpro-
cessedIppmiwt/wt)]. Processorsusingsimilarequip-
ment can use theseemission factors as reference
points to assistin estimatingemissionsfor their spe-

cific process.

11W~1. Polypropylene emission test runs; resin characterislics additive concentration and nell temperature.

Rise No.
Suqutase

Ruin 1$. Mill Flow Rat.
(yb mhn~230 CC)

Number at Resins
In Compoille

Mill Temp (‘fl Average MdltIv.
Cencelltrallon (ppm)

I Controlled Rheology 30—35 6 ItO Antioxidant 1,700
2 Homopolyner 510 PA 1,000
3 Non Antistat 605

4 Controlled Rheology 30-35 6 490 Mlioxidant 1,700
Honopolyner A3 3.400
with Asrtistat PA’ 2,500

5 Reactor Grade 3—7 7 490 Antloxidanl 1,700
6 Homopolyner 570 PA ~

7 Reactor Impact 3-10 4 505 AntIoxidant 2.500
Copolymer PA’ 1,500

15-20w1%EPR

B Random Copolymer 3—7 3 510 Antioxidant 2,000
34*1% Ethylene PA’ 2,200

SIiWAB 3.000

trocass aid
‘Antistat
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Thesubstancestargetedfor monitoring includedpar~

ticuLate matter,VOCs,light hydrocarbons(ethane,ethyl-
ene,andpropylene),aldehydes(formaldehyde,acrolein,

acetaldehyde,andpropionaldehyde),ketones(acetone
andmethyl ethylketone),andorganicadds(formic, ace-
tic, andacrylic acid). Thesearetheanalytesof interest,
eitherbecausetheyareontheI-lAPs list, asstatedearlier,
or theyate theexpectedthermalandthermo-oxidative
breakdownproductsof thepolymerstested.

EXPERIMENTAL
In thefollowing section,briefdescriptionsof theextrudet,
theentrainmenttone,aridsamplingmanifoldsarepro-
vided. Detailsof thesamplingmethods,procedures,and
analyticalinstrumentationareprovidedelsewhere,”2

ExperimentaLProcessConditions
An 11PM Corporation15-hpunventedextrudewasused
to processthe polypropylenetest samplemixtures at
Battelle. Theextruderwasequippedwith a 1.5-in,single
screw(L/D ratio of 30:1) andfitted with an eight-strand
die(FIgures1 and2). Extrudedresinstrandswereallowed
to flow into a stainlesssteeldrumlocateddirectly under

thediehead(Figure2). Processingconditions,shownin
Table 2, were selectedto berepresentativeof commercial
processingapplications.Theorderof thepolypropylene
emissionstestrunsis listedin Table 1.

Capture and Collection of Emissions
Emissionsreleased at the die head were separately col-
lectedfor 30 mm. during theextrusionruns (Table 3).
Emissionsfromthehopperwere excludedfrom analysis
sincepreviousemissionstudies
showedtheircontributionto be
insignificant (less than 2% of
the total).2 Thbje 3 shows the
samplingstrategyandoverall
analyticalschemeemployedfor
thepolypropylenetestruns.

Die Head Emissions
Emissionsreleasedat thedie
headduring extrusion were
capturedat thepoint of release
in a continuousflow of clean
air. A portion of this air flow
was subsequentlysampled
downstreamis describedin the
following paragraphs.The
emissionswere initially cap-
hired in astainlesssteelenclo-
suresurroundingthediehead
(FIgure 3). The air streamwas

FIgure 1. Extruder sfrand die head used in polypropylene omissions
tesung program.

immediatelydrawn througha divergentnozzleentrain-
mentcone,whichprovidedasheathof cleanairbetween
the die heademissionflow and thewalls of the carrIer
duct.Thisminimizedinteractionof thehotexhaustwith

thecoolerductwalls.
The total air flow employedfor capturingdie head

emissionswassetat 700L/mln. This wascomposedof
thedieheadentrainmentflow at525 L/mmn, thesheath
flow at L/min, and75 LImin of residualair flow thatwas
madeupfrom roomair drawinginto theopenbottomof
thestainlesssteeldieheadenclosure.This residualair flow
wasusedto facilitateeffectivecaptureof emissionsfrom

FIgure2. View 01 the ex’rudersystem a’~dthevarioussarnphng locations,

aw~

To Eahet ..— 4 Glass iUbli~g HEM-Filtered100 LPM
pen sygvI~ar

I
ToSampling Alr.tnaatsed tajnsd., Ercils_alepn

Wtt ~ DMrg. “~ 30 Laternn~a

EaSelol. SMeib Mr flow Hopper lOI.PM
enttrM , 100LPM

Die Aaaln
-a—-Mall Thm rehire Probe reRan

Extoadet,
cr6.5.

More., Mr 15 In ç’Ei*Uelnlnt Mr flow525 LPM

Extrud Exvuder25 salon B_re’
Contain (HeelingZone.

txtrrsdets blnjdela Lt&3)COa*ainer
Purge

£Xtl’lJd3ie ~ LPI& ‘to Vera)
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labl. 2. Resin throughput and key flow paranlelers during the polypropylene extrusion runs.

tastRdnNe. 1 2 3 4 5 6 7 8

ExtruderConditions
Resin Type Controlled Controlled Controlled Controlled Reactor Reactor Reactor Random

rheology rheology rheology rheology grade grade impact copolyner
po~rner hornopotymer t~ntpoiymec honopoiymsc h~tropolymer hwmpotymei CopotylNi (3-6*1% El)

(with antislat) (15—20 itit % EPA)
Melt Flow Rate MFR 30-35 MER 30-35 MFR 30.35 MFR 30-35 MFR 3-7 MFR 3.7 MFR 3-10 MFR-3-7
Average Die Head 400 510 605 490 490 570 505 510

Melt Teriw (‘F)
Zone3’lenpf°F) 428 488 558 471 497 643 496 49?
Zone 2 TeTIp (‘F) 403 430 469 320 369 436 369 369
Zone 1 Trp (‘F) 382 318 315 308 312 313 390 306
PressuTefpsig) <50 <50 <50 <50 750 250 490 200
Resin Throughput 12.1/ 9.29/ 9.23/ 7.58/ 53.8/ 41.9/ 39.5/ 23.6/

Qb,th4/(gen/min)] 91.6 70.3 69.8 57.4 40? 317 299 179
R01oSgeed(r~n) 98 98 98 96 63 68 83 83
Run Duraiioi (mm) 30 30 30 30 30 30 30 30

AIr Flout
Totel Manifold Flow (Urn in) 700 700 700 700 700 700 700 700
FlowaatetnloSh.,ath boo ioo ice ice 100 190 190 190
Ma

Flow Rate Into Entrainment 525 525 525 525 525 525 525 525
Area,(tjnnin)

FlowftateThrough 10 10 ID 10 10 10 10 10
Hopper ft/mm)

Flow ThroughTuhesbr 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5
Carbonyls (Limin)

FlowThmoughTubeslot 5 5 5 5 5 5 5 5
Orgatic Adds(L/min)

Flow Into Canisters (L/mnin) 0.16 0.16 0.16 0,16 0.16 0.16 0.16 0.16
FSThrcegh4O2THC 1 1 1 1 1 1 1 1

Analyzer (1mm)
Flow Thraugh Filter I-Iolder ((Jrnln)15 15 15 15 15 15 15 15

Tabi. 3. Analytical scheme for polypropylene test runs.

Substances Monitored Organic Acids Aldehydes/
Ketones

Parliwiate VOCs

Heavy Hydrocarbon Light F~’drocarbon

Collection Media KOH Impregnated Filler ONPH Tube Glass Fiber Filter SUMMA Canister

Analytical Method Desorpllon With Dilute
H1SO, and Analysis by

Ion EAttusiOn
Chrorretographyfliv

Desorption With
Acetonitrile an

Analysis by HPLC

Gravimetric Modified TO-14

HP-i Fused Silica Capilla&j A120,/Na2804Column I Capillary Column

GC/MS ) GC/11Dj GC/FIO

Sampling LocatIon Manifold
Meli Temp (‘F) Run No. Number of Samples Analyzed

400 1 2 2 1 1 2 1

510 2 2 2 1 1 2 1

605 3 2 2 1 1 2 1

490 4 2 2 1 1 2 1

490 5 2 2 1 1 2 1

570 6 2 2 1 1 2 1

505 7 2 2 1 1 2 1
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thepolymer.Theseflowsaredepictedin Fig-
ures2 and3. Anorifice plateandcontrolvalve
connectedto amagnahelicgaugewereusedto
set theflow ateachlocation.A calibratedmass
flow meterwasusedbeforeandafterthetest
runsto verify thesettings.Theflow setpolnts
werewithin ÷/-3%of thestatedvalues.

Die heademissionsweretransportedby
the 700-L/min air flow to asamplingpoInt 10
ft downstreamof thedie headusing4~inch-
diameterglasstubing. The locationfor this
samplingpoint (Figure2) wasbasedon pre-
vious studiesperformedat Battellethat in-
volved design,engineering,implernenta-
tion, and proof-of-principlestagesfor the
pilot plant system.1”1

Two separatesamplingmanifoldswere
usedat thesamplinglocation;one for collect-
trig gasesandvaporsandtheother for collect-
tagparticulates(Figure4). For gases andva-
pors,a 10-L/min substreamwasdivertedfrom

themain emissionentrainmentstreamusing
a 0.5-inchstainlesssteel tube(0.425 inch i.dj wrapped
with heatingtapeandmaintainedat 50 °C.VOCsand
oxygenatesweresampledfrom this manifold.Similarly,
particulatesweresampledIsokineticallyfrom a separate

15-L/min substreamusinga 0.25-inchstainlessunheated
steelprobe(0.1375In. i.d.)

Two different methodswereusedto measureVOC
emissions.OnewastheBeckman402HydrocarbonAna-
lyzer, whichcontinuallyanalyzedtheair emissionstream

throughouttherun andprovideda directreadingof all
VOC substancesrespondingto the flameionizationde-

tector.Theothermethodusedanevacuatedcanisterfor
samplecollectionandgaschromatographyfor analysis.
With this method,total VOCswere determinedby sum-
ming up theheavyhydrocarbon(containingacarbon
numberrangingfrom C3 throughC14) andlight hydro-
carbon(containinga carbonnumberrangingfrom C2
throughC3) results.

Thetotal VOCs determinedwith the402 Analyzer
arein generalagreementwith theVOC valuesobtained
by summingup thelight andheavyhydrocarbonsspe-
ciesfrom thetwoGC methods.The402Analyzerresults
areconsistentlyhigher. Thedataobtainedwith theCC
speciatlonmethodmoreclosely resemblestheTO-12
method,whichis frequentlyusedto measuresourceemis-
sionsof VOCs. Informationon theTO-12methodand
theCC speciatlonmethod(TO-14)canbeobtainedfrom
theliterature.’

This studydid not include anymeasurementsof
emissionsfrom thedrumcollectionarea,asall commer-
cial extrusionprocessesquenchthemoltenresinshortly

after it exits thedie. Emissionsfrom theextrudatein the
collection drumwerepreventedfrom enteringthedie
headentrainmentareaby drawingair from thedrumat
20 L/min andventingto theexhaustduct.Severalback-
groundsamplesweretaken,andsmoketubeswereem-
ployed to confirm that thedischargefrom theentrain-
ment areawasnot contributingmaterial to thesam-

pling manifold.

VALIDATION OPTHE ANALYTICAL METhOD
Thepurposeof themanifoldspikingexperimentswasto
determinethe collectionandrecoveryefficienciesof the
canister,acid, andcarbonylcollectIonmethods.During
thefirst spikingexperiment,all threecollection methods
wereevaluated.2Dining thesecondspikingexperiment.
collection/recoveryefficienciesweredeterminedonly for
thecanistersamplingmethod.Theresultsfromthetwo
spikingexperimentsaresummarizedin Table4. The
analytesmeasuredby thespikingeicperimentsarelisted
in columnone. Column two showsthemethodused.

Columnthreeshowsthecalculatedconcentrationsof the
spikedcompoundsin theair streamof themanifold.The
concentrationsfoundfrom duplicatesamplingandanaly-
ses,correctedfor backgroundlevels,areshownin thenext
two columns.Finally, theaveragepercentrecoveredIs
given in thelastcolumn.

The resultsfrom thefirst experimentaresummarized
in Table4 to showrecoveriesof themanifoldspikedcom-
pounds.Thethreeorganicacidswerespikedata nominal
air concentrationof about0.6 to 0.8 pm/L. Recoveries
using theKOH-coatedfilters rangedfrom 107to 122%.

Icul Flow
toe I.fl.

Ah-CuieS.d Imlo*4e.~

—
N IOU Jet

Flgur.3.\new of emission entrainment area.
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Formaldehyde(1.63 pm/L) servedasthesurrogatefor the
aldehyde/ketonespecies,andtheDNPI1 cartridgemethod
showeda recoveryof 130%. Deuteratedbenzene(0.092

pm/L) servedastherepresentativecompoundfor thecan-
istercollectionmethod.Theamountrecoveredwas95%.

During thesecondexperiment,additionalrecovery
datawasobtainedfor thecanistermethod
usingan expandedlist of compounds.The
additionalcompoundsIncludeddeuterated
benzenefor comparlsonwith thefirst ex-
perimentas well asbenzene,methyl acry-
late, deuteratedmethyl acrylate,andvinyl
acetate.Theexpectedspikelevel of these
five specieswasnominally0.24pm/L. Mass
ions from themassspectrometricdetector
thatwerespecificfor eachcompoundwere
usedin calculatingrecoveryefficiencies,
sincethefive specieswerenot well-resolved
with theanalyticalcolumn (i.e., thetwo
methyl aci-ylateswereseenasonepeakwhen
monItoringtheflame ionizationdetector).

POLYPROPYLENE EMISSIONFACTOR

RESULTS
Theextrusiontestrunresultsfrom theeight
polypropyleneresinmixturesareshownIn

Table5. This showstheaveragedieheadmelt tempera-
ture for eachrun andprovidesemissionvaluesin pg/g
for thetargetspeciesin thefollowing categories:particu-
latematter,VOCs, andoxygenatedspecles—aldehydes,

ketones,andorganicacids.Theconcentrationsaredirectly
translatableto poundsof materialgeneratedpermillion
poundsof resinprocessedat thatextrusiontemperature.
FigureS showsabargraphof the just-mentionedemis-
sion categoriesby testrun. Emissionsplottedincludepar-
ticulatematter,VOCsasmeasuredby the Beckman402
Analyzer,VOCsasmeasuredby thegaschromatographic
speciatlonmethods(e.g.. light andheavyhydrocarbon
methods),and,finally, thesumof theoxygenatespecies—
aldehydes,ketones,andorganicacids.

Examinationof thefive differentresinmixturesex-
trudedat asimilar temperature(5000?) thatis, TestRuns
Z, 4, 5, 7, and8 showthecontrolledrheologyhomopoly-
mersamples(2 and4) generatethehighestconcentra-
tion of particulatesandVOCs. Figure5 clearlydemon-

stratesthe effectof melt temperature(400to 600°F)on
emissionsfroma singleresin type.TestRuns1, 2,and3
show,as expected,thatemissionsof all speciesincrease
with Increasingextrusiontemperature;Test RunsS and6
showsimilar behavior,but to alesserextent.Notethat
thesedatamay not be extrapolatedto thehighertem-
peraturesusedfor themeltspinning process.

Individual organicacid emissionsrangedfrom less
thanthedetectionlevel to 6.6pglg). Formic andacetic
acidconcentrationvariedby factorsof 20and15, respec-
tively, overtheeight runs,but therelativelevelsof for-
micandaceticacidweresimilar (within afactorof 2) from
testrun to testrun. Acrylic acidemissions,if any, were
belowthedetectionlimits of theequipment.TestRuns3

Tale 4.ResultsIconspikingexperiments.

An.iyte Method Spike flecav
Level
(i’w’)

Sell

ety (pç’L)

8012

Avenge %
Recoveved’

Formic Acid ROll (liters
Fint Experiment’

0.71 0.987 0.733 122 ±lB
Acetic Acid XCII tillers 0.77 1.023 0.640 121*12
AcrylicAcid KOilfifters 0.59 0.687 0.567 107~11
Fornaidehyde ONPII Caitddge 1.63 2.20 2.03 130±5
Benzene-; Canister 0.092 0.~8 0.~6 95 ±2

eenzene-d
6

Canister
Benigne Canister

Second Experiment’
0.24 0.27
0.22 0.22

0.25
0.22

103±4
103

Methyl Aciyiaie-d~ Canister
Methyl Acrylale Canister

0.25 0.26
0.25 0.25

0.24
0.23

100±4
95 ±4

Vinylftcetate Canister 0.24 0.26 0.25 115.6

‘Relativeerror is the relative percent diterence: tie absolute difference in the Iwo sanples multiplied by 103 and
then Oivkled bytheir avenue.

w
r

FIgure4. Sampkngmanifoldsfor erthsionsgeneratedIn die head.
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and4 showedthe highestlevelsof organicacids.Theto-
tal organicacidemissionvaluesfor theserunswere10.6
and10.9 pg/g, respectively.Figure5 graphicallyshows
thetotal oxygenatesdetected.Evenat thehighest melt
temperaturesemployedin this study, theoxygenatescon-
tributedlessthan 11%of thetotal VOCsemitted.

The individual cathonylspeciesrangedin emission
valuesfrom lessthanthedetectionlevel to 26.9 l’g/g- All
eight specieswereresolved.Acetonewasthe mostpre-
dominantcomponentfollowed by formaldehydeandac-
etaldehyde.TestRuns3, 4, and6showedthe highestlevel
of total carbonylspecies.Thetotal carbonylcontentfrom
theserunswere73.8, 14.9, and21.8 pg/g, respectively.

Notethat the EPA Is proposingto reviseitsdefinition
of VOCs for purposesof preparingstateimplementation
plans(511’s) to attainthe nationalambientair qualitystan-
dards(NAAQS) for ozoneunderTitle I of theCAAA9O
andfor thefederalimplementationplanfor theChicago
ozonenonattainmentarea.Theproposedrevisionwould
addacetoneto theList of compoundsexcludedfromthe

table5. Sunmary ot polypropyleneextrusionemissions forgeneric resin grades (moJgl.

definition of VOCon thebasisthat thesecompoundshave
negligiblecontributionto troposphericozoneformation.0

Thesignificanceof this databecomesapparentwhen
placedin thecontextof the 1990CAAA9O definition of
“major” sourcefor VOC emissions.Categorizationof an
emissionsourceasamajorsourcesubjectsit to moreshin-
gentpermitting requirements.Thedefinition of ama)or
sourcevarieswith theseverityof theozonenonattainment
situation of theareawherethe sourceis located.Thecur-
rentVOCemissionlimits are 10 tons/yr for anemission
sourcewithin an extremeozonenonattainmentclassifi-
cation,25 tons/yr for a sourcein thesevereclassification,
and50 tons/yr for a sourcein theseriousclassification.
Currently,theonly extremenonattainmentareain the
UnitedStatesis theLos Angelesarea.

Theutility of this datacan beillustratedin the fol-
lowing examples.Basedcon theemissionsdatadeveloped
in this effort, aprocessorwith equipmentsimilar to that
used In this studycanextrudeannuallyup to 24.4mil-
lion poundsof controlledrheologypolypropyleneat a

TesiflunNo. 1 2 3 4 5 5 ‘7 5

Extrgder CorSitlons

Resin Type Controlled Controlled Controlled Controlled Reactor Reactor Reactor Random
telogy rheology rheology rheology grade grade impact copolynw

homopoiymer h~opolynw homopolymer homopolymer
(with antislat)

t~mopolymer homopoiymer copoiymer
(15—20 Wf % EPRj

(3-6*1% El)

Melt A~�ageDie 400 510 605 490 490 570 505 510
Melt Temp (

0
F)

Particulate Matter 30.3 68.4 653 ISO 17.3 218 34.5 27.9

VOte
Beckman 402- TI-IC

0
104 177 819 191 33.4 202 80.3 59.4

Heasyllydrocarbores 79.1 175 587 104 24.6 127 65.1 29.8
light Hydrocarbons
Ethene 0.90 1.39 4.65 0.78 0.07 0,37 0.02 0.08
EU~iene 0.38 1.44 1.36 0.50 0.03 0.05 0.02 0.05
Propylene 021 0.80 13.9 0.70 0.12 2.24 0.06 0.26

Aldehydes
Formaldehyde0 0.74 128 19,1 1.30 0,17 705 0.18 0.09
Acroleln0 <0.01 005 0.81 0.14 <0.01 0.10 cOOl <0.01
Acelaldehyde0 0.46 0.54 15.8 0.53 0,09 5.63 0.20 0.08
Prcptonaldchyde0 0.05 0.07 1.60 3.31 0.02 0.97 0.95 0.02
Butyraidehyde 0,78 1.05 3.32 0.92 0.04 0.38 0.08 0.01
Benzaldehyde 0.12 0.14 5.21 0.51 0.08 0.86 0.02 0.08

lietonee
Acetone 9.66 12.6 26.9 9.36 0.15 2.82 0.31 0.18
Methyl Ethyl Ketone0 0.19 0.24 9.62 0.26 0.07 5.23 0,04 0.04

Orginic Acids
FormicAcid 059 1,43 3,98 5.98 <02 1.19 <0.2 0.31
Acetic Acid 1,10 1.25 6.60 4.90 <0.2 2.64 0.25 0.52
Acrylic Acid <0.08 <0.08 cOOS <0.08 <0.08 <0,08 c 0,08 <0.08

11-IC = Total hydrocarbons (methane is not included).tHazardoLs air pollutants (l-~Ps).
Note: The emission values are averages Iron duplicate was, In general, lie differences were ~+/-15%.
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FIgure 5. Uar graph showing the particulates. VOCs obtained with
the 402 Ma~’zer,VOCs obtained by GC speciation and oxygenated
organic species tiactors ri 1JQ/g).

melt temperatureof 600°For 1,156 million poundsof
reactorgradehomopolypropyleneat amelt temperature
of 500 ‘F without exceedingthe 10-ton/yrlImit for an
extremeozonenonattainmentarea.

CONCLUSIONS
Basedupon theresultsof this study,thefollowing six
conclusionsaremade:

(1) For theresinsstudied,themajoremissioncom-
ponentswereparticulatematterandVOCs.Much
loweramountswerefound of theoxygenated
species—aldehydes,ketones,andorganicacids.

(2) Emissionratesaredirectlycorrelatablewith the
melt temperature.

(3) Although thecollection andMS speciatlonof

VOCs mostcloselyfollows theEPA procedures
fTO-12andT044)for measuringVOCs, themore
conservativeapproachusingtheBeckman402
Analyzer, which yields higher VOCs values,
should beemployed.

(4) Thedataprovidespolypropyleneprocessorswith
a baselinefor estimatingtheVOCsgeneratedby
theresinstheyhandleon adaily basisunderpro-
cessingconditionssimilar to thoseused in this
studyandat the maximummelt temperaturesre-
ported.Thefollowing weightsof eachresin can
be processedwithout exceedingthe 10-tonlimit
of an “extreme”ozonenonattaininentarea:24.4
million poundsof controlledrheologypolypropy-
leneat 600‘F, 99.0million poundsof reactorgrade
homopolymerat570°F,249.1mIllion poundsof re-
actorimpactcopolymeratSOS‘F, and336.7mil-
lion poundsof randomcopolymerat 510 ‘F.

(5) In somecases,theemissionfactorsdetermined
in this study mayoverestimate”orunderesti-
mateemissionsfrom aparticularprocess.Profes-
sionatjudgementandconservativemeasures
must beexercisedas necessarywhenusingthe
datafor estimatingemissionquantities.

(6) Ibis studywasnot designedto meettheneeds
of industrial hygienists.However, this typeof
apparatuscanbeusedat differentextrusioncon-
ditions to gatherdataon othertypesof extrudates
suchasfiber, film, or sheet.

,s’,a,.,~... .‘,:ss..’s J
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ABSTRACT
Emissionfactorsfor selectedvolatile organiccompounds
(VOCs) andparticulateemissionswere developedwhile
processingeight commercialgradesof polycarbonate(PC)
and onegradeof a PClacrylonitrile-butadiene-styrene
(ABS) blend.A small commercial-type extruderwasused,
andthe extrusiontemperature was held constantat304‘C.

An emission factorwas calculated for eachsubstance
measured and is reported as pounds released to theatmo•
sphere/millionpoundsof polymer resin processed(ppm
(wt/wt)l. Scaledto productionvolumes,theseemission
factorscan be usedby processorsto estimateemission
quantitiesfrom similar PC processingoperations.

INTRODUCflON
The CleanAir Act Amendmentsof 1990 (CAM) man-
datedthereductionof variouspollutantsreleasedto the
atmosphere.Asaresult,companiesarefacedwith thetask
of establishingan “emissionsinventory” for thechemi-
calsgenerated and releasedby their productionprocesses.
The chemicals targeted are those considered volatile or’
ganic compounds (VOCs) andthosethatareontheU.S.

EnvironmentalProtectionAgency’s (EPA) current list

of 188 hazardousair pollutants.Title V of the CAAA
establishesa permit programfor emission sourcesto
ensurean eventualreductionin thesechemicalemis-
sions.Whenapplyingfor astateoperatingpermit,pro-
cessingcompaniesarerequiredto establisha baseline

of their potentialemissions.1

In responseto theneedsof theplasticsindustry,the
Society of thePlasticsIndustry,Inc. (SI’!) organizedastudy
to determine the emission factorsfor extruding polycar-
bonate (PC) homopolymers, copolymers, andblends.

Sponsored by two majorresin producers, the studywas
performedat Battelle. This work follows previousSF11
Batteile studies on the emissions from acrytonitrile-
butadlene-styrene(ABS),2 polyethylene,3ethylene-vinyl
acrylateandethylene-methylacrylatecopolymers,

polypropylene,5andpolyarnide.’
Therearelimited literaturereferencesaboutemissions

from PC, but most of theseusestatic, small-scaleproce-
duresandwere intendedto predict emissionsfromeither
a fire scenarioor worker exposure?’ Theseproceduresdo
not accurately simulatethetemperatureprofIleandoxy-
genexposnreconditionstypical of extrusion processing.
Static testingusually exposesthe resin to temperatures
outside (both greater than and less than) typical extru-
sion temperature ranges and to atmospheric oxygen for
extendedperiods of time. During commercial processing,
the resin is molten for a few minutes at most,and the

equipment is designedto forceairout of contactwith the
melt in the barrel. Hot resin is in contactwith oxygen

IMPLICATIONS
This study provIdes quantitative emission data collected
while processing nine types of PC-based resins. These
data are directly relatedto production throughputandcan
be used as reference points to estimate emissions from
similar PC resins processed on similar equipment.
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only brieflyasit exits thedie. In light of thesedifferences,
thedataobtainedfrom static testsareof limited usein
predictingemissionsfrom commercialprocessing.

Greateraccuracywould, of course,be possibleby
measuringemissionsfrom actual productionequip-
ment. Becauseoperatingparameterscaninfluencethe
type and quantityof emissions,thegreatestaccuracy
can be achievedby studying eachprocess.Parameters
thatcaninfluenceemissionsincludeextruder/injection
moldersizeandtype,melt temperature,processingrate,
the ratio of air-exposedsurfaceto thevolume of the
product,andsheareffectscausedby screwdesign.Vari-
ablesassociatedwith thematerialbeingprocessedthat
canalsoaffectemissionsIncluderesin type, ageof the

resin, additive packages,and heathistory of any re-
cycled resin.It would bea dauntingtaskto designand
implement emissionstudies for all combinationsof
processingvariables.

To strikeabalance betweentheinapplicability of static
testsandthecomplexityofmeasuringeachprocess,SI’! and
majorPCproducersInitiatedworktodevelopbaselineemis-
sionfactorsfor PCprocessingunderconditionsthatwould
providereasonablereferencedatafor similar processingop-
erations.Extrusionwaschosenasthepreferredprocessbe-
causeof its continuousnatureand the ability to reach
steady-stateconditionsfor accuratemeasurement.Extrusion
Is also believedto havehigheremissionratesthan other
processes,suchasinjection moldingoperations,’and,there-
fore,shouldleadto more conservativeextrapolations.

Forthecurrentstudy,threecompositesandsix single
resinswereevaluated(seeTable 1). Thecompositeswere
a blendof BayerMakrolonandDow Calibreintendedfor
food contact, compactdiscs,and tJ%’-stabillzedproduct
markets.Bayer thentestedthreegradesof Makrotonin-
tendedfor radiation-stabilized,Impact-modified,andig-
nition-resistantmarkets.Dow testedaradiation-stabilized
grade,a branchedPC,andaPC/ABS blend.

liMe 1.Test runsbr PC resins program.

Samplingand analyticalmeasurementswere con-
ductedto determineemissionfactors for thefollowing:

• total particulatematter;
• total VOCs;
• eight targetedVOCs: rnethyimethacrylate,

monochlorobenzene,carbontetrachioride,me-
thylenechloride,p/tn-xylene,styrene,o-xylene,
andtoluene;and

• four targetedsemi-volatileorganiccompounds

(SVOC5):diphenylcarboriate,bisphenolA, phe-
nol, andp-cumyl phenol.

Thetargetedorganicspecieswerechosenbased ontheir
knownor expectedpresenceasthermalandthermaloxida-
tive breakdownproductsof thepolymersselectedfor study.

EXPERIMENTAL
ResinBlending Procedure

Forruns1—3, equalportionsof eachcontributedresinwere
homogeneouslymixed in 10-galmetalcansto form a
compositeblendimmediatelybeforethe test run. Each
containerwas filled to approximatelytwo-thirdsof ca-
pacityandthen thoroughly blendedby rotation on an
automatedcan-rolling device. Eachresin (runs 4—9) or
resinmixture (runs 1—3) wasplacedin a drying hopper
anddriedat 126.7°Cfor 6 hr to adewpointof —28.9°C.

ExtruderOperatingProcedures
The11PM Corp.1.3-in., single-screw,30:1 L/D (length-to-
diameterratio), 15-hpplastic extruderwas thoroughly
cleanedbeforethe PC experiments.The extruderis ca-
pableof -27.2kg/hrthroughputand426.7°C(maximum)
bane!temperaturesfor the threeheatzones.A specially
constructedscrewusedon a previouspolyamidestudy’
wasusedandis shownin Figure 1. An eight-stranddie

headusedin previousSPI-sponsoredemissionstudieswas
usedfor this studyandis shownIn Figure2.Thediehead
wascleanedandinspected,theholeswerereamedto a

3/16-In,diameter,andthesurface

waspolished beforethe startof
experimentalwork.

EachPCresinor mixturewas
initially extrudedfor 10—20mitt
beforetheactualtestrunto en-

surestableprocessconditions.
During this time, thetotal VOCs
were monitored by online
instrumentation to indicate
equilibrationof theexhaustef-
fluent. A checkof operatingpa-
rameterswasrecordedinitially
and at 5-mm Intervals during

each 20-mm test run. These
parametersincluded

Ben Na. Resin Sai~ielascriptia
AppikalSes

lays,
M*JCIIOIDK

Dew
CAIJIRI

£tudlal
Tmup.rstvr.

I Composite’ Foodcontact 3108 201 304 ‘C
2 Composite’ Compact discs MAS-l4Oand CD2005 XII 73109,OIL 304 ‘C
3 Canposite’ UV stabilized 3103 302 304°C
4 Single Radialion stabilized RX-2530 304°C
5 Single lnpact modified 1-7855 304 ‘C

6 Single Flame ‘etarded 6485 304 ‘C
7 Single Radialion stabilized 2061 304 ‘C
8 Single Branched 603-3 304 ‘C

9 Single PC/ABSble4 Pulse 830 304 ‘C

Equal weights of resins dry blended.
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P1gw’. L Extitider stranddin headusedii potyamideemissions
testk~gprogram.

.

• checkthatthetemperatureat thedie headhad
reachedtargetandwasstable;

• checkthattheRPM settingwasat 6096(60RPM);
• checkof theextrudercooling waterflow (inand

out);
checkof manifoldairflow rates;and
checkof the flow settingsfor all sampling
equipment.

For eachtest run, a secondrepetitiverun wascarriedout
immediatelyaftercompletionof thefirst runusingthesame
operatingconditions.Duplicaterunswereconductedto al-
low betterassessmentof samplingandanalyticalprecision.

DieHead EmissionCollection
Thestainless-steelemission-samplingmanifold Isshown
in Figure3. EmIssionswereentrainedin pre-conditloned
air (Le.,purified throughacharcoalfilter). Incomingfil-
teredairwaspresetat aflow of 400L/mln usingthevari-
able flow blowerandweremaintainedatthis ratefor all
testruns.This flow wasdirectedthroughthelaminarflow
headassemblyandacrosstheextrusiondie head.The
variableflow bloweron the receivingsideof themani-

fold systemwasadjustedto matchthe400-L/minInlet
flow. Additional flow from the samplingequipmentre-
sultedIn —1096greaterflow into thereceivingendof the
samplingmanifold. Smoketubeswere usedduring the
test runsto confirm efficient transferof theemissions.

The manifoldwasequippedwith niultiple ports for
connectingthevarioussamplingdevices.Eachport was
0.25-in.o4. andprotruded1 in. Into theairstream.The

tl9t—OI—lO5Q~/ SCREW PROFILE

SHANK

7.0 0

~tEO

8.0 0

TRANSITiON

CUSTOMER ~AT1W..E MEMORIAL INSTilIJIE
cauMaus~olt

sIZE i.~ i/o 30:1

MATERIAL TO SE PROCESSEDNYL~46/6

s/~ 06—0016

PUMP TORPEDO
120

Molts: 4340HR W/COLMQNOY 55 FLIGHTS
CHROME PLATED

FULL LENGTH COOLING HOLE

ORDER so.. A316L_.

Flgiars 1.Screwprofile IHPM Corporation).
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Figure3.&nission onck,sUreapparatLs.

manifold wasalso equippedwith a4-in, filter hoideras-
semblyandanin-line stainlesssteelprobe(0.25-In.o.d.)
connectedto a47-mmfilter pack.

SamplingandAnalysisMethods
Themethodsemployedfor characterizingthe emissionsfrom
the resin extrusion processaresummarizedin Table 2.
Detailedinformationis providedin thefollowing sections.

TargetVOCs. ThecollectionandanalysisoftargetVOCs

followedEPA MethodTO-14A guidelines.Evacuatedand
polishedSIJMMA 6-L canisters(100 mtorr) wereused
to collectwholeair samples.The6-L canisterswere Ini-
tially cleanedby placingthemin aSO °Covenandusing
a five-stepsequenceof evacuatingto lessthan 1 torr

(1 mm of mercuryvacuum)andfilling to —4 pslg (lb/in.2

gauge)usinghumidified ultra-zeroair. A final canister
vacuum of 100 mtorr wasachievedwith an oil-free
mechanicalpump. Eachcanisterwasconnectedto the
samplingmanifold,anda20-mm integratedsamplewas
obtainedduringthecollection period.After collection,
thecanisterpressurewasrecorded,andthecanisterwas
filled to 5.0 psig with ultra-zeroair to facilitaterepeated
analysesof air from thecanister.

Table2. Samplecolleciionandanalysism~hodsor polynarbonalelest runs.

Sabstances CellecticaMedia AnalyticS Metbad
Menitsied

blat VOCs Real-time moniliring Gonhinuous FIB
Target SVDCs XAD-2 adsorbeni SC/MS
Particulatemailer Glassibertiller Gravimetric weighing
TaigM Vots SUMMA canister GG/paiatleiFID and MSD

A FisonsMD 800gaschromatographic(CC)system
equippedwith parallelflameionization detectors(FID)
andmassspectrometricdetectors(MSD)wasusedto ana-
lyzethetargetVOCspresentin thecanistersamples.The
CC containeda cryogenicpreconcentrationtrap. The
trap wasa 1/8- x 8-in, coiled stainlesssteel tubepacked
wIth 60/80 meshglassbeads.The trap wasmaintained
at —185 °Cduringsamplecollectionandat 150 °Cdur-
Ing sampledesorption.A six-portvalvewasusedto con-
trol samplecollection and injection. Analytes were
chromatographicallyresolvedon a RestekRtx-1, 60 m
x 0.5 mm i.d. fusedsilica capillary column (1 jim film
thickness).Optimalanalyticalresultswere achievedby
temperature-programmingtheCC ovenfrom—SQto 220

°Cat S °C/mm. Thecolumnexit flow wassplit to direct
one-thirdof theflow to theMSDandtheremainingflow
to theFW. Themassspectrometer(MS) wasoperatedin
thetotal ionizationmodeso thatall masseswerescanned
between30 and300aznuat arateof I scan/0.4sec.Iden-
tification of VOCswasperformedby matchingthemass
spectraacquiredfrom the samplesto the massspectral
libraryfrom theNationalInstituteofStandardsandTech-
nology (NIST). Thesamplevolumewas60cm’. WIth this
samplevolume, the FED detectionlevel was 1.0 ppb.
Detectorcalibrationwasbasedon Instrumentresponse
to known concentrationsof dilute calibrationgascon-
taining thetargetVOCs (traceableto NIST calibration
cylinders).The calibrationrangeextendedfrom 0.1 to
1000~&g/L

TargetSVOCs.XAD-2 adsorbenttubeswere usedto collect
SVOC emissions.Analyseswerecarriedout usingaCC/MS
system.The adsorbentcleaning,sampling,andanalytical
proceduresaredescribedin thenextparagraphs.

F*er

FIO# MWQ RSAI1OVSS Lsmkiar Airflow Measurement
Zone Enclosure

Airflow
Measurement

~tlatSAow M—’io’ * Is. 8’ * 15—44

Ejdnjsion
Head

FS~bie
hose

Note: Enclosureand manifold
arestainlesssteel.

WrlableFlow
BWwr

4-
1-

Charcoal
F1w
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ThesamplingmoduleconsistedofanInlet jet equipped
with a quartzfiber filter (Pallfiex) anda glass cartridge
packedwith precleanedXAD-2 (Supelco).The filters were
purgedin anoven(450°C)overnightbeforeuse-TheXAD-2

cartridgeassemblywassealedatboth ends,wrappedwith
aluminumfoil, andlabeledwith asamplecode.

SingleXAD cartrmdgesamplingwasconductedovera
20-mm collectionperiodusing nominalflow ratesof 4
L/min. An SKC sampling pump wasused to draw the
sampleinto thecartridgeassembly.A massflow meter
(0—5 L/min) wasusedduringthesamplingperiodto mea-
sureactualflow rate.After sampling,theXAD-2 assembly
wascappedandstoredin a refrigerator.For runs IA, 2A,
and58, aknownamountof bisphenol-A(deuterated,d6)
wasspikedonto theXAD-2 cartridgejustbeforesamplIng.

The filter/XAD-2 samplesfrom each run were ex-
tractedseparatelywith dichloromethanefor 16 hr. The
extractswereconcentratedby evaporationwith aI(uderna-
DanIsh(K-D) apparatusto afinal volumeof 10 mL. The
concentratedextractswereanalyzedby CC/MS to deter-
mine SVOC concentrations.

A HewlettPackardModel 5973 GC/MS,operatedin
the electronimpactmode,wasused.Sampleextractswere
analyzedby GCIMS in thefull massscanmodeto deter-

mine SVOC levels.A fusedsilica capillaryDR-S column,
60 m x 0.32mmm.d. (0.25~xmfilm thickness),wasused
for analyteresolution.Theinitial CCoven temperature
was70°C.After 2 rain, thetemperaturewasprogrammed

Table 3-Totalmanifoldexhaustflow andresin throughputratesbr ~necicPC resin grades.

to [SO °Cat 15 °Cfmiriandthen to 290°Cat 6 °Cfmin.

Helium wasusedas thecarrier gas. The MS wassetto
scanfrom m/z 35 to 500amu at 3 scans/sec.Identifica-
tion of thetargetanalytewasbasedon acomparisonof
mass spectraand retentiontimes relative to thecor-
respondingInternal standards(naphthalene.deand
phenanthrene-d~0).Tentativeidentificationof nontarget
compoundswasaccomplishedby manualinterpretation
of background-correctedspectratogetherwith anonline
library search.

Total ParticulateMaterial, The concentrationof particu-
lateemissionswasdeterminedby passinga sampleof the
exhausteffluent througha pre.welghedfilter andthen
conductinga gravimetric analysisof thesampledfilter.
Thepre-weighedfilter (8 x 10 In.) andholderwere In-
sertedinto the exhaustport of the samplingmanifold.
Thesamplevolumewasdeterminedfromacalibratedori-
fice andMagnehelicgaugelocatedonthesamplemani-
fold blower. A flow rateof 200L/min wasusedduringthe
20-mm testruns.Cravimetricanalysesof thefilter before
andaftersamplingwerecarriedout In a controlledenvi-
ronmentalfacility (temperature21 t I ‘C, relativehu-
midity SO±5%). The filters werepreconditionedto the
controlledenvironmentfor 24 hrandthenweighed.

Total VOCs. A VIG IndustriesModel 20 total hydrocar-
bonanalyzerequippedwith ahydrogenflameIonization

Test Res 0411cc hewer Slower@ Total XAO-2 Cults., Total Reel.
Rn Type (Inchesof @140°F 15°For YE Sampler Sampler Muttold Throughput
Na. ntis) or10°C

(limb)
24°C
(IMII)

Analynr
(1Mm)

(I/mm) (IMnin) Flow
((Mm)

(SMile)

lÀ Foodcontact 4 417 393 2 4.0 02 399.2 354
18 4 417 393 2 4.0 02 3992 333
2A Corr~actdis~ 4 417 393 2 4.0 0.2 399.2 370
28 4 417 393 2 4.0 0.2 399.2 368
3A ljVslabilizei 4 417 393 2 3.9 0.2 399.1 341
38 4 417 393 2 3.9 02 399.1 322
4k fladiahion stabilized 4 417 393 2 4.0 0.2 399.2 356
48 4 411 393 2 3.9 02 3991 359
5.4 ln~aclmodified 4 417 393 2 3.9 0.2 399.1 309
50 4 417 393 2 3.9 02 399.1 310
6.4 ignition resistani 4 417 393 2 3.9 0.2 399.1 344
68 4 417 393 2 3.9 0.2 399.1 351
7.4 Radiation stabilized 4 417 393 2 4.0 0,2 399.2 348
76 4 417 393 2 4.0 0.2 3992 346
8.4 Bianched 4 417 393 2 4.0 0.2 399.2 325
88 4 417 393 2 4.0 02 399.2 323
9.4 PC/ABS blend 4 417 393 2 4.0 0.2 399.2 285
98 4 417 393 2 4.0 0.2 399.2 287
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detector(HFID) wasusedto continuously
monitortheVOCcontentof theexhaust
effluent.A heatedsampleline(149 ‘C) was
connectedto the extrudersamplemani-
fold, andthesampleflow wasmaintained
at 2L/min. Theanalyzerwascalibratedat
the beginningof eachtestdayagainsta
NIST-traceablereferencecylindercontain-

ingamixtureof propanein 42pg/Lultra-
zeroair (minimal total hydrocarbons,
water,CC2,CC, or otherimpurities).Lin-
earity was demonstratedby challenging
theanalyzercalibrationstandardsof3, 46,
280,and4480 xg/L of methane.

Total Manifold Flow

Thetotal rnarUfolclexhaustflow for the
Individual test runswasneededfor the
eventualcalculationof emissionfactors.
Table3 lIsts thetotal flows for eachtest

run.TheorificeAl’ valueIs theobserved
readingfor each run. From theexperi-
mentally derivedregressionequation,
flow = 74.223(AP)÷119.77(R2~’0.9943),
aflow rate(typicallyexpressedasL/min)
throughtheblowercan be determined
usingthis Al’ value. However, the flow
acrossthe orifIce was originally call.
bratedat 75 ‘F (23,8 ‘C). The Itankine
temperature(‘It) is commonlyemployed

+ 459.67).Tocorrecttheflow to
the manifold operatingtemperatureof
140°F(60‘C), thefollowing flow orifice
equationwasused:

Ha

Q2 QI (1)

where wasthe flow rateduring test

runs,Q2 wasthe flow rateat 75 ‘F (535

‘It), T, wasthe temperatureof theex-
haustair (‘It), and 1’~wasthe tempera-

tune at calibration(535 ‘It).
A temperaturecorrectionfactor of

0.944 wasappliedto theflow ratedur-
lng the test runs to determinetheflow
rate at 75 °EIn addItion, the flow rates
~ from the Individual samplingcompo-

nentswereneededto obtain a total
~‘ manifoldflow, The total manifold flow
~ is shownin the lastrow of Table3. For

all testruns,thetotal manifoldflow was
~‘ balancedat thepresetincomingflow rate
? of 400L/min.

Ii
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1. ~ Emission Factors‘I J Amounts of thetarget chemicalsdetected
in themanifoldexhaustflow areshown

j in Table4 (pg/L). Emissionfactorsfor the
amountof targetchemicalsdetectedfor

eachresIntested(Mg/G) werecalculated
‘S from the measuredemission levels in

Table4 usingthis formula:

E=(Cxfl/O (2)

J
~ where£ was gg emlssions/gprocessed

resin,C wasthe measuredconcentration

J
of emissionsIn ~ig/L,Pwasthetotal mani-

fold flow rateIn L/min, and0wastheresin

throughputin g/min. Emissionfactors

I (jag/G)aresummarizedin TableS.Dimen-sionalanalystsshowsthattheseemission
ô factorscanalsobereadaslb emisslons/J mIllion lb resin processed.

Significanceof Emission Factors

~j, This study providesemissiondatacol-

iectedduringextrusionof variousPC res-

I ! ins underspecificoperatingconditions,The calculatedemissionfactorscan beusedby processorsto determinetheirex-

I pectedannualemissions,whichareusedI I to categorizeindustrial sItes underthe1990 CAAA. Themoststringentcurrent
— limitation is 10 t/yearof VOC emIssions

I I within anextreme03 managementarea.A processorwith equipmentsimilar toJ thatusedIn thisstudycouldextrude100-
800 mIllion lb/year of PC, dependIng

I I upontheproductmix, beforeachievingmaximumpermit levels.In lessrestrictedareas,wherethe VOC emissionscan be
up to 50 t/year, the processorcouldpo-
tentially processS tUnesthis amount.

The primary results of the study are
— shownin Table5. Somespecificobser-

I
vations areasfollows:

~ Overall emissionswere low.

Manygradesindicatedlessthan
100 lb emIssions/millionlb PC
processed.Processingconditions

j ~ differedfrom resinto resin,most
notablyby temperature,soemis-
sion data from different resins

werenot directlycomparable.
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(2) The PC/ABS blendproducedthehighestemis-
sions.This was predictedby thepreviousSPI.
sponsoredABS study.

(3) Impact-modifIedPC was thenexthIghestemit-
ter.Again, this wasexpectedbecausethis blend
containedatoughenercomponent.

TableS showsthat verygoodprecisionwasobservedfor
thenineduplicaterunsacrossall four measurementtech-
niques.Calculatedprecisionwas8%for particulatemat-
ter, 6%for VOCs, 14% for targetedVOCs, and15% for
SVOCs. Severalof the targetedVOCs were either
nondetectableor piesentat extremelylow levels In all
resins,particularlycarbontetrachioride,methylenechlo-
ride, o-xyleste, andtoluene.Others,suchasp,rn-xylene
andstyrene,wereonly presentin thePC/ABS blend.

CONCLUSIONS
ThedatacollectedIn this studyprovideprocessorswith a
baselinefor estimatingemissionsgeneratedby PC resins

processedundersimilarconditions.Discrepanciesbetween
total VOCs(as measuredby the total hydrocarbonana-
lyzer)andtotal SVOCs(asmeasuredby gaschromatogra-
phy) arearesultof differencesIn instrumentcalibrations.

Thelargervalueof thetwoshouldbeusedto ensurecon-
servativeestimates.The emissIonfactorsreportedhere
maynot representthosefor otherPC typesor for other
methodsof processing.Professionaljudgmentandcon-
servativemeasuresmustbeexercisedasnecessarywhen

usingthesedatafor estimatingemissionquantities.
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ABSTRACT

Emission factorsfor selectedvolatile organicandparticu-
lateemissionsweredevelopedover a rangeof temperatures
during extrusionof polyethyleneresins.A pilot scalea-

truder was used,Polymermelt temperaturesrangedfrom

500 F to 600 E for low densitypolyethylene(LDPE),355 ~F
to500 F for linear low densitypolyethylene(LLDPE), and
380 ‘F to 430 F for high densitypolyethylene(i-IDPE). An

emissionfactorwascalculatedfor eachsubstancemeasured
andreportedaspoundsreleasedto theatmospherepermIl-
Hon poundsof polymerprocessed(pprn(wt/wtl). Easedon
productionvolumes,theseemissionfactorscanbeusedby

processorsto estimateemissionsfrom polyethyleneextru-

sion operationsthat aresimilar to theconditionsused in
this study.

INTRODUCTION
TheCleanAir Act Amendmentsof 1990(CAAA) mandated

thereductionof variouspollutantsreleasedto the atmo-
sphere,suchasvolatile organIccompounds(VOCs) andthe

US. EnvironmentalProtectionAgency’s (EPA) list of 189
hazardousair pollutants (f-lAPs). Title V of the amended

CleanAir Act establishesa permit programfor emission
sourcesto ensurea reductionIn emissions.This program
will radically impacttensof thousandsof companiesthat

will haveto apply for stateoperatingpermits. In response
to theneedsof theindustry,theSocietyof thePlasticsIn-

dustry, Inc. (SM) organizeda study to measureemissions
producedduringpolyethyleneprocessingto assistproces-
sorsin complyingwith theCAM. Sponsoredby ninemajor

resinproducers,thework wasperformedat Battelle,a not-
for-profit researchorganizationin Columbus,Ohio.

Prior to thisstudy,a reviewof theliteraturerevealedear-
lier polyethylenethermalemissionswork that provideda

wealthof qualitativedataaswell assomequantitativedata

onemissions.flowever, becauseof theconcernsaboutthe
emissiongenerationtechniquesused,thequantitativein-

formation is not deemedadequatefor addressingtheregu-
latory issues currentlyat hand.

Theprimary concernaboutpreviousemissionsdatais
that theyweregeneratedusing static,small-scale,2orother-
wise unspecifiedprocedures.2~3Thesetechniquesmay not

adequatelysimulatethe temperatureandoxygenexposure

condition typically encounteredin theextrusionprocess-
That is, In mostextruders,thepolymermelt continuously

flows through thesystem,limiting the residencetime in
theheatedzones.Thiscontrastswith staticprocedureswhere

thepolymermaybeexposedto theequivalenttemperature
but for aneffectivelylongerperiodof time, thusresultingin

anexaggeratedthermalexposure.In asimilar way, thecon-
cernoveroxygenin theindustrialextrusionprocessis mini-

mizedastheextruderscrewdesignforcesentrappedair back

alongthebarrelduringtheinitial compressionandmelting

process.The air exits the systemvia the hopper; conse-

quently, hotpolymerIs only briefly in contactwith oxygen

IMPLICATIONS
This study provides quantitative emissions data col-
lected during extrusion of polyethylene under specific
operating conditions. The emission factors developed
in this study are two orders of magnitude lower than
those repotled in an earlier EPA document. These data
can be used by processors as a point of referenoe to
estimate emissions from similar polyethylene extrusion
equipment based on production volumes,

Volume 46 June lOge Journal ofthe Net Waste Management Association $69



Barbw Cantos, Holdren, GaITISOn, Hams, andJan/ce

when it is extrudedthroughthedie. Again, this is hi con-
fran to static testingwherehot polymermaybe exposedto

air for extendedperiodsof time. In view of thesecoflcerns,
it isapparentthat theaccuracyof dataobtainedfrom these

techniquesmay{ie limited whenusedtopredictemissions
generatedby polyethyleneprocessors.

As analternativeto small-scalestatic technology,abet-
terapproachwould be tomeasureemissionsdirectlyfrom
the extrusionprocess.Sincethetypeandquantityof emis-
sionsareofteninfluencedbyoperationalparameters,theideal
situationwould beto studyeachprocessunderthespecific

operatingconditionsof concern.Parametersthat can alter
thenatureof theemissionsInclude:extrudersizeandtype,
extrusion temperatureandrate, the air-exposedsurfaceto
volumeratiooftheextrudate,thecoolingrateoftheextrudate,
andthesheareffectfrom theextruderscrew.Othervariables

relatedto the-material(s)beingextrudedcanalsoinfluence
emissions.Theseinclude:resIntype, ageof the resin,add!-
tivepatkage,andanyadditionalmaterialsaddedto theresin
priorto extrusion.If aprocessorusesrecycledmaterials,the
thermalhistoryIs alsoanImportantfactot

In view of thesevariables,It Is clearthat It would bea
considerabletaskto deviseandconductemissionmeasure-
mentstudiesfor all majorextrusionapplications.Therefore,
SN’s objectivein this work was to developbaselineemis-
sionfactors for polyethyleneprocessing.underconditions
thatwouldprovidereasonablereferencedataforprocessors
InvolvedIn similarextrusionoperations.

A pilot-scaleextruderequippedwith a 1.5 Inchscrewand
fitted with aneight-stranddiewas chosento processresins
associatedwith threemalorapplications:extrusioncoating,
blown film, andblow molding.Theresintypeswererespec-
tively: low densitypolyethylene(LOPE), linearlow density
polyethylene(ILDPE), ndhlghdensltypolyethylene(HDPE).

The emissionsweremeasuredovera 30-minuteperiod

andwererelatedto theweightof resinextruded.Theenfis-

Mon factorfor eachsubstancemeasuredwas reportedas
poundsevolvedto the atmosphereper million poundsof
polymerprocessed(pprnfwt/wtj). Processorsusingsimilar
equipmentcanusetheseemissionfactorsasrelativerefer-
encepointsto assistin estimatingemissionsfrom their spe-
cific polyethyleneapplication.

EXPERIMENTAL
TestResins

Resins were selectedfor this studyto cover the mainpro-
cessirigapplicationsfor eachmajor type of polyethylene,
I.e., LDPE, LLDPE, andI-OPt. Where applicable,project

sponsorssubmittedafresh sampleof their mostcommon
resin gradeusingtheir standardadditivepackagefor each
application. Equalportionsof thesponsorsampleswere
mixed by Battelle to providean aggregatertest samplefor
eachresin type.Theadditivesin thefinal LLDPFL blendwere
slip(900ppm),antloxidants/stabillzers(1775 ppm), process
aids(580ppm), andantlblock(4750ppm).Theadditivesin
the final FIDPE blend were antioxidants/stabllizers(350
ppm), andprocessaids(200ppm).Noneof theLDPEresins
containedadditivesin theirformulation.All resinswereeight
months old or lessat the startof testing.

ExperlineutalProcessConditions
A 11PM Corporation15 horsepowerunventedextruderwas

usedto processthepolyethylenecompositetestsamplesat
Battelle.Theextruderwasequippedwith a 1.5 Inchsingle
screw(L/D ratioof 30)andfitted with aneightstranddie.4

Extrudedresinstrandswere allowedto flow Into a stainless
steeldrum locateddirectly under the die head (seeFigure
I). Processconditionswereselectedto be representativeof

severalcommercialprocessingappli-
cations.TheseareprovidedIn Tables

I and2. -

Captureand Collection

of Emissions
Emissionsreleasedat the diehead

andhopperareaswereseparatelycol-
lectedfor 30 minutes dur1n~thea-
trusion runs. Table 3 shows the

samplingstrategyemployedfor the
threetypesofpolyethyleneresins.Air
sampling/collectionratesfor thevari-
ousanalyticalsamplersemployedare
providedinTable4.

Die HeadEmissions.Emissions re-

leasedat the die headduringextru-
sion were èapturedat the point of

releasein acontinuousflow of cleanP1gw. 1. View of Ihe extruder system and the various sampling locations.
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Table t Resin type characterization and extrusion temperatures.

Resin Grade Number of Resins Use
in Composite

Melt
•

Index grams! Density 9,/cc
10 minutes

Extrusion Temperatures ‘F

LDPE 5 Extrusion Coating 7 0.92 500,600

LLOPE 6 Blown Eitrn 1 0.92 355,395450.500

HOPE 5 BlowMotding 0.2 0.95 • 380,430

table 2. Experimental process conditions.

LDPE LLDPE HDPE

Numberof Extrusion Runs 2 2 1 1 1 2b I 2
Diehead Melt Temperature, ‘F 500 600 355c 395 450 500 380 430

ZoneaTemperature, ‘F 487 610 310 335 425 485 355 415
Zone 2 Temperature, ‘F 485 590 310, 335 400 475 335 375
Zone I Tert-iperature. ‘F 411 450 300 325 350 400. 325 325
Pressure. psig NA” NM 2,000 3,000 1000 800 1,750 1,500
Resin Throughput ibThr 38.3/290 38.3/290 37.0/280 36.9/279 38.1/288 38.4/291 37.4/283 34.1/258

[gm/mm) . .

RotorSpeed, rpm 96 96 96 96 96 96 96 96
fiji Duration, mm 30 30 30 30 30 30 30 30

‘in addition to the &plicate teals at 600 ‘F, a (li*d) spiking lest was performed at nb temperature forbenzene-d.
° Inaddilion to the dup~cateteals at500 ¶, a{nyd) sp4k~’gtest was p.clcntedat tâs temperature IC, (ànialdetiyde andfornbc. acetic and acr~,4icacids.
cscresnpaek ~tt rammed for 355 ¶ n-wi w~lhLWPEto achieve targetn-left temperetwe at die head.
DNA N~available.

aim. A portionof this air flow was subsequentlysampled
downstreamasdescribedbelow.TheemissionswereInitially
capturedIn a stainless-steelenclosuresurroundingthedie
head(seeFIgure2).Theair streamwasImmediatelydrawn
through a divergentnozzleentrainmentconewhich pre-
videda sheathof deanairbetweenthedie heademissIon

F%gui’. L View of emission entrainment area.

flow andthewalls ofthecarrierduct.Thisminimizedinter-
actionof thehot exhaustwith thecoolerductwalls.

Thetotal atr flow employedforcapturingdieheademis-
sionswassetat-700lItersperminute.Thiswascomprisedof
the die headentrainmentflow at 525 liters perminute, the
sheathflow at 100lIters perminute,and75 litersperminute

of residualair flow which wasmadeup from
room air drawninto theopenbottom of the
stainless-steelcUe headenclosurtThisresidual
airflowwaiusedto facilitateeffectivecapture
of thepolymeremissions.Theseflowsarede-
plctedinFIgures1 and2.

Dieheademissionsweretransportedbythe
70-liter per minute air flow to a sampling

poInt 10 feetdownstreamof thedie headus-
ing4-Inchdiameterglasstubing.The location

for thissamplingpoint(seeFIgure1)wasbased
on previous studiesperformed at Batteilt
which Involved design,engineering,Imple-

mentation,andproof-of-prlndple stagesfor
thelaboratorysystem.’

Twoseparatesamplingmanifoldswereused
at the sampling location;one for collecting
gasesandvaporsand theother for collecting
particulates(seeFigure 3). For gasesaridva-

pors, a 10-liter per minutesubstreamwasdi-
vestedfrom the main emissionentrainment
streamusinga 1(2-inch stainlesssteel tube
(0.425 Inch UI.) wrappedwith heatingtape

totS Flew
TOO LP*I
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TiM. 3. Sample collection and analysis scheme.

Substances
Monitored

Organic
Atids

Aldebydes/
Ketones

Particulates VOCs

It4C’ LEO 1-4HC U-C

Collection
Media

KOl-l
Impregnated

Filter

DNPH Tube Glass Pibem
Filter

SUMMA Canister

Analytical
Method

Desorption With
Dilute H2S04 and
Analysis by Ion

Excluson
Chromatography!

uv

Desorption with
Aoetonitrile and

Ana&sis by
I-PLC

Gravimetric
Modified TO-14

HP-I Fused Silica
Capillary Column

Al203/
Na2S04

Caprnary
Column

lIP-i Fused Silica
Capillary Column

A120J
Na

2
$0

4
Capillary
ColuriTi

CC/MS CC/FIG GO/FlU CC/MS CC/flU GC/flD

Sampling
Location

Manifold
.

Hopper
-

Number of SamplesAnalyzed Per Run

2 2.. ~i j1j2j 2j1$2( 2

• EtIC - Heavy hydrocarbons- inck,dde C
4

to C,, campounda present in canister samples
(JIC sLighthydrocarbons - includes ethare,eth~ene,propylene

andmaintainedat 50 ‘C. VOCs andoxygenateswere
sampledfrom this manifold. Similarly, particulates
were sampledfrom a separate-iS4Iter-perminute
substreamusinga 1(4-Inchstainlessunheatedsteelprobe
(01375 Inchid.).

Thisstudydid notIncludeanyemissionsfrom thedrum
collectionareaasall commercialextrusionprocessesquench
themoltenresinshortly afterexitingthedie. Any emissions
from theextrudatein the collectiondrumwertprevented
front enteringthedie headentrainmentareaby drawingair
fromthe drumat 20 lIters perminuteandventthgto. the
exhaustduct

Hopper Emissions, Oneof theunderlyingoblectives of this
studywasto determineIf substancesevolvedfromthehop-
perareahadanysubstantialcontributiontotheoverallemis-
sions.Any suchemissionswould likely bereleasedduring
the heatingandhomogenizationof theresinpelletsIn the
Initial zonesof the screw.Since the processtemperatures
usedIn this areawere substantiallylower than.thoseen-
counteredatthediehead,thelikelihoodofgeneratingoxi-
dationproductsorparticulatesIs low.Therefore,onlyVOCs
weremonitoredIn this area.

Emissionsreleasedurom,theextruderthroatof thehop-
perareawerecapturedusinga 30-liter stainlesssteelençlo-
sure.Theenclosurewasequippedwith a speciallydesigned
air-tight lid thatwould also allow rapiddelivery of addi-
tionalresin materialasneeded.As shownIn Figure1, a 10-

liter perminuteair flow wasdrawn through the enclosure

to entrainanyemissions andremovethem toa downstream

locationft’r analyticalsampling.The samplingmanifold was
located2 feetdownstreamof thehopper,anda portionof

- the 10-liter per minuteflow wasdirectedtothetotalVOC
analyzeras well as to air samplingcanisters(as shownIn
Figure3).

TargetAnalytes

ThechemicalsmeasuredIn thisstudywereselectedby cross
referencingthe substancesIdentified In thethermalemis-
sion literature’with theEPA’s list of HazardousAir Pollut-
ants(HAPs). Manyof thesewereoxygenatedcompounds,
Includingacetaldehyde,acrolein,acrylicadd,formaldehyde,
methyl ethyl ketone,andpropionaldehyde.Although not
on theI-lAPs list, aceticacid,acetone,andformic addwere
addedto the list of targetanalytesbecausetheyhavebeen

TiM. 4. Air flow rates for capture and collection of emissions.

PARAMETER LDPE (Limb) LLOPE/
HOPE (Urn/n)

Total Manilold Flow 703 703
Flow Pate into Sheath Area 100 100
Flow Rate Into Entrainmeni Area 525 525
Flow Rate Through Hopper 10 10
Flow Through Tubes for 1 0.5

AIdehydesfl(etones
Flow Through Tubes for 10 5

Organic Acids
Flow Into Canisters 0.16 0,15
Flow Through 402 THC Analyzer 1 1
flow Through Filter Holder 15 15
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EIgis~3. Sampling manifolds for omissions generated at die head and hopper.

commonlyreportedin the literature as therzna4emission
components,andtheywereeasilyIncludedIn theselected
analyticalprotocol.

All gaseousandvolatile hydrocarbonsweregroupedto-
getherand monitoredas Volatile OrganicCompounds
(VOCs).Thisincludedcompoundssuchas ethane,ethyl-
ene,propylene,butane,hexane,andoctane.The analyti-
cal approach(discussedbelow) provided a collective
measurementforabroadrangeof volatile hydrocarbons
aswell as the ability to speciateIndividualanalytes,such
ashexane,which Is the only hydrocarbonon the RAPs
list that is identifiedin thethermalemissionliteratureas-
sodatedwith polyethylene.

Nonvolatilematerial(analyzedas‘Paxficulates’)wasalsoIn-
cludedasa targetsubstanceasthismaterialhasbeenIdendfled
In somepolyethylesiethennalemissionsby thestudysponsors.

Measurementof Emissions
EmissionsampleswereanalyzedasoutlinedInTable3. The
following classesof materialswere measured:volatile or-
ganic compounds(VOC5), specific organicadds,specthc
aldehydesandketones,andparticulates.The emissions
from eachnanwere collectedover the courseof the 30-
minuteextrusion runandanalyzedusingthemethodsde-
scribedbelow.VOCs werealsomonitoredin real-timeusing
anon-lineheatedprobeflameIonizationdetectionsystem

Volatile Organic Compounds (Time-integrated measure-
merit). EvacuatedSUMMA polished6-liter canisters
wereusedto collectwholeair samples.The 6-liter
canisterswereinitially cleanedby placingthemin

a50 t oven,andutilizing afive-stepsequenceof

evacuatingto lessthan 1 torrand filling to —4 psig
usinghumidified ultra-zeroair. A final canister
vacuumof 100 mtorr was achievedwith an oil-
free mechanicalpump. Eachcanisterwas con-
nectedto an’ orifice/gaugeassemblyduring
samplingto assurethatan Integratedsamplewas
obtained over the 30-minutecollection time. The
orifice wassizedto deliver —160 mL/mnin.Canister
sampleswerecollectedin duplicateat themanifold
andhopperlocations.Alter collection,thecanister
pressurewasrecordedandthecanisterwaspressur-
tzed to 5.0 psigwith ultra-teroair to facilitate re-
peatedsamplingandanalysisof thecanister.

Analysesof canistersamples wereaccomplished
with two gaschrornatographic(CC) systems.The
light hydrocarbon(LI-IC) CC systemwasusedfor
the analysesof thetargetcompoundsethane,eth-
ylene,andpropylene.TheGCsystemwasaVarian
3 Model 3600 equippedwith a flame Ionization
detector (FID) and a sample cryogenic

- preconcentrationtrap.The trapwasa 1(8-inch by
8-Inch coiledstaInlesssteeltubepackedwith60/80
meshglassbeads,The trapwasmaintainedat

-185 ‘C duringsamplecollectionand100t duringsample
desorptlon.A six-port valvewasusedto controlsamplecol-
lectionandln$ectlon.Analyteswerechromatographicallyre-
solved with a Chrotupack50 meterby 0.32mmLd. AJ2OI
Na2SO4fined silica capillary column (5-irmWin thickness).
The columnwas operatedisothermallyat 50 t to resolve
thethreetargetspedesandthenrampedto 200t topurge
the column of the remainingorganicspecies.The sample
sizewasZOOcc

Propanewasthedetectorcalibrationgas(traceabletoNIST
calibrationcylinders).Thecalibrationrangeextendedfrom
0.5 to 1000partsperbillion carbon(ppbC). The ppbC unit
is equivalentto part per billion by volume multiplied by

thenumberof carbonsin thecompound.For thecaltbrant
propane,1 ppb by volume compound(or 3 ppbcarbon)
convertsto 1_SOnanogramsperliter of air (at 25 ‘C, I atm).
For this study,anequalpercarbonresponsewasusedfor all
hydrocarbonspecies(i.e., I ppbC ofbenzenewill produce
thesanteFIG responseas 1 ppbCof hexadecane).Thispro-
cedurepermits one calibrantto be usedfor calculating
concentrationsof all hydrocarbonsspecies.4

A Hewlett PackardModel 5880CCequIppedwith par-
allel flame ionizationFit) andmassspectrometricdetectors
MSD was usedfor theanalysesof theheavierhydrocarbons
which includesC4 to C16 compound&presentin the canis-
ter samples.For the heavyhydrocarbons(i-Il-IC) analysis,

A.
•~

‘N.

‘A L4S

I-
C.—
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canisterswereheatedto 120°Cto assurequantitativerecov-

eryof theC6 toC16 organiccompounds.TheGCcontaineda
similar cryogenicpreconcentrationtrapasdescribedearlier.
Analyteswerechromatographicallyresolvedon a Hewlett
PackardHP-I, SO ruby0.32i.d. fusedsilica capillarycolumn
(1 ~smfilm thickness).Qptimalanalyticalresultswereachieved
by temperatureprogrammingthe GC oven from -50-C to
200 t at S7rnlri. Thecolumn exit flow wassplit to direct
one-thirdof the flow to theMSt)and theremainingflow to
the ND. The massspectrometerwas operatedin the total
ionizationmodesothatall masseswerescannedbetween35
and300daltonsat a rateof! scanper0.6 seconds.Identifica-
tion of majorcomponentswereperformedby matchingthe
massspectraacquiredfrom thesamplesto themassspectral

libraryfrom theNationalinstituteofStandardsandTechnol-
ogy (N!Sfl. InterpretationalsoIncludedmanualreviewof aft
massspectraldata.The samplesizewas80cc.Detectorcali-
brationwasbaseduponinstrumentresponseto knowncon-
centxaflonsof dilutebenzenecalibrationgas(traceableto I’41ST
calibrationcylinders).Thecalibrationrangeextendedfrom
1.0to 1,000ppbC.

%tlatile Organic Compounds (Real-Time).Thereal-timeVOC
methodinvolved the Beckman402 analyzerasan on-line
continuousinstrumentusinga heatedprobeflameioniza-
tion letection(FIt)) system.Thismethodhasbeenfrequently
usedby Batteileto determinetotalorganicconcentrations
from emissionsources5,’andIs themethodspecifiedIn the
Codeof FederalRegulations(CFR)for determiningthetotal
hydrocarboncontentfromautomobileexhaust-7It is essen-
daily equivalentto EPA method25A.’

A Beckman402 heatedprobe(150 ‘C) flameionization
detector(FIFID) wascalibratedagainsta NIST traceablerefer-
encecylinder contaIning94 ppmCof propane.Challenges
withNIST traceablestandardshavedemonstratedinstrument
linearity froma detectionlevel oIl ppmCto 1,000ppmC.

The analyzerwas connectedto thesamplingmanifold
and thehoppervia a three-waysolenoidvalve. The valve
was manuallyswitchedduring the test runs so that VOC
levelscould bedeterminedat both hopperandmanifold
locations.Theanalyzerwasalsousedto verify theextruder

systemstability prior to thebeginningof eachtestrun.
VOC emissionfactorsweredetenninedusingtheaver-

age of real-timedataacquiredover the courseof the 30-
minuterun. -

Organic Acids (Formic,Acetic,Acrylic). Themethodfor moni-
toring organicacidswas successfullydemonstratedby
Battelleon an earlierautomotiveexhauststudyfor thede-
terminationof formic acid.9

The targetanalyteswereformic, aceticandacrylicacids.

An all-Teflon, threestage,47-mm diameterfitter holder

(Berghof/Amerlca)wasusedfor samplecollection.Potassium
hydroxideimpregnatedfilters werepreparedby dipping

47-mmdiameterGelmanA/Eglassfiberfiltersin asolution

of 0.05 N KOH in ethanol.After dipping, the filters were
placedindividuallyon astainlesssteelrackin adrying oven

(45 ‘C). Theovenwascontinuallypurgedwith zeroair.HI-
terswerestoredin coveredpetridishesin adry boxthatwas
alsopurgedwith zeroair. Eachfilter holderwasloadedwith

3 filters.Theloadedfilter holderwasconnectedtothesam-
plingmanifoldandtheexit sideof theholderwasconnected
to a massflow controllerandpumpassembly.Theflow was
setto 10 liters perminutefor theLDPE resin runsand to S
liters perminutefor theLLDPE and FIDPE testruns. Mani-
fold samplerswerecollectedin duplicatefor eachtesti-un.

Foranalyses,filters weretakenout of the filter-packand

individually placedinto wide mouthjars containing5 mL
of a 3 mM H5SO,solution and20 iL chloroform(to retard

microbial losses).The jar wassonicatedfor 5 minutesand
the solutionwaspipettedinto acentrifugetube.The tube
wascentrifugedto separatesolid materialfrom solution. A
200 ~sLaliquotwasextractedandanalyzedby ion exclusion
chromatographywith IJV detectionat 210 run. A ~io-Rad
Aminex 1-IPX-8711 1-IPLC column(7Smmid, by 300 mm
length)wasusedto resolvetheorganicadds.Theanalytical
methodwasshownto be linearfor all threeacidsoveracon-
centrationrangefromthedetectionlimit to200psg/rnL.These
concentrationsareexpressedin termsof thefreeorganicacid
In dilute sulfuricacidrolution.Thedetectionlimits were
2 pig/mL for formicandaceticadd,and0.2 jxg/mL for acrylic
acid.The standardswerepreparedwith neatmaterIal(>99%
purity) dilutedwith a 3 mM I-12SO4solution.

SelectedAldthydesand!Cetones.Theanalysisof selected,aIde-
hydesand ketonesfollowed proceduresidentifiedin US.
EPA MethodTO-IL10 Thetargetanalytesincludedformal-
dehyde,acetaldehyde,acrolein,acetone,propionaldehyde,
andmethylethylketone(MEIQ. C~8Sep-Pakcartridges(Wa-
ten, Assoc)coatedwith dinitrophenylbydrazine(DNPH)

wereusedto collectcarbonylspecies.Thestockreagentcon-
taIned0.2gramsof DNPH dissolvedin 50 mL of acetoni-
true. Orthophosphoricadd(50 4) was addedto provide
anacidifiedsolution.EachC18cartridgewasprecleanedwith
2 mL of the acetortitrileand then loadedwith 400 p.1. of
DNPH stockreagentCleannitrogengaswasusedto “dry”

•theDN]’H coatedcartridge.Thecoatedcartridgesweresealed
with polyethyleneplugs, placedin 10ccglassvialsandre-
frigerateduntil needed.Samplecollection was carriedout
with two cartridgesin tandemanda flow control/pumpas-
semblydownstreamof thecartridges.Theflow wasset to 1
liter perminutefor theLDPE resinrunsandto 0.5 liters per
minutefor the LLDPE and the IIDPE testruns. Manifold
sampleswerecollectedin duplicatefor eachtestrun.

Foranalyses,individual cartridgeswerebackflushedwith
2 mL acetonitrile.An aliquot(304) of theextractedsolu-
tion was analyzedwith a Waters Model 600 high perfor-
manceliquid chromatographequippedwith a UV detector
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(360 nm). Carbonyl separationswere achievedwith two
ZorbaxODX (4.6mmId. by 25 cm) columnsconnectedin
series.Themobilephasewasacetonitrile/water;theflow rate
was 0.8 rnL/min. The analyticalmethod wasshown to be

linearfor the carbonylspeciesover a concentrationrange
from thedetectionlimit of 0.1 to 20 ~ig/mL.Theseconcen-
trationswereexpressedin termsof theunderivatizedaIde-

hyde/ketoneIn acetonitrilesolvent.Standardswereprepared
with weighedamountsof individual DNPI-I-derlvativesin

acetonitrilesolution.

ParticulateMatter. Particulateemissionswerecollectedun-
der isokinetic conditionson a single in-line 25-mmglass

fiberfilter (1 ~smporesize).Thefilter wasattachedto a 0.4
inch i.d. stainlesssteelsamplingprobethatwaspositioned
in the4” glassmanifold airstrearn approximately 12 Inches
in front of the organicsamplingmanifold. Gravimetric
analysesof thefilter beforeandaftersamplingwerecarried
outtodeterminemassloading.

Verification oftheMeasurementSystem
Theability of thesystemto accuratelymeasureemissions
wasinsuredin a numberof waysincludingongoingobser-
vation and documentationof systemperformanceas well
as manifold spiking teststo measurethe recoveryof sub-
stancesreleasedat thedie headin knownquantities.These
arefurtherdescribedbelow.

£ztnsderCleaning.Theextruderwasthoroughlypurgedand
cieaned~priorto exiruslonof thepolyethylenetestresins.
The testresins were extrudedin order of Increasingmelt
viscosityto minimizecross-contamination.

Homogeneityof Emission Stream.Prior to collection of air
samplesthe air-entrainedemissionswereverified tobeho-
mogeneousat thesamplinglocationfordieheademissions.
A Beckman402 hydrocarbonanalyzerand a TSI-Aerody-
narnicParticleSizerwereusedfor real-time,cross-sectional
measurementsduringtheextrusionof LDPE.

Thble L Spike recoverydatadurIng extrusion.

CaptureEfficiency.Prior to testing, thecaptureefficiency of
theair entraizunentsystematthedie headwasvisuallycon-
firmedwith theaidof smoketubes(Mine SafetyAppliance,
#458480-Lot176)prior to testing.The25-galloncollection
drumwasalsotestedtoensurethatpotentialemissions(Torn
thisareawereexcludedfrom theentrainmentsystem.

‘SystemEquilibration.Eachtestresinwasextrudedfor 30min-
utesprior to collectionof emissions.During thisperiod,to-
tal VOCs were monitored by the on-line Beckman 402
HydrocarbonAnalyzertoconfirmequilibrationof thesystem.

ConfirmationofCritical C)peratingParameters.Operatingpa-
rameterswererecordedinitially andat 5 minuteintervals
duringthe30-minutetest.Theseinclude:extrudertempera-
tures,extrudercooling water flow, air flows for the total
manifold,sheathandentrainmentzonesandhopper,and
flow settingsof all samplingequipment.

Maniftld SpikingTests.Spiking studieswereconductedatthe
outsetof the,studytoverifytherecoveryeffidenciesfor each
typeof targetanalyte.CompoundsrepresentingVOCs,or-
ganicacids,andaldehydeswerespikedinto the sampling
manifoldabout2 feetdownstreamof the die headduring
theextrusion.ThespikeconditionsareprovIdedIn Table5.
Additionaldetailsaboutthe spiking experimentsare pro-
videdbelow.

VOCs (as benzene-d~J.Bertzene-d6(deisteratedbenzene)was
chosento representVOC recoveries’in the spikingexperi-
mentbecause(1) its responseontheGC/MSD Is notprone
toInterferencesfromotherexpectedVOCcomponents,and
(2) It Is generallyin themiddleofthevolatility rangeof the
VOCs likely to beencountered.

A measuredamountof benzene-46wasInjectedinto a
hIgh pressurecylinderthrougha heatedinjectionport and
thecylinderwasthenfilled withzerogradenitrogento 1000
psig. Thecylinderwasequippedwith aregulatorandmass
flow controllersetat 10 lItersperminute.Theexit tubewas

Substance Test Run Amount Spiked Amount of Spiked Percent Recovery and
Material Recovered’ Relative Errrt

Pounds ReleasedPerMiThon Pounds atPofl,mer Processed ppm(wtAM)

Benzene-d5 LOPE@600°F • 0.22 0.21 95±2

Formaldehyde LLDP~@500°F 3.93 5.10 130±5
ForniioAcirj LLDPE@500°F 1.71 2.07 121 ±18

AceticAcid LLDPE@500F 1.86 • 2.24 121±12
AcrylicAcid LLOPIE@500°F 1.42 1.51 106±11

•The uncTespondir
9
unspkedanstowedafDtnaldehydebackgrotr~dlevelof0.19 Ibmelci lb. Theother specSocriaThedbackgrcundlevelsless Vwi thedetecthnlevel.

‘The relative error was determthed as the cittereoce in results from duplicate samplesmuldpkedby 1~and tien dMdedby theaverageamount.
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Insertedinto the samplingmanifold 2 feetdownstreamof
thedie head.Theresultingmanifoldgaseousconcentration
was0.092gg/L. VOC sampleswerecollectedusinga 6-liter
evacuatedcanisterto measurethe “spiked” emissioncon-
centrationasdescribedunderMeasurementofEmissions-

OrganicAcidsand Formaldehyde.Aqueoussolutionsof the
threeorganicacidsand formaldehydeweremixed just be-
fore thespikingexperimentcommenced.Thesolutionwas
dispensedat a rateof 0.57mlJmin usinga CADD-PLUSIn-
fusion pump.The flaw ratewasdigitally displayedandcon-
finned by measuringthe weight lass of waterafter the
experimentwascompleted-Thewatersolutionwasdirected
througha heatedInjectionsystemwhich was insertedinto
the manifold approxImately2 feetdownstreamof the die
head.Completeevaporationof thewateroccurredata tem-
peratureof 160 ‘C.

Thespddngapparatusdescribedabovehasbeenrecently
developedat Battelle” andhasbeensuccessfullyused for
applicationswhich requireminimal temperaturefor theva-
porizationof liquid material.Thevaporizer,shownin Figure
4,consIstsofa21-cmlengthof thinwall635-mmoA.nickel
chambercontainingapproximatelyintl ofwaterasthework-
ing fluid. A nickel capillary(0.60mm o4., 0.35 rrnnLdj
coaxiallytraversesthelengthofthechamber.Theoutersur-
faceof the capillary is In contactonly withthevaporand
liquid phaseof the working fluid. The nickel chaniberIs
heatedwith Insulatedresistancewire wrappedaroundand
alongthe-lengthof the chambetA copperjacketbetween
theresistanceheaterandthenickelchamberImprovestem-
peratureuniformity ofthechamberandprovidesadditional
thermalballastfor theworking fluid. Thegeneratedgaseous
concentrationsin themanifoldwish thevaporizerwere:for-
inic acId,060~zg/LaceticacId,0.71jxg/L; acrylic add,0.59

itg/L; andformaldehyde,L63 p.g/L.

CalculationofLinition Facton
The emissIon concentrationsIn micrograms/Lof air were
convertedto emission factorsin micrograms/gramof

processedresinusing thefollowing equation:
Y = C * F/O

where:
V = microgramsof materialpergramof processedresin
C concentrationof ernlsstottsmaterialin themanifold

air (mlcrogranis/L)
F = deliveryflow rateIn liters perminute(700 liters per

minutefor manifold, 10 liters perminuteforhop-
per)

0 = resinthroughputin grams/minute.
The emIssion factors in units of micrograms/gram

(ppm[wtfwt]) areequivalenttopoundsofemissionspermil-
lion poundsof processedresin.

RESULTSAND DISCUSSION

AccuracyandPrecision
ofEmissionMeasurements

The Manifold SpikingTests(describedearlier)provideda
measureof accuracyfor theemissionfactordata.Precision
(or relativeerror) of thedatawasmeasuredby calculating
therelativepercentdifference(RPD) oftheduplicateanaly-
sis results.Basedon theseevaluations,theemissionfactors
generatedIn this projectare, on a conservativebasis,ex-
pectedto be wIthin ±30percentof theactualvalues.The
accuracyandprecisionresultsatefurtherdiscussedbelow.

Accuracy.Benzene-d6servedasthesurrogatecompoundfor
thehydrocarbonmethod(Le., canistersamplingandGO
FIB analysis).Eormaldehyderepresentedthe compounds
analyzedwith the carbonylspeciesmethod,whereasall
threeaddswereusedto vaildatetheorganicaddmethod.
SpIke recoveriesfor thesesubstancesrangefrom 95% to
130%andarepresentedIn Thble 5.

Pwctsion.By definition, therelatIvepercentdifference(RPD)
for duplicatemeasurementsIs determinedby calculating
the absolutedifferenceof the two results,multiplying by
100, andthendividingby themean.For this study,dupli-
catesampleswerecollectedwith thefollowing sampling/
analyticalmethods,light andheavyhydrocarbons(canis-
ters), organicadds(KOH coatedfilters) andaldehydes/ke-
tones(DNPH impregnatedcartridges).Duplicatesampling
wasnotcarriedoutfor particulates.Additionally, repeated
extrusionrunsat oneor moreof thetargetdie headmelt
temperatureswerecarriedout for all threetypesof resins.
As a result, thereare both withIn-mn andbetween-run
componentsof precisions.

Thewithin-run precisionwascalculatedasfollows. For
everyanalytewhich containedduplicatevalues,a RPDwas
calculated.An averageRPD was then calculatedfor all
analyteswithin a method.Thble 6 showsthesewithin-run
averageRPD valuesfor eachmethod,alongwith therange
of IndIvidual results.

Nk*.uI

Figure4 E3attelle-deveiopedwater vaporizer

7
EIuaaI
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Thebetween-runprecisionwascalculatedasfollows~For
the repeatedextrusion testruns, a RPD valuewas calcu-
lated for eachanalyteacrosseachrepeatedextrusionrun.
An averageRPDwasthencalculatedfor all analyteswithin

a method.Table6 shows thesebetween-runaverageRPD
valuesfor eachmethod,along with the rangeof the indi-
vidualresults.

EmissionFactorResults
TheemissionfactorresultsarepresentedIn Table 7.Overall,

VOCS and particulatesfor all threetest resinshad much
higheremissionfactorsthantheoxygenates.VOC emissions
for polyethylenerangedfrom 8 to 157 ppm(wt/wt), while
particulateswere ashigh as242 ppm (wtlwt). The higher
test temperaturesgenerallyproducedhigheremissionfac-
tors,asillustratedfor VOCsandparticulatesIn FiguresSand
6, respectIvely.

As discussedIn theexperimentalsection,two different
methodswereusedto measureVOC emissions.Onewasthe
Beckman402 HydrocarbonAnalyzerwhichcontinuallyana-
Iyzed theair emissionst-earnthroughoutthenanandpro-
videda directreadingofall (VOC) substancesrespondingto
the flameionizationdetector.Theothermethodutilized an
evacuatedcanisterfor samplecollectionandgas chroma-
tographyfor analysis.With this method,totalVOCs arede-
terminedby summingthe HeavyHydrocarbonsand Light
Hydrocarbonsresults.

As canbe seenin Table 7, theresultsbetweenthetwo
methodsdo not alwayscorrelate.For LDPE~theBeckman
402resultsareabouttwice ashigh asthesumof theHHC
and LI-IC results.However, for LLDPE, the VOC emissions
at 355°Fand395 °Findicatetheoppositesituation.There
area numberof possibleexplanationsfor thesedlscrepan-
desas thetechniquesareInherentlydifferent,butthatdis-
cussIonIs beyondthe scopeof thispapetHowever, asa
conservativemeasure,It Is recommendedthatthe higher
resultof eitherVOCmethodbeusedwhenestimatingemis-
sionquantities.

Oneadvantageof thecanistermethodis that It canpro-
videemissiondataontotalVOCsaswell asIndividual com-
pounds.Easedon visual observationof the VOC

Thbl. 6. Within-nm and between-wnprecision.

chromatograms,the YOC measurementswere due to the
additiveresponseof manyIndividual compounds.Evenat
the highesttesttemperatureusedfor eachresin,themalor-
It~’of individualVOCs werebelowI ppm (wt/wt), andno
singleVOC compoundexceeded6 ppm (wt/wt). Thosethat
exceededI ppm(wt/wt) werealiphatichydrocarbonsin the
C~to C16 range.Hexane,which is listedasa HazardousAir
Pollutant,waspresentin someof theresin emissions,but
neverat levelsexceedIng1 ppm(wt/wfl.

In almostall cases,oxygenateswereeitherpresentin the
emissionatlevelslessthanI ppm(wt/wt), or theywerenot
detectedatall. Theexceptionis LDPE processedat 600tAt
this temperature,formic acid, formaldehyde,methylethyl
ketone(or butyraldehyde),acetaldehyde,propionaldehyde,
andaceticacid hademissionfactorsof more than 1 ppm
(wt/wt). Formicacidwasthehighestoxygenatedcompound
detectedat 12 ppm(wt/wt). Theoxygenatedcompounds
onthe FlAPs list aredesignatedassuchin Table?.

Comparisonof VOC Quantitiesfrom

HopperandDie Areas
VOCsweremeasuredfrom bothpotentialemissionsources
to determine“total” VOCs releasedduring extrusion.The
resultsof this studyindicatethat thedie areaof theextruder
wasthepredominantsourceof VOC emissions.Forall three
testresins,theemissionscollectedin thehopperarearepre-
sentlessthan2%of the totalVOCs. Hence,the contribu-
tionfromtheho~pexareawasnotincludedIn thecalculation
of emissionfactors.

PredictingFmledonsWithin Experimental
TemperatureMange

ThedataIn Thble7 werereducedto thefollowing equation
that predictsthe level of emissionsat a specificextrusion
temperature:

where:
Y (M * ‘F) +C,

I = emissionsin poundspermIflion poundsof processed
resin

T = melttemperaturein t
M andC constantsareshownin ThbIe8 for eachanalyte.

Method Within-Run RPD (%) Range of Individual
Resultsppm

Low High

Between-Run APO’ (%)

~

Range of Individual
Results ppm

Low High

Heavy Hydrocarbons 16.5(rP=57) 0.02 6.02 9.6 (n~40) 0.06 5.94
Light Hydrocarbons 8.5(n 27) 0.01 1.66 13.0 (ci 12) 0.01 1.66
OrganicAcids 26.9(n=5) 0.19 15.6 12.6(ns2) 2.0 14.7

Aldehydes/Ketor,es 14.9(ci ~59) 0.02 8.37 24,7 (ci ~23) 0.01 6.32
Particulates ND’ ND’ ND’ 20.9(ri 4) 22,5 245.1

• RPD t RS~vepercenidterence
bn — Nuq~berdtrreasurernent~.
C ND a Nol determined.
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Thbi. 7. Summaryof polyethyleneemissionfactorsby resintype (lbsftnillion Ibs).

LOPE

ExtrusionCoating Blown Film
HOPE

Blow Molding

Melt temperature (‘F)

Partlcuiatn
Volatile Organic Compounds
Beckman 402-THC
Heavy Hydrocarbons(HHC?
Light Hydrocarbons(LHC)
Ethane
Eth~1ene
Propylene
Aideflydes
Formaldehyde’
Acrolein’
Acetaidehyde’
Propionaidehyde’
K.ton.s
Acetone
Methyl ethyl ketone°
Organic acids
Formicacid
Acetic acid
Acrylic acid’

0.10
<0.01
0.12
0.07

8.11
0.07
4.43
3.26

0.34 12.3
<0.17 2.00
<0.02 <0.02

0.09 0.04 0.14
<0.02 <0.02 <0.02
0.03 0.03 0.09

<0.02 <0.02 0.02

19.6 26.6

21.1 30.7

25.0 38.5

0.20 0.06 0.06
<0.02 <0.02 <0.02
0.16 0.04 0.05
0.05 <0.02 0.02

•THCtlotalhydroca,bcns.

Theseconstantswerecalculatedusingthedataforeachrun:
In somecasesduplicaterunsweremadeat thesametem-
perature(seeThble 2). In thosecaseswhereduplicateruns
were madethe averageanalyteemissionsare reportedIn
Thble 7

Insertingthe melt temperature(F)Into theequationwill
provideanestimateof thenumberof poundsofemissions
peronemillion pounds of processedpolymer. This equa-

tion is only valid within the temperaturerangesused In
thisstudyandIs notrecommendedfor predictingemissions
for temperaturesoutsidethis range.

Significanceof EmissionFactorsfrom Sn Study

This studyprovidesemissiondatacollectedduringextru-
sion of polyethyleneunderspecificoperatingconditions.
The emissionfactorsdevelopedin thisstudyaretwo orders
of magnitudelower than thosereportedin an earlierEPA
document.2

Thesignificanceof this databecothesapparentwhen
placedin thecontextof the1990CleanAir Amendment’s
definitionof ‘1major” sourcefor VOC emissions.Catego-
rization of an emission sourceas a “major” sourcesub-

jects it to morestringent permittingrequirements.The
definitionof a•”major” sourcevarieswith theseverityof
the ozonenonattainment situation of the areawhere the

sourceis located. The current VOC emission limits are
10 tons/yearfor an emissionsourcewithin an extreme
ozonenonattainmentclassification,25 tons/yearfor a

analysis; therefore, any mass reported maybe

sourcein thesevereclassification,and50tom/yearfora
sourceIn the seriousclassification.Currently, theonlyex-
tremenonattainmentareain theU.S. is theLos Angelesarea.

Theutility of this datacanbeillustratedIn the follow-
ing example.Basedon theemissionsdataand equations
developedin thiseffort,a processorwith equipmentsimi-
lar to thatusedin thisstudycanextrude up to 125mIllion

poundsof LDPE, 950 millIon poundsof LLDPE, or 510
million poundsofHDPE usingthemaximumtemperatures
employedIn thisstudywithoutexceedingthe10-ton/year
limit for anextremeozonenonattainmeritarea.

Althoughthis informationIs clearlyuseful,thereader
mustrealizethat theseemissionfactorsreflectthe quan-
tities obtainedfrom thespecificresinsandunderthecon-
ditionsandwith the specificequipmentusedin this study.
Beforeusingthedatain this paperto estimateemissions,
onemustconsidera.numberof otherparametersthatmay
impactthetypeandquantityof emissionsasdiscussedin
the introductionsection.

SUMMARY OF FINDINGS

The emissionentrainment,collection and analysis
techniquesemployedin thisstudyprovideda repre-
sentative,accurateandprecisemethodfor determin-
ing airemissionsevolvedfrom thermalextrusionof
selectedtypesof LDPE, LLDPE andHDPE on a pilot
scaleextruderwith a 1.5 inch screw fitted with an
eight-strand die.

Resin Type LWPE

30.9 242.2

503 355 395 450 500 380 430

35.3
17.0

0,09
0.05
0.02

2.4 21.7 24.7 59.9

157.4 8.0 9.3 14.2 19.9
76.6 13.9 15.3 15.4 21.3

1.21 0.02
1.58 0.01
0.38 <0.01

0.03
0.03
0.01

0.03
0.01
<0.01

0.04 0.02
0.02 0.02
<0.01 0.01

0.02
0.01

<0.01

0.02 0.04 0.08 0.07 0.08
0.10 5.25 <0.02 <0.02 0.02

0.08 0.02 0.03
0.04 0.05 0.02

<0.17 <0.17 <0.17 <0.17 <0.17 <0.17
<0.17 <0.17 <0.17 <0,17 <0.17 <0.17
<0,02 <0.02 <0,02 <0.02 <0.02 <0.02

BHHCS are~edoniinantlycon-~risedof C, -C,,alkanes andalkenes.
‘Hazardotaair pollutantsundertheClew, Ak Act. Moth~lethyl ketcwieis indistinguishable horn butyraldehyde in tho HPLc

thie to the presence of either ~ bothsubstances.
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FIgure 5. Emissionsof VOCs from polyethylene resin composites versus temperature. Note: theequation traz-rrot b~a’rivalidated beyond the
temperaturerangesusedin this study.Particularcareshouldbetakenwhenusing theequation abovethe uppertesttemperaturebr eachresin. Use
of this equationtopredict emissionsabovethe upperrangeof this studyisnot recorm,ended.
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Flgur. S. Particulateemissionsfrom polyethyleneresincompositesversustemperature. Note: The equa~onhas—c,otbwalidistod-beyond-the
temperaturerangesusedinthis study.Particularcareshouldbe taken whenusingtheequationabovetheuppertesttemperaturefor eachresin.Use
of this equationto predicternissions above the upperrangeof thisstudyisnot recorrwnended.

• Forall threeresinsstudied,themajoremissioncom-
ponentswere particulatematter andVOCs. VOC
emIssionsforpolyethylenerangedfrom8to 157ppm
(wt/wQ, whichIs equivalenttopoundsof emissions
per mIllion pounds of processedresin. Particulates
rangedashighas242 ppm(wt/wt). Lower emission
levels were measuredfor thespecific aldehydes,ke-
tonesandorganicaddsmonitoredin thisstudy.VOC
emissionsmeasuredin thisstudyfrom polyethylene
are two ordersof magnitudelower thanestimates
reportedIn a 1978EPA report.

• According toTheDeanAir Act Amendmentsof 1990,
a major emissionsourceof VOCs is onethat hasthe

potentialto emit 10 tonsperyearof VOC emissions
in anextremeozonenonattalnmentarea.If aproces-
sor weretoprocessthesameresinsandusethesame
equipmentandconditionsemployedin this study,a

total of 125 mIllion poundsof LDPE, 950 mIllion
v poundsof LLDPE, or 510 millIon poundsof HDPE

couldbeprocessedwithoutexceedingthe 10-tonlyear
limit. (Notethat theprocessormustalsoaccountfor
emissionsfrom all additional materialsusedIn the
operationandanyotheractivitiesin theplant.)

• Thepredominantemissionsourcefor VOCs wasthe
die headof the extruder.Theemissionsfrom the
hopperareacontributed2%or lessof thetotalemissions

• In general,highermelt temperaturesproducedhigher
emissionsfactorsfor agiven resin.

• Equationsfor predictingthe emissionsfrom LDPE,
LLDPE and HDPE asa functionof temperaturewere
developedfor totalVOCs,particulatesandtheselected
oxygenatedcompounds.Thoseusingtheseequations
mustrealIzethat theyreflecttheemissionsgenerated
for the specIficresinsandconditions.Theequations

300

250

I 150

• hOPE
• HOPE

- ~. LOPE

-

limit ta.fltvre Idegrn. fl
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hal. 8. Coefficients for equationpredicting emission levels (y mt÷c,where ‘r is extrusion temperatureCE) and‘y’ isemissionquantityin lbs
per million lbs of resin).

M (slope) C (y Intercept)

1.221 -575.2

Particulates 2.112 -1025
Formaldehyde 0,0801 -39.9
Acetaldehyde 0.0433 -21.5
Propionatdehyde 0.0323 -16.1
Methyl Ethyl Ketone 0.0516 -25.7
Acetone 500-603°F 0.00015 -0.055
FormicAcid 500-600°F 0.132 -654
Crolonatdehyde wassometimesdetectedatemaxb-nun of 0.2~ig/gm.Compoundsthat wereonty detected at higher temperature: AcroteL’i and Acetic Acid

LLOPE VOCs (speciation method)
Parliculates
Formaldehyde
AcetaIdehyde

355 - 500°F 0.046 -3
355-500°F 0.3923 -136.9
355-500°F 0.00096 -0.281
355-500°F 0.0010 -0.357

VOCs (402 method) 500- 500°F
500- 600°F
500- 600°F
500-500°F

500-600°F

Compound that was constarl over temperature range: Acetone. Compounds that were only detected at higher temperature: Propionaidehyde, Methyl Ethyl Ketone

HOPEVOCs (speciettonmethod)
Parlicubates
Compounds that were constant over temperature range: Formaldehyde. Acetaldehyde, Acetone, Methyl Ethyl Ketone

Note:Theequation hasnot beenvalidated beyondthe ten~erettxeranges used io this study.Particularcareshouldbe taken W$)en usthgtheequation abovethe upper
test terriperature for each resin. Use ofthis equation to predict emissions above the upper range of this study is not recortynended,

have not been validated beyondthe temperature
ranges used in this studyand their useabovethese
rangesIs notrecommended.

• InsomecasestheemisMonfactorsdetennlnedinthisstt4’
nayoverestimateorunderestimateemissionsfiomapar-
tiojiar process.PTofessIonaljudgmentandconservative
measuresmustbeexercisedasnecessarywhenusingthe
datafor estimatingemissionquantities.
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ABS’FRAC’I’
Emission factors for selectedvolatile organic compounds
(VOCs) and particulate material were developed during
processing ofcommercIalgi-adesofpolyamlde6.polyamlde

66. and polyamlde66/6 resins.A small commercial-type
extruderwasused,andmelttemperaturesrangedfrom 475
to 550 °F,An emissionfactorwascalculatedfor eachsub-
stancemeasured andIs repomted aspoundsreleasedto the
atmosphereper million poundsof polymer resin

processed.Scaledto production volumes,theseemission
factorscanbeusedby processors to estimateemissionquan-
tities from similarpolyamideextrusionoperations.

INTRODUCTION
Ascompliancewith aIr pollutionregulationshasincreased
in complexity overthe last 15-20years.small businesses
thathadneverbeforebeenaffectedarenow beinginvolved
In pen-nit and complianceIssues.While the U.S. Environ-

mental Protection Agency (EPA) has continued to develop
andrefine sectionsof Its compendium of emissionfactors
contained In AP-42. muchof the data are outdated, par-
ticularly data relatedto plastics.As a resultof theevolving
regulations, plastic processingcompanies are faced with
the task of establlshi~gan‘emissionsinventory’ for the
chemicalsgeneratedandreleasedby theirproductionpro-
cesses.The chemicalsconsideredin thIs study arethose
considered to be volatile organiccompounds(VOCs) and
those that areon EPA’s original list of 189hazardousair

IMPLICATIONS
This study provides quantitative emissions data collected
while processing seven types of polyamide blends. These
data are directly related to production volumes and can
be used as reference points to estimate emissions from
similar polyaniide resins processed on similar equipment.
The compounds chosen for analysis and subsequent
emission factor calculations were the ones the authors
deemed most tlkely to be or significance.
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pollutants(HAPS). When applying for a stateoperating

permit, processingcompanIesare requiredto establisha
baselineoftheir potentialemissions.’

Ira responseto the needsof the plastic Industry, the
SocietyofthePlasticsIndustry.Inc. (SPI) organized astudy
todetermine theemissionfactorsforextrudingpolyamide
homopolymers.copolymers,andblends.Sponsoredby five
major resinproducers,thestudywasperformedatBattelle.
Columbus, 01-1, Thiswork follows previousSPl/Battelle
studteson theemissionsof acryionitrlle-butadlene-styrene,2

polyethylene,’ethylene-vinyl acryiateandethylene-methyl
acrylate copolymers. and polypropylene!

As in theseprevious studies,a body of literature refer-
encesexistsconcerningemtsslonsfrom polyamides.most
ofthem usingstaticsmall-scaleprocedures.”Theseproce-
duresmay not accuratelysimulatethetemperatureand
oxygenexposureconditionstypical of extrusionprocess-
trig. Thestaticproceduresmightexposethepolyamideto
temperaturesgreaterthan or less than the typical extru-
siontemperature, andfor anextendedperiodof time. They
also continuously exposethe polyamide to atmospheric
oxygen.During extrusion, the polyamideis moltenfor a
few minutesat most, andtheequipmentIs designedto
force air out of contactwith the melt in the ban-el.Hot
polyamide would be In contact with oxygenonly briefly
asit exits thedie. In light ofthesedifferences, theaccuracy
of data obtained from static testsmay limit their useful-
nessIn predicting emissionsduring polyamideprocessing.

Greater accuracy would, ofcourse,bepossibleby mea-
suring emissionsfrom anactual productionextruder.Since
operating parameterscan influence thetype and quantity
of emissions,the greatestaccuracywould be achievedby
studying eachprocess.Parametersthat caninfluence emis-
sions include extruder sizeand type, melt temperature,
extrusionrate, ratio of air-exposed surfaceto the volume
of theextrudate,andsheareffectsdueto screwdesign.
Variablesassociatedwith thematerialbeingextrudedcan
alsoaffect emIssions,that is. resintype, ageof the resin,
additivepackages,andheathistoryof anyrecycledresin.

It would bea dauntingtaskto designandImplementemis-
sionstudies for all combinationsof extrusionvariables.9

To strikeabalancebetweentheinapplicabilityof static
testsandthecomplexityofmeasuringeachprocess,theSE’!
andmajorpolyamideproducersinitiatedwork to develop
baselineemissionfactorsfor polyamlde processingunder
conditionsthatwouldprovidereasonablereferencedatafor
similarprocessingoperations.The sevenresin typeswere
evaluatedand includeda polyamide66 homopolymer.a
low-caproiactampolyamide6 homopolymer.a poiyamide
66/6 copolyrner.an ethylenepropylenedienemonomer
(EPDM)’toug~ienedpolyamlde66, a toughenedpolyarnide
6. a mIxture of polyarnide66 and polyamide68/6 flame

retardedwith melamine,andapolyarnide68/6flameretarded

with DechioranePlus.Thetestsamplesweremixturesofcom-
mercialrtsinsobtainedfrom thesponsoringcompanies.Table
I lists the resinsused,the additivespresent,the chemical
analytes.andthe temperaturesof the tests. The selected
anaiytesincludedPM, total VOCs.CO. nitrogenouscom-
pounds(ammonia,hydrogencyanide.nitrogendioxide,and
caprolactam),andcompoundsreleasedfrom additives(sty-
reneandmaleicanhydrlde).Thesecompoundsareof interest
becausethey are residualmonomers, theyareon the f-lAPs
list, or they are theexpectedthermalandtherrno-oxidative
breakdown productsof theextrudedpolymers.

EXPERIMENTAL
Resin-Blending Procedure

Equal portionsof each contributed resin were homoge-
neously mixedIn 10-gal metai cansto form acomposite
blend immediately prior to the test run. Each container
wasfilled to approximately two-thirds of capacity, sealed
under dry nitrogen atmosphere, and then thoroughly
blendedby rotation on an automatedcan-rolling device.
The resins were receivedIn sealedfoil-lined bags in the

dried condition. They were directly transferred from the
bagsto the metal canswith no additional drying.

Experimental ProcessConditions
An HPM Corp. 1.5-in,. 30:1 liD, 15-hp plastic extruder
wasusedto processthe resins. The extruder Is capable of
—60 lb/hr throughput and 800 °f(maximum) barrel
temperaturesfor thethreeheat zones.A special fabricated

Tabis t.Test plan for polyanli~extiusions,

Ra,,i No. Description Mdltlve? Ant$e? Tatptsd
Meft

—

I General PA66 D,E,F 1,2,3,4,5.5 550 OF

2 General PA6,
low rap’olaclam

1 1,2,3,1,5,6.7 520 OF

3 Ccpolynier PASS/S D,1 1,2,3.4,5.6.7 475 OF

4 EPOM-loughenedPA66 A.F 12,3,4,5,6,8 550°F

5 IaiglienedPA6 A,D 1,2,3,4,5,6,7,8,9 550 Of

6 PA66 or PAGe/fl
flame-rested
with melarnine

C,D,[.F,G 1,2,3,4,5,6.7 520°f

7 PAS6/6
(lame-retxded

with Oectiorar!ePlus

B,E,F,G 1,2,3,4,5.6.7 480°F

tecetsidtiies A .tu9’et; B - i~htnrePlus flarre r54&darstC - melangriaftant
restart O~~wccessingaid; • rele~eagert F = l~atC. C eat- %ssibleST,-

sicms ¶ n arrar~iia:2- hyth~e1cyaui~3 = t~aEVtCs 4 ‘iS çstioiales S -ratril
nnraidt5- r*oguao~des;1.t~ol~antB etefe~zcsylt~e9-g~~ere.
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screwbasedon designparametersprovidedby SF1com-
mitteememberswasconstructedfor thisstudy,asshown
in Figure1.Thecompressionratioof thesinglestagescrew
was2.4;1. Aneight-stranddieheadusedin previousSF1-
sponsoredemissionsstudieswasusedfor thepolyamide
program(seeFigure2). The dieheadwascleanedandin-
spected.Theholeswerereamedto 3/16-in,diameterand

thesurfacewaspolished.
Eachpolyamidemixturewas initIally extrudedfor ap-

proximately 30-60 mm prior tosarupling.Duringthis time.
thetotalVOCsweremonitoredby the onlineVIC Industries
Model 20 total HC analyser.Oncethetargetdieheadtern-
peratui-ewasreachedandtheextruderwasset to thetarget
RPM (75% of full scale), theVOC analyzeroutput would in-
dicatestablereadings(thatis, ±10%drift over a 10-mm pe-
dod).At this time, a20-mm testrunwasInitiated.The 20-mm
samplingtimewassufficientto achieveatargetdetectionlevel
of I jig of chemicalcomponentper 1 g of processedresIn.
Theonly exceptionwas NH,. In which a detectionlevel of
4.7 jig/g wasobtained.Operatingparameterswererecorded
initially andat 5-mm intervalsduringeachsamplingrun.
Immediatelyaftereachtestman,asecondnanwasstartedus-
big the sameoperatingparameters.The duplicaterunswere
madeto assesssamplingandanalyticalprecision.Basedon
previousresinstudies,2’5acombinedsamplingandanalytical
precisionof±30%relatIvedifferencewasexpected.

Die Head EmissionsCollection
A diagramof theemissionenclosureapparatusIs shown
in Figure 3. The enclosurewaspositionedandscaled

around the extrusion head. A door at the front of the
enclosureallowed the operator to periodically checkthe
flow characteristIcs of the extruded resin. An 8 x 8-In,
opening at the bottom-i of the enclosureallowedtheex-
truded resin to drop into a weighIng pan. EmIssionswere
entrained in preconditioned air (i.e., purified through a
charcoalfilter). Incomingfilteredair waspresetataflow
of 180 Lfmmn usingthevarIable flow blower.This flow
was directedthroughthe laminar flow headassembly
and acrossthe extrusiondie head. The variable flow
blower on the receivingside of the manifold systemwas
adjusted to at leastmatchthe 180 L/mln Inlet flow. Ad-
ditional flow from thesamplingequipmentresultedin
an approximately10% greaterflow into the receiving
endof thesamplingmanifold.This excessflow wasnec-
essaryto assurethatall air within thedieheadareapassed
through that zoneand into thesampling manifold.
Smoketubeswere usedJustbeforethetestrunsto con-
firm efficient transferof theemissions.Thesetubeswere
placednearthe8 x 8-in. openingat thebottom of the
enclosure,andvisual inspectionindicatedthatthesmoke
wasindeeddrawnup into the enclosureand toward the
samplingmanifold,

The manifold was equippedwith multiple ports for

connectingthevarioussamplingdevices.Eachportwasa
0.25-in.o.d, tubathatprotrudedI in. Into theairstream.
For the collection of particulatematerial,the manifold
wasalsoequippedwith a 4-In, filter holderassemblyas
well as an inline stainlesssteelprobe(0.25-in.id.) con-
nectedto a47-mm filter pack.

FIguva 1.Screwprc~e(HPM Corp.).

fl9Z”tI”1089LJ SCREW PROFILE

7,0 D

FEED

6.0 0

TRANSITION —

cUSToMER BATIZLLE MEMORIAL INSTI1UTE
cauvaus. Dii.

SHANK TORPEDOPUMP

stz�1.5 ~ 30:1

MATERIAL TO BE PR0~ESSWN’fl.ON 6/6

s,~ 06—0016

ORDER NO A83181

MOlES: 4340NR W/COLMONO’t 66 FL(014T5

CHROME PLATED

FULL IINCTh COOLING HOLE
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N
FIgure2. Extruder stranddie headusedin polyamideemissions
testingprogram.

Sampling and Analysis Methods
ThemethodsemployedforcharacterizIngtheemissionsfroni
theresinextrusionprocessaresummarizedIn thefollowing
sections.DetailedinformationIs discussedelsewhere.’°

Ammonia. Samplesfor the determinationof NH3
concentrationsIn the exhausteffluent werecollectedand

analyzedIn accordanceto NationalInstituteofSafetyand
Health(N1OSI-1) MethodNo. 5347. A samplingflow rate
of 200rnL/rnln (20-mm test run) wasdrawn througha
glasstubecontaining i-12504-treatedsilica gel to trap NH3
vapors. The sampling tubewasconnectedIn serIes to a

prefilter to collectparticulateNH4 salts. Ammonia was

desorbedfrom the silica gel with 0,1 N I-I~SO~.andthe
samplewasanalyzedusinganNH~-speciflcelectrode.The
methoddetectionlimit undertheabovesamplingcondi-
tionswas5.0gig/I..

Hydro~enCyanide. Samplesfor thedetermInationof hy-
drogencyanideconcentrationsin theexhausteffluent
were collected and analyzed in accordance to NIOSH

MethodNo - 7904.A samplingflow rateof 1000mLimin
was drawn through a prefilter and then through two
midget bubblers eachcontaining a I 0-niL solutionof 0.1
N ICOn. The bubblersolutions were analyzed using a
cyanideIon-specificelectrode.(Thefllterwasnotextracted
or analyzed.)ThemethoddetectIonlimit was0.2 gig/L.

Total VOCs. A VIG IndustriesModel 20 total HCanalyzer
equippedwith a hydrogenflame ionization detector
(I-JFID) wasusedto continuouslymonitor theVOC con-

tentoftheexhausteffluent.A heatedsampleline (3000F)
wasconnectedto the extrudersamplemanifold,and
sampleflow wasmaintainedat2Lfmln. Theanalyzerwas
calibratedat thebeginnIngof eachtestdayagainsta Na-
tionalInstituteof StandardsandTechnology([‘1151)-trace-
able referencecylindercontaininga mIxtureof propane
in ultra-zeroaIr (10 sg/L)- Linearity was demonstrated
prioTto the testrunsby challengIngtheanalyzercalibra-
tion standardsof 10, 180.and1800 jxg/L of propane.The
methoddetectionlimit was0.5 gag/L. Guidelines from EPA

Figure3.Emissionenclosureapparatus-
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Method25A were followed. With this method,aikanes.
alkenes,andaromaticHCs would respondto the HFID
on anequalper-carbonbasis.Othervolatile organiccom-
poundswill also respondto theUFID, but ott alessthan
equalper-carbonbasis(e-g., carbonylspecies).

TotalPM. Theconcentrationof particulateemissionswas
determinedby passinga sampleof the exhausteffluent
throughapre-weighedfilter andthenconductingagravi-
metricanalysIsof the sampled filter. The origInal proce-
dure called for the Insertion ofthepreweighedfilter (4-In.
diameter) into the exhaustport of thesamplingmani-
fold.ThesamplevolumewasdeterminedfromacalIbrated
orifice and a magnehelicgaugelocatedon thesample
manifold blower. However,after conductingTest IA, It
wasrealized that thehigh particulateconcentrations
emittedduringextrusioncausedthe filter topartiallyplug.
and the flow through the samplemanifold dropped sig-
nificantly duringthetestrun. To allevIatetheproblem,a
47-mmfilter holderequippedwith a025-in. id. sample
probewasaddedto thesamplingmanifoldIn placeof the
4-in, filter- ThesampleprobewaspositIonedin thecen-
ter of themanifold,andflow throughthefilter wasmain-
Mined ataflow ratesuitableto assureisokineticconditions
at theprobeinlet.

A flow rateof 19 L/min wasusedduringthe20-mln
testruns-Gravimetricanalysesof thefilter beforeandaf-
tersamplingwerecarriedout In acontrolledenvironmen-
tal facility (temperature70 ±2 °ErelativehumIdIty 50 ±
5%)- The filterswerepreconditionedto thecontrolleden-
vironmentfor 24 hrandthenweighed.Fortheaboveflow
rateandsamplingtime, amethoddetectionlImit of 0.5
gig/L wasobtained.

CarbonMonoxide.Tedlar bags(40-I. capacity)wereusedto
collecttime-integratedwholeair emissionsamplesduring

thetestruns.A pump/massflow controllerassemblywas
usedto drawair from themanifoldandinto the bag.The
flow wassetto I L/mln. Analyseswerecarriedoutoffline
using a BacharachSentInel44 real-time CO monItor
equippedwith anelectrochemlcalsensorwith alinearrange
from0 to 1000 iig/I.. A single point calibrationcheckwas
conductedusingaNISTcalibrationcylindercontainingCO
at 49 gig/I.- The instruments detectionlimit was1.0gig/I..

OxidesofNftmgen.The bagsused for CO collection were
alsoanalyzedfor totalNO,.Analyseswerecarriedoutwith
aMonitorLabs8440NO,real-timemonitorequippedwith
a chemiluminescencedetector specifIcally tuned for ni-
tric oxide (NO)- TotalNO,weredeterminedby directing
sampleair througha reducingcatalystbedandthento
thedetector-The monitorhad an operatingrangefrom

0to 5 pgIL.A singlepoint calibrationcheckwasconducted
with a NIST calibrationcylinder containingNO at 1.5

gig/L- Theinstrument’sdetectionlimit was0.01 gig/L.

Capiolactam. XA13-2 (—8 g) adsorbenttubeswereusedfor
the collectionof caprolactamemissions.XAD-2 cleaning.
extraction,andanalyticalproceduresfollowedguidelines
providedin EPA Method TO-13A.’ Samplingwascon-
ductedovera 20-mm collectionperiodusingaflow rate of
4 L/min. An 51W samplingpumpwasusedto drawsample
Into the cartridgeassembly.After sampling,theXAD-2 as-
semblywascappedandstoredIn arefrigerator.Analysesof
dichioromethaneextractsofthecarthdgeswerecarriedout
usinga HewlettPackard5973 gaschromatographlcImass
spectrometric(GC/MS) systemconfiguredin thefull scan-
ningelectronImpact modeof operation. Calibration mix-
tures of caprolactam rangedfront 0.1 to 500 gig/I.. The
Instrument’sdetectionlimit was005gig/L.

MaleicAnhyth-ide. Samplesfor the determination of ma-
leic anhydrideconcentrationin theexhausteffluentwere
collectedandanalyzedin accordanceto Physical& Chemi-
cal AnalysisMethods(P&CAM) Method302. A sampling
flow rateof 1.5 LJrnln (20-mm testrun)wasdrawn through
two midget bubblerseachcontaining IS niL of distilled
water. (Maleicanhydridewashydrolyzedto maleicacid
in thebubbier,)Theresultingsamplewasanalyzedby a
WatersModel 600Ehigh-pressureliquid chromatograph
with aUV detectorat 254nm.Calibrationmixturesranged

from 0.1 to 50 gig/L- The methoddetectionlImit under
theabovesamplIngconditionswas0.05 ~tg/L-

Styrene. The method for the collection and analysisof
styrenefollowedEPAMethodTO-14Aguidelines)2Evacu-

atedSUMMA polished6-Lcanisters(IOUmtorr)wereused
to collectwhole airsamples.Eachcanisterwasconnected
to thesamplIngmanifold,anda5-mm Integrated sample

wasobtainedduringthelatterpartof the20-mm collec-
tIon period. Aftercollection,thecanisterpressurewasre-
cordedand the canisterwas filled to 5.0 pslg with
ultra-zeroair to facilitate repeatedanalysesof air from
thecanister.

A FisonsMD 800CCsystemequIppedwith parallel
flameionizationandmassspectrometricdetectors(FIDsand
MSD5) wasusedfor theanalysisof styrenepresentIn the
canistersamples.The EU) wasusedfor styrenequantitatlon.
The MS (full scanmode)wasusedfor peakconfirmation-
The sample-analyzedvolume was 60 mL. With this
preconcentratedsamplevolume,theFIT) detectionievelwas
0.01gig/I.. Detectorcalibrationwasbasedon instrumentre-
sponseto known concentrationsof dilute styrene
calibrationgas(traceableto NIST calibrationcylinders).The
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calibrationrangeextendedfrom 0.1 to 1000gig/I..

RESULTS AND DISCUSSION
Verification of Collection Efficiency of

Sampling Manifold
Testswere conductedprior to the extrusionrunsto veri&
that 100%of aspikinggas(propane)would be transferred
acrosstheemissionsentrainmentzoneif the incoming
andoutgoing flows were balanced.As mentIonedin the
experimental section.theIncoming flow waspreset to 180
L/min. The propane concentration generatedat the
inlet locationwas60 ppm C (measuredat background
sampleport—seeFigure 3). As expected,thepropane
concentrationmeasured in the sampling manifold was a
function of thevoltagesetting on thevariableflow blower
downstreamofthesampling manifold. A calibration curve
showingthe flow rate through thesamplingmanifold asa
function of pressuredrop acrosstheorifice of the variable
flow blowerIsshownIn Figure4. At magnehellcgaugeread-
ings below0-Sin,of water,thetotalHCanalyzerindicated
astablereadingof 60±2 ppm Cattheconnectionport in
thesamplingmanifold. Asthesettingwasincreasedabove
0.5 In., the total I-IC reading dropped to reflect the fact
that the sampling manifold flow rate wasgreaterthan the
incomingflow that waspresetto 180 L/mln.

Total Manifold Flow
The total manifold exhaust flow for the individual test
runswasneededfor the eventualcalculation of emission
factors, Table 2 lIsts the total flows for eachtest run. The
orifice SPvalueis theobservedreading for eachrun. From

the experimentally derived regressionequation, flow
l8O.69(AF~+ 90.79 (R2.- 0.966) (seeFigure 4). a flow rate
through the blower could be determined usIng this AP
value.However, theflow acrossthe orifice wasoriginally

calibrated at 75 °ETo correct the flow to the manifold
operating temperature of 140 °Ethe following flow ori-
fice equation wasused:

“I/I

Q~ k i (I)

where Q1 was the flow rate during test runs. was the
flow rate at 75 °ET

1
wasthetemperature of the exhaust

air, and T~wasthe temperature at calibration.
A temperaturecorrection factor of 0.944wasapplied

to the flow rate during the test runs to determine the
flow rate at 75 °F.In addition, the flow ratesfrost the
individual sampling componentswere also neededto
obtain a total manifold flow. The total manifold flow
for each test run is also shown in Table 2. For all test
runs except IA. the total manifold flow wasacceptable
and slightly greater than the preset incoming flow rate
of 180 L/min. This slight excessflow ensured that all
emitted material was efficiently transferred to the cot-
lection manifold.

Emissions
Emissionconcentrations(lsg/L) arelikewIsesummarized
in Table 2-TotalVOCswereusuallythehighestemission,
ranging from 53 to 202 gig/L. In a few cases,the
partlculateswerealsohigh, upto 185~1gJL.In experiments

Flgur.4. Flow throughthemanifold asa tunctionot pcessuredropacrosstheotticeor thevariablespeedblower.
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with polyarnide6 or Its copolymers,caprolactanifrom
thedepolymerizationreactionwasseenill significant

quantities,from 24 to 245tig/L.
Threeof the emissionspredicted from previous stud-

ies6’—ammonia. hydrogen cyanide, and maleic anhy-
dride—were unobservedat the detectionlimits reported

in this study.Carbonmonoxideandstyreneleveiswere
only significant in rubber-modifiedpolyamideblends.

Oxidesof nitrogenwereonly minoremissions.Overall,
theseresultsshowwhat manufacturersand processors
would havepredicted, that is.concentrationssignificantly
belowwhat would have beenpredictedby previous static
tests.The resultsfrom this study are —2 orders of magni-
tude (100 times) belowwhatwould havebeenpredicted
from EPA’s AP-42 document, which is based on a very
outdatedsurvey report)3

Emission Factors
Emissionfactorswerecalculatedfrom measuredemission
concentrationlevelsshownIn Table2 usIngthefollow-
ing formula:

E—(CxP)/O (2)

whereEwaspg oIemlssions/gof processedresin, Cwasthe
measuredconcentrationof emissionsin ~ig/L,Fwasthe to-
tal manifold flow ratein L/min, andOwastheresin through-
put in Wmin. Emission factors are summarizedin Table 3.
Dimensional analysisshowsthattheseemissionfactors can
alsobereadaslb emisslons/mllilonlb resin processed.

Table2.Sismmayofemisionca4itionsandctaicertarronsofemissions(fig/I).

Kriek et a!.

Significance of Emission Patton

This study provides emissiondatacollectedduringextru-

sionof variouspolyamideresinsunderspecificoperating
conditions. It should be emphasizedthat if actual mea-
surementdata are available, they should always be used
to determinecompliance.However, if actual measurement

dataare unavailableanddifficult to obtain, calculated
emissionfactorsmaybeusedby processorsto determine
their expectedannual emissions(from polymer process-
ing) under various federal, state, andlocal air toxic regu-
lations. [Emissionsfrom other onsitesourceswould need
to beconsideredseparately.)Relevantregulationsinclude
the 1990CleanAir Act Amendment,the VOC andpar-
ticulate program, the Title V permits program, and the
pre-1990federal Preventionof Significant Deterioration

(PSD) and NewSourceReview programs. The calcuiated
factors aremost heipiul in instanceswherethe processor’s
emissionsarefar below the ‘trigger levels.” For example.
the most stringent current limitation Is 10 tons/yearof
VOC emissionswithin an extremeozonemanagement
area. A processorwith equipment similar to that usedin
thisstudycouldextrude120—400million lb/yearof poly-
amlde,dependingupontheproductmix. In lessrestricted
areas,wherethe VOC emissIonscan be up to 100 tons/
year.theprocessorcould extrude1200—4000million 1W
year. Most plastic molders and extruders processonly a

fraction of thesevolumes.
During 1998, data were compiled to compare

emission factors determined in thIs and other
SPI-sponsoredstudies2’5with plant datathat hadbeen

TestRuii$e.: IA IS U 2B 3* 38 4* dl 5* 58 5* 58 1* II
Ducriptiorn Gsiwral PMS GeneralPAR

1.. Caprolactam
Copelymer

PAWS
EPOM-toughened

MIS
Toughened

PAR
PASS or PAWS
Flame-Retarded

Pulls
Flame-Retarded

with Melamlee with DecJdoraiis
EnnSonConditieits

Avg. die headtenw. (‘1) 550 555 520 520 475 475 550 550 550 550 520 520 5~ 510
Resin lIiroi4iput (g/min) • 2~ 336 331 195 141 218 195 277 286 354 327 377 386
Totalrnanifoldflow(L/minj 114 188 216 189 194 194 224 202 234 229 221 234 238 238
A~e
Ammonia • <4.7 <4.7 <4.7 <4.1 <4.7 <4.7 <4.1 <4.7 <4,7 <4.7 <4.7 <4.7 <4.7
H~dror1cyanide • <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
TotalvOCs • 53 101 91 123 lIZ 133 128 202 197 91 85 160 165
Toslpasticufates • 111 37 31 6 2 65 62 32 31 185 129 87 123
Ca~1n’onoside • 6.1 <1 <1 <1 <1 32.1 38.7 13,8 13.6 <1 ‘<1 <1 <1
c’li~oqenoxides 0.03 0.06 0.03 <0.01 <0,01 0.03 0.04 0.01 0.01 0.06 0.05 0.03 0.03
Caprolattam b b 30.9 23.7 25.6 24.1 b 92.4 64.6 56,4 59.1 >~s0’ >150’
Maleicaihydride <0.05 b <0.05 <0.05 <0.05 <0.05 b •

StyThTit • <0.01 0.01 0.01 0.01 0.01 0.31 0.28 3.38 3.56 0.03 0,01 0.01 0.01

Nr* re
1

uledbecausetoIal mandoldflow rateis belowtherequiredflow of laniimin; bMeasureTTerIlof thisparameterWasRot Tegliesled—seeTatie 1; %sllmaied(flowsttççagein
the sampleroccurreddiringthe run).
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labial. Summaryof ex~usiootitSion(actors(f49ot lb/million lb polyntc~xessed).

lestkimle.: 1* 18 2* 25 3* 38 4* 48 5* 58 0* 68 7* 78
Descriptissi: GeneralPASS GeisalPAR

LawCaproIactaai
Copolymer

MillS
mM-Toughened

PASS
Toughened

PAS
PASS orMGI/S
flame-Retarded
with MeJamine

PMSIS
Flame-Retarded
with Dechiorane

Nwnonia a <~,7 <4,7 <4,7 <4,7 <47 <47 <47 <47 <4.1 <47 <4.7 <47
Hydrogencyanide

TotalVOCs

‘

•

<0.15
50

‘0.15 <0.15
65 52

<0.15 <0.15
122 154

<0.15 <0.15
137 133

<0.15 <0.15
111 158

<0.15 <0.15
57 61

<0.15 <0.15
101 102

Totalparliculates
CarbonmoonxTde

a

a

104

6

24 18
<1 <1

6 3
<1 <1

67 64
33 36

27 25
12 11

115 92

<1 <1

55 76

<1 <1
Nit’oqen oxides
Caçrolaciani
Maleicarthydride
S~itgne

a

~
a
a

0.03
~

<0.05
<0.01

0.04 0.02
20 14

a

0.01 0.01

<0.01 <0.01
25 34
a b

0.01 0.01

0.03 0.04
b

‘0.05 <0.05
0.32 0.29

0.01 0.01
7~ 52

<0.05 <0.05
2.9 2.8

0.04 0.04
42 42

•

0.01 0.01

0.02 0.02
‘1~ >1~

a

0.01 0.01

‘Not reportedbecausetotal ma’itofd flow rate is belowtherequiredUrsaof 180 L/min:
5

Measuremeniof this parameterwasnotrequested—seeTable 1; ‘Estimated(flow stoppa~
in thesampleroccurreddungtherunh

compiled by both governmentandindustry. This data 9. Rhodes.V.L; Crawford.I.; Tamer. HR Emission Factorsfor Plastics
Processing.In P,oceedingseta Specialty Conteience Emission ln.wtoar

was presentedat an Air & WasteManagementConfer- In a GlobalEnpuonmene,Vol. I, New OrLeans.LA. December8-
enceIn New OrLeans in Decemberl998.~Reprintsareavail- 10. t998; ip 193-203.

iO. Hoidren,MW.; S~sblth,AS.; I-ieggs. ER; Keigiey, Ow.;Satola.JR.;
ablefrom SPI. Williams. 1.0.; Chuang.IC. FinalReport on Samplingand Analysts

or EmissionsEvolvedduring ExtrusionofPoiyamideResinMixtures.
PresentedtomeSocietyof the PlasticsIndustry. V/sshlngton.DC.
JuneTag?.

SUMMARY OF FINDINGS ii. U.S. EnvironmentalProtectionAgencyCompendiumMethodTO-
13k Deiemilnationof Poiycyciic Aromatic Hydrocarbons(PAl-Is) In

Total VOCs andtotal partIculatematerial are the major Ambient Air Using Gas Chromatography/MassSpecrrometiy(CC’

emissionsfrom the extrusionof typical polyamldes.Ca- MS); EPAJ6Z5/R-96/0tab; in compendiumofMethods for the Detennt-
nation atToxic Organic Con,poundsln AmbientAir: Center for Environ-

prolactarnis alsoa majoremissionfrom polyamideBand mentalResearchInformation;Cincinnati.01-f, 1997.
its copolymers.Thedata collectedin this studyprovide 12. U_s. EnvIronmentalProtectionAgency.CompendIum MethodTO-
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1997.
notrepresentthosefor otherpolyamidetypesor for other 13. l-iugl~es.lW.; Boland.RE;Rinetdl.G.M.SauteAssessmentPiestlcPro-
methodsof processing.ProfessIonaljudgmentandcon- ‘~‘~t’wStat e-of.the-AIt:ReportPB 280 926;U.S. Departmentof com-

merce.NationalTechnicalInformationService:Springfield.VA. Match

servativemeasuresmustbe exercisedwhenusing these 5978.

datafor estimatingemissionquantities.
Aboutth. Authors
JoeBarnesIs a product stewardship leaderat Honeywell

REFERENCES EngineeredApplications& Solutions.P0. Box 831 4101
t. Sherman,L.M. Ctean-AtrRuleschallengeProcessors;Plastics TtchnoL Be’mudaHundredRd.. Hopeweil,VA 23860.JohnBollnleier

1995,42 (2). 83-86. isa memberof theDuPontEngineeringPolymersSix Sigma
2. Concos,D.A.;Hoidren,M.W.;Smith.D.L.;Brooke.R.C.;Rhode&V.L.;

Ratney. ML, Samplingand Analysts ofVolatile OrganicCompounds Program. Chestnut Run Plaza 713/104, Wilmington, DE
Evolved during ThermalProcessingof Acryionitrlle Butadiene Sty- 19880.Jane ChenChuang and Michael W. Hoidren are se-
rene CompositeResins; j Al, & Waste Manage.Asroc. 199$,45, 686- nior researchscientistsat Battelle, 505 King Ave., Colum-
694.

3. Barlow. A.;Contos,D.; Hoidren. M.; Garrison,P.; Harris. L;Janke. B. bus, OH 43201. Anthony S. Wisbith is a principal research
DevelopmentofEmissionFactors for PolyethyleneProcessing; I. Air scientistat BatIelle. Jennifer1-daywardwasassistantman-
& WasteManage.Assoc. 1996, 46, 569-580.

4 Barlow, A.; Moss.P.; Parker. E.; Schroer,1.; Holdrert. M; Adams.K. ager of environmental issuesat SPJ, Suite 600K. 1801 K
DevelopmentofEmissionFactors(orEthyiena-Vlnyi AcetateandEeh- St.. NW, Washington.DC 20006.Georgei(riek is associate
ylene-Methyi Acryiate Copolymer Processing;I. Air& Waste Manage. researchand developmentscientistat Bayer Corp., 100
Asset.1997. 47. II Il-Il IS.

5. Adams, K.; Sanlcsion, J.; Barlow. A.; l-{oidren, M.; Marchesani.V.; BayerRd., Pittsburgh. PA 15205. NelsonLazearis aman-
Meyer. J. Development of Emission Factors for Polypropylene Pro- ager for environmentalissuesat Bayer Corp. Diane Pietrzyk
cessing; fAir & WasteManagr. Assoc,1999. 1,49-56.

6. Rraun.E;Levtn.B Nylons:AaeviewortheLlteratureonrroductsot Is manager of product stewardship at BASF Corp.. 1609
Combustion and Toxicity; Fin Mater 1987. 11,71-88. Biddle Ave., ~andotte, Ml 48192.VerneRhodesis presi-

7, Patei, S.; Xanthos, M. Volatile Emissions during Thermoplastic Pro- dent ofProduct Regulatory Services,3731 nger PointBlvd..
testing—AReview; Adv, Polym.Technol.1995. 14(11,67-77. Gulf Breeze,FL 32561, Correspondenceshould bed’rected

8. Jeflinek. H.; Das. A. HCN Evolution during Thermal-Oxidative Deg-
radation ofNylon 66 and Polyacryionttrlle; I. ft/yin. Sd.. Polym. Chem. to SRI.
Ed. 1978. 16. 2115-2719. __________________________________________________________

1005 .Axano/of the M~& Waste Management AssocIation Volume 51 July 2001



Exhibit 7

TECHNICAL PAPER iSSN 1047-32291.Air& Waste Manage. .433cc. 47:1111.1118

CaplTtirll 1997~& W,etaMa~age.TanrAarc,anon

Dev&opment of Emission Factors for Ethylene-Vinyl Acetate
and Ethylene-Methyl Acrylate Copolymer Processing

Anthony Barlow
Quantum Chemical Corporation, Cincinnati, Ohio

Pamela Moss
ATPlastics, Brampton,Ontario

Earl Parker
Chevron Chemical Company, Orange, Texas

Thomas Schroer
Ed. du Pont do Nemours & Ca, Wilmington, Delaware

Mike 1-joidren
Battetie, Columbus, Ohio

Kenneth Adams
TheSociety of the Plastics lndustty, Inc., Washington, O.C.

ABSTRACT
Emissionfactorsfor selectedvolatile organiccompounds
(VOCs) andparticulateemissionswere developedovera
rangeof temperaturesduringextrusIonof threemixtures

of ethylene-vinylacetate(EVA) copolymersand two mix-
hires of ethylene-methylacrylate(EMA) copolymers.A
mIxture of low-densitypolyethylene(LDPE) resinswas
usedasacontrol.EVAs with 9, 18, and28%vinyl acetate
(VA) were used, The EMA mixtureswere both 20% me-
thyl acrylate.A smallcommercialextruderwas used. Po]y-
mer melt temperatureswererun at 340°Ffor LDPE and
both 18 and 28% EVAs. The 9% EVA mixturewasextruded
at 435 °Fmelt temperature.The EMA mixtureswereex-
truded at 350and 565 °Fmelt temperatures.

An emissionrate for each substance was calculated,
measured, and reportedas poundsreleasedto theatmo-
spherepermillion pounds ofpolymerprocessed[ppm (MI
wt)] - Basedon production volumes,these emission factors

can be used by processorsto estimateemissionquantities
from EVA and EMA extrusion operations that aresimilar to
theresinsandtheconditionsusedin this study.

INTRODUCTION
Industry is faced with a new challenge. Pursuant to the
Clean Air Act Amendments (CAAA) of 1990, which man-
datedthe reductionof various pollutants releasedto the
atmosphere,companiesare beingfacedwith thedaunt-
ing task of establishing“emission inventories” for the
chemicalsusedIn theirprocesses.Thechemicalstargeted
arethosethatproduceeithervolatile organiccompounds
(VOCs)or compoundsthat areon the list of 189 hazard-
ousaIr pollutants (flAPs). Title V of theamendedClean
Air Act establisheda permitprogramfor emissionsources
to ensure an eventualreductionin emissions.Whenap-
plying for a state operating permit, processingcompanies
are first required to establish a baselineof their potential
emissions)

In responseto the needsof the plastics industry, the
Societyof thePlastics Industry, Inc. (SN)organizedastudy

to determinethe emissionfactors for etttylene-viny( ac-
etate(EVA) andethylene-methylacryiate (EMA) extrusion.
Sponsoredby four major resin producers,the studywas
performed at Battelle, anindependentresearchlaboratory.
This work follows two previous SPI—Battelle studiesonthe
emissionsof polyethylen& and polypropylene.3

IMPUCATIONS
This studyprovidesquantitativeemissionsdatacollected
during extrusionof ethylene-vinylacetate(EVA) andeli.-
ylene-rnethyl acrylate (EMA) copolymersunderspecific
operatingconditions.Thesedatacanbe usedby proces-
sorsasapoint of referenceto estimateemissionsfrom
similar EVPJEMAextrusionequipmentbasedonproduc-
tion volumes.
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A reviewof theliteratureshowsthat, while thereare
somequalitativeandquantitativedataavailableon poly-
ethylenethermal emissions,there are fewer studies that
mention EVA and EtylA. The primary concern about pre-
vious polyethyleneemissionsdatais that theyweregen-
eratedusingstatic,small-scale,4orotherwiseunspecified
procedures.5”

In thedesignstagesof this and previous SPI—Eattelle
studies,considerableattention wasgiven to whetherthe
model used accurately reflected real processingcondi-
tions. The major contributing factors to the rate of emis-
sions in an extrusion processwere consideredto be tem-
perature, exposure to oxygen, and residencetime. The
goal wasto reflect the actual on-line processingcondi-
tions rather than a static situation. In most extruders,
thepolymermelt continuouslyflows throughthesys-
tem,effectively limiting the residencetime In anypar-
ticularheatedzone.If a staticset-upwere studied,the
polymermaybeexposedto theequivalent temperatures
but for a longerperiod of time. This would effectively
exaggeratethethermalexposureofthe polymet In a simi-
lar way, theconcern overoxygenin the Industrial extru-
sion processis mInimized as the extruder screw design
forcesentrappedair backalong the barrel during theini-
tial compressionand melting process.The air then exits
the systemthrough thehopper. Therefore,the hot poly-
mer is exposedto air only when it is actually extruded
through the die. In someof the static testing that has
been reported, the hotpolymer mayhave been exposed
to air for extendedperiods of time.

The ideal would seem to be to measuretheemis-
sions directly from eachindividual process. In extrusion,
for example,thetypeandquantity of emissions areknown
to be influenced by a number of operationalparameters,
including extrudersizeand type,extrusion temperature
andrate, the air-exposedsurface-to-volumeratio of the
extrudate,thecooLingrateof theextrudate,andtheshear
effect from the extruder screw.All of thesewould have to
bespecifiedand controlled.

Tuba. 1. Averageathiitive concentration(ppmj in polymermirlures,

SUP ANTi-flOCK ANTIDXIIIAIIT

EVA
18%VA 0 0 138

28% VA 0 0 263
9%VA 300 15CC 145

EMA
20%MA/IMI 0 0 250
20%14A,’eMl 0 0 250

top’
156 300 340

The objective of the SPI—Battelte study was to take
representativeEVA/EMA resinsfront anumber of suppli-
ers and, using the sameequipmentused to study both
polyethylene and polypropylene, provide baselineemis-
sion data. The test conditions usedwill provide reason-
able reference datafor processorsinvolved in similarex-
trusion operations. In somecasesthe emission factors
determined In this study may overestimateor underesti-
mateemissionsfrom a particularprocess.For example,a
recent2-year study? found, as would be expected,that a
lower level of fume wasgeneratedby injection molding
compared to extrusion-basedprocessesin which thehot
polymer is exposedto air. Therefore,professionaljudg-
mentand conservativemeasuresmustbeexercisedwhen
using the data for estimatingemissions.

The samplesused were mixtures of commercial co-
polymers from the sponsoringcompanies.The EVA mix-
tures, covering a rangeof 9 to 28% vInyl acetate, were
composedof copolymerstypically usedin fiLm forming,
lamination, and hot-melt adhesiveapplications.TheEMA
mixtures containing 20%methyl acrylatewerecomprised
of copolymerstypically usedin blown-film andextrusion
coating applications. It should be noted that there are
severalvariables related directly to thematerial being ex-
truded that mayinfluence theemissions.Thesevariables
include the ageand type of resin, the additive package,

and any additional materials added to the resin prior to
extrusion. If a particular processoruses recycled materi-
als, their thermal history is also an important factot The
test matrix used wasdesignedto provide emissionsdata
asa function of resintypeandin somecasesasa function
of the operating temperature of the dietiead assemblyof
the extruder. All of the EVA, LUPE, and EMA resins used
were commercial grades. The averageadditive levelsof
the mixtures are shown In Table 1.

Theequipmentusedwasa small commercialextruder
equippedwith a 1.5-In, screwand fittedwith an 8-strand
die. The emissionswere measuredover a 30-minutepe-
riod and wererelated to theweight of resin extruded.The
emission factor for eachsubstancemeasuredwas reported
aspoundsevolvedto theatmosphereper million pounds
of polymerprocessed[ppm(wt/wtfl. Processorsusingsimi-
lar equipmentcanusetheseemissionfactorsasreference
points to assistIn estimatingemissionsfrom their spe-

ciuic EVA—EMA application.
The 14 substancestargetedfor monitoringincluded

particulate matter, total VOCs, light hydrocarbons
(ethane,ethyLene, and propylene),esters(vinyL acetate,
and methyl acrylate), aldehydes(formaldehyde,acrolein,
acetaldehyde,and propionaldehyde), ketones(acetone,
and methylethyl ketone),and organicadds (formic, ace-
tic, and acrylic acid). These are the anaiytesof interest,
eitherbecausetheyareon the FlAPs list, asstatedearlier,
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Figure 1, Extruder strand diehead used in EVA—EMAemissionstesting
program.

or theyaretheexpectedthermalbreakdownproductsof
the polymerstested.

EXPERIMENTALPROCEDURES
Experimental ProcessConditions

AnHPM CorporationI 5-horsepowerunventedextuderwas
usedto processthe EVA and EMA test samplemixturesat
Batteile.The extruderwasequippedwith a 1.5-in, single
screw(L/t) ratio of 30:1) andfitted with an 8-stranddie
(Figures1 and 2). Extrudedresinstrandswere allowed to

flow into astainlesssteeldrum locateddirectly underthe

table t ResinthrougF~utand key flow parameters during the EVA and EMAextrusion runs.

TESTRUIIPIG. IA II 2 3 4 5 S

RESt41’IPE thw-Densiiy
Polyethylene

Low-Density
Polyethylene

EVA18%VA EVA2B%VA EVA9%VA EMA2D%MA EMA2O%MA

EXTRUDER CONDITIONS
MeltFlowRae 2 2 2 6 2 2 7
AverageoiehSM&ITerriperalore.’F 340 340 340 340 435 350 565
Zone 3 Terrrperaiure,‘F 292 301 391 301 415 300 547
Zone 2Tenperakire,‘F 296 297 297 297 355 300 449
Zone 1 Temperature,‘F 275 274 275 274 275 275 275
Pressure,psig 1300 1500 1003 750 600 1750 <50
ResinThroughput lOb/br) (g/min)j 28.4/215 26.9/204 34.0/257 35.7/270 34.8/263 32.8/248 35.1/265

RotorSpeed,rpm 75 75 75 75 90 75 83
Run Dur~ion,nm 30 30 30 30 30 30 30

AIR FLOWS
TotalManifold Flow, ljn\in 700 IC/i 700 700 700 700 700
How Rate Info SheathArea. L/min IOU IX 100 100 lOU 100 100
Flow RateInto EntrainmentArea, Ljrnin 525 525 525 525 525 525 525
FlowRatemroughttppei,Umin 10 10 ‘10 10 10 10 10
Flow Throu~Tubesfor Car~nyIs,Umin 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Flow ThroughTubes or Organic Acids, I/nun 5 5 5 5 5 5 5
Flow trio Canisters,1mm 0.16 0.16 0.16 0.15 015 0.16 0.16
Flow Through 402 THO AnaIyze~L/min I 1 1 1 1 1 1
Flow TtvoughFilter -folder. LJmin 15 IS 15 15 15 15 15

Figure 2. View of theextrudersystemand thevailous sampihig
lOcations.
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Table 3. Order of EVA and EMA ernis~onstest runs,

Run No. Resin ~ ¶1, MA or VA Melt Index Melt Temp C.Mpailes Contributing
Sequent. (‘F) to Resin Mixture

1A LOPE 0 2 340 QuanlumNA 345
DuPont 20
AT 220FE
5565 (Chevron)

18 Usefor spikingrun
2 EVA IS 2 340 Quantum11(631

ELVAX 3170

AT 1815
3 EVA 28 6 340 QuantumUE634

ELVAX 3175
AT 2810 M

4 EVA 9 2 435 QuantumUE637
ELVAX 3128
AT 10 70
PE 52&3 (Chevron)

UseLOPEmixturewhile cooling to 350 ‘F
5 EMA 20 2 350 QuantumEMTR 003

SF 2205(Chevron)
6 EMA 20 7 565 QuarrtumEMTROlO

SP2207 (Chevron

LOPE resinrnirdure was usedto cleanexiniderduring cool down. Extruderwaspurgedof EMA beforefinal
shutdownto avoidcorrosion.

die-head(FIgure2). Processingconditions,shownin Table
2, wereselectedto berepresentativeof severalcommercial
processingapplications.Theorderof theEVA—EMA Emis-
sionstest runsIs listed in Table3.

CaptureandCollectionof Emissions
Emissionsreleasedat thedieheadwerecollectedseparatelyfor
30 minutesduring the extrusionruns.Emissionsfrom the

hopperwere exdudedfrom analysisbecausepreviousentis-
sion studiesshowedtheircontnbution to be insignificant(less

Figure 3. Vrew of emission entrainrnenl area.

than2%ofthetotal).2Table4 showsthesampling
strategyandthe overall analyticalschemeem-
ployedfor the EVA andEMA testsuns.Detailsof
theanalyticalproceduresareprovidedin the pa-
pa “Developmentof EmissionFactorsfor Poly-

ethyleneProcessing.”

DieheadEmissions
Emissionsreleasedat thedieheadduring ex-
trusion were capturedat the point of release
in acontinuousflow of cleanair- A portion of
this airflow wassubsequentlysampleddown-
stream,asdescribedbelow.Theemissionswere
initially capturedIn astainless-steelenclosure
surrounding the diehead (Figure 3). The air
stream wasimmediatelydrawn through a di-
vergentnozzleentrainmentcone,whichpro-
videdasheathof cleanairbetweenthedjehead
emissionflow andthewallsof the carrier duct.
Thisminimizedinteractionof thehot exhaust
with thecoolerductwalls.

The total airflow employedfor capturing
dieheademissionswassetat 7(11L/mirt. Thiswas
composedofthedieheadentrainmentflowat 525
Limin, the sheathflow at 100 L/min and75 Li
niln of residualairflow, whichwasmadeup from
roomairdrawninto theopenbottomofthe stain-

less-steeldieheadenclosure.This residualairflow wasusedto
facilitateeffectivecaptureofemissionsfromthepolymer.These
flowsaredepictedin Figures2 and3.

Figure 4. Sampling manifolds for emissions generatedin dtehead.

a- .

7~LP(

‘IA-
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Table 4 Sample coll~lionschemefor EVA and (MA testruns.

SUBSTANCES MDMTORED Or08nic Acids Aldehydes!Kelones Particulate VOCs
HF-C INC

SLIMMA CasterCOLLECTION MEDiA KON mpr~naledFiller UNFIt lube GlassFiberFillet

ANALYTiCAL METhOD Desorp!ionwith Dilute
H2O4andMatysis by

Ion Exclusion
Cflromotogmphy/IJV

Oesorptionwilh
A~oniIrileand

Analysis by HPLC

Gravimetric Modilied 10-14

HP-i FusedSum AI1OJNaSO
CapIllaryColumn CapillaryColumn

GC/MS GC(FlO GC(FlD

SAMPUIIG LOCATION Man~old
Mettlemp(°F) RunNo, NumbeiotSamp~Analyzed
340 1A 2 2 1 1 2 1
340 16 2 2 1 I 2 1
340 2 2 2 1 1 2 I
340 3 2 2 1 1 2 1
435 4 2 2 1 1 2 I
350 5 2 2 1 1 2 1
565 7 2 2 I 1 2 1

Note: Mo processingaidswereused,

Dieheademissionswere transported by the 7(0-L/min

airflow to asamplingpoint 10 ft. downstreamof the diehead
using4-inch-diameterglasstubing.Thelocationfor thissam-
plingpoint(Figure2) wasbasedonpreviousstudiesperformed
at Batteliethatinvolveddesign,engineerlru~implementation,
andproof-of-principlestagesfor thepilot plant system.2

Twoseparatesamplingmanifoldswereusedat thesam-
plInglocation: onefor collectinggasesandvaporsand the

Tebi.t ResultsIronspikingexperiments.

other for collecting partlculates(Figure 4). For gasesand
vapors,a 10-L/min substreamwasdivertedfrom the main
emissionentrainmentstreamusinga0.5-In,stainlesssteel
tube(0.425-in.id.) wrappedwith heatingtapeandmain-
tainedat50 ~C.VOCsandoxygenatesweresampledfrom
this manifold. Similarly, particulateswere sampledfrom a
separate1S-L/rnin substreamusinga0-25-in-stainlessun-

heatedsteelprobe (0.137S-ln.is!.).
This study did not include any

measurementsof emissionsfrom the
drum collection area, as all commer-
cial extrusion processesquenchthe
moltenresinshortlyafterIt exitsthedie.
Emissionsfrom theextrudatein thecol-
lectiondrum were preventedfrom en-
tering the dieheadentrainmentareaby
drawingair from thedrumat20L/mln

and venting to the exhaustduct.

VALIDATION O~THE
ANALYTICAL METHOD
The purposeof the manifold spiking
experimentswasto determinethecol-
lectionandrecoveryefficienciesof the

canister,acid, andcarbonylcollection
methods.During the first spiking ex-
periment,all threecollectionmethods

wereevaluated.ResultsarereportedIn
detail elsewhere.’During thesecond

MUST! METhOD SPIKE LEVEl. pg& PIECOVOlTpg~T,
~1 ~2

AVERAGE PERCENT
itwvutr

FIRSr EXPERIMENT’
Formic Acid KON fitters 0.71 0.987 0.733 122±18
A2licAcid (OH fillets 0.77 1.023 0.640 121±12
Acaylic Acid KOH tillers 0.59 0.687 0.567 107±11
Formaldehyde DNPH Cartridge 1.63 2.20 2.03 130±5
Benzene-d Canister 0.092 0.068 0.086 95±2

SECONDEXPERIMENTb

Benzene-d6 Canistee 0.24 0.27 0.25 106±4
Benrene Canister 022 0.22 0.22 100
Methyl Acrylale-d, Canister 0.25 0.26 0.24 100±4
Methyl Amylate Canister 0.25 0.25 0.23 95*4
Vinyl Acetale Canister 0.24 0.28 0,25 110±6

lelalivemror is therelMi-ve percentdilletence.theabsolutedillerencein thetao samplesmultiplied by 100andtheir
divided by their a’serage.
Reference2: Retere~e3
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Table 6. Summaryol EVAand EMA thermalprocesseflssiottar genericresingrades(t~/gi.

TESTRWINO. 1A II 2 3 4 5 5

106.9
83.0

EVAI8%VA EVA2B%VA EVA9%VA EMA2O%MA EMA2O%MA
3M1 6M1

340 340 435 350 565
<I <1 <1 41 61.5

128.2 123.4
1063 109.9

3.85 3.11 6.05
7,40 2.89 5.32
— cftD2 <0.02

99.7 45.7 117.2
86,4 44.2 90.0

splicingexperiment,collectionandrecoveryefficiencieswere
determinedonly for the canistersamplingmethod.The re-
sultsfrom the twospikingexperimentsare summarizedin
Table 5’ The analytesmeasuredby thespiking experiments
are listedin Column 1. Column 3 shows the calculated
concentrations of the spiked compoundsin the air stream
of themanifold.Theconcentrationsfoundfrom duplicate
sampling and analyses,and correctedfor backgroundlev-
els, are shown in the next two columns.Finally, theaver-
agepercentrecoveredis givenin the lastcolumn.

Theresultsfrom thefirst experimentaresummarized
as follows: all threecollectionmethodsshowedverygood

recoveriesof the manifold spikedcompounds;the three
organicaddswerespikedat anominalair concentrationof
aboutfA6 to 0.8tig/L; recoveriesusing theKOFI-coatedff1-
tersrangedfrom 107 to 122%; formaldehyde(1.63 p/L)
servedasthesurrogatefor thealdehyde—ketonespeciesand
the DNPI-i cartridgemethodshoweda recoveryof 130%;
deuteratedbenzene(0.092 pg/L) servedastherepresenta-
tive compoundfor thecanistercollectionmethod;andthe
amountrecoveredwas95%.

During thesecondexperiment,additional recovery
datapointswereobtained for the canister methodusingan
expandedlist of compounds.Theadditional compounds

Low-Density
Polyethylene

340
I.5

ResinType Low-Density
Polyethylene

Die Melt lernpeeatuce(‘F) 340
Parliculate MaIler <1
VOLATILE ORGANIC COMPOUNDS

Beckman402-THC’ 106.7
HeavyHydrocarbons(HHCI 86.0

LIGHT HYDROCAJ4BONS (LHC)

Ethane
Ethylene
Plopylere

ESTERS

Vinyl Acetate
Methyl Aerylate

ALDEHYDES

0.02
0.01
0.01

<0.01
<0.01

0.42
<0.01
0.09
0.02
002
0.02

0.15
<0.01

0.27
0.44

<0.02

0.02
0.01
0.01

<0.01
<0.01

0.28
<0.01
0.07
0.01
0.02
0.02

0.13
<0.01

0.22
0.44

<0,02

0.01 0.01 0.03 0.02 0.49
0.01 0.01 0.02 0.02 0.36
0.01 0.01 0.01 0.01 0.14

<0.01 6.22 <0.01 <0.01 <0.01
<0.01 <0.01 <0,01 <0.01 <0.01

0.08 0.08 0.13 0.09 1.07
<0.01 <0.01 <0.01 <0.01 0.10
0.04 DM3 0.10 0.03 0.77
0,01 0.01 0.02 <0.01 0.31
0.01 0.01 0.04 0.02 0.49
0.03 0.05 0.05 0.03 023

0.10 aiD 0.13 0.10 0.34
<0.01 <0.01 401 <0.01 <0.01

Formaldehydef
Acroleint
Acetaldehydet
Plopionaldellydet
Butyraldehyde
Benzaldehyde

KErONES

Acetone
Methyl Ethyl Kelonet

ORGANICACIDS

Formic Acid
AceicAcid
Agylic Acidt

Note: No processingaidswereused.
- INC = Tolal hydrocerbonsminusmethane.

Hazarcbrjsair pollutants(HAPs).

4.40 4.66
2.06 3.23

<0.02 <4202
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Table 1. Coefficient tar egualicespredicting EMA emissionlevels, Y = MI + C, whereI is
extrusiontemperature(‘F) and Y is emissionquanhtyin hi per million tbsot resin.

EISA (20% Copolyme,) TumpwitureRange M Slop. C (y Intercept)

VOC (402meth~) 350-565°F 0.33 -70.7
Paiticulates 350-565°F 027 -89.3
Formaldehyde 350-565°F 0.0046 -1.15
A~aldehyde 350-565°F 0.0034 -1.17
Formic Acid 350-665°F 0.0012 3.98
Acetic Acid 350-565°F 0.0054 016

Otherhydrocarbonsand rids weredetected,but werebelowthe0.75 ppm cut-off point.

includeddeuteratedbenzenefor comparisomwith thefirst
experiment,as well as benzene,methyl aca-ylate,deuterated
methylacrylate,andvinyl acetate.The expectedspikelevel of

thesefive specieswasnominally0.24~i/L Asthe resultsindi-
cate,excellentrecoverieswere obtainedfor all compounds.
Massionsfrom themassspectrometricdetectorthatwerespe-
cific foreachcompoundwereusedIn calculatingrecoveryef
fidendesbecausethe fivespecieswerenot well resolvedwith
theanaiyticalcolumn(e.g.,thetwomethyl acrylateswereseen
asonepeakwhen monitoring theflame ionizationdetector).

EMISSION FACTOR RESULTS
Ethylene Vinyl Acetate Copolyiners

The emissionresultsarepresentedIn TabIe6. Overall, VOCs
andparticulatesfor all three EVA testresinshad muchhigher
emissionratesthan the oxygenates.VOC emissionsranged
fromlOOto l3Oppm(wt/wt),whlleparticulateswerelessthan
1 ppm.Thehighertesttemperatureproducedhigherlevelsof
aldehydes,butloweroverallVOCs.However,this resultis con-
foundedbecausedifferentEVA resinswereused.

As discussedin the experimental section,two different
methodswereusedto measureVOC emissions.Onewas the
Beckman402HydrocarbonAnalyzerwhichcontinuallyana-
lyzedthe air emissionstreamthroughoutthe run and pro-
videda directreadingof allVOCsubstancesrespondingto the
flame ionizationdetector.Theother methodusedanevacu-
atedcanisterfor samplecollectionandgaschromatography
for analysis.With this method,totalVOCs weredetermined
by summingthe HeavyHydrocarbon~-1HC)andUght Hy-
drocarbon([.RC) results.

As canbe seenin Table6, the~ecksnan402resultsare

consistentlyhigherthanthe HI-IC andU-IC results.Thereare
a numberof possibleexplanationsfor thesediscrepancies,as
the techniquesareinherentlydifferent,but thatdiscussionis
beyondthe scopeof this paper.However, asaconservative
measure,it Is recommendedthatthehigherresultbeusedwhen
estimatingemissionquantities.

One advantageof the canister method is that it can
provide emission data on total VOCs as well as indi-
vidual compounds. Based onvisual observationof the

VOC chromatogranis, the VOC measurementswere due to

the additiveresponseof manyindividualcompounds.The ma-
~orityof individual VOCswerewell belowI ppm (wtlwt). The
exceptionsweretheorganicadds,which werein the rangeof
6 to12 ppm total. VariationsIn the amountsof organicadds
evolveddid not follow eitherthedie-melttemperatureor the
percentboundvinyl acetate.This may havebeensimply a
reflectionof theva.riability of themethod,or theeffectof dif-
ferentsamplesbeingusedat differenttemperatures.Organic
acidemissionswere,however,significantlyhigherthan those
observedIn anearllerstudyon LOPE resins.2

Vinyl acetatewasdetectedIn only oneof the testruns,
thatofthehighvinylacetatecopolymerinRun#3. It isthought
that this may havebeenan artifact of the test apparatusin
whichfewerVOCsmayhaveadheredto thecanisterwall dur-
ing samplestorageandwerenot completely releasedduring
sampleanalysis.

Ethylene-Methyl Acrylate Copolyaners
The emission factor results for the EMA copolyrners are
presentedin Table 6. Extrusionswereperformedat 350
and565 ‘F, correspondingto blown film andextrusion
coatingtemperatures,respectively.Overali, theVOCs for
thetest resinshadhigheremissionratesthantheoxy-
genates.VOCemissionsrangedfrom 45 to 117ppm (wt/
wt) andthepartlculatesfrom 4 to 61 ppm (wt/wt). As
expected,thehighertesttemperaturesgenerallyproduced
thehigheremissionfactors.Evenatthehighesttesttern-

perature, the malority of individual VOCs were belowI
ppm (wt/wt) and nosingle VOC compound exceededS
ppm (wtlwt). Those that exceeded1 ppm were aliphatic
hydrocarbonsin theC10 to C~6range.

OxygenatedVOCs were presentin the emissionsat
bothtemperatures,butgenerallyatvaluesci ppm (wtfwt).
The exceptionswereformic acid, and aceticadd detected
at levelsof c5 ppm at both extrusion temperatures,and
formaldehyde,detectedat a level of approximatelyI ppm
at 565‘F extrusion temperature. From the structureof the
ethylene-methylacrylatecopolymershownbelow, It was
thought that methanol would be generatedduring extru-
sion at the highest temperature.

H H HR
ii I

-C-c-c-c-
I I

HR I I-f
c=O

0

CU,
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However, speciEcevaluationof theCC-MS runs for methanol
showedthis compoundto beabsentin runsmadeatboth
extrusiontemperatures.The oxygenatedcompoundson the
RAPs list aredesignatedassuch in Table 6.

Predicting Emissionswithin Experimental
Temperature Range

ThedataIn Table6 werereducedto thefollowing equa-
tion for EMA thatpredictsthelevel of emissionsat aspe-
cific extrusion temperature:

Y = (M x T) • C

whereY= emissionsin poundspermillion poundsof pro-
cessedresin,and T melt temperaturein ‘F. M and C
constantsare shown in Table 7 for eachanalyte.

Insertingthemeli temperature(‘F) Into theequation
will provideanestimateof thenumberof poundsof emis-
sionsperonemiLlion poundsof processedpolymer.This
equationis only valid within thetemperaturerangesand
conditionsusedin this studyandis not recommended
for predictingemissionsfor temperaturesoutsidethIs
range.A similarequation wasnot derived for EVA because
of the limitationsof testtemperatures.

CONCLUSION
Significance of Emission Factorsfrom SPI Study
This study providespublished emissionrate data collected
duringextrusionof EVA andEMA under specific operat-
ing conditions.

The significanceof this data becomesapparent when
placed into context of the 1990 Clean Air Amendment’s
definition of a “major” sourcefor VOC emissions.Cat-
egorizationof an emissionsourceas a “major” sourcesub-
)ectsit to more strIngent permitting requirements.The
definition of a“major” sourcevarieswith the severityof
theozonenonattainmentsituationof theareawherethe
sourceis located.The current VOC emissionlimits are 10
tons per year for a sourcein thesevereclassification,and
SO tonsperyear for a sourcein the seriousclassification.
Currently, the only extremenonattainment area in the
United Statesis the Los Angeles,California area.

The utility of this datacanbe illustrated in the fol-
lowing example. Basedon the emissionsdata andequa-

tionsdevelopedin this effort, a processorwith equipment
and conditions similar to thosein this study can extrude
up to 156million pounds of EVA or 171 million pounds
of EMA, and using the maximum emissionsdiscovered
in this study without exceedingthe 10-ton-per-year limit
for an extreme ozonenonattainmentarea. However,be-
fore using the data in this paper to estimateemissions,
onemust considera number of other parameters, suchas
Increasedadditive levels,which may impact the type and

(1) quantIty of emissionsas discussedin the Introduction.
Theseresults cannot be used for industrial hygiene

purposes.
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ABST11ACI
Theevaluationof emissionsof volatileorganiccompounds
(VOCs) during processingof resinsis of interestto resin
manufacturersandresinprocessors.An accurateestimateof
theVOCsemitted from resinprocessinghasbeendifficult
dueto thewidevariationin processingfacilities.This study

wasdesignedto estimatetheemissionsInteunsof massof
emittedVOC permassof resin pmcesse~.

A collectionaridanalysismethodwasdevelopedandvali-
datedfor the determinationof VOCspresentin theemis-
sionsofthermallyprocessedacrylonitrilebutadienestyrene
(ABS) resins.Four compositeresinswereblendedfrom au-
tomotive, generalmolding, pipe,andrefrigerationgrade
ABS resinsobtainedfrom the manufacturers.Emission
sampleswerecollectedIn evacuated6-L Summacanisters
andthen analyzedusinggaschromatography/flameion-
izationdetection/massselectivedetection(GC/FID/MSD).
Levelsweredeterminedfor nine targetanalytesdetected

in canistersam~ies,andfor total VOCsdetectedby anin-
line GCIFID. The emissionsevoLvedfrom theextrusionof

Exhibit B

eachcompositeresinwereexpressedIn termsof massof
VOCs permassof processedresin.Styrenewastheprincipal
volatile emissionfrom all thecompositeresins.VOCs ana-

lyzedfromthepiperesinsamplecontainedthehighestlevel

of styreneat 402 pg/g. An additionalcollectionanddetec-
tion methodwasusedtodeterminethepresenceof aerosols
in theemissions.This methodinvolved collectingparticu-
lateson glassfiber filters, extractingthem with solvents,
and analyzingthem usinggaschromatography/massspec-
tromett-y(GCIMS).NosignifIcantlevelsof anyof thetarget

analytesweredetectedonthefilters.

DJTRODUCnON
Emissionsofvolatileorgarsiccompounds(VOCs)duringpro-
cessingof resinsis of concemtoresin manufacturersand
processors.Emissioninformationfor individual VOCswill
help the industry comply with the 1990 CleanAir Act

Amendments.However,efforts to makequantitativeesti-
matesof emissionshorn resinprocessingmust takeinto
accountthewide variationin processingfacilitIes.Exhaust

concentrationsduringfabricationmaynot be accurately
generalizedto otherfadlitiesor evento other processing

conditionsat the samefacility. This studywasundertaken

to quantityemissionsof VOCsandto expressthoseemis-
sion valuesin termsof massof emitted VOCspermassof
processedresin.In this way, theresultscanbeusedto ob-

tain amore realisticvaluefor emissionsfrom a resinpro-

cessingfacility.
In this study,gaseousemissionsgeneratedduringtheex-

trusionofacrylonitrilebutadienestyrene(ABS) resinswerecol-
lectedwith stainlesssteelcanisterstreatedby theSumma

passivatingprocess.Thecanistersampleswere analyzedby a
gas chromatography(GC) systemequippedwith a sample
pre-concentratlondevice,andusingparallelflameionization

Sampling and Analysis of Volatile Organic
Compounds Evolved During Thermal Processing of
Acrylonitrile Butadiene Styrene Composite Resins

IMPLICATIONS
Thereis alackof dataavailableconcen-tingindividualvola-
tile organiccompounds(VOCsI emitted during the pro-
cessi-igof commercialacrylonhtrilebuiadlenestyrene(ASS)
resins.In this study, acollectionandanalysismethodhas
beendevelopedandvalidatedusing deuteratedspecies
spiked into the exhauststreamof thermallyprocessed ASS
resins.Thestudydesignallows for the calculationof pro-
cessemissionsin termsof massofemittedindividualVOC
per rnassolresinprocessed.Webelievethat themethod
will serveas a valuable analyticaltool for industryandthe
researchcommunity in better assessing airtoxics andVOC
emissionsfrom chemical processes in general.
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detection(PlO)andmassselectivedetec-
tion (MM)). A similar methodwassuc-

cessfully used in past studies
characterizingaircraft engineexhaust

emissionsfor the US. Air Force.’-2A
Beckman402total VOCanalyzetanin-
line continuousmonitorwith a flame

jonizationdetectorandheated probe,

wasalsousedto measuretotal VOCsand
to compare with the resultsfound by
summingtheindividualspeciesobtained

with theGCsystem.
Dow ChemicalCompany,General

Electric Company, and Monsanto
ChemicalCompany provided one
resin from eachof four categoriesof

resins—automotive,generalmolding,
pipe, and refrigeration ABS resin.
Compositeresin sampleswere pre-
paredby combiningequal portionsof
resin from the sameresin category

from eachcompany.Theresinswere
mixed thoroughlyto provide four

compositesamples.
A resinextruderandexhaustdeliv-

ery systemwereusedto generateand

captureemissionsproducedduring the
extrusionof the compositeresins.This facility had beende-
signedto performsafetyevaluationsof emissionsproduced

duringplasticprocessingundercontrolledlaboratorycon-
ditionsmodellingIndustrialpractice)

The studydesignconsistedof two phases:1) develop-
ment andvalidationof a gaseousemissionsample collec-
tion and analysismethod,and2)collectionand analysisof

VOCsemittedfromtheextrusionof eachcompositeresin.

EXPERIMnTAL METHODS

Extiusion Facility andCollectionMethods

ResinExtrusion Facility. The resin extrusion facility at
Battellewasusedto generateandcaptureVOCsproduced
during the extrusion of ABS resins. The resin extrusion

equipmentwasisolatedfrom the restof the facility in a

roomequippedwith aseparateair handlingsystemhous-
ing two extrusion lines in separateisolation enclosures
maintained at a negative pressurerelative to the rest of

the facility. Theisolation enclosureswereconstructedof
prefabricated insulated panels which ensured that the

noiselevelsin thegenerationareadid not exceed80 dB.

The designof the facility allowedthesystemoperatorto
maintainconditionswithin specified limits andto col-
lect, analyze,and reporttheconditionsin real time dur-

ing eachtest.
The emissionsthat evolved during thermal process-

ing of resinswerecapturedin a stainless-steelenclosure

FIgu,. 1. Delivery system and sampling locations.

surroundingthedie headof a 1.5-in, 15-hp plastic extruder
(11PM Corporation).Fitted with an eight stranddie, the

extnider is capableof a productionrateover 60 lbs/hr
throughputand80(YF (maximum)barreltemperaturesfor
the three heat zones.The thermal processinginvolved the

extrusionof eachcompositeunder conditions considered
suitablefor theABS resins.

The emissionswereentrained with pre-conditionedair
(high efficiency particulate aerosol-filtered)usinga
Battelle-developeddivergent nozzle entrainment cone

with flow throughathree-inchdiameterglasssampling
manifold (Figure 1). The coneprovided a sheath of clean

air betweenthe exhaustemissionsandthe walls of the
carrier duct, minimizing interactionof theeffluent with

theductwails.
The deliverysystemwas designedwith multiple sam-

pling portsatvariousdistancesfrom theextruderto deter-
mine thecomponent’sconcentrationat chosenlocations.
Figure 1 is a schematicdiagramof thesamplingport loca-
tions.Samplingporttwo wasusedforsamplingin thispro-

grambasedonresultsfrompreviousindustrialstudieswhich
involved design,engineering,implementation, and testing
of the plastic extrusion and delivery systemlaboratory.

CompositeSamplePreparation Process.The compositeres-

ins were prepared using a Patterson-Kelly twin shell,3 ft5

blenderto mix 50 lbs of eachresin typefrom eachcorn-

pattyto form 150lbs of eachcomposite.A compositeof the

(Sampling LocatIon #3)

Air-EntrainedEmIssions

Well of Divergent
tiothe

Mr
Inlet

P,.lot.t.d
SteelCo.,.

Ealtlnlon
Entrainment

Box

HEPA
Orifice control Fitter
pins valves

525LPM
76 IPIl (RoomAir)
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extruderpurging resin,styrene-acrylonitrile(SAN) resin,
wasalsopreparedfrom equalpartsof Tyril® 880SAN from

Dow, andLustranT!~31-2060SAN from Monsanto.Table I

showsthetour compositecategories,theresinsusedfrom
eachcompany,and theextruderconditionsfor thecom-
positesamplecollection in Phase2.

Sample LoadingProcess.Resin was hand-pouredinto a
dryerhoppermountedon theextruder.During theextru-

sion processtheplastic extrudatepassedthroughtheex-
haustentrainmentsectionintoa55-galsteeldrumwhere
it cooled and was weighed.The resin processingrate was

determinedby weighingtheamountofresinextrudeddur-
ing ameasuredtime interval.

CanisterPreparationMethod. Thecanistersusedto col-

lect emission sampleswerecleanedand evaluatedfollow-
ing the Compendium Method TO-IA’ procedure
recommendedby theQuality Assurance(QA) Division of
the U.S. EPA. The 6-L canisterswere cleanedby placing
them in a 50C oven, evacuating them to a pressureless
than 125mm of 1-1g. andfilling eachcanisterfive timesto
at least4pslg,usinghumidifiedultra-highpurity airasthe
flush gas-A final canistervacuumof 0.10mmof Hgor less
was achievedby using a mechanicalpump.Oneout of

everyeight canisterswasfilled with humidified ultra-high
purity air and its contentsanalyzedas a
(QC) measure.

Tabi. I. Phase 2 extruderoperatingconditions.

quality control

Resin:
~

Auto
Camp

Cenetal
Molding
Cot-np

Pipe
Camp

Retrig
Camp

General
Molding
Camp

Duplicate

Run Duration(min) 32 32 35 . 24 23

TotalFlow CUmin): 700 700 700 700 700
CarrierFlow
(Ljrnin): 525 525 525 525 525
SheathFlow (L/mh): 100 100 100 100 100

ScrewSpeed(rprn): 90 90 90 90 90
Die Pressure(psi): 1500 1500 2000 20CC 2000
Output(Ibsmr): 48.4 51.7 45.0 50.6 51.4
Temperatures(F):
Zone 1 340 351 355 353 350
Zone~ 398 400 403 402 400
Zone3 448 449 452 452 4-49
Die 452 450 452 450 450
Melt 455 443 - 445 463 440

NOTES
Camp Cn’iposite resin
Autonotive composite resin (auto):
Lustran® SF Elite-1~0.

Magnum® 342EZ, CycoJac® oor 6300,

General molding (GM) composite: Magnum® 9010, Cycotac® 3PM 5600.
Lustran® Ultra MCX.
Retrigeratio~co-nposite (Relrig): Magnum® 9043 white, Cyoniac® N24 while.
Lustren® 723 white.
Pipe composite (Pipe): Magnum® FO 960 black. Cyclolac® LOG. Lustran®
756. Magnum®Trademarl~ol he Dow Chemical Company
Cyclolac’&Tradenavk of General Electric COrDO&iV.
t.usllan® Trademarkof Monsanto ChemicalCompany

Canister andFilter SampleCollection Method. A heated
manifoldconstructedfrom 1/2 in stainlesssteeltubing was
usedfor thecollection of filter andcanistersamples.The

manifold(seeFigure2)consIstedof a 90degreeelbowwhich

protrudedInto themainexhaustglassmanifold at sampling

position 2-Then~anifoidw~sattachedusinga 4-in stoppet
Thesto,pperwass~alSto th~3-in diameterglassmanifold
using’glassfibertape.Directly belowthestopperwasa 3/8.
in portwith astainlesssteelfilter holdetDuring thevalida.
tion phase,this samplingport wasusedto collectthe GOt
filter sampleaswell asto obtain directcanistersamplesto
determineIfmanifoldlosseswereoccurring.Four 1/4-in ports
andone3/8-inportwerepositionedat thelowerendof the

manifold. A filter holderwas connectedto the 3/8-in port
with a flexible 1/4-in heatedline attachedto theexit end.
Anotherflexible 1/4-in heatedline wasattacheddirectlyto
oneof the1/4-inports.Thesetwoheatedflexible lineswere
usedfor canistersamplecollections.TheBeckman402VOC
analyzer’sheatedline wasattachedto oneof theother1/4-.
In ports.Oneof theremainingtwoportswassealedandthe
other was attachedto amassflow meter and pumpwhich

maintainedaflow of 10 L/min throughthesamplinginani-
fold. Theentiremanifold,including filter holdersand flex-

ible lines used for canistersampling,was heatedusing
heatingtapesand rheostats.All temperaturezoneswere
monitoredby thermocouplesandmaintainedat a constant
temperatureof IZCIC ±20’C.

- Eachcanistersamplewascollectedby attachingthecan-
Isterto Its respectiveport andslowly openingthemanual
valveto allow the differentialpressurebetweentheexit ex-

haustandtheevacuatedcanisterto causeflow into thecan-
ister.Oncethecanisterhadreachedambientpressurethe
valvewasclosedandthe canisterwasremoved.

Filter sampleswerecollectedby placinga pre-weighed
25 rum diaqjiter glass fiber filter in-line precedingone
of the 6-L canistersas shown irs Figure 2. A 6-L volume
waspassedthroughthe filter during the I -mm collection

period in which thefanistervalvewas opened.In addi-
tion, aglassfiber fflfr’r samplewascollectedat the3/8-in

port directly belowthemanifold rubberstopperataflow
rate of 10 Llmin for 6 mm, resulting in a sampledvol-
umeof 60 liters.

Analysis Methods
tn-Line Volatile OrganicCompoundAnalyzer. A Beckman402

In-line continuousmonitoringPLOsystemwasusedto mea-
suretheVOC contentof theexhaustasshown inFIgure 2.
This instrumentwasin placeduringthesamplingperiodat
samplinglocation2 (shownIn Fig)i~~1). Thetotal VOCde-

terminationwasmadeby assuminàanequalresponse(per

carbon)for eachemittedspeciesdetected~ythe in-line RD
system.By using the referencecalibrationstandard,ben-
zene,atotal concentrationvalueIn theexhauststreamwas
calculated in units of parts per million carbon(ppmC)Or
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~g/in3.By accuratelymeasuringtheexhaustflow, theemis-
sionvalues werecalculatedin unitsof itg/sec.Thecontinu-
ous in-line monitor pfbvided a record of the variability of

the VOC in the exhaust.This methodalsoservedasacom-
parisonto thecanisterVOC measurementsmadeby theGC/

PID/MSD system.

GC/FID/MSDAnalystsMethod. The canistersampleswere
analyzedforVOCi ‘usinganautomatedgaschroinatographic

systemutilizing aHewlett-PackardModel 5880GC and par-
allel flame ionizationandmassselectivedetectors,A modi-

fied NutechModel320controllerregulatedthetemperature
of theSupelcotwo-phasepreconcenti-atlontrap,whichcon-
tainedabedof CarbopackB andCarbosieveS-Ill adsorbent.

A six-portvalvewasusedto facilitatesamplecollectionand

injection. For this study,eachcanisterwasheatedto 120°C
just beforeanalysis.A 40 ccsamplefrom eachcanisterwas

then transferredto the trap,which wasinitially held at a
temperatureof 25°C,followed by desorptionat 220°C.

Analyteswerechromatographicallyresolvedon a Hewlett-

PackardHP-i fusedsilicacapillarycolumn (50 mx 0.32mm
i.d.,lMm film thickn~s).Optimal analytical results were

achievedby temperatureprygrammlngtheCX ovenfrom -

50°Cto 200°Cat 8°C/mth.The columnexit flow wassplit to
direct one-third of the flow to the MSL) and the remaining

flow throughtheFIt). The VOCs were identifiedusingthe
MSD andwerequantifiedusingtheFIt).

TheMSDwasoperatedin thefull scanpositiveion mode
sothat all the massesbetween35 and250 daltonswere
scannedandrecorded.Thismodeis ideal for analyzingun-
known compounds,becauseit providesa completemass
spectrumfor eachGC peak.The massspectrometer’selec-
tron multiplier wassetat2200V.

Major components(thosewithapproximatesignal-to-
noise ratio greaterthan 10:1) were identified both by

manualinterpretationandby matchingthemassspectra

from the samplesto the NationalInstitute of Standards
andTechnology(NIST) massspectrallibrary, usingtheMS[)

datasystemlibrarysearchfunction.Thetargetanalytesde-
tectedin thecanistersampleswerethefollowing: 1) acrylonithle,

2) 1,3-butadiene,3) 4-vinyI-1.cyclohexene,4~ethylbenzene,
5)styrene,6)isopropylbenzene,7) propylben,zene,8) methyl
styrene,9) acetophenone-and10)2-phenyl-1-propanol.

Phase1: DevelopmentandValidationof

aSampleCollection andAnalysisMethod
Phase1 involved thedesign,setup, andvalidation of the
canistercollectionandanalysismethodfor thedeterrnina-
tion of VOCsin exhaustgeneratedby theextrusionof ABS

resins.Compoundsusedin theseexperimentsweretheten
targetanalytesfisted above,as well as benzeneand three

deuteratedspecies:ethylbenzene-d,0,styrene-d5,and
acetophenone-d3.Initial experimentsfocusedondetermin-
ing the storageandrecoveryof thesetarget species,which

were spikedinto thecanisters.Subsequenttest runs were
performed with theextrusionof Dow’s Magnum®342EZ
ABS automotiveresintodetermine:1) if gaseousspecieswere

lost in thesamplingmanifold throughaerosolformation,

and 2) if gaseousspeciesreleasedin theextrusion zonewere
efficientlyrecovered’atthe samplinglocation-

Phase1: CanisterRecoveryTest. A canister.splldngexperi-

mentwasperformedto confirmtheelutionandrecoveryof
the targetanalytesfrom 6-L canistersusingtheGC/FID/MSD

system.A 1/1000 dilution of the target analyteswas pré-
paredby injecting 10 1zL of eachliquid Intoa 10 mL volu-

metric flask half filled with methanol. The flask wasthen
filled to themarkwith methanol. A 6-Lcanlsterwascleaned
and evacuated.The canister wasspiked with S ~xLof the

diluted mixture andthen filled to 15 psig with humidified
zero air. The canister was analyzedusing the GCIFID/MSD

systemto identify andconfirm eachanalyte. Compound
recoverywasdeterminedby comparingthecalculatedcan-
ister concentrationswith theexperimentalvaluesbasedupon

theanalysisof a dilutedmixture froma calibrationcylinder
that alsocontainedthetargetcompounds.

Phase1:GaseousSpeciesandAerosolFormation. Theextruder
wascleanedof residualresinby purgingwith Dow’s 1~ril®

880 SAN resinfor approximatelyonehourpriorto thetest
run of the Magnum®342EZ ABS automotiveresin. Both
canisterandglassfiber filter sampleswerecollectedduring

thetest run. Thefilter sampleswereusedto determineIf

analyteswerebeinglost throughaerosolforthationwithin
theentrainmentandmanifold regions - -

a) CanisterandFilter SampleCollection.

Canistersampleswith andwithout in-line glass

Extrude,

Mass
Flow
Meter

s-Ut., 8.okman
Canlea.. 402 VOC

Analyzer

Elgurs 2.Samplingmanifold.
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fiber filters were collectedand analyzed.Duplicate

setsof sampleswere taken approximately 15 mIn-

utes after thE extrusionprocesswasinitiated and
again approximately 30 minutes after the process

began.Ten canistersampleswerecollected,includ-
ing a samplefrom the port closestto themanifold
inlet, and a background sample collectedprior to
thestartof theextrusionprocess-Five filter samples
were collected, Including an additional glassfiber

filter samplecollectedattheport closesttothemani-
fold inlet, representinga 60-L totalvolume,

b) CanisterandFilter SampleAnalysis

ThecanistersampleswereanalyzedwIthin 24 hours
using theGC/FID/MSDmethoddescribedabove.

The filter sampleswere extracted by sonicatlon
in methylene chloride and wereanalyzedby Gd
MS.Thefilter extractionprocedureInvolvedplacing
the filter in a 6-dr vial with a PTFE lined cap.The
filter wasspikedwIth 20 liL of at ‘eastone of the
followingasa recoverystandard:2000ppm styrene-
d3, 2000 ppm acetophenone-d3,or 2000 ppm
ethylbenzene-d10,representingaconcentrationof
200 ppmin the final extractvolume.TenmLof me-
thylene chloride were addedto eachvial: The vials
werecappedandshakenby handseveraltimes.Each
vial wassonicatedfor threeminutesIn oneminute

intervals,venting thecap as-necessary,Eachfilter
wasrinsedwith approxlrnately’-~mL of methylene

chloride andplacedin a separatevial. The remain-
ing solution wasevaporatedto approximatelyI mL
and transferredto a 2 niL Chromoflextube, and
rinsedwith an additional I mL of niethylencchlo-

ride.ThecontentsoftheChromoflextubewerecon-
centratedundernitrogento approximately0-2 niL,
final volume,Theconcentrationof theInternalstan-
dard,toluene4was100ppmin eachextract.

Thefilter extractswereanalyzedby electronim-
pact(El) CC!MS ona FinniganMAT 5100SeriesCXI
MS SystemusingFinniganMAT AutomatedGCIMS/
DSSoftwareVersionS~S.

Phase!:ManifoldSpikingTest. A spikingexperimentwith a
calibrationcylinderwasconductedto determineif thegas-
eousemissionsreleasedfrom the-extrusionof Magnum®
342EZIn the entrainmentareawerebeing adequatelyre-
coveredat the samplinglocations.A calibrationcylinder
containingthetargetcompoundswaspreparedandamea-
suredflow introducedinto theentrainmentarea.

a) PreparationofSurrogateSpikingCylinder
A mixturecontainingthedeuteratedandnativespe-
deswas preparedin a high pressurecylinder. The
targetanalyteswereobtainedasgasesorneatliquids

(~99%purity) from MathesonorAldrich Chemical
Company.A 15.7-I.compressedgascylindermixture

waspreparedby injecting S ML of eachliquid and I

ccof 1,3-butadienegasinto thecylinder,which had
beenpreviously flushedwith high-purity nitrogen
gasandevacuated.After injection of thecompounds,
thecylinderwaspressurizedto 1000psigwith ultra
high-puritynitrogen(Matheson),Identificationand
elutionorderdeterminationofthecomponentswere
performedwith theGC/FIIJIMSD by matchingthe
massspectrumacquiredfor eachcomponentto the
NIST massspectrallibraryusingthe MSD datasys-
tern searchfunction,The calibration cylinder was
used with a dual massflow control assemblyand
humidifiedzeroair to providedilutemixturestocali-
bratetheGC/HD/MSDsystem.

19 SampleCollectionandAnalysis
The high pressurecylinder with the spiking mix-
ture wasconnectedto theentrainmentareawith a
sectionof 1/8-in O.D,stainlesssteeltubing.Theflow
through the tubing wasmaintainedat 10 L/min
witha massflow controllerattachedto theexit end
of thecylinder regulator,Air flow in theentrain-

mentzonewasmaintainedat700 L/min. Five can-

istersampleswerecollectedduring thisexperiment.
Duplicate canister sampleswere taken approxi-

mately15 minutesaftermanifoldequilibrationand
againapproximately30minutes after equilibration.

One canister sample wastaken from the sampling

port at the entranceto the samplingmanIfold to
determineif manifold losseswereoccurring.A single
glassfiber filter sample was collectedfor sIx min-

utes at a flow rate of 10 L/min at this samesam-

pling port. Thecanistersampleswereanalyzedby
GCIFID/MSD. The filter sample wasextractedand

analyzedby GC/MS. -

Phase2: SamplingandAnalysis
of CompositeRSns

Phase2 involved processingthe fourABS compositeresins
usingtheconditionsshown in Table 1.The generalmold-
ing compositeresinwasprocessedtwice to determineday-
to-dayvariabilityof emissionlevels.Foreachtestrun,four
canistersampleswerecollected,Twosampleswerecollected
In duplicate,15 minutesafter theextrusionoperationwas
initiated, The remainingtwo samples were collected 15

minuteslater.

RESULTSAND DISCUSSION

The resultsfrom the PhaseI methodvalidation studyare
discussedfirst and include thecanisterrecovery test run,

the filter analyses,and the spikedfume recoverytestrun-
Secondly,the resultsarepresentedfrom the Phase2 sam’
pling andanalysisof an air blank, SAN composite resins,
andfour ABS compositeresins,The Phase2 resultsfocused
on thefollowing: 1) identifyingandquantifyingYOCs in
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the exhaustand2) comparingthein4ine continuousRD
monitortotheGOspeciationmethodology(Gd/FID/MSD),

VOC Recoveryfrom theCanister

The canister-spikingexperimentwasconductedas part of

the initial phaseof the validation program to confirm the
elution order of the target compoundsand to assessthe sta-
bility of thesespeciesin thecanisters,Theliquid spikedinto
thecanisterresultedin calculatedconcentrationsrangingfrom

0.4 to 0.5 MgIL for eachtargetcompound.A detectIonlevel
of 0.01gsgfL wasobtainedwith thisanalyticalmethod.The
experimentalconcentrationsin thecanisterweredetermined
usingtheresponsefactorscalculatedfrom directGCanalyses
of thediluted mixturesof thecalIbrationcylinder. danistér
recoveriesrangedfrom 112%for ethylbenzeneto 171%for
acetophenone,with an averagerecoveryof 136%. The el-
evatedvaluesmay be attributedto errorsin preparIngthe

originalmethanolsolutionor In spikingS jiL Intothecanis-
test The resultsdemonstratethat all the compounds, with
theexceptionof 2-phenyl-1-propanol,are well resolvedand
amenableto canisteranalyses.The compound2-phenyl-1-
propanolwasnot detectedIn thespikedcanister.No further
work wasdonewith this compound.

Filter Analysis Tests
Prior to analyzingthesamplefilters, anextractionblank

and filter blanks were analyzedto validate the extraction
method. The two filter blanks and the methylenechlo-
ride blank werespikedwith deuteratedrecovery standards,
extracted and concentrited as described in the experi-
mental section.

The peak area for each deuterated standardwasdeter-
mined by Integrating the ion trace for the basepeak of
eachstandard: styrene-d8at mfz 112, acetophenone-d3at
m/z110,andethylbenzene-d10at m/z98.Theexpectedcon-
centratIonof thespikedstandards In the final extractwas
200 ppm for eachspecies.Approximately 20% of styrene
waslost in theextractionprocedureand anadditional30%
was lost on the filter for a total recoveryof 50%.A compari-

sonof thepeakareasforacetophenone-d3andethylbenzene-
d

10
In thefilter blanksversusthemethylenechlorideblank

showsa similar trend for thesecompounds.

Basedon the instrument response(or the 200 ppm sty-
rene-d5 standard, the instrument detection limit was esti-
mated at 10 ppm for styrene.Assumingthat 50% of the
styrene-d8was recovered,the estimateddetectionlimit (or
thespikedfilter was20ppmor 4gg/filter.

The recoveryof styrene-d8from thesamplefilters ex-

posedto ABSresinfumeswas5 to 15%,which is lower than
theresultsfor theunexposedspiked filters. Basedon this
observation,we estimatethemethoddetectionlimit for the

exposedfilters at 200 ppm or 40 jig/filter (or each target
analyte.A secondextractionof thesample filter with metha-
nol did not resultin anincreasein recovery

No target analytes werefound in the filter extractsdur-
inganyof theABS testruns.Basedupontheresultsfrom
the ABS auto resin, which showed gaseousstyrene con-
centrationsof 68.1 jig/L, thefractionof this amountthat

could have been on.the filter but below the 40 jig/filter
detectionlevelis lessthan onepercent.Theseresults indi-
cate that the glass fiber filters did not collect a signifi-
cant amount of the target analytes as aerosols from
theprocessemissions.

- Manifold Spiking Test-

The resultsfrom the GC/FID/MSD analysisof the five can-
istersamplescollectedduringthe manifold spiking experi-
mentaresumrn~jizedIn Table 2.Twoof the four compounds
were deuterated ethylbenzeneand styrene;theremaining

two compounds,benzeneand4-vinyl-1-cyclohexene,were
cylindercomponentsnot presentin the gaseousemissions
from the automotivetestresin.The calculatedspikingcon-
centrationsarelistedfirst, followedby eachof the canister
results. All concentrationlevelsweresignificantlyabovethe
detectionlevel of 0.01jxg/L (signalto noiseratio of 3 to 1).
Individual recoveryvaluesfor the four compoundsare also
shown for eachcanistersample.The valuesfrom the canis-
ter collectedat the entrance of the manifold did not differ
from the valuesfrom the remaining fourcanisterscollected
nearthe manifold’s exit. Excellent recovery of the four
analytesthroughthe manifold wasachieved.Average re-
coveryand percentrelative standarddeviation(96 RSD)val-
ues were: benzene,114 ±2%; 4-vlnyl-1-cyclohexene,
lOó±3%;ethylbenzene-d10,115±16%;andstyrene489±11%.

tabI. 2. Calculated spiking concentration and percent recoveries of analytes found in canisters during the fume entrainment spiking experiment.

Compound
Calculated

Spiking Conc.
pg/l~

Can 91-070
Direct
ypt

Can 88-007
(15 rn/n)

pg’L

Can 91-017
(Oup., 15rn/n)

jigist

Can 91-601
(30 mit,)

p94.

Can 91-025
(Dup., 30mm)

pg/l~

benzene
4

-vinyl-1-cyclohexene

ethyitjenze-*e~d,
0

Styrena-cl
5

0.07

0.06

0.07

0.08

106

101

tt~
87

117

107

145

96

114

107

101

84

117

107
120 - -

99

117

107
98

78

nd not detected (<0.01 pg&). Oup. Duplicate.
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Air BlankandSAN Purging ResinTests

An air sample(blank) collectedfrom themanifoldprior to
extrusionof the resiris resultedin verylow levelsof the
following targetanatytes:styrene,1.82p.g/L;ethylbenzene,

0.63 jig/L; acrylonitrile, 0.23 ~xg/L;isopropylbenzene,

0.09 gg/L; n-propylbenzene,0.05 jig/L andacetophenone,
0.01gg/L. Noothertargetanalytesweredetected.

The SAN purging resin was extrudedandsamplescol-
lectedbetweenthecompositeresin tests.Sevenof thenine
target analytes were detected.Listed below are the target
analytes,meanlevelsdetected,and 96 RSD: acrylonitrIle
2.79 Rg/L±12%,ethylbenzene5.36 ~ig/lSl6%, styrene
18.7 ggfL±12.6%,isopropylbenzene0.71 ~ig/L±0.18%,
n-propylbenzene 0.485 ~gfL±1S.5%, methyl styrene
0.235 isgfl±87%.andacetophenone0.365 zg/1.±31%.The
SAN purgesamplesdid not indicateanysignificantcarryover
from thepreviouslyextrudedcompositeresin.

ABSCompositeResinTests
Table 3 sununarlzestiseresultsof analyzingthegaseousemis-
sions from theprocessingof fourABS compositeresins.For
eachcompositeresin,thereare four datapoints (e.g., four
canistersamples).The meanconcentrationfor eachof the
ninetargetcompoundsis shown,alongwith the totalof the
nine species,thetotal of all identifiedandunidentifiedGC

species,and finally, the total VOCs determinedby the

Beckman402 analyzer.Valueslessthan0.01 g~Lwerelisted
asnot detected.Percentrelativestandardtieviatlon (96 RSD)
valuesaxealsoreported.

The following observationsweremade. First, 1,3-butadi-
erie wasfoundonly in thepipe andautomotivecomposite
exhaustat levelsof0.97andGAS jig/L, respectively.All other
targetanalytesweredetectedin theemissionsftom all four

Table 3. Concentration detected in the emissions of extruded ABS
composite resins.

Compound -Auto
~ig.Q

GM
pg.t

GM-fl
pgt

- PIPE
jz94.

ReINg
~zg’L

1,3-bt$adiene 0.48 ND ND 0,97 ND
acrylonitrile - 3.00 3.84 4.33 4.74 5.67
4-vinyl-1-dyctohexene 0.26 1.09 0.90 6.50 1.51
ethylbenzene 14.40 5.21 4.45 33.70 7.61
styrene 68.10 86.00 89.90 196.00 - 85.60
iscpropylbenzene 1.72 1,89 .1.49 10.80 1.39
n-propylbenzene 1.24 1.09 0.92 5.15 0.93
methylstyrene 0.07 11,50 7.46 30.40 2.27
acelophenone 1,45 8.87 5.16 35.10 2.33
Total of target 90.72 119.5 94.61 323.4 107.3

analytes (GCIFID)
Total VOCs 99 129 103 318 126

by CC/rio
Total VOCs by 104 120 105 285 123

402 anatyzer

NO = Not detected (cOOl poJL)

compositeresins,exceptfor 2-phenyl-l-propanol, which as

mentionedearlier,wasnotamenableto thecanistermethod-
ology. The pipecompositeemissionscontainedthehighest
level of all thedetectabletargetanalytesexceptforaciyloni-
nile, which wasslightly higherin the refrigerationcompos-
ite resinexhaust.

Thesumof theconcentrationsof thenine identifiedtar-
getspeciesaccountsfor over90%of thetotalconcentration

determinedby theGd/RDspedationmethodology.In addi-
tion to thetargetanalytes,thecompositefumescontained
six tentativelyidentified compounds, m- and p-xylene,
o-xylene, benzaldehyde,1-methyl-2-Isopropylbenzene,
p-ethylst-yrene,and1-methylene-4-Isopropylenecyclohex-

ane. The i-methylene-4-isopmopytenecyclohexarte was
presentat significantlevelsIn the general molding and re-
frigerationcompositefumes.This compoundwas present
at le*ls approxImately 20-30% of the styreneconcentra-
tion, basedontherelativechrorrsatographicresponse.

FIgure3 showsa representativechromatogramfrom one
of the GC/MSD analysesof the generalmolding composite
resinexhaust.Theassignedchromatographicpeaknunsbers
correspondto thetargetanalytesandtentativelyidentified
compoundsdetected.

The resultsin Table 3 alsoindicatethat the concentration
levels detectedIn the exhaustby the in-line Beckman402
analyzercomparedvery favorablywith thosevaluesfound
with theCC/RDmethodology.In all casesthedifferencesIn
reportedconcentrationswere lessthan 1096.SInceoxygen-
atedcompoundswill givealowerFIT) responsethanbenzene
(whichwasusedtocalthrEetheBeckmananalyzer),a com-
poundresponseadjustmentshouldbemadeto the reported
oxygenatedspeciesIn orderto morefairly composethe total
concentrationsreportedby thetwo methods.Howevei since
theoxygenatedfractionof eachCC run wasminor (i.e., 1%
to 10%), anoxygenatedresponsead~us1mnentwould not Mg-
nificantlychangethetotal GCspeciationresults.Resultsfrom
the continuousin-line VOd analyzer were alsousefulin de-
terminingthat the emissionandentrainmentof the fumes
were stable throughoutthecollectIonperiod.The coritinu-
ous YOC analyzerwasalsouseddining thevalidationphase
of theprogramto demonstratethatnoconcentrationgradi-
entswereoccurringat sampling locationsI and 2 (FIgure 1)
or attheinletandoutletof thesamplingmanifold(Figure2).

Theprecisionvalues(96 RSD) for the data in Table 3 for
eachmeasuredcomponentrangedfrom lessthan1% to ap-
proximately59%.For mostcomponents,the precisionwas
better than 10%. We considerthesevalues to bevery ac-
ceptable.The main contributionto samplevariability was
the fact that canister sampleswerecollectedat various time
Intervalsovera 30-mm testperiod.

Finally, using theconcentrationdatain Table3 andthe
extruder operating conditions shown in Table 1, emIs-
sion factors have been derived for the various species,
in termsof microgramsof VOC emitted per gram of
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Phase2 involved col-
lecting and analyzing
samplesfrom testswhich
included four composite

resins, onereplicate resin,
anaim blank, and two SAN
purgeblanks. All target
analytes were detected,
exceptfor 2-phenyl-1-
propanol.Pipeand auto-
motive compositefumes
werethe only composites
to generate1,3-bütadiene,
with emissionfactors of

1.99and 0.93 ~‘g/g, re-
spectively.Thepipecom-

posite fume yielded the
highest emissionfactor
for styrene at 402 ~sgIg
andthehighesttotalVOC
emissionfactorsdeter-

minedby Gd/FID and thecontinuousVOC analyzerat653
and 544 ~‘g/g,respectively.Also, the trendsIn the level of
the target analytesdetectedby the 402 analyzerwerecon-
sistentwith the trendsseenin thecanisteranalyses.

The duplicate analysesof the compositefume samples
were reproduciblewith precisionfor mostof the target
analytesbetween196 and 20%.Thegeneralmoldingrepli-
cate run showedday-to-dayvariability of approximately
20% RSl) for the targetanalytes.The range of the %RSI)
for thereplicate and duplicateswasconsideredacceptable.

FIgure3. GC/MSDchromatogram ol a canister sample duting the extrusion of general molding composite resin.

processedresin.Table4 showstheseresultsfor thefour
compositeresins.Meanvaluesof thetargetanalyteswere
alsocalculatedfox thetwo generalmoldingresintestruns.
Theprecision(% RSt))valuesindicatethatday-to-dayvari-
ability In resinprocessingwaslessthan20%for mostof the
targetanalytes.

SUMMARY OF STtJDY FINDtNGS
Emission levels weredeterminedfor theprocessof ex-
trudingABS compositeresins.Fourcompositeresinswere
tested,representingautomotive,generalmoldings, pipe,
and refrigeration applications.

A method validation was performed In Phase1. This
involved theverificationof themecoveryof targetanalytes
spiked Into a samplingcanister.All targetanalyteswere
detectedexceptfor 2-phenyl-I —propanol, which couldnot
be determinedusingthis method.An averagerecoveryof
1369~for the canisterspikewas found.The elevatedre-
coverymaybeattributedto theuseof a methanolsolution
to spikeanalytesinto thecanister(e.g.,possiblyevaporation
of methanolduringstandardpreparationprocedures)or the
smallvolume usedin spiking. Although this is a standard
technique for preparation of spiked canisters, It may not
havebeenoptimalfor thesecompounds.The recoveryof
surrogatecompoundsspikedinto the exhaustgenerated
during the extrusionprocesswas also determined. This
involved the Introduction of a surrogategasmixture from
a compressedcylinder into the entrainment area of the
extrijder while the extrusion of Magnum® 342EZ ABS au-
tomotiveresin wasbeing performed.An excellent aver-
agerecoveryof 106%wasobtainedfor the foursurrogate
compounds,indicatingthat this methodof collectionand

analysiswasacceptable.

ThbIe 4. ABS compositeresin emission factors.

Compthid Auto
~u91p

GM (R)
P9/P

GM
Mean±% RSO

Pipe

pg/p

Refrig

pp/g

1,3-butadiene 0.93 rid nd 1.99 nd
acrylonitrile 574 7.79 7.3 ±8.77 9,75 10.4
4-vin~4-1-cyctobexene0.50 1.61 1.78±135 13.4 2.76

elhylberizene 27.6 6.02 8.68±10.7 69.20 13.9
slyrene 130 126 140±142 402 156
isopropyibenzene 3.29 2,68 3,03±16.2 22.2 2.55

n-propylbenzene 2.37 1.65 1.80±11.7 10.6 1,70

methyl styrene 1.29 1a43 17.0±29-4 62,41 4.16
acetophenone 2.78 9,29 12.6 ±36.9 72.1 4.25
TotalVOCSbVGCIflD 190 185 65’ 231

TotatVOCsby4O2 199 189 544 ~5

Analyzer

NOTES
rid = not detected (<0.01 ~tg&).
% 850 = Percent relathie standard deviation.
CM = General molding
Refrig. = Refrigeration.
(8) = Replicale. -

VOC — Voratite Organic Compounds found in each resin sample.
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In additionto the targetanalytesthe compositefumes
containedsix tentativelyidentified compounds:in. and
p-xØene,o-xylene,benzaklèhyde,l-methyl-2-isopropytb@izene,
p.eth)1sty1~le,and1-methylene-4-isopropytenecyclohexane.
The1-methylene-41sopropylenecyclohexanewaspresentat
significant levels in the fumes from the general molding
andrefrigerationcompositeresins.

3. Plastic Fumes program - Phases 1 through 6, Sattelle tnte~m
Reports to Plastic Technology Division, General Electric Corn.
pany. June, 1984.

4. Winberry, W.T,Jr.; Murphy, NT.; Rlggin, R. M.’ Method TO-ic; In
Compendium of Methodsfor the Detenninah’onof Toxic O~onicCom-
pounds in AmbientAir; lJ.S. Environmental Protection Agency. Re-
search Triangle Park, NC, 1988. Available from NTIS as P890.1
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EXHIBIT 9

SPI STUDIESEMISSIONFACTOR SUMMARY CHART

(1) (1) (2) (2) (3) (3)
VOM VOM HAP HAP PM PM

Study Resin (ug/g) (lb/ton) (uglg) (lb/ton) (ug/g) (lb/ton)

polyethylene LOPE - 500 F 35 0.07 0.39 0,0008 31 0.06
June 1996 LOPE -600F 157 0.31 21 0.0420 242 0.48

LLDPE -355F 8 0.02 0.12 0.0002 2 0.00
LLDPE-395 F 9 0.02 0.07 0.0001 22 0.04
LLDPE ~450F 14 0.03 0.27 0.0005 25 0,05
LLDPE -500 F 20 0.04 0.45 0.0009 60 0.12
I-lOPE -380F 21 0.04 0.15 0.0003 20 0.04
HOPE 430 F 31 0.06 0.15 0.0003 27 0,05

polypropylene homopolymer-400F 104 0,21 1.4 0.0028 30 0.06
Jan1999 horno~olymer-510F 177 0.35 2.3 0.0046 68 0.14

(4) hornopolymer-605F 819 1.64 47 0.0940 653 1.31
honiopolymer-490F 191 0.38 5.5 0,0110 150 0.30

AG homopolynier -490 F 33 0,07 0.35 0.0007 17 0.03
AG homopolynier -570 F 202 0.40 19 0.0380 218 0.44

copolynier-505F 80 0.16 1.4 0,0028 35 0.07
copolynier-510F 59 0.12 0.23 0,0005 28 0.06

polyamide generalnylon66 50 0.10 0 0.00000 104 0,21
July2001 generalnylon 6 65 0.13 0.01 0.00002 24 0.05

generalnylon 6 52 0.10 aoi 0.00002 18 0.04
copolyniernylon 66/6 122 0.24 0.01 0.00002 6 0.01
copolymernylon 86/6 154 0.31 0.01 0.00002 3 0.01

EPOMtoughenednylon 66 137 0.27 0.32 0.00064 67 0.13
EPOMtoughenednylon 66 133 0.27 0.29 0.00058 84 0,13

toughenednylon 6 171 0,34 2.9 0.00580 27 0,05
toughenednylon 6 158 0.32 2.8 0.00560 25 0,05

(5) nylon 66 57 0.11 0.01 0.00002 115 0.23
(5) copolyrnernylon 66/6 61 0,12 0.01 0.00002 92 0,18
(5) copolymer nylon 86/6 101 0.20 0.01 0.00002 55 0.11
(5) copolymernylon 6616 102 0.20 0.01 0.00002 76 0.15

polycarbonate food contactgrade 39 0.08 31 0.062 8,5 0.02
July2002 food contactgrade 37 0.07 32 0.064 9 0.02

compactdiscgrade 21 0.04 22 0.044 13 0.03
compactdiscgrade 23 0.05 24 0.048 13 0,03
UV stabilizedgrade 38 0.08 43 0.086 29 0.06
UV stabilizedgrade 40 0.08 49 0.098 31 0,06

radiationstabilizedgrade 71 0.14 58 0.116 8 0.02
radiationstabilizedgrade 62 0.12 58 0.116 6 0,01
impactmodifiedgrade 116 0,23 114 0.228 21 0.04
impactmodifiedgrade 109 0.22 115 0.230 18 0.04

(5) ignition resistantgrade 19 0.04 7 0.014 9 0.02
(5) ignition resistantgrade 20 0.04 9 0.018 10 0.02

radiationstabilizedgrade 14 0.03 0.5 0.001 23 0.05
radiationstabilizedgrade 15 0.03 0.6 0.001 23 0,05

branchedpolymer 11 0.02 0.6 0.001 31 0,06
branchedpolymer 11 0.02 0.72 0.001 33 0.07

copolymer 119 0.24 139 0.278 139 0.28
copolymer 115 0.23 118 0.236 139 0,28

NOTES: (1) VOM = volatile organicmaterial (Illinois EPA termfor volatile organicmatter - VOC)
June1996 andJan. 1999studiesutilizedaBeckman402in-line FID system.
July 2001 studyutilized aVIG IndustriesModel 20 total HC analyzerwith HFID,
July 2002 studyutilized aFisonsMD 800OCsystemwith FID andMSD detectors.

(2) HAP = hazardousair pollutant
(3) PM = particulatematter
(4) All emissionfactorsdeterminedfor this materialareconsidered‘outliers” andnot relevant

sincematerialwasprocessedat extremetemperature(605 F) for evaluationpurposesonly.
(5) Containedflame retardantadditive.



EXHIBIT 10

ESTIMATED EMISSIONS USING A RANGE OF EMISSION FACTORS AND THROUGHPUTS

Volatile Organic Material (VOM) Emissions

LowEmissionFactor, Low Throughput

10 lb resin/ hour x ton resin/ 2,000lb resin x 0.1 lb VOM / ton resin = 0.00050lb VOM / hr

0.00050lb VOM I hr x ton VOM / 2,000lb VOM x 8,760hr / yr = 0.002ton VOM I yr

High EmissionFactor, High Throughput

200 lb resin / hour x ton resin / 2,000lb resin x 0.4 lb VOM / ton resin = 0.04 lb VOM / hr

0.04 lb VOM / hr x ton VOM / 2,000lb VOM x 8,760hr I yr = Q.Z ton VOM / yr

HazardousAir Pollutant(HAP) Emissions

LowEmissionFactor, Low Throughput

10Th resin / hour x ton resin / 2,000lb resin x 0.00002lb HAP/ ton resin = 0.0000001lb HAP / hr

0.0000001lb HAP / hr x ton HAP/ 2,000lb HAP x 8,760hr / yr = 0.0000004ton iiAP7’S~r

High EmissionFactor, High Throughput

200 lb resin / hour x ton resin /2,000 lb resin x 0.3 lb HAP / ton resin = 0.03 lb HAP / hr

0.03 lb HAP / hr x ton HAP /2,000lb HAP x 8,760hr / yr = b’.I’ibnHAP yr

ParticulateMatter (PM) Emissions

LowEnussionFactor, Low Throughput

10 lb resin / hour x ton resin / 2,000lb resin x 0.02 lb PM / ton resin = 0.0001 lb PM / hr

0.0001IbPM/hr x tonPM/2,000IbPM x 8,760hr/yr = 0.0004tonPM/yr

HighEmissionFactor, High Throughput

200 lb resin / hour x ton resin / 2,000 lb resin x 0.5 lb PM / ton resin = 0.05 lb PM / hr

0.05 lb PM/hr x tonPM/2,000lb PM x 8,760hr/yr = 0.2tonpMlyr

Abbreviations: hr = hour, lb = pound, yr = year



EXHIBIT 11

OVERVIEW OF ESTIMATED EMISSIONS

Volatile Organic Material (VOM) Emissions

LowEmissionFactor,Low Throughput

0.002 ton VOM / yr

HuhEmiàionFacthr, High Throughput

0.2tonVOMIyr

HazardousAir Pollutant(HAP) Emissions

Low EmissionFactor, LowThroughput

0.0000004ton HAP / yr

High EmissionFactor,High Throughput

0.lton HAP/yr

ParticulateMatter (PM) Emissions

0.0004ton PM I yr

High Emisskk?~itor,kighThroughpia

0.2tonPM/yr

Abbreviations: hr = hour, lb = pound2 yr = year
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Table 2. Industry Statistics for Selected States: 2002
(States that are adscloeur, orw’th teas than 500 employees eye rtot thowro. Data beats or, Sri. 2002 Economic Census, For irtfOm,auor, On conadenbatity ptoteclion, nontampkn

9
ant,, asplanation ot

Inns, and geogra#itcal d.tirili,oq~,an note at end ot table. For thlOrlneticrl on geograptIlo area, followed by ~, sea Appendix 0 For meaning ot ebbrerialrona and symbols. see introductory test)

Industry and geographic area

ea° 43 employees Prod~iionwodsers

Value
added

l$t,om)

Total
cost ot

materie~s
($1,000)

Total
valtia of

sfvpniento
$1,000)

capital
expendi-

lures
($1,000)0’ Total

em-

ploy-
eesor
more lumber

3 Payroe
($1,000) Ntnter

5 Hours
(1,000)

Wages
(81,0001

326199.All other plastics product
manufacturing

.

On’tadStetea
Mabame
A,lzona
Ailtanses
Calitona
Colorado
Corwsect,cut
Delaware
motile
Georgia
Idaho

I 7847
— 73
1 116
I 77
I 958
3 107
2 121
- 57
2 323
7 174

— 42

3944
38
46
45

417
37
51
13
97
99

9

486 278
5 691
5 176
5532

44414
3187
5292
1019
8460

10627
793

IS 035 063
164 655
180 5t7
131 452

1410 428
102755
Ill 254
34537

249033
306606
20572

378 110
4 686
3654
4475

32817
2 359
4256

725
6588
8222

620

748 ens
6 575
7486
8979

65856
4735
6423
1451
3047

16592
1284

9680220
119 951
93944
90735

610 289
60 330

112967
18022

162000
204949

14532

40852050
366 45’
396 890
450 061

3727 912
250 541
408988

92039
69t853
846010
85094

32073072
421 412
292 355
372 944

2 752 523
161 926
322050

95736
444788
760686
47652

72893593
767 656
885 637
816 945

6 480 958
415 310
731 429
87392

1134559
1610592

131562

‘3304805
‘46 400
‘29 074
‘35 120

‘221 274
‘13 605
‘35809
‘2651

‘35569
73926
‘5965

tint,
h~ana
Iowa
Kansas
Icantucloy
Louisiana
Maine
Marytand
Maassctyusatls
Michigan.

1 464
I 307
1 62

— 73
2 91
2 49
1 23
2 68
I 221
1 544

278
167
50
36
65
19
10
36

110
327

36 900
26206
5840
6 229
9556
I 483
I 002
5374

12004
47852

1 196 294
806725
555553
191 542
272472
43952
30397

179343
359145

1512041

28 222
19957
5054
5124
7844
I 047

829
3981
9179

37294

58 832
40377
9937

10368
15166
2 598
1 674
6669

18433
74292

747 687
551043
118631
133 764
191542
24351
20 023
05962

230916
989305

3 407 828
2158144

421161
836 174
711725
97937

139 361
626430

1212499
4139076

663 953
1604529

370519
441 878
699870
102613
72847

332619
752006

3417495

5 126 262
3742476

797750
I 072 437
‘473)72

198 176
2)2 784
954062

‘968748
7566035

‘225 963
‘180435
‘30886
‘96 656
‘95553
‘10 711
‘7823

‘101178
‘81708

253682

sennesota
Jeasiaaippi
1,6150
Nebraska
Nevada
MacHampshire
Mewjersey
NawYork
Norlh Carolina
ordo

2 214
1 55
I 153
2 39
I SI
I St
2 275
3 366
2 200
I 556

105
29
74
22
s9
20

137
15$
116
332

12714
3228
II 518
2916
5334
3478

15699
16043
13 335
46458

413828
86868

331 139
83892
37595

118457
479886
509127
394 177

1378382

9717
2635
8 984
2315
1087
2676

11681
12439
10 596
36127

19405
4814

16 894
4624
2220
5247

23471
24625
20405
71554

263549
59711

214 515
55606
26613
73570

283863
312257
261 858
937429

1060337
257038
790 699
196149
106992
225541

1106566
1240383
I 233 995
3602023

681428
245623
717 162
165662
88302

177007
931449
851 795
893 643

3230617

1704648
500953

1 525 397
358587
93445

401 450
2047579
2083415
2 116 060
7015962

‘02754
‘26954

‘128 440
‘38235
‘14328
‘15753
‘65942
‘68633

‘112 ‘44
‘376195

Oklahoma
0,agori
Pennsylvania
Rhodelaland
SouthCe,olina
SouIhDaIooIa
Tennessee
lexaa
VIaPI
Vennont
Vl~lnla
Wss3Ir’gtc.’
WeatvirgirO
Wisconsin

2 62
1 ¶00
I 356
2 53
I lOt
1 22
I 164
2 414
3 71
4 24
— 80
2 128
— 23
I 268

20
33

210
27
57
9

lOS
165
28
11
51
59
10

143

2822
3953

25 DOt
2518
758.8

643
12 777
20499
2117
1288

11409
6060
2 ‘56

16 778

64314
120480
837 069
81679

244275
15 949

376 788
585673
61108
41643

401659
192410
64310

541253

1875
3033

21 249
1947
8022

529
10 170
16607

1683
1024
6148
4610
1554

13221

3659
6053

43 050
3994

12073
I 096

20 196
30958
3300
2055

17287
9273
3075

25015

47649
74303

553 702
50989

159581
12 193

250 206
399929
41485
26316

253403
523489
34440

358 429

287905
326824

2 164 607
173778
774202
35 446

I 052 699
1483531

150311
110512

1194230
583751
160900

3296314

205628
223511

1 605 380
108188
803494

21 312
987 169

1535039
100436
73596

794682
435073
135 tel

I 093 113

494424
546859

3 757 245
264123

1376227
57296

2 018 4t0
3029012

247156
189985

1991282
1014162

304459
2366012

‘20333
‘13970

‘172 785
‘15536
‘73385
‘I 588

‘149 730
‘117965

7565
‘7929

‘47297
‘34450
‘10005

‘114 027

‘Some payroll and sales data for stoat slngjaeatabishmenr co’rpanies with up to 20 employees (atoll carted by lntusli’y) were oblalned from adtsinlslratlva records or other govarnInleno
agencies railer thail 1mm census regort loins, These data were then used in conitinellon with Ioduelry averages to estirnale statrst.cs for mesa small establisfvnenta. This tecteMque was also used thea
small number OS other eatabllaiwnents whoae repotla wera 005 recereed at the linle data were lebudated. ma 108014619 symbols are shown where eslimated data eccouni for ‘0 percent or more of the
Sgures shown: 1-10 to II percent. 2-20 to 29 percent; 3-30 to 39 percanL 4-40 to 49 perce’t 5—SO to 59 peccant; 6-60 to 69 percent; 7-70)079 percent; 8-80 to 89 percent; 9-00 perCent ormore.

‘Includes establishmentsdin payroll at any timedurirtg lIe year.
‘Number of ençtoyeea figures reprewnt aveisge number of prodtshlon wolirars for pay petted that wick,dea the 12th at March, May, August. and November pIus other employees lot payroll

penod that inctudes the 12th ot March.

‘Jolt: The date in this able am based on lie 2002 E~,ornicCensua. To malnietn confldertstfty, ha Census Ouresix suppresses data to protect ele Identity ott any busa’.se or indavidual. The
carlsue results in this tabs. contactnontempeng snort. Data users wIno create their own eflrr’eXeI using data from k,iertcan FsttFirldet tables shouldcite the Census Bureau as tine source 00the ovigniet
data only. For explanation of lemon, see Apperda A. Fortull tecitnical documentation. see Appendix C. For geographical detriitlons. see Appondis 0.
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FACILITIES

Film
Blow Rotationai Sheet Pipe Profile InjectIon Comnpo.

State Moldleo Moidlo Extnjslon Extrusion Extrusion Motdfn undln Other Total

US. Total 1,188 302 1,281 326 802 7,727 703 577 12906
(iS. Total Includln P.R. 1,191 302 1281 326 802 7733 704 577 12916

Alabama 18 4 13 9 17 62 9 15 147
Alaska NA NA NA NA MA MA NA WA
Arizona 14 1 8 6 3 82 3 6 123
Arkansas 16 5 18 10 10 64 4 9 156
Catirornia 136 38 159 41 65 980 61 48 1528
Colorado 7 7 8 4 11 ii~ 2 3 ¶60
Connecticut 10 15 2 6 190 Ii 20 255
Delaware 2 1 4 I 2 10 3 3 26
Distnct of Columbia NA NA NA MA WA NA MA NA o
Florida 44 7 31 37 323 16 23 4g9
Georgia 37 10 58 9 24 120 33 52 3~3
Hawaii 3 I I NA NA 2 1 0
Idaho 0 4 0 2 2 28 1 1 38
ttltnoi, 86 11 85 10 47 491 40 27 797
Indiana 38 IS 47 6 35 326 40 21 529
Iowa 29 13 15 6 8 89 1 2 163
Kansas 16 3 10 10 13 60 4 7 123
Kentucky 26 1 29 7 6 127 is 5 216
Louisiana ¶6 NA 9 3 3 24 12 4 71
Maine 3 1 2 NA 3 26 3 5 43
Maryland 15 2 7 I 3 60 7 1 96
Massadtiuseus 38 6 4g 5 22 260 33 41 454
Midligan 47 tO 40 4 52 633 30 10 826
MInnesota 29 20 32 8 20 182 ~5 2 308
Mississippi 7 2 17 3 10 64 9 10 122
Missouri 45 7 25 5 22 146 7 8 265
Montana ‘1 N 0 NA NA 12 NA 0 13
Nebraska 2 3 3 5 3 48 4 2 70
Nevada 1 1 3 7 4 28 2 0 46
NewHampsh,re 12 3 4 3 8 67 6 12 115
New Jersey 46 7 70 7 38 245 38 21 472
New Mexico 3 N 0 1 NA 7 N 0 Ii
New York 55 10 46 ‘12 31 354 27 17 552
North Caro~na 34 II 47 10 32 218 22 33 407
Notlh Dakota 1 1 1 1 NA 10 NA 0 14
Ohio 90 28 78 21 75 542 67 22 923
Oklahoma Il 5 12 4 1 57 4 1 95
Oregon 8 5 9 7 6 87 3 3 128
Pennaylvana 58 ii 58 19 40 357 39 21 603
Rhodelsland 2 I ii 1 5 58 4 8 88
South Carotina 19 6 20 8 12 92 9 30 196
SouthDakota 1 2 4 NA NA 18 NA 0 25
Tennessee 25 4 30 3 23 Ill 18 8 282
Texas 62 13 84 26 43 352 62 38 680
Utah 10 6 5 3 3 86 2 4 jig
vermont 2 NA 5 NA 1 23 1 6 38
Virginia 14 2 30 4 ‘18 62 9 17 156
Washington 16 6 17 5 I~ 90 5 4 154
Westvirginia 6 1 5 4 1 10 5 1 33
Wisconsin 27 5 57 5 26 240 16 6 382
i%roming 0 0 0 0 0 8 0 0 8

Puerto Rico 3 0 0 0 0 6 1 0 10

Source:TownsendrapneliCorn, inc. A - 2
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2005 sUrvey of North American injectionmoiders —

Total sales: $30.3 oil/iou
(656 companies)

Top 10 moh~&i:
Other 645 SO.6 billIon

molders ranked 31.6%
68.4%

Total plants: 1,377
Total presses: 29,911

Top 1110 molders’ markets & materials

Top five end markets
1. AUtomotive
2. Consumer products
3 Eleetneal/eleetroruos
4. Medical/pharmaceutical
5. Containers/closures

Top live materials
1. Polypropylene
2.ABS
3.‘Polycarbonate
4. HOPE
5. Nylon

Sour~:flug,‘ Metes BerxraI ioMiislret category excb4.d

21305pmcnsa~raiskia~a.,.
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6 8,erryfi~s~~qsS,Qjp..

Evansville, IN

7 Neweil Rubbermaid ~nc.(P)
Atlanta. GA

8 Qw~n&iilftpis1flc~~
Toledo, OH

S Nyoro Inc.
Clinton, MA

10 DQQQrQ8 .njQLoojiQflaLt!L b
Concord. Ontario

11 ~IA?!I...I~nAjgomOtj~LeC~rp,.
Warren. MI

12 JE Lop~)._gSiDra(P)
Glenview, IL

13 ~.Qg.rp~
Pendleton, IN

14 Marina Donnelly Corp. b
Holland, Ml

15 Sieriel-Robert Inc.
St Louis, MO

16 fl.
Rochester, Ml

17 L~cksEnternrises Inc.
GrandRapids. MI

IT Meridian Automotive Systems Inc.
Dearborn, Ml

19 YcoAtw~
Fraser, Ml

20 ~S~yY~stJcLt,1&
Northville, Ml

,Iic k.fle.reiQpvrcb.asej~nkings

INJECTION MOLDERS
Ranked by sales of injection molded products in most recent full fiscal year

Originally published April 11, 2005, in Plastics News. Some data may have been updated.

Rank Company

“ cql!i.o~.&A~cntac
Troy, Ml

2 Qsi~LGca(P)
Troy, Ml

3 Visteon Corn. (P)
Van Buren Township, MI

~ ~gaC~n.(P7Southfleld, Ml

ei~.atQc dPro~u,~j.~J~a
Dearborn. Ml

Top InjectIon
molding official

Charles Becker
Acting CEO

Kevin Heigel
Business line executive

Tom Burke
VP. North American mfg.
operations
Lou Salvatore
President, interiors &
electrical

Julie Brown
Chairwoman & CEO

Injection
molding sales

(millions 5)

1,441.00

1,100.00

764.00

eosooE

591.20

573.00

400.0O~’

371.00

300.00

260.00

Ira Boots
CEO & President
Joseph Gaul
CEO

Michael McDaniel
VP & GM, closures &
specialty products
Brian Jones
CEO

Alan Power
CEO & President

0. James Davis
CEO & President
W. James Farrell
Chairman & CEO

George Sloan
President
Carlos Mazzorln
Chairman & CEO

David Adams
CEO

Anton Letica
President
Richard Lacks Jr.
CEO & President

H. II. Wacaser
CEO & President
Michael Alexander
CFO &VP

Tim Nelson
COO & President
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Subscllbe 0
E~mallproducts ~
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21 Neaton Auto Products ManW~iuring Masayukl Furugori 276.00
President

Eaton, OH

22 Iren~...Thcflnlislnc. Earl Payton 27000E
Chino, CA CEO

23 Precise Technglgqv Inc. John Weeks 284.00
North Versailles, PA Chairman & CEO

24 Tyco Plastics &AdhesivesGrotj~ Terry Sutter 26000E
Princeton, NJ President, Tyco Plastics &

Adhesives Group
25 c.?tcAn~n1.esjpg.m.c. Fred Keller 250.00

Grand Rapids, Mi Chairman, CEO & Pres.
25 Summit PoIyrner~Jn~. James Haas

Portage, MI President
27 ~ Clifford Croiey 240.00

Salem, OH CEO & President
28 Philip j~tjosCorp. Robert Cervenka 208.00

Hudson, WI Chairman
29 o Am~icaPack ?gingCQrQ. Torn Linton 207.00

Raleigh, tIC CEO & President
30 Mack Group inc. Don Kendall 202.00

Arlington. VT CEO & President
31 P~sUe~mniumAuto ~xtocior LLc Victor Schneider

Troy, Ml Vice President
32 Port .p?a~lc~gJn.glnc. Jack Watts 196.00

San Jose, CA Chairman & CEO

33 Fle~-N-GatePl~jjç~Groijp Shahid Khan 195001
Warren, Mi President

33 ~Loi~Qci~ain_Qflr.kig. John McKernan
City of industry, CA CEO & President

35 N)i~1nc~ Chain Sandhu 190.00
Livonia, Ml CEO

35 flleftEi~Jta.QiqupJ.flc.. Greg Botner
Portage, Ml CEO

~ &i~rGrgupjnc~(P) Carl Slebel 180.001
Crystal Lake, IL CEO & President

37 ~ Peter Bemis
Sheboygan Fails, WI Executive VP

39 Sioriiite. QQrp. David Stone
Townsend, MA President

40 ~ Doug Ramsdaie 170001
Chicago, IL CEO

41 ~ Jim Brost 167.00
Walworth, WI President

42 ~apfl.Mo.kL&fQQIflo. Doug Batliner 165.00
New Albany, IN President

42 ~ppaE~c~g~ng Greg Toft 165001
Fullerton, CA President

42 luocerware Corp. (F) d R. Glenn Drake 16500E
Orlando, FL Group President, North

America
MP!L1nthI~Jr1e~JnP,a Ron Embree 180.00
Dallas, TX President

45 United ~sticsGroup Joe. Richard Harris 160.00
Wesimont, IL COO

47 .P lastekindu tries Joseph Prlschak
Erie, PA CEO

48 Carlisle Engineered Products Inc. Kevin Early 154.00
Crestline, OH President

49 ADAC Plastics Inc. Jim Teets 153.00
Grand Rapids, MI COO & President

50 FL Inc. (~) Maurice Beauchamp 151.60
St. Oaniien, Quebec Dir, of operations
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51 JQneafiatiEnflering.~oiJ& Craig Jones 145.10
Louisville, KY CEO

52 Tech Group Inc. Harold Faig 145.00
Scottsdale, AZ CEO & President

52 SarrianiotiveBlut~/aternc. Andrew Rldgway. 145001
Marysville, MI President

54 crn~n&st~ons Cc (F) John Schulze 129.00
Cleveland, OH CEO & President

55 ABC Group Inc. Claude Elgner 120.00
Toronto, Ontario Executive VP

55 Solo Cupjp. Anil Shah 120 00E
Highland Park, IL Sr. VP operations

~ caer.ion Th.c&noiogiesjnc. (Pt Bill Beckman 113.00
Grand Rapids, MI President

58 KerLGrQMR!.oc~ Richard Hofmann 110001
Lancaster, PA CEO & President

58 fLe~ege_n.MoØjcAP.to4uc~o Mark Dorris 110.001
Gailaway, TN President

60 Applie4.Te.cfl~p4uct~ Raymond I..angton 105.00
Radnor, PA CEO

61 Victor Piaitjcs lop. Michael Tnjon 102.50
Victor, IA CEO & President

62 ~ QQErQs~cttQ.QJrLc~. Marlene Messlri 101.60
Lindstrom, MN President

63 Atlanti~~Plastic~Molded Products John Geary 100.00
VP & GM

Henderson, KY
63 acd~QelasjLQsgnatlcn5,I Chuck Villa 100.00

Greer, SC COO & President

63 tcsflflhfnankln.g. Don Wellington 100.00
Asheboro, NC President

63 ç sonickan et,.N&rit,Arnedca jnc~J Russell Wooten 100.001
Shelbyvilie. m Injection molding mgr.

67 Co rflin to~ai.E!aEc&Co~ Anthony Catenaccl 99.00
Fraser, MI President

67 flarpbeaujnc. Mart Mason 99.00
Baraboo, WI VP manufacturing

69 Ilercon.IdctstriesJcic~. Rick Legate 98.60
Stoney Creek, Ontario COO & President

70 Surnrtj~(ndsjstdes(P) James Swartwout 96.00
Torrance, CA President

70 ThsyFJ~jps qrp.. Roland Beck 96.00
Elbridge. NY President

72 E!~.t1c~nJnQ John Clementi 95.001
Leominster, MA President

73 Cro~.rifi_søQn Jim Adams 90.00
Watertown, CT VP operations

73 Nyloncraft Inc. k Jim Krzyzewski 90.00
Mishawaka, IN President

73 AadQy~t.1n~vstne a Nick Bogdanos 90.001
Troy, MI COO & President

73 S !g~nCipp.ures Glenn Paulson 90.001
Downers Grove, IL President

77 lQjedroflics Inc Paul Nazzaro 85.00
Clinton, MA President

77 Leggett & Plati Inc. (F) ni Jim IJkena 85.00
Carthage, MO President, Plastics Group

~ Eoginecre4Flistic Components n Robert Alexander 85.001
Mattawan, Mi Vice President, Alcoa

80 GDnspid~t~dMeicc Plastic UMsion Steve Norman 84.00
Bryson City, NC VP operations
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81 ~ Dave Spotts 81.00
Toledo, OH General rnfg. manager

82 Carson Industries LLC Richard Gordinler 80.00
G~ndora,CA CEO & President

82 SonocQ.CrelliftlnternatipflQj Bob Puechi 80.00
Chathani, NY Division VP

84 Eillelflp. Rick Renjilian 79.00
Hebron, IL VP operations

84 Kyowa America Corp. Suinito Furuya 79.00
Costa Mesa, CA President

86 Mavco Plastics Inc. Timothy Hoeter 78.00
Sterling Heights, MI President

87 Ejj~iasiiCor. Hoop Roche 77.80
Cony, PA Chairman

88 P~ki~g~° Doug Wait 75.00
Wiles, Ml Plant manager

88 Thermoj~p~ John Bonham 75.00
Hopkins, MN CEO & President

88 Re~auli~p. Oliver Kaestner 75,001
Leesburg, VA VP production

88 W~tPharmaceutical Services Inc. IP) Bob Hargesheimer 75.001
Lionville, PA President, Device Group

92 .1.5.Farpthane Corp. Andrew GreenIee 74.00
Sterling Heights, MI CEO & President

92 Wil~ectfjQ.&tic..~e.SfLesP Curtis Zamec 74.00
Harrisburg, NC Chairman, CEO & Pres.

94 Leon Plasticsj~ç. Torn Pykosz 72.50
Grand Rapids, Ml President

95 c~LEiast~h Randy Herman 71.20
Newburyport. MA President

96 Jet Plastica mdurjcsjpc. S. James Spierer
Hatfield, PA President

97 Evco Plastics Dale Evans 68.00
DeForest, WI President

98 ReissM.gnufacturjcgjac. Carl Reiss 66.00
Englishtown, NJ President

99 VaijpQftjflp. q Joe Jahn 65.40
Seattle, WA CEO & President

100 ~W..Pjastics ri.c. Brenan RiehI 65.30
Bethel, VT CEO & President

101 r$emamPlas.tJc~Ltd. Walter Raghunathan 6500E
Rexdale, Ontario VP operations

102 !Sx lndviithts. Inc Hermilo MartInez 60.00
Hayward, CA Manufacturing manager

102 nQ~.P..L0Q~ Scott Ambrose
6000

E
Burlington, Ontario COO & President

102 Gecrgk~?.aØf,cc.~p.(F) Bob Clark

Atlanta, GA Sr. dir, of operations

102 Ferlos Inc. isto Hantila 6000E
Fort Worth, TX President

106 _PineRSLPI3stjps c. Tim Erdmann 56.00
St. Ciair, Mi President

107 QQwan~jasticsLLC William Dessul 55.00
Providence, RI President

107 Fawn nØu~ es John Franzone 55.00
Timonium, MD CEO

107 Ho.tf~i.FJ.~s~c.sCorn. Robert Hotter 55.00
South Eigin, IL President

107 U.SSan Qqrp. Philip Mengel 5500E
Newnan,GA CEO

111 grgii~~redPlastic Pjodu.cts ftc, Gerald Edwards 51.001
Ypsilanti, Ml CEO
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112 ~gji~ilPIstinc. TreasaSpringelt 5000k
New Brighton, MN President

113 GQ~i~yMoldG~Jfl~. Ron Ricotta 50.00
Rochester, NY President

113 Piastipaic Industries Inc. Normand Tanguay 50.00
La Praire, Quebec President

113 EirnpAnlericas Joe O’Brien
Vicksburg, MI General Manager

113 Nuhtam~kiAmericas Kaile Tanhuanpaa
DeSoto, KS Executive VP, Americas

117 Arkay Industries Inc. Kevin Kuhnash 49.20
West Chester, OH Co-CEO & President

118 pA. Inc. Kenji Kanil 49.00
Chariestown, IN COO & President

118 OEM/Erie lii. Don Cunningham 49.00
Erie, PA President

120 inLec GrQjJp mc, Steve Perlman 46.00
Palatine, IL President

121 Ncafl9~c~Kaging Jerry Rodeli 45.00
Chicago, IL VP operations

121 Rost~Ameriças . Tommy Neal 45.00
Minden, LA COO

121 Industn’alCo r$ainefl Ltd Morton Arshlnoff 45001
Toronto, Ontario President

124 UEEJnc. Lelan Jamison 44.00
Stillwater, MN General Manager

125 ~ John Johnson 42.00
l4arborcreek, PA President

125 AM.E Irt~qs Rick Bessefte 42001
Harrison Township, Ml Vice President

127 ~.ngiae~@~.fjg~us.Jn I~U& Ron McGee 41.30
Hazelwood, MO VP & Dir, tech, services

128 M ~ Ms LoveD 40.00
El Paso, TX Dir, sales & marketing

128 MoLø.:R~tQ~l.~!LCsJfl.Q Mark Goyette 40.001
Piausburg. NY Molding manager

128 N Mo øjng .c.Qrp. Joseph Anscher 40001
Farrningdale, NY President

128 Reiam $ssex KeIth Everson 40.001
Sussex, WI President

132 Kc4t.E~t~rpsise.L!.nc~ A,J. Kolier Iii 39.00
Fenton, MO President

132 Loncq.1nc~:PMC Payltosh Chakrabartl 39.00
Waverly, NE CEO & President

132 Q.RQ a.sUc~ Kimball Bradley 39.00
Oneida, NY COO & President, Reunion

Industries Inc.

132 Trioon lndustiies tnc, John Wielder 39.00
Lisle, IL VP internal operations

138 Dinesol PIasti~Inc. Ken Leonard 38.001
Niles, OH Vice President

137 Spartech industries George Abd 37.90
Clayton, Mo CEO & President

138 ~J~sJ~çflCorp. Dennis Frandsen 37.00
Rush City, MN CEO

139 ~..Ujanc~f.r~ci~toriPIast)c.s..Q.Qjp. Bradley Scott 36.00
Rochester. NY President

139 Capson1c.~cgi~pLLc Dale White 36.00
Elgin, IL COO

141 F~sleyQustom Plastics Inc. r Steven Olson 35.00
Easley, SC VP sales & engineering

141 EM orp.. Mike Watts 35.00

Rogers, AR CEO
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141 tSfldePIas~,U~. Glenn Coates 35.00
Windsor, Ontario President

141 Mid-Spujh Lndustries Inc. Ted Cochls 35.00
Annville, KY President

141 Eixieyalchrslnc. Ian MacLeod 35.00
Plymouth, MA Vice President

141 MarylanØ Plastics Inc. Alien Penrod ~
Federalsburg, MD President

147 Enoinee[~yolyrners.çg~Q. Jeff Fackier 34.00
Mora, MN Vice President

147 Mar-Sal Inc. Scott Balogh 34.00
Chagrin Falls, OH President

149 Enpias (U.S.A.) Inc. Daisuke Yokata 33.00
Marietta, GA President

149 Prooress Plastic Prodjjcts I. Todd Young 33.00
BeiIevtJe, OH President

151 Libralterplast~r~incS Alan Barr 32.10
Walled Lake, Mi President

152 ~ur-floPj~stics& Engineering Inc. James Marshall 31.00
Warren, Mi CEO

153 lnnatechkLQ John Palmer 30.00
Rochester, Ml Sales & marketing mgr.

154 ~MA.&a~ti.csoc. Mark Atchison 30.00
Corona, CA CEO & President

154 Hi-I ith&siics cc. Douglas Bennett 30.00
Cambridge. MD President

154 Horn Pta ~ AsifRlzvi 30.00
Whitby, Ontario President

154 .$kt~.v.Lban±J.asiIcs,.CQ. W.S. Baxter 30.00
Elgin, IL President

154 ct.in.d~td~jnc. Dennis Frampton 3000E
Meadville, PA President

154 w~!.Plasiic.~jnc.I Vern DeWItt 3000E
Fairport, NY President

160 United Southern tndustriffl~~. Todd Bennett 28.50
Forest City, NC President

161 yjh..plasticsin.c. Anton Mudde 28,00
Midland, Ontario CEO

161 Fabrik Molded Plastics Inc. Keith Wagner 28.00
McHenry, IL General Manager

161 ~raber-Roggjpç Geoff Engelsteln 28.00
Cranford, NJ President

161 P11 Ennineered Plastics Inc. Kurt Nerva 28.00
Clinton Township, MI President

161 Iran nailechnoloS.Jna Gerrit Vreeken 28.00”
New Baltimore, MI President

161 Industrial Molding Corp. Calvin Leach 2800E
Lubbock, TX General Manager

167 Black River ~ Peter Mytnyk 27.00
Port Huron, Ml COO

168 Malors Plastics Inc. Tim McConnell 26.70
Omaha, NE President

169 Midwest Plastic Compon~~ Peter Thompson 26.50
Minneapolis, MN President

170 ~ Eric Kirkman 26.00
Hot Springs, AR CEO & President

170 Mav&Scofieldlric~dln. Rick Scofleid 26.00
Fowierville, Ml President

172 Cartb.upl~lnc. PeterClrleiio 25.00
Kennebunk. ME CEO & President

172 Lnj~~ctro Lou Pollak 25.00
Plainfield, NJ President
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172 Sheoherd Productsjjx. T. Breclcenridge 25,00
Brampton, Ontario President

172 ~..QjairPlasflçsC. WillIam Lianos 25.00
Chesterfield, MI President

172 IgtS.Qal Fred Blesecker 25.00
Boyertown, PA President

112 Universal PIastic.MoId (UPMUnc. Wayne Oxford 25.00
Baldwin Park, CA CEO

172 Vincent Industrial Plstilric. James Vincent 25,00
Henderson, KY CEO & President

172 QrgothaiQaflastiln. Alan Chapel 2500E
Grand Haven, Ml President

172 MQi~.ProductsCo. John Reichwein Jr. 2500E
Haltom City, TX President

181 DeRoval Plastics Grguo Andrew Adams 24.50
Powell, TN Dir. of operations

182 Ianp.yaivenjQIQc.J~crnQ1ogi~Inc. Robert Janeczko 24.00
West Des Moines, IA CEO & President

182 ~rgd~~jict[~.. Mark Stephens 24.00
Ironwood, MI Vice President

182 MQi~arnatic Inc. Raymond Matenfant 24.00
Penndel, PA President

182 S~BZ&QIQ.. Damlan Macatuso 24.00
Torrlngton. CT VP & GM

182 Lrostej_$gGIj~ç. Tom Sloane 24.00
Lake Geneva, WI President

181 a ice .analcci &.E cgne~.ungjnc. Marty Sweerln 23.50
Anoka, MN Secretary & Treasurer

188 Scftnij...~t~ngreYinQQc.Th Eileen Halter 23.00
Ottoville, OH CEO

188 Sp~c.ialty,h4an~fect~reriLnc. John Lucas 23.00
Indianapolis, IN CEO

188 QTAf.tc.cP,C.om. Aifredo Bonetto
2300

E
Anaheim, CA Sr. Vice President

191 Ag?$ Plastics In c. Cynthia Alt 22,90
Grand Rapids, MI Chairman

192 S~ci~enackesisi~nS.y~mU.S.A r’.c. Troy Buset 22.30
Marysville, MI Molding manager

193 P.IA.corp Ray Seeley 22.00
Oxford, CT CEO

193 .QMflflaj1ip~ Aron Yngve 22.00
River Falls, WI Executive VP

193 faicpriPtasti~jflc. Jay Bender
2200

E

Brookings, SD COO
196 $tuft.IQcb!~pjpgie Gene StuU Sr. 21.90

Somerset, NJ CEO & President
197 AICLigptin.g& Plastics nc, Dan Weber 21.10

Geneva, OH Plant manager
198 JunQtnc. Archle Olson 21.00

Anoka, MN President
198 Mc rQo nj~ctbn~9S~i0QInc Jack Williams

Chino, CA CEO
200 Do nellyCustpm ~ Sam Wagner 20MG

Alexandria, MN Dir- of advanced
manufacturing

200 ~ Rodney Sparrow 20.00
Leorninster. MA President

200 $~.nm~na-~S.Cl.~.nøosureSystems PhIl Sorensen 20.00
Turtle Lake, WI Operations manager

200 Tpra.S.mL,Jn~y.strieshc. Steve Good 20.00
Clayton, OH President

200 Trae Steve Boeder 20.00
Dane. WI Plant manager
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200 ~ Perry Brady 20 00E
Mansfield, OH Plant manager

200 MacDonald’s, Industrial Products Rod Adams 2000E
Grand Rapids, Ml President

200 Norland Plastics Co. Dennis Veiiiquette 2000E
Haysviille, KS Plant manager

208 Piasoros Inc. Norman Dusenberry 19.90
McHenry, IL Vice President

209 ~ai~r.Eiaiti Inc. Joseph Bergen 19.80
Middlefield, OH CEO

210 Master Molded Products Corn. James Weinhart 19.50
Elgin, IL President

211 kM Me.c.er.arpupJnc. u Tony Lesenskyj 15.50
Lawrenceville, NJ President

212 Wis ~an~iin?iast~t~Inc. Fred WIse 16.20
St. Cliaries, IL President

213 J.~iwE..[~iEQMpJthng..In�. Joe Kavalauslcas 18.00
Dayton. OH Vice President

213 .c.hemjecflh.Ia?1.ics cc, Ragnar Korthase 18.00
Elgin, IL President

213 P..flflyJ~taJN&c urinalac. MIchael Quig 18.00
Norridge, IL President

213 ~ygi&t~rg~ms.Jnc. R. Scott White
San DIego, CA VP operations

213 CarolJ~aPr.~j~jQaHastics Brian Tauber
Asheboro, NC President

213 YQiicEfli~rpLs~aJnc. Steve yolk
Turiock, CA VP operations

219 E.erflc.t.in~. Craig Ferriot 17.25
Akron, OH Dir. molding & finishing div.

220 Mic~tth;. Gary Rheude 17.00
Goodland, IN President

220 Px~Qis&u_S�..uitlaast..Lnc. 5, Richard Averette 17.00
Myrtle Beach, SC President

222 t1EIccLM.Q[d~B&IQQJ..1Qc.. Gerald Cox 16.50
Louisville, KY President

222 Cict E1e~ta..Eru~ts.lnp, David Greenlee 1650E
Circievilte, OH President

224 M~iQiiPSQ~M~t~C .. Bruce Bet llngton 16.00
Odessa, MO CEO

224 Qegalb MgI~dfIaaticsco, RIck Walters 16.00
Buder, IN VP operations

224 .S.bjffaay~r..pta~iics..cQrp. Karl Schiffmayer 16.00
Algonquin, IL President

227 Qe.cetuUiaMic.Erc~ucsinc. John Kussman 15,60
North Vernon, IN President

226 GSWaui~qjng,..Products Dennis Nykoliatton
Baffle, Ontario President

229 .LM&Pi?stic~ Bob Leonard 15.30
Greeneville, TN President

230 Capt e1~t1s.ticsJ.nc. Dennis Eckels 15.00
Piscataway, NJ VP manufacturing

230 ceritpv F[aQtics i.n.ç~ Barry Grant 15.00
Baldwin, WI President

230 E-SpiasticPcciductsinc. Peter Keddle 15.00
Waterford, WI President

230 En.gineeredPlasticQQmponentslnc. Reza Kargarzadefl 15.00
Grinnell, IA President

230 Kurz ascfl.J.nc, ChrIs Elchmann 15.00
Dayton, OH Dir, of sales

230 ~p~gj~j4oith~inc. J.D. Schimmelpfennig 15.00
Mount Pleasant, IA President

http://www.plasticsncws.comlsubscribcr/rankings/Iistrank.html?modeinj 6/16/2005
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230 Ei?~iicraiiMf~CQJn. Edwin Ingram 15.00
Atbertvilie, AL President

230 y~nturePlastics Inc. Steve Trapp 15.00
Newton Falls, OH VP & GM

230 We~rflflstics Steven Nichols 15.00
PortJand, TN President & GM

230 Urp~ritPlastics Inc .. V Norman Oberto
Lakevilie, MN President

230 N~KM.anuf~cturipgTechnologies Inc. Annen Kassouni 1500E
Grand Rapids, MI Vice President

241 Fergu~sgn.Fr.ed.ijctio nc, Scott Ferguson Sr. 14.80
McPherson, KS VP operations

241 Madan Plastics ~flc. Michael Madan 14.80
Cranford, NJ General Manager

243 Advenhj.QPI&..MoId. Ip;, Ken Desrosiers 14.50
Rochester, NY President

243 ElQinJlq!d~flasj~csirw. Todd Farwell 14.50
Elgin. IL Dir, of operations

243 Kam Plasfics ~ro ~ Peter Prouty 14.50
Holland, MI President

243 ~iak~I~Qw Dennis Mitchell 14,50
Harbor City, CA President

243 Syracuse Plastics LLC Thomas Falcon. 14.50
Liverpool, NY President

243 Medway Plastics Cca Thomas Hutchinson
Long Beach, CA President

249 Prj~eraPlailri.c. Noel Cuellar 14.40
Zeeland, Ml President

250 PaL4Jfi~tjc&jn~. Charlie Hicklln 14.30
Marion, KY VP operations

251 Palm Plastics Ltd. Jeffrey Owen 14.20
Morenci, MI President

251 ZapJtPiSIc.$jn~. Robert Zappa 14.20
Phillipsburg, NJ VP & GM

253 Tribar Manufacturing LLC Robert Bretz 14.10
Whitmore Lake, Ml President

254 C-Plastics Coro. Gordon CurtIs 14.00
Leominster, MA CEO

254 Fencer Drives Erik Nadeau 14.00
Manheim, PA Plant manager

254 Hilco Technologies Dan Tallaferro 14.00
Grand Rapids, MI Vice President

254 Matrix Inc. John Harker 14.00
East Providence, RI President

254 Molding International & Engineering Inc. Gregg Hughes 14.00
Temecula, CA President

254 Spectrum Plastics M.cidjng Ed Flaherty 14.00
Ansonia, CT VP engineering

254 Akron Porcelain & Plastics Co, Crawford Smith
Akron, Oil Plant manager

254 D&M Plastics Corp Stephen Motisi
Burlington, IL President

254 ~ William Wilson
South Plainfield, NJ President

254 F&ichJAQswtJnc. Yutaka Kiyuu
Arden, NC President

254 Wi~tPlaicPr~t~jSC Robert Luce
Sheridan, Ml President

265 Ha s~nP1as cs_Corn. David Watermann 13.50
Elgin, IL President

265 PJesLhecMq~dj.ng...u’ John Klmberlin 13.50
Ontario, CA Engineer
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267 ~ Tim Osterman 13.20
Elk River, MN CEO & President

268 Anchor Tool and Plas~cjpc. Ron Rogers 13.00
Minneapolis, MN President

268 ~nesis Plastics & Eng, LLC James Gladden 13.00
Scottsburg, IN CEO & President

268 Multi-Plastics Inc. Charles Johnston 13.00
Saegertown, PA Operations manager

268 Po~ymecTechnoiog~es Jeff Keller 13.00
Whitewater, WI VP operations & GM

268 River City Plastic Howard Ross 13.00
Three Rivers, Ml President

268 Truc PrecisLon e~stic~LLcX Jim Kempf 13,00
Lancaster, PA Vice President

288 .~iQ.Pia.s~cs_1nc~ Robert King 1300E
Orange, CA Vice President

268 Plastronics Pius Inc. Y Jay Horan 1300E
East Troy, WI Divisional Vice President

276 Toocraft Pre~sion Molders Inc. Oscar Musltano 12.50
Warminster, PA President

276 S&W Plastics LLC Dave Presler
Eden Prairie, MN COO

278 ~ Rent Inc z Rocky Monison 12.00
Upland, CA Dir, of operations

278 A_crpte&hjou Ihwesl Inc. . Thomas Houdeshell 12.00
Kerrville, TX VP & GM

278 Custom Pi.asticsJmorna Viona Ltd.. Peter Harrison 12.00
Cobourg, Ontario President

278 F~reitstcs..Jnc~ Ted Mucclo 12.00
Milwaukee, WI President

278 PQ!yceL$Jrtictur.aLF.Qarn lop. Ayman Sawaged 12.00
Somerville, NJ Dir, 0r operations

278 ~yn!~cJepb9p~gjQsnc~ Paul Tolley 12.00
Pavilion, NY President

278 AitS Inc.. Mike Marzetta 1200E
Liberty Lake, WA President

278 &tis c..ElaQti.cs..inc, Diane Mlxson 1200E
Anaheim, CA President

278 A$KLehig.hVa1i~y Andy Vartanian
Philadelphia, PA President

278 E cipse Mold ln~ Steve Craprotta
Clinton Township, Ml VP & GM

278 ha.ttip~n.ccrp~ Doug Johnson 1200E
North Ridgevilie, OH VP & COO

278 eLe~i~~icsj.np,. Ronald Richey
Columbia City. IN CEO & President

278 South en Plastics Inc.. Austin Drinkall

Mishawaka, IN CEO
291 M’Le.tlectEjflerjxise.s..LLQ Matt Kness 11.50

Yorktown, NY General Manager
292 Stalpwail Inc. Maureen Steinwall 11.30

Coon Rapids. MN President
293 Hicks Plastics Co.jQg~ Tim Hicks 11.00

Macomb Township, Ml General Manager
293 Pioneer Plastics inc. Edward Knapp 11.00

Dixon, KY President
293 Protomold Co. Inc. Bradley Cleveland 11.00

Maple Plain, MN CEO & President
293 Sun Plastics Inc. George Gemberling 11.00

Elk Grove Village. IL President & owner

293 Accent Plastics Inc. Thomas Prldonoff 11,00E
Corona, CA President
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293 Anderson Tethnoiopies Glenn Anderson ~ oo~
Gmnd Haven, Mi President

293 Bardot Plastics Inc. J. Lee Boucher
Easton. PA President

300 Mikino Plastics Inc. Kelly Goodsel 10.70
Corry, PA CEO & President

301 Hi-Tech MpId & Tool Inc. Wm Krlstensen Sr. 10.50
Pittsfield, MA President

301 Tn-Star Plastics Inc. Keith Johnson 10.50
Anaheim, CA Vice President

303 Pierson industries Inc. Theodore Pierson 10.40
Denville, NJ President

304 P]asbc Solutions Inc. Robert Tennyson 10,30
South Bend, IN CEO

304 Stoesser-Gordon Piasti~ Bob Stoesser 10.30
Santa Rosa, CA President

308 ~4E.bidustr es.!n~ John Argitis 10.10
Sturbridge, MA President

306 H.ecne .o.~nt~rpdses Nadine Hamelln 10.10
Boucherville, Quebec President

306 ?ciyrn.c.r.co ovens n~Inc. Jack Bertsch 10.10
Orchard Park, NY President

306 arc Inc. Mark Nelson 10.10
West St. Paul, MN President

310 Autoiimi.Manr~lactwri.ngG.rpJ..np. Robert Bedrosian 10.00k
Milan, MI CEO & President

310 QQsIgP.fi_a.st’ps.!n.Q John NepperJr. 10.00k
Omaha, NE President

312 PjsJQStar Plastics Inc. Roger Storch 10.00
Lexington, KY General Manager

312 Cajy.Er.cd.s~.ct&C~jnc. Frank Haas 10.00
Hutchins, TX President

312 Q~ntwyQc PSLQP!p Don Brothers 10.00
New Waterford, OH Chairman & CEO

312 ~pgideefPIQ~,Lics_Qorp~ Deb Bristoll 10.00
Menomonee Falls, WI President

312 ~~tCnsipn~jpJd_1ggb RIck Wieclnski 10.00
Avilla, IN General Manager

312 Ei~tQc.~.nInc. Jim Nurmi 10.00
Oconomowoc, WI President

312 Qwintex.Cotp Dorothea Christiansen 10.00
Nampa, ID President

312 Spir4lnc. Robert Morissette 10.00
Andover, MA VP operations

312 .~tcatfcrd_EL~shc..CQn1pcn~oIs_cQrp,Gil KIlmer 10.00
Stratford, Ontario VP sales & marketing

312 Tailor Made Products John Wilde 10.00
Elroy, WI CEO & President

312 TPcQus.P!p.ducts.Co . Kathleen HIavin 10,00
Avon Lake, OH President

312 ~_aQfleLWQud ~p.la lics .LLQ Brig Vanderwoude 10.00
Milan, IL President

312 ~&.cePJasU.c~Ipç. Russell Smith
10

,
00

E
Pittsburgh, PA President

312 csnIecp~ict~bc. Peter Varhegyl 1000E
Elk Grove Village, IL CEO & President

312 ClajrsQfl.Pj$stics Steve NIlson
Ocala, FL Dir. of operations &

engineering

312 Ciassjc_Mp.td naQ2.Joc Larry Caldrone 1000E
Schilier Park, IL President

312 Fox y.aI~oyMcI.ding.inc. Don Haag 1000E
PIano, IL President
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312 !flfiflitMiding.Asarn~ij~ 1000E
Mount Vernon, IN NA.

312 ~ Ed Hahn .j000E
St. Charles, IL Dir. of manufacturing

312 Orcoon Preci5ion) Industries Inc. Øba Jim Borg 10,00E
Eahlecta President
Eugene. OR

312 Performance Engineered Products Inc. Carl Dlspenzlere 1000E
Pomona, CA President

312 Pliant Plastics Corn. Bill Klungle 1000E
Muskegon, MI General Manager

312 Sipco Molding Technologies ChrIs Adams 1000E
Meadville, PA Operations manager

312 ~ Raymond Kallnowski
Shelby Township, MI CEO

336 Wgri~QiassPlastics Inc. Steve Buchenroth 9.98
Russells Point, OH President

337 Accurate Molded Piastic~ji~ç. Dale Meyer 9.80
Coeur d’PJene, ID President

338 Plastic Masters Inc. Robert Orlaske g50E
New Buffalo, Mi CFO

339 Midtec Inc. of America Tom Burnholz 9.20
McPherson, KS Dir.of manufacturing

340 E~~lesslnie~io.ftMgldinoLLC Scott Taylor 9.10
Gardena, CA President

341 Cun’ier Plastics Inc. John Currler 9,00
Auburn. NY President

341 j~~gjndusfliesInc Don Overman 9,00
Guttenberg, IA Vice President

341 ironwood Industries Inc. Robert Grala 9.00
Libertyvilie, IL President

341 Nordon Inc. Terry Donovan 9.00
Rochester, NY CEO & President

341 Perry Machine & Die Inc. David Berry 9.00
Perry, MO Vice President

341 Plastic Molding Technology Inc. Charles Sholtis 9.00
El Paso, TX CEO

341 Putnam Precision Molding Inc. Jeanne Zesut 9.00
Putnam, CT VP & GM

341 Precimold Inc. Gunter Weiss 900
Candiac, Quebec President

341 .EFI.AiancQct,L.W c Dan Lewis 900E
Sherman, MS General Manager

341 .EiLrj!iQld~d_pLe.$ticsInc. Jim Peters g,00E
Evansville, IN President

341 iSg~yfJastjcs,lr~c. D. Andrew Templeton 900E
Lakeview, OH President

341 Pot tab...Qcrp. Richard Gill 900E
Sheboygan. WI CEO

353 EdliQnvaseaSAdeCV lsmael Gomez 8.90
Garcia, Nuevo Leon President

3M Am tec..M c!d..Et.c..ducts WIlliam Plzzo 8.50
Rockford, IL VP operations

354 HoE!~stics_M~qujactp.rpg,cp. Jon Lawlis 8.50
Richmond, CA President

354 !nteral~&EIasliq~.!rtp, Stanley Isenstein 8.50
Lexington, KY President

354 T.KAB~sIictc.crr.., Michael L. Cherry Sr. 8,50
Winchester, TN CEO & President

3s~FLS,Pastics Corp. Ronald Stambersky 850E
Oldcastle, Ontario President

354 In fin ~ a~ic.s LL(.. John Van Bosch 850E
Ventura, CA Chairman & CEO
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360 21st Century FlasticsCorp. Greg Dobie 8.40
Pottervilie, Ml VP operations

360 £~&PGTlric. Samuel Pierson 8.40
Manchester, CT President

360 iniection Technology Ccw. Carl Morris 8,40
Arden, NC President

363 Van Norman Molding LLC Rich Andre 8.30
Bridgeview, IL Sales manager

3M M~derriPlastics Corn. John Eb.rhardt 8.20
Benton Harbor, Ml Dir. of manufacturing

365 Acromatic Plastics Inc. Peter Crlscl 8.00
Leominster, MA President

365 Cystciii Plastics Inc. 8.00
Elk Grove Village, IL NA.

365 East Coast Plastics inc. R.D. Trank 8.00
Fort Lauderdale, FL President

365 Hard~ia.M~m1acMinaC~rp.. Henry W, Harding Jr. 8.00
Rome, NY President

365 Techoo Plastics lndu.s~ri~s c. Roberto Tous 8.00
Ar~asco,PR President & GM

365 T NLPI? ipJyI.o IdingJpc. Murray Anderson 8.00
Anaheim, CA Dir, sales & marketing

365 WLM,Qid (rjg Co. Al McKeown 5.00
Portage, Ml President

365 WJWn..PIa~.tics SALL P HeInz Dierselhuis 8.00
Peachtree City, GA Dir, of operations

365 Intsg.r1ty.Eias~1oainc, Michael Frey 8.oo’
Denver, PA VP operations

365 Grant P as iç~Inc. Bruce Curtis 500E
Brookline, NH Plant manager

365 emprg~ucti.onaa.stic&ipc~ Koby Loosen 800E
Corona, CA Vice President

365 Rockor~dPritrc. Wayne Rasher 800E
Loves Park, IL General Manager

365 ~ iio~ Barbara Roberts 8,00E
Santa Rosa, CA President

378 K&BM c~dedErodjjc~D~ HE. Kuhns 7.90
Brookville, OH President

379 ft~$iApJrs,.kLC_ Britt Murphey 7.80
Mishawaka, IN President & owner

379 C~prpci<..r~1anufa cturing Inc. Mike Edwards 7.80
Lubbock, TX Vice President

381 Precision Cu ~q.oj?spdqct.!nc. J. Greg Best 7.67
DeGraff, OH President

382 Crescent industries no, Eric Paules 7.50
New Freedom, PA Operations manager

382 0Lslipqtiy~,PIastics (tic,, Tim Curnutt 7.50
Vista, CA President

382 J.rJnQPJes.cQ~P. Keith Kinnear 7.50
Kenton, OH President

382 ~4o~djng.Qprp..,Qf&r~ieJica Miguel Barba 7.50
Pacoima, CA Molding manager

382 P eirnJingV.eJLbp.?Ia~tLcs.Ln..c., William Deimling
Amelia, OH CEO & President

387 rn periaj,Cu.sjom Moi~ing In C. dbaJCM Robert King 7.40
~I~jiçs_ President
Rogers. MN

388 WaasLPJe.stics Inc.,. Robert Lange 7.30
Medford, WI CEO & President

389 EPP learn Inc d.~,a~.rnpi.rei..r.i.,cision Neal ElIl 7.10
Plastics President
Rochester, NY

390 Acrn-~ncon Plastics LLC d Jeff Wyche 7.00
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Chino, CA President
390 Aliance-Carohria George Lewis 7.00

Arden, NC President
390 Au m,a ion Ie~la~orp, Harry Smith 7.00

Aurora, OH President

390 g~ighj.PIa~c~ Joe Vest 7.00
Greensboro, NC VP manufacturing

390 CeLCb a$~ics1ac~ Barry Hart 7.00
Englewood, CO President

390 Eng~aQeyingjNu~r.i.e,sin ç. Dean Vandeberg . 7.00
Verona, WI President

390 GiobaiPiastics Inc. .J.R. Spltznogie 7.00
Indianapolis, IN President

390 Nescor las cs Cow.. Darrell McNaIr 7.00
Mesopotarnia, OH President

390 Rqlc.p inc. Chip Greene 7.00
Kasota, MN VP operations

390 Tech NH Inc. Greg Gardner 7.00
Merrimack, NH General Manager

390 AQQuIe.QSysInms Inc. Larry Sternal
Elk Grove Village, IL VP manufacturing

390 PLtI.kIaustrl~Jnc. Isaac Klrbawy 700E
Canton, OH Process engineer

390 (n.s IQdh,JatQcna!iQn.e 1r.c~ David Butt 700E
Cary, IL President

390 Mastercr?ft.C.Q~. Arie Rawlings
Phoenix, AZ CEO & President

390 Molnr~iJy..iE,tasti~LtC.o.,.joc. Keith Ruby 700E
Dundee, Ml President

390 ~ Neal Onderdonk
Rochester, NY President

406 gn,du[QPlastt~lnç, Mark Diiilio 6.90
K’rtiand, OH President

407 ~(eniatustri~.LLQ William Renick 6.85
Kenosha, WI Exec. VP operations

408 M~.Etes~csMolding Larry Byrd 6.80
Addison, TX President

409 Fr~pJ~J.i.n a~E~c. Tom Murray 6.70
Franklin, IN Operations manager

409 0otexCp,rp. John Weaver 6.70
Sarasota, FL Secretary & Treasurer

411 ~ Patrick Brandstatter 6.60
Bridgman, Mi Vice President

412 5p.a ma Mc.MetErcsWcisjnc.. Ronald Kessler 6.50
Youngstown, OH CEO & President

412 HJ]..Pt~stics Paul Aimburg 6.50
Lincoln, NE President

412 1ntc2[aItdi.PJp.~~i.cs Richard McKenney
Hudson, MA President

412 ~iaskie.chnQ!pgy..c.iroiapJnc Greg Davis
650

E
Santa Ana, CA Plant manager

416 ~r t~1v.e~.,C.o Thomas Dolan 6.45
Hillsborough, NJ President

417 Qiyar~.1fi.Qd.Menufactw.dr,afr,c,.. Sreemukh Sanne 6,40
Pearl, MS President

418 Res-TechCorp. John Schmidt 6.30
Clinton, MA President

419 Higb.t.a.nd,Jpiec.(i.on..M iding Inc. Jerry Collins 6.20
Salamanca, NY President

419 S lIe; Plastics Corp. G. Freimuth 6.20
St. Charles, IL President

419 H I~çne~nMqduIarMol~ingtnc.. Rodney Hillsman
Titusviiiie, FL CEO
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422 Uk~~~..~4oldin&Tooling Tom Beddoe 6.10
Anderson, SC President

422 MC. Tietj Plastics Inc. Michael Tletz 6.10
Eigin, IL President

424 Y~Itfiastic~soLp. Edward Venner 6.00
Largo, FL CEO & President

425 ~ James Stewart 6.00
Twinsburg, OH President

425 ~QSQchCoro, ChrIs Rapackl 6.00
Mount Laurel, NJ Vice President

425 HQmpFirey..Un.e.Jnc, e Melvin Ellis 6.00
Milwaukie, OR President

425 In sIriaiMoId~dProductsC.ojnc. Lee Benson 6.00
Palatine, IL President

425 .EI~stIc5...Mp.l~in.gCQ... Ron Strauser 6.00
St. Louis, MO President

425 .Eqisrcpr~Ppjtce.L USA Phil Miller 6.00
Reno, NV Production manager

425 .Re.~iSocoJe~opIogy.!.nc. 6,00
Arden Hills, MN NA,

425 .EutoP[estfld Harald Zacharias 600E
Endeavor, WI President

425 E~P_lijdusjrjQs.lnc. Anthony Nardi 600E
Morrison, IL VP operations

425 \?~nguard..!Iesti.c~Corp., Lawrence Budnick Jr. 6,00E
Southington. CT CEO

435 .Pxfl.e-F14s~tInc... Dave Kailna 5.90
Ramsey, MN CEO

436 .ê~dyan.iege..ManutacturJngCo p. Wanda Rea 5.80
Friendship, TN President

437 EHtePlasticProductsI~~.. Robert Mandevllle 5.60
Shelby Township, Ml President

437 ~~pro~~y.neP~$ticsInc. Ronald Brown 5.60
Ontario, CA President

437 Part Inc. Dennis Denton 5.60
Clover, SC President

437 VeflpiasCgritajners Inc. Thomas McCain 5.60
Little Rock, AR President

441 MJci.p rtM.gjdh,gjnc., C.W. Johnson 5.50
Bloomington, MN Co-President

441 F1ILq.Eu~.iecb.noiQgyJnC. Kathy Bodor 5.50
Ontario, CA President

441 $.&L PIa~ti~Iqc. John Bungert 5.50
Nazareth, PA President

441 W etmpr~Laj.4..p1~tiacp. Fred Crocker 5.50
Latrobe, PA President

441 HyTeri Pias~c ln~ Craig Helnselman 550E
Milford, NH General Manager

441 ~nights~c.ge~Jasticsmc, DavId Platt 550E
Fremont, CA President

447 8R~eRid.g.Q.Indu~j[1~sjnc. Mary Sane 5.40
Winchester, VA President

448 Arn.PrpC ustom.Mo~ng Malcolm Kidd 5.20
Leeds, Al.. General Manager

448 Precision Pies c.&~ie.Co.,. George Bailey 5.20
Ithaca, Mi Vice President

450 A&~.PIesIic~ifl.c. John Vlnka 5.00
Elgin, IL Vice President

450 AlaMme PJes.Iics.l.nc. Perry Greer 5,00
Birmingham, AL General Manager

450 Hamiitpn Machine ~ Mold Inc. TimLocke 5.00
Holland, Ml Engineering manager
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450 lndystript Tool & Plastic$Jjiç. Nell Johnson 5.00
St. Croix Fails, WI President

450 tocan Industries Inc. Ronald Miller 5.00
Los Angeles, CA Vice President

450 Bgrn~IpgI&Plastics Inc. Miio Hennemann 5.00
Aimena, WI President

450 ~portsmen’sPlastics Inc. Hank Llsciotti 5.00
Leominster, MA Vice President

450 Terhorst Manutac~g!~ginc~ Ron Martin 5.00
Minot. ND Molding supervisor

450 Wonder Molded Products Inc. Fred Dickman 5.00
Crystal Lake, IL President

450 Northeast Mold & Plastics In. Ron Bodeau 5.00
Giastonbury, CT Production manager

450 Ujckmarr Plastics Division Marco Pierobon 500E
Sterling Heights, Ml Vice President

450 M eritfrecision MouIng.L~ct TIm Barrie 500E
Peterborough, Ontario President & GM

450 C!~a.P!estics_Inc Olan Long 500E
Canal Winchester, OH CEO

450 Betrn.Seactrprecisio ol~Inn.Qo. Warren Avis 500E
Riviera Beach, FL President

450 Pris m~l.aSics Inc. Bill Johnson 500E
New Richmond, Wi Sales manager

450 IeiiyHQFt? atLcs no. George Douglas 500E
Jacksonville, TX General Manager

450 Ip~Ken Too &..~ngLn~flgiflc... Bruce Carmichael 500E
Muncie, IN General Manager

467 A!! .We.sjEjasticsinc Errol Westergaard 4,80
Antioch, IL President

468 AØvanced Plastics cprp. Charles Worswlck 4.80
Warren, MI Plant manager

468 DimaticD ndlooiCc. Scott Drvoi 4.60
Omaha, NE President

468 jpbnspn.Pre.cisipp l.nc, RIchard St. Onge 4.60
Amherst, NH President

468 P roiluiLPiastics Jerry Plath 4.60
Opelika, AL President & owner

472 L.ffjnity.,QtsttQpiMplding Todd Cook 4.50
Mendon, Ml Owner & operations mgr.

472 Qpurbon aslic,.!p.c. Rick Green 4.50
Bourbon, IN President

472 .Qranhtt~tatQ.fJa John Calianan 4.50
Londonderry, NH President

472 IEM Plastics Jnc~ Dennis Waiters 4.50
Wixom. Mi Operations manager

472 4jcoieLPjasficajnc. Robert Macintosh 4.50
Mountain, WI VP & COO

472 ~jperiQLP?sti.cs nc.~ Ed Grimm 4.50
Plain City, OH VP product development

472 Matrix TooL.!nc Dave Lewis Sr. 4.50’
Fairview. PA President

472 SP Industries John Doster 450E
South Bend, IN President

480 Carl WJ~.ew.e I.t..!S precjp.rjngJ.n c. Carl Newell 4.40
Glendale, CA President

481 Champion injecflon Molding Ln.c Bo Campbell 4.28
Warren, OH Plant manager

482 Pena M~ld.e~Ps.o~uctsIr~c. Daniel Hidding 4.21
Arlington Heights, IL CEO

453 Itiermold Corp. Ronald Farley 4,20
Canastota. NY President

454 ~te.rng,M.e.ac~fecturingCQjn_c, Dennis Wrzesinski 4.10
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South Lancaster, MA President

485 Eltis vrgttPIsstics Mfg,.lnc. Dave Schmitt 4.08
Butier, PA Plant manager

486 L~S..P sJ~ion.MoiriIng.lnc. Roger Michalski 4 oo
Watervilhle, MN COO

487 D&l.roojinig& Fla~tjcp I, lommy Dement 4,00
Jacksonville, TX President

487 Ei~.Ppclts. Chris Smolar 4.00
Carlstadt, NJ Plant manager

487 F!y~eJoot&P~c..CQ. M. Haddock 4.00
Bridgeport, CT Operations manager

487 E~c.t~as Joseph Glzara 4.00
Douglassville, PA President

487 5JCPlaspcMolcJjrigInc. Steve Streff 4.00
Monroe, WI President

487 CaI.araManuteciuring BIas Aicala
400

E
Pacoima, CA Plant manager

487 Qeysjar..Pr.Q u.i,tslnler.natiqnallnc. Doug Goodman
Phoenix, AZ President

487 Pr~rnicrMo!d~dE.Ia~tLca.Go. Rick Cauweis 400E
Leland, NC Plant manager

487 Reiiawdndustdes c. Waiter Eberhardt 400E
Hartland, WI President

496 ~ Annette Crandall 3.83
Lawrence, Mi President

497 Cut.tom. .PLesticainc. LInn Derlckson 3.80
Ontarid, CA President

497 Hap,~.,ipc. Larry Skalonz 3.80
Baraboo, WI Plant manager

497 ~ Ray Seward 3.80
Abingdon, MD President

497 Quasbnictlcpi.corp. Duane Savliie 3.80
Lodi, CA Plant manager

497 Per’formançePiastics Ltd. Tom Mendel 380E
Cincinnati, OH President

502 ~~pIastiç~LLC Rod Roth 3.66
Hiilsboro, OR President

503 A&AGIq~Undu~rj~tn~ Steven Kovens 3.60
Cockeysville, MD Exeoitive VP

503 ~ John Den Hartog 3.60
Hospers, IA President

503 Su.nbait Plastics Inc. John Anseiml 3.60
Frisco, TX President & owner

506 Conrlocfll,Isstics Vein Meurer 3.50
Brea, CA Vice President

506 D~Matftastics Inc. David Kabbal 3.50
San Diego, CA President

506 I,~dusj4ajPlasAiçProduct~Jnc. George Thome 3.50
Miami Lakes, FL CEO

506 Elastics One. Inc., David Wallenborn 3.50
Roanoke, VA CEO & President

506 ~ Joe Kelly 350E
Clinton, MA CEO

511 HorvathCo LLC T. Horvath 3.44
Scottsdale, AZ N.A.

512 8&~]s.~cLe0,0. QJg.co Inc. Dave Fry 3.40
Muncie, IN Molding manager

513 Sonohte Plastics Corp. Peter Lawrence 3.30
Gloucester, MA President

514 ~Mt~nterpri~eiinc, Dave Salomone 3.20
Cummirig, GA Plant manager

514 My.c~PiaslLca in.ç. Edward Snider 3.20
Jacksonville, TX President
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514 Nate~cb..Plasticsinc~nc. Thomas Nagier 3.20
Ronkonkoma, NY President

517 Action Mold & Tool 0g. Bill Hail 3.10
Anaheim, CA CEO

517 Astar Inc. Sidney Mooro Jr. 3.10
South Bend. IN CEO

517 Holzmeyer Die & Mold Mfcj. Corp. Alan Holzmeyer 3.10
Princeton, IN President

517 Mother LodtPlag~~ Mitch Young 3.10
Sonora, CA General Manager

521 B.M.P. Injection Larry Harden 3.00
Riverside, CA President

521 Dirn?nsion Moiding.çorp. Mike Stigllanese 3.00
Addison, IL President

521 Frarn Trak industries Inc. Al Santelil Jr. 3.00
Middlesex, NJ Owner

521 ~org.tKv Jnduflie Inc. Mall Koket 3.00
Erie. PA President

521 HarUegQM e.n,vfactutipg±no. Tony Hartiage 3.00
Buckner, KY Sales & engineering

521 iiQftman.Manu[ac~v.riogJnc. Larry Hoffman 3.00
Concord, Ml President

521 M,P,&intqrneiboneLtnc, Bernard Gheibendorf 3.00
North Miami, FL President

521 S.flape Global echnoiogy Bob Crane 3.00
Sanford, ME Engineering

521 V,.nita0.Plasllc.Moi0~cs no. W.C. Hoge Jr. 3.00
Jackson, MS Owner

521 c~ic.rri$etyic.e lat. Mlnoo Seifoddini 3,00E
Lake Geneva, WI President

521 Magn~.4_Mpjgtng Dave Pedrottl 300E
Pittsfield, MA President

521 ~ Anthony King
Oiney, IL President

521 ~Riy.~LYa,lley.~a.~IiciLnc~ Harold McCracken 300E
Elkart, IN President

534 YIsjpn.TechnicaLMpiqli~LW Anthony Brodeur 2.95
Manchester, CT President

535 ME$.,EIas.tJ.c.s David Nickolenko 2.80
Marlborough, CT Generai Manager

536 kim rico S Jeff Mosey 2.71
New AJbany, IN Sales manager

537 g!WLQ..PIasticIJnc.. Shane ErwIn 2.70
Riverside, CA Sales manager

537 Pta ~.ch1n.c. Michael Hendrickson 2.70
Corvaliis, OR President & owner

537 Pracisio.n.Motd & Too Inc.. Mark Longbrake 2.70
Kissimmee, FL Vice President

537 Mesie.rmQMInginc. Raymond Steinhart 270E
Joliet, IL Vice President

541 Accurate Molded Products Inc. Howard Devlne Sr. 2.50
Warwick, RI President

541 King~1QmEIastics~gfp,, Gabriel Hostalet 2.50
Skokie, IL President

541 Miprophor Peter Keightley-Pugh 2.50
Wiilits, CA Manager, custom division

541 StLetek Inc. Richard Salvo 2.50
Lowell, MA Engineering manager

541 Tact Pia$tlcsjnp. Glen Smith 2.50
Shelby, NC President

541 Woodland Plastics Corp. Lee Sinderson 2.50
Addison, IL President
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541 Stelray Plastic Products Inc. Larry Saffran 2 50E
Ansonia, CT President

546 Derby Plastics Ltd. Thomas Derby 2.45
Neenah, WI President

549 Oscoda Plastics Inc. Mark Welles 2.40
Oscoda, Ml Plant manager

549 Spoona Plastics LLC Dean Lail 2.40
Asheboro. NC President

551 Hope n~i..st.Le~inc.. John Hourenagie 2.30
Madisonville, TN CEO

551 Soath rn.2t.asIic..~ Pu~k?1QQ.. Frank Noce 2.30
Ormond Beach, FL Owner

551 I,e,.c.h a:EIe.sticalnC, Steve BariiIa 2.30
Lehigilton, PA President

551 ~p.e~.PJ?s.!Jca_&JpoIing.Inc.. Tom O’connor 230E
Garland, TX President

555 .Qe tr.gi’l..Mo!ded Pr9tcItjn.q. Craig Johnson 2.20
Ira Township, Ml Operations manager

555 .t~yte.carb.Qorp~ Frank Cooley 2.20
Vero Beach, FL President

557 CEEtastJcs,~roupInc. Marcus Turner 2.10
Falconer, NY President

557 ~.P,Qo~ppc~ut~.4fl4e~co~AfiqCY. Marco Castlila 2.10
Jiutepec, Morelos Subdirector

559 AuIe.cti.Eiast~c.s Charles Beck 2,04
Auburn, NY President

560 Quake gstrIe~JnQ Ron Pierrlna 2.00~
Beigrade, MT Vice President

561 A&D Plastics Inc. Jerry Jagacki 2.00
Plymouth, Mi General Manager

561 Hugft$IQrr.tElastics Robert Wilson 2.00
Bishop, CA Owner

561 Latin American in4yjjries LLC Olivia Benitez 2.00
Grand Rapids, MI President

561 .M.icrom.oWn~. Ron Peterson 2.00
Riverside, CA General Manager

561 ~oitfrec[siojigngEn.ee~jn,g,Inc. Peter Minaskanian 2.00
Simi Valley, CA President

561 Noble Pia~iica.Jn;. Melissa Rogers 2.00
Lafayette, LA President

561 .Ei~sttcaQ.rsi.up Buzz Brockway 2.00
Lawrencevlile, GA Operations manager

561 Richard PIa~ti~Qg~ David Buck 2.00
Laurel, MS President

561 S’JcQP.ro~uQta..!.nc,. Brenda Rupert 2.00
Blue Springs, MO President

561 S~.!n’a~c&Q&. Ken Mease 2.00
Selinsgrove. PA CEO

561 $inicon Plastics nc David Alien 2.00
Pittsfield, MA President

561 $teflarPlasfts Inc. Fred Smith 2.00
San Marcos, TX President

561 Ab Plastics In c.,. Scott Haws 200E
Yorkville, IL Owner

574 Chenango YffyJp~ag)ggi~fl.c. Uoyd Baker iSO
Sherburne, NY CEO

575 Accu.1..ecb Piestics William Byer 1.80
Batesville, MS President

575 Lio.ao Plastics James Prior 1.80
Ontario, CA President

575 Poly-JecI Inc. Larry Thibeauit 1.80
Amherst, NH President
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575 Ath~anced Molding Clair Havens
Ontario, OR Owner

575 MasIEj4~ersInc. Will Smetana
Orangeburg, SC President

580 Pias-Tech Molding & Design mc, Klmn, Hunt 1.77
Brirnfield, IN General Manager

581 Eclipse Mpnufacturin~Qo. Robert Hinman 1.75
Lake Zurich, IL President

581 ~~Qjn~Q5trislflç~ John Szalan 1.75
Bridgeport, CT President

581 Weoco Plastics In. Waldo Parmeiee 1.75
Middlefield, CT President

584 ~ilon Plastic Product.s Inc. Richard Keich 1.70
Xenia, OH President

584 MasI~.riQ~L~ndMiIn Frederick Stermer 1.70
York, PA President

586 G.A M..~ngineQrLng Skip Glatt 1.68
Bensenville, IL President

587 A im er.ccesaingijx. Jacqueline Jones 1.60
Longmont, CO President

587 #~rMc[ciinaln~. Tim Dailey 1.60
Denver, CO President

589 A~1df~tetflj~ctioftMoid.sjn. Jim Jarrett 1.50
Clinton Township, Mi President

589 ~ Clifford Basque 1.50
Leominster, MA President

589 Eo~r.f~qcqsLLAd,. Mark Fox 1.50
Fenton, MO President

589 M ion.~y.?tastIc~.to.c.. Edward Maloney 1,50
Meadville, PA President

589 OnQW?y FlasUc~Inc .. Joe Peterfeso 1.50
Edon, OH President

589 PearL s.tprn.f.Igstic QIding Ken Grimes 1,50
Owynneville, IN Owner

589 EKLPeeIc Pjaslics Inc. Dave Anthony 1,50
Colorado Springs, CO President

589 Eyr~mic.Elasi~.!.n James Newman 1.50
Cleveland, OH President

589 f~DMolders Inc. Gregory Brown 1.50
Austin. TX President

589 T.elcEnterprise!nc Thomas Kerr 1.50
Hartselle, AL Vice President

589 Aø.yan.cedlngtnaoctngj MQtøing Donaid Furness
lechnology Inc. President
Riverside, CA

589 R&D Plastics Inc. R. Dennis Weaver
Arden, NC President

601 Bailer Plastics Inc. W.A. Messina 1.45
Kissimmee, FL CEO & President

601 Precision McIded Plastics Ted VanVoorhis 1.45
Upland, CA President

603 Acvtek Inc. Terry Stebblns 1.40
Odessa, MO Production manager

603 ic.lnjactton.~4QNerj.. Inc. Greg Knopr 1.40
Fertile, IA President

603 ES..M.ccet.~.ngin~.eftn.a.!nc. Jeff Lange 1.40
Post Fails, ID President

603 Sum miR MoIØ ng.&gpgiuee ing..ln c. Charles Rothe 1,40
Madisonville, KY President & co-owner

603 $ynte ftQevelop.menL& Mfgjnc. Bob Hobbs 1,40
Chino, CA CEO & President

608 Norti.c lnc, Coleman HardIng 1.35
Oriskany, NY President
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609 Anaencaflfredsionproducis Mark Bannister 1.30
Huntsville, AL President

609 Qato Pmasjics..jnc, h James O’Brien 1.30
Miami. FL President

611 !ktFr~cispn.Jns~ru,ment.QQJ.nc. Thomas Wliks 1.27
Union Bridge, MD President

612 AyannaPiasljcs & EogIrie~rinQinc. Scott Redmond 1.25
Largo, FL General Manager

612 YeniYr~1.Pi.v~ion~GLbsop..Qo.vmy Ben Cottreil 1.25
_inc. Marketing

Yorkvilie, TN
614 Qyn.a_Tec.h..C rp. Terry Weisch 1.20

Largo. FL President
614 Hoffman ~.c1siQn...F.Ias.li~a.lac. Joseph Beivliie

Blackwood. NJ Plant manager
616 .M id-ArnericaP~sticCo. Eric Erdmann

Forreston, IL President
617 ~dj~anla.gaf.1ast.iQ.Er.o,.uc.t1..w.c WaynneFroman 1.10

Manchester, NH VP operations
618 ~ Earle Segrest 1,06

Lenoir City, TN CEO & President
619 All-State.P~asti.cs,Inc Patrick Minyard 1.05

City of Industry, CA President
620 ~ngran Inc.. David Poiewski 1,00

Lawrenceburg, IN VP manufacturing
620 g.~a~~!ai.n~I.astI.c.Mcldlng..LLQ Joseph Schabel 1.00

Fargo, ND Plant manager
620 !vl Qlded FIa.s~ic.CornppnentsInc. Marcel Coutu 1.00

Woonsocket, RI General Manager
620 Proj4gltinc., Randal Herr 1.00

Riverside, CA VP & GM
620 IKC&!~.EIas1Lcs Brian Chambers 1.00

Wyoming, Mi General Manager
620 )L~MQLdIn.giflc. Ben Veitien 1.00

Longmont, CO President
620 Y~n.tt~rai,LQai~!QnMg~d.i~gJnc, Richard Sloane 1.00

Ventura, CA President
620 P~.calurflasiicsInc. Doug Jackson 100E

Decatur, TN Vice President
620 rennQ~InjactiQiThlQJ.øi.ng.QQ~i~c Hayden Black i ,00E

Gallatin. TN President
629 .Mito..E.Ias lics Manfred Toil 0.90

Saugus, CA Owner
630 AWe Plqsticslnc Tobin Post 0.87

La Vernia, TX Plant manager
631 P Lec.is!Ofl.MQ.!dad.PrQcLvcts Naum Royberg 0.85

San Antonio, TX CEO
632 Qyna.mi.c M ol~ingInc. Rick Haack

Loveland, CO VP & GM
633 chesapeam~e..~!asllcMa.nsfaclurJngJac., Mark McGrath 0.78

Lusby. MD Co-owner
634 Ae.g !asl1csorc~ Tom McNamee 0.75

Deer Park, NY President
634 ~ Darryl Crowe 0.75

St. Petersburg, FL General Manager
636 pg~~pmdc.Q..Piasflcsjnc. Nick Trees 0.70

Anaheim. CA President
636 ft ~ c. Ron Westburg 0.70

Laguna Hills, CA President
636 Sxa.~l.,L~ Tom Cairns 0.70

Lemoncove, CA Owner
639 Simplprnatic Man.utacWrJn~Co. David Hahn 0.65

Chicago, IL Assistant GM
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640 ~flØe[~Qflflsticsi!B. Steve Anderson 0.62
Girard. PA President

641 Port City Custom Plastics Brenda Adams 0.60
Muskegon, Mi Plant manager

642 Jerrico Tool Inc. Jeremy Peirick 0.50
Alden, NY Molding manager

642 Plastics USA inc. Jerry Covington o~E
West Melbourne, FL President

644 HPI Molding A.J, Diliard 0.48
Elgin, IL Owner

645 Wolf Mold Inc. Randy Carruthers 0.40
Hayden, IC) Executive VP

646 Rix Products Rick Rldeout 0.39
Evansville, IN Owner

647 Q&D Pmasticsj.oc. Don Siezak 0.38
Forest Grove, OR President

648 R o nCo. Christopher Robson 0.30
Girard, PA President

649 ~iaciLe.cti.Sn!e~.~CaJjfo.rS.udI John Catalano 0.25
Walnut, CA Business manager

650 Rfiø..Qe.øw.. Fia~tLcsJ...LQ Kelly Kadinger 0.23
Menomonie, WI President

651 Mp.&erri_M.pjd[rig.tnc~. Ted Graham 0.18
Jupiter, FL President

652 W~L Enterprises Inc Wayne Lenhart 0.16
ClIfton, KS President

653 Mit~ect,]nc. Dick Merritt 0.15
Santee, CA President

654 QentennJaLMpI~ioa.L.LC Val Kopke 0.12
Hastings. NE VP operations

655 Pj~~4.i~~dCsncQpts.QLC.Q.n octicut John Harris 0.10
Inc. General Manager
Manchester, CT

(P)=Publiciy Held N.A~Notavailable
All information was provided by the companies, except where otherwise indicated.
* Midpoint of a company-provided range
— Company-provided estimate
Epjastjcs News and industry estimates. These figures were not provided by the company.

CURRENCY NOTE: MI Canadian sales figures have been converted to U.S. dollars using the
average annual exchange rate for the 12 months of each company’s fiscal year. For fiscal
years that correspond to calendar-year 2004 the following average annual rate was used:
CS1=USSO.77.

All companies’ fiscal years correspond the calendar-year 2004 unless otherwise noted,

a) Plastech Engineered Products Inc. agreed March25 to acquire the assets of Andover
industries, which was in Chapter 11 backruptcy protection.
b) Decoma international Inc.’s publidy held parent, Magna International Inc., has taken the
company private, effective March 6. 2005. Magna plans to combine the Decoma Injection
molding business with its Magna Donnelly Corp. and operate the firms jointly under the Magna
Donnelly name.
c) Home Products International Inc. was acquired by equity firm Storage Acquisition Co. LLC
in November 2004 and taken private.
d) Tupperware Corp.’s data reflects recent layoffs; the company is continuing to curtail U.S.
manufacturing operations.
e) Moll Industries Inc. acquired Textron Inc.’s mnteSys Technologies Inc. unit and Formec SA
de CV’s Monterrey, Mexico, business, early this year. Also reflected in Moll’s listing is its
acquisition of Creative Plastic Molders Inc. In May 2004.
f) Carlisle Cos. Inc. has put its Carlisle Engineered Products Inc. unit up for sale,
g) Switzerland-based Sarna Polymer Holding Inc. has put its Sarnamotive auto supply group
up for sale. including Sarnamotive Blue Water Inc. Also, Sarnamotive Blue Water will close its
Lexington, Mich., injection molding site by the end of July.
Ii) Atlantis Plastics Molded Products Division’s data includes its purchase of LaVanture
Plastics in November 2004, which included injection molder Molded Designs Technology Inc.
i) Jarden Plastic Solutions previously was listed as Unimark Plastics,
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j) CalsonicKansei North America Inc. previously was listed as Kantus Corp. Sales for parent
CalsonlcXansei Corp. are for the fiscal year ended March 31, 2004.
k) Nyloncraft Inc.’s listing includes certain assets of Autornold of America Inc., which it
acquired Oct 29, 2004.
I) Injectronics Inc.’s listing includes its May 2004 purchase of Giireath Inc.
m) Leggett & Platt Inc. acquired Canadian injection molders Conestogo Plastics Inc. and
Shepherd Products Inc. in December 2004.
n) Alcoa Inc. signed a letter of intent to hilly acquire AFL Automotive from joint venture partner
Fujikura Ltd. ofJapan. Engineered Piastic Components is part ofthe AFL auto business,
o) Pflklngton plc’s corporate sales are for the fiscal year ended March 31, 2004.
p) Wilbert Plastic Services previously was listed as Morton Custom Plastics Inc.
q) Newly listed Vaupeli Inc. acquired previously listed SciTech Plastics Group LLC in May
2004.
r) Easley Custom Plastics inc. previously was listed as McKechnie Plastic Components, which
was bought by equity group CII industries Inc. in May 2004.
s) Libralter Plastics Inc.’s data includes the operations of Alpine Plastics Inc. The firms
recently were consolidated on the basis of common ownership.
t) Parker Hannifin Corp. acquired Webster Plastics Inc.’s parent, Acadia Elastomers Corp., in
November 2004.
u) LMT-MercerGroup Inc. data indudes certain assests of Hariville Plastics Inc., which LMT
acquired in February 2004
v) Duo Plastics Inc. was acquired in May 2004 and now operates as Imperial Plastics Inc.
w) Kam Plastics Corp., previously Karn Industries LLC, Is now partly employee-owned.
x) True Precision Plastics LLC previously was listed as MPC Industries LLC
y) Plastronics Plus Inc. previously was ranked under the name of parent Newcor Inc.
z) In January 2005, UT1 Corp. changed its name to Accetlent Inc. and is moving its
headquarters to the Boston area.
aa) Previously listed Plastic Components Inc. was acquired by Hampson Corp. in July 2004.
bb) Pent Custom Molding previously was listed as Pent Plastics Inc.
cc)Advanced Plastics Inc. was acquired in August 2004 and now operates as EPI Advanced
LLC,
dd) Acorn-Gencon Plastics LLC acquired Dart Plastics & Engineering Inc. last year.
ee) Humphrey Line Inc. previously was listed under parent Molded Container Corp.. which
consolidated into its Humphrey division.
(I) Molding Services of Illinois Inc. previously was listed as Molding Systems Corp.
gg) Hope Industries Inc. previously was listed as Rauschert Injection Molding Inc.
hh) Gator Plastics Inc. previously was listed as Disposable Plastics.
Ii) Stacktech Systems California Ltd. previously was listed as Fairway Molds Inc.
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Injection Molding Machines

Introduction

The injection molding machine(1MM) is
oneof themostsignificantandrationalform-
ing methodsexisting for processingplastic
materials.A majorpartin this development
hasbeenby the forward-thinkingmachinery
industry,which hasbeenquick toseizeon in-
novations and incorporatetheminto plastic
molded products. The most recentexamples
aretheall-electricand hybrid IMMs. A major
focuscontinuesto beonfinding more rational
means of processingtheendlessnewplastics
that are developedandalso produce more
cost-efficientproducts.A simplified general
layout for an 11MM is shown in Figs. 2-1 and
1-3.

Foryearsso-calledproductinnovationwas
the only rich sourceof new developments,
suchasreducing thenumber ofmoldedprod-
uct componentsby making them able to per-
form a variety of functionsor by taking full
useof material’s attributes. In recent years,
however, processinnovation has also been
movinginto the forefront (Fig.1-16).Thelat-
ter includes all the meansthat help tighten
up the manufacturing process,reorganizing
arid optimizingit. All activity is targetedfor
the most efficient application of production
materials, a principle which must run right
through the entire processfrom plastic ma-
terials to the finished product (Fig. 1-15and
Chap. 4).

Even though modem 1MM with all its in-
geniousmicroprocessorcontrol technology is
in principle suitedto perform flexible tasks,
it neverthelesstakes a whole seriesof pe-
ripheral auxiliaryequipmentto guaranteethe
necessarydegreeof flexibility, examplesin-
clude (1) raw material supply systems;(2)
mold transportfacilities; (3) mold preheat-
ing banks;(4) mold-changingdevices,includ-
ing rapidclampingand coupling equipment;
(5) plasticizer-cylinder-changingdevices; (6)
molded-product handling equipment, par-
ticularly robots with interchangeable arms
allowing adaptation to various typesof pro-
duction; and (7) transportsystems for fin-
ished products and handling equipment to
passmoldedproducts on to subsequentpro-
duction stages

There aredifferent types and capacitiesof
IMlyls to meet different product and cost—
production requirements.Thetypesareprin-
cipally horizontal single clamping units
with reciprocating andtwo-stageplasticators.
They range in injection capacity (shot size)
from less than an ounce to at least 400 oz
(usually from 4 to 100 oz) and in clamp
tonnage up to at least 10,000 tons (usual
from 50 to 600 tons). Other factors when
specifying an 1MM include clamp stroke,
clamping speed, maximum daylight, clear-
ancesbetweentie rods, plasticatingcapacity,
injection pressure,injection speed,and soon,
asreviewed in this chapter and Chap. 4. The
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EMISSIONSFROM PROCESSINGTHERMOPLASTICS

M. J. Forrest, A. M. Jolly. S. R. Holding and S. J. Richards
RapraTechnologyLtd, Shawbury,Shrewsbury,ShropshireSY4 4NR. U.K.

(Received9 Ma 1994 and in finalform 9 August 1994)

Abstract—A2-yearstudyhas beencarriedout into theemissionsproducedduring theprocessingof
thermoplasticmaterials.Oneof themain reasonsfor theinceptionof thework wastheperceivedneed
by the plasticsprocessingindustry andmaterialsuppliersfor datain order to comply with recent
work-place legislation. Very few data obtained under ‘real life’ situations were available for
consultationprior to thestart of this study.The principal objective of the project thereforewas to
determinetheeffect that the processingof thermoplasticshadon theworkplaceenvironmentby the
collectionbothof qualitativeandof quantitativechemicaldata.During thestudyawiderangeof bulk
commercial thermoplasticmaterialswere covered,including polyvinyl chloride (PVC), Nylon 6,
acrylonitrile-butadiene-styrene(ABS), high impact polystyrene(HIPS), low density polyethylene
(LDPE) andhigh densitypolyethylene(HIDPE). In orderto investigatetheeffect the typeof process
hadon the emissionsproducedtwo principal fabrication methodswere studied,namely injection
moulding andextrusion-basedprocesses.

A wide rangeof specieswasdetectedin eachprocessenvironment,it beingpossibleto detectthe
relevantmonomer(s)in somecases.However,noneof thesituationsstudiedwerefoundto generatea
high levelof processfume.Theconcentrationsof thespeciesdetectedwerefoundto bein therange0—2 - . . c
mg m ~ understandardprocessingconditionsandup to -~ 10mgm3 duringpurgingoperations.In
noneof thesituationsstudiedwasanyindividualchemicalspeciesfoundataconcentrationabovethe
presentoccupationalexposurelimit. Thedataobtainedshowsthatahigherlevel of fumeis generated
by extrusion-basedprocessesthan by thoseinvolving injection moulding.

Emissionsdatawereobtainedboth by personalexposuremonitoringandfrom anumberof static
monitors positioned around the processequipment. This revealedthe important effect that the
monitoringposition hadon thedatageneratedandtheneedto employaneffectivesamplingstrategy
if representativedatawas to be obtained.The resultsobtainedalso showed how the choice of
sampling adsorbentcould influence thedataobtained.Tenaxhasbeenfound to be a satisfactory
general-purposeadsorbentmaterial for this type of study. - —

INTRODUCTION

Legislationconcernedwith themanagementof healthandsafetyin theworkplacehas
beena majorconsiderationfor all concernedin recentyears.It wasperceivedpossible
that employeesworking in the thermoplasticsindustry could be exposedto a health
hazardsince it was known that volatile chemical specieswere associatedwith the .. .1.

variousfabricationprocessesemployed.Although a numberofstudiesconcernedwith
thecharacterizationof the speciesproducedwhenthermoplasticmaterialsareheated
to elevatedtemperatureshavebeenundertakenin thelaboratory(Shmuilovichet a!.,
1981; Hoff and Jacobsson,1981; Lum and Kelleher, 1979) only a few workershave
attemptedto collect datafrom actualworkplacesituations.

Studieswhichareavailablein theliteratureincludetheinvestigationby Williamson
and Kavanagh(1987) into vinylchloridemonomerand othercontaminantsin PVC
welding fumes, and the measurementof the depolymerizationproducts in the
polyacetal,pol~amideandpolymethacr~lateindustries(Vainiotalo and Pfaffli, 1989).
In addition, Shaposhnikovet cii. (1975)determinedthe volatile productsduring the
processingof a limited numberof polypropylene,PVC (polyvinylchloride) and ABS

35



36 M. J. Forrestet a!.

(acrylonitrile-butadiene-styrene)plastics and Lemmen et a!. (1989) have published
dataon the speciesproducedduring the processingof PVC.

An importantcontributionto this areais a work programmethat wascarriedout
by Hoff et a!. (1982)in which bothlaboratoryandprocesssitedatawerecollectedon a
numberof thermoplasticmaterials.

In order to satisfy the demandfor more comprehensiveup-to-date ~real life’
thermoplasticprocessingemissionsdata, this 2-yearproject was undertaken.During
its lifetime 11 different thermoplastic—processcombinations were evaluated.The
principal objectivewasto determinetheeffectthattheprocessingof thermoplasticshad
on theworkplaceenvironmentby thecompilationbothofqualitativeandquantitative
emissionsdata. It was anticipatedthat the emissionsproducedfor a given process
would bemainly dependenton the material concerned.

Thereforeduring this studya wide rangeof importantcommercialthermoplastics
wascovered,It was also expectedthat in addition to material type a numberof other

factors would play an important role. The opportunity was therefore taken to
investigate the effect of the type of processusedon the emissionsproduced.Other
important aspectsof thestudy were likely to be any findings concerningthe effect of
ventilation, the relation of the monitoring position relative to the processand the
location of theactivity within the productionsite.

From a subjectivepoint of view the act of purging a thermoplasticprocessing
machineresultsin a muchgreaterconcentrationof fume emissionthanthat which is
producedunder standardprocessingconditions. Part of the study was aimed at
obtainingabetterunderstandingof the contributionmadeby thisaspectoftheprocess.

The principal sampling techniqueused throughout this study was based on
adsorbenttubes which were subsequentlyanalysedby thermal desorptiongas

- chromatography—massspectrometry(GC—MS). This analytical method is already
used extensively to provide environmentaldata (HSE, 1987, 1989 and 1992). The
principal limitation ofthis methodis the specificivity of the adsorbentsused,with no
adsorbentsbeingregardedascompletelyuniversalin performance.Samplingmethods
which useadsorbenttubeswith asubsequentsolventdesorptionstageprior to analysis
werealsousedandasecondaryobjectiveofthis projectwasa limited comparisonof the
two typesof analysistechnique.

Although some specific techniqueswere employedfor certainspecies(e.g. liquid
bubblersfor hydrogencyanide)it was not an aim of this project to carry out awide
range of specific analytical techniques for speciessuch as aldehydes,etc. As a
consequence,specieswhich werepresentat a very low concentration,andfor which the
thermaldesorptiontechniquesusedwere not the mosteffective methodof sampling,
may haveremainedundetected.This could obviouslybe of importancefor substances
which haveavery low occupationalexposurelimit. It should be pointedout therefore

that the scope of this project did not extent to a full exposureassessmentof the
thermoplasticprocessingsituationsunder study.

SAMPLING STRATEGY

The sampling strategyusedto collect atmosphericsamplescan have a dramatic
effecton the dataproduced.An important facetof this studywas thedevelopmentofa
samplingstrategywhich would providethe bestopportunity to collect representative
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dataon the specific situationsof interest.The salientpoints of the samplingstrategy
usedto collect samplesare as follows:

(a) where therewasa chanceto obtain representativepersonalexposuredatathis
was carriedout.However,if no operatorwasassociatedwith anygiven process
for a significant period astatic monitor was placedin the position where the
operativewould normally be situated.Such samplesarefrom hereonreferred
to using the term ‘static-operator’;

(b) in themajority of themonitoringsituationsanattemptwasmadeto investigate
the effect that purging of themachinehadonthe emissionsproduced;

(c) all static monitorswereplacedapproximately1.5 m from the floor, andat the
following distancesfrom the process:

Backgroundmonitors:4—6 m, and
Process(Machine)monitors:0.5—3 m;

(d) in the monitoring positions chosenstainlesssteel tubes packedwith one or
more of the following, Tenax, Chromosorbor Poropak,were employed.In
addition glassNIOSH type tubespackedwith charcoalwere usedfor plastics
where monomersmight be presentfor which there were establishedsolvent
desorptionbasedmethods;

(e) to evaluate reproducibility duplicate determinations were carried out on

selectedmonitoringpositionsduring certainmonitoring situations.Examples
of thesedeterminationsareshown in the datatables;and -

(f) where liquid bubblers were to be used for the determinationof hydrogen
cyanide,they were placedeitherside of the processmachineat a distanceof
approximately 1.5 m.

SUMMARY OF THE SITUATIONS STUDIED

(1) Material: Acrylonitrile-butadiene-styrene,ABS
Process:Injection moulding
Environment: A

(2) Material: High impactpolystyrene,HIPS
Process:Injection moulding
Environment:A

(3) Material: HIPS
Process:Sheetextrusion
Environment:A

(4) Material: High densitypolyethylene,HDPE
Process:Blow moulding
Environment:C

(5) Material: Low densitypolyethylene,LDPE
Process:Blown film
Environment: C

(6) Material: A low densitypolyethylene—linearlow densitypolyethyleneblend,
LDPE-LLDPE
Process:Blown film
Environment: B

(7) Material: Nylon 6
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Process:Extrusion
Environment A

(8) Material: Polypropylene
Process:Tapeextrusion
Environment: B

(9) Material: PVC (rigid)
Process:Injection moulding
Environment: A

(10) Material: PVC (plasticisedi
Process:Cableextrusion

Environment: B
(11) Material: SAN

Process:Injection moulding
Environment: A

Environmentkey
A = Work areawhere a number of different materials werebeing processednearby.
B = Work areawherethe majority or all of the nearbymachineswereprocessingthe

samematerial as the onebeing studied.
C = Experimentalprocessarea where therewere little or no other processestaking

placenearby.

SAMPLING AND ANALYSIS

A measureof the total volatile organiccompoundspresentwasobtainedat each
sampling point using thermal desorptiontubes packedwith 150 g of adsorbent.
Sampleswereobtainedat a flow rateof 100 ml min1, with the samplesize varying
from 10 to 151.

Thecontentsoftheadsorbenttubesweredesorbedat 250°CusinganSKC thermal
desorptionunit with subsequentanalysisof thedesorbedspeciesby a Finnigan 1050
CC—MS instrument.A liquid carbondioxide on-column cold focus techniquewas
employed using an SGE CTS-CLO2 system with a Chrompak CB Sil 5C8
25 m x 0.32 mm capillary column heatedat 40°Cfor 12 mm initially andthenat 5°C

min~to 250°C.Mass spectral datawere obtainedby scanningthe range 35—450
atomicmassunitsevery2s~TheChromatogrampeakassignmentswereobtainedusing
the FinniganNational Bureauof StandardsLibrary, with manualsearchingof the
RoyalSocietyof ChemistryLibrary andtheNationalInstituteof Health/Environmen-
tal ProtectionAgencyLibrarieswhereappropriate.Quantificationdatawereobtained
by calibratingwithdecanestandardsover the range0.02—1 pg.

Whereappropriate,specificsamplingfor the monomersstyreneand acrylonitrile
wascarriedout at eachsamplingpoint usingNOISH typecharcoaltubes(100/50mg).
The samplingratewas 100ml min 1, and thesamplesizevariedfrom 10 to 15 1. The
contentsof thetubeswasdesorbedusingcarbondisulphideandtheamountsof styrene
and acrylonitrile obtainedusing the analysis methodsMDHS No. 20 and No. I,
respectively.

The samplingof hydrogencyanidepresentduring the processingofABS and SAN
wasdeterminedin eachcaseusing two liquid bubblers,filled with 10ml oW. 1 m NaOH
solution. The amount of hydrogencyanidewas then determinedby analysingthe



Emissionsfrom processingthermop~astics 39

contentsof the bubblersin 100 p1 aliquotsusing a Watersion chromatographfitted
with a WatersIC Pak HC Anion Column. A 5 mM KOH mobilephasewasusedat a
flow rateof2 ml mm ~, with conductivitydetection.Calibrationcurveswereproduced
using potassiumcyanidestandardsin the range1—50 ppm.

During this study spotmeasurementsfor the specieshydrogencyanide.formalde-
hyde and hydrogenchloride werecarried out using Draegerand Gastechtubes.

RESULTS AND DISCUSSION

The data obtained using thermal desorption,solvent desorptionand specific
techniqueshave, for convenience,been segregatedaccording to polymer type.

To producetablesthat wereof amanageablesizethethermaldesorptiondatahave
been edited to remove speciesof which the concentrationswere below 0.1 or 0.01
mg m ~, dependingon thesituation.Also, thetermnot detected(nd)indicatesthat the
specieswas not detectedabovethe systemsdetectionlimit, which was approximately
lx i0~mg m3.

(1) Acrvlonitrile-butadiene-stvrene(ABS) -

Thermal desorption results. The thermal desorption results obtained for this
materialusingTenaxareshownin Table1. It canbe seenthata wide rangeof different
chemical speciesand of varying concentrationswas observed. As expected,the
concentrations of all specieswere higher during purging, but what had not been
anticipatedwas the relativelyhigh concentrationsof manyspeciesin the background,
the differencesbetweenthe backgroundand the monitoring positions close to the
injection moulderbeingquite small.

It was possibleto detectthe monomersstyreneandacrylonitrile (2-propenitrile),
anda modifier (cd-methylstyrene)which hadbeenaddedat thepolymerizationstage.
Butadiene was not detectedand this is thought to be due to its low residual
concentration in the polymerasa consequenceof its highly volatile nature.

Solventdesorptionresults. Charcoaltubeswith solventdesorptionswere usedto
monitor both for acrylonitrile and for styrene.The determinationswere carriedout
both under standardprocessingconditions and during purging. In none of the
monitoring positions was styrenedetectedabove the method detectionlimit of 0.4
mg m3 (101.sampleof air), or acrylonitrile abovethemethoddetectionlimit of 2.2
mg m3 (20 1. sampleof air).Both of thesespeciesweredetectedby themethodbased
on thermal desorptionbecauseof its lower detectionlimit.

Determinationofhydrogencyanide.Theemissionsproducedweremonitoredfor the
presenceof hydrogencyanide using both specific detectiontubes (Draeger)and ion
chromatography.

Spot measurementswere taken using Draegertubesduring the period that the
injection moulderwas operatingunderstandardconditionsand during the purging
operation.The measurementsduringstandardconditionsweretakenin the areathat
the operatoroccupiedand this wasapproximately1.5—2 m from the nozzle. During
purging,measurementsweretakenin thefumedirectly (~10—15 cm)abovethepurge
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Table I. Emissionsdataobtainedon ABS during an injection moulding processusing Tenax

ABS—injection moulding
Adsorbent,Tenax;Melt temperature.245C

Tube 1 static—background
Tube2 static—operator’machine
Tube 3 operator
Tube 4 static—machine(purging)

Concentration

Compound
Tube 1

1mg m3)
Tube 2

mg m3)
Tube 3
mem~°)

Tube 4
Imgm3)

2-Propenenitrile nd nd rid 0.02
Hydrocarbon(~—C5—C~j 0.01 0.01 <0.01 <0.01
Trichloromethane nd <0_Ui <0.01 0.02
1.1.1-Trichloroethane <0.01 <0.01 nd nd
Benzene <0_Ui <0.01 nd nd
Trichloroethene 0.01 <0.01 <0.01 nd
Unknown <0.01 nd nd nd
Alcohol (—~C5) 0.01 0.03 0.01 nd
Toluene 0.02 0.02 0.02 0.03
Hydrocarbon(~—C8—C10) 0.01 0.01 0.01 <0.01
Unknown <0.01 nd <0.01 nd
Xvlene isomers 0.03 0.03 0.02 0.01
Styrene 0.01 0.02 0.01 0.20
Hydrocarbon(~—C10—C1) 0.01 <0.01 0.02 0.04
Alcohol (-~C,)? 0.01 0.01 0.01 0.02
Benzene,methyl, ethyl isomers <0.01 0.01 <0.01 0.03
Benzene,propyl isomer <0.01 <0.01 <0.01 rid
Unknown nd nd nd 0.03
Benzene,trimethyl isomers 0.02 0.02 0.02 <0.01
Alpha methyl styrene <0.01 0.01 <0.01 0.30
Benzene,ethenyl,methyl isomers <0.01 <0.01 <0.01 0.22
lBenzene,dichloroisomer 0.01 0.01 0.01 nd
Acetophenone nd <0.01 rid rid
Benzene,diethyl isomer nd <0.01 nd nd
Unknown nd <0.01 nd nd
Hydrocarbon(—C12—C14) 0.04 0.06 0.04 0.07
Benrene,ethyl, diniethyl isomers 0.01 <0.01 . 0.01 <0.01
Benzene,methyl. diethyl isomers <0.01 <OUt rid nd
Naphthalene,tetrahydroisomer <0.01 nd <0.01 rid
Benzene,ethyl, methylethyl isomer nd nd <0.01 nd
Siloxane 0.01 0.01 0,01 rid
Unknown rid 0.01 <0.01 nd
Naphihalene,tetrahvdro.methyl isomers <0.01 0.01 <0.01 <0.01
BHT nd <0.01 <0.01 nd
Alcohol (‘--C12)? <0.01 <0.01 <0.01 rid

nd=not detected.

wasteandin thesameoperatorpositionas that usedduringnormaloperation.It was
notpossibleto detecthydrogencyanideabovethedetectionlimit oftheDraegertube(2
ppm) on any occasion.

Direct analysisby ion-chromatographyof the contentsof the samplingbubblers
did not revealanypeaksat anelution time which correspondedto that of thecyanide
ion. No hydrogencyanidewas thereforedetectableby this method,thedetectionlimit
of which wascalculatedasbeingapproximately0.5 ppm of the airbornespecies.
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Determinationofforinaldehyde.The emissionspresentunderstandardprocessing
conditions and during processingwere examinedfor the presenceof formaldehyde.
using Draegertubes havinga detectionlimit of 0.2 ppm. Using the samesampling
strategyasfor the determinationof hydrogencyanide,no formaldehydewasdetected
abovethe detectionlimit.

(2) High impactpolystyrene(HIPS)
Thermaldesorptionresults.Forthesheetextrusionstudy (Table2) monitoringwas

only undertakenusingTenaxadsorbenttubes,andwhile a rangeof differentchemical
specieswere identified they were all at comparativelylow levels.The speciesdetected

Table 2. Emissionsdataobtainedon HIPS during asheetextrusionprocessusing Tenax

HIPS—sheetextrusion
Adsorbent.Tenax;Melt temperature.193°C

Tube I static—background
Tube 2 operator
Tube 3 static—machine(1)
Tube4 static—machine(2)

Concentration
Tube 1 Tube 2 Tube 3 Tube4

Compound (mg m’3) (mg m3) (mg m’3) (mg m3)

Acrylonitrile nd nd rid 0.01
Methyl propenoicacid, methyl ester nd 0.01 <0.01 0.07
Toluene <0.01 0.01 <0.01 0.05
Ethenyl cyclohexene <0.01 0.01 <0.01 0.14
Xylene isomers <0.01 0.03 0.01 0.38
Styrene 0.03 0.13 0.05 1.48
Hydrocarbon(“-C8—C10) <0.01 0.01 0.01 0.02
Propyl berizeneisomers <0.01 0.01 <0.01 0.13
Alpha methyl styrene <0.01 0.01 <0.01 0.10
Ethenyl dimethyl cyclohexene <0.01 0.20 <0.01 <0.01
Acetophenone <0.01 <0.01 <0.01 0.02
Propenylbenzeneisomers <0.01 0.01 <0.01 0.02
Hydrocarbon(—.-C10—C12) <0,01 0.02 <0.01 0.01

nd=not detected.

wereprimarily aromaticin nature,styrenebeingoneof themost prominent.Thedata
producedduring this study illustratedwell how the position of a processwithin a
workplacecaneffect the concentrationof the speciesdetectedaroundit. Themonitor
positionedbetweentheprocessand the adjacentsidewallof the work area(Static—
Machine2) recordedhigherconcentrationsof speciesthanthe one positionedon the
othersideof theprocesswhich wasopen(Static—Machine1). For this workowing to
work schedulesit wasnot possibleto monitor during a purging operation.

With the injection moulding of HIPS both Tenaxand Chromosorbadsorbent
tubeswereused(Tables3 and4). A wider rangeof chemicalspecieswereobservedand
at significantly higher concentrationsthan for the sheetextrusion. However, the
background concentrationsof most species were not much lower than in the
monitoring positionsadjacentto the process.A comparisonof thedatafrom the two
types of ‘adsorbentgavegenerally similar results. Purging was monitored with both
tube typesand significantly higherlevelsof most specieswere found.
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Table 3. Emissionsdataobtainedon HIPS during an injection moulding processusing
Tenax

HIPS—injectionmoulding
Adsorbent.Tenax;Melt temperature.225°C

Tube 1 static—machine/operator
Tube 2 static—background
Tube 3 operator
Tube 4 static—machine(purgearea)

Concentration

Compound

Tube 1
(mg m~3)
(standard)

Tube2
(mg m3)
(standard)

Tube 3
(mg m3)
(standard)

Tube4
(mg m3)
(purge)

Dichloromethane 0.36 0.25 0.36 0.27
Toluene 0.31 0.28 0.25 0.32
Alcohol (C5) 0.33 0.30 0.22 0.46
Hydrocarbon (—C7) 0.13 <0.1 <0.1 <0.1
Xylene 1.60 0.66 0.49 0.40
Hydrocarbon (—C9) <0.1 0.12 <0.1 <0.1
Propylbenzene <0.1 0.38 <0.1 nd
Benzene,ethyl, methyl isomer 0.21 0.18 <0.1 <0.1
Benzene,ethyl, methyl isomer 0.12 0.10 <0.1 nd
Benzene,trimethyl isomer 0.31 0.28 0.13 0.12
Benzene,dichloro isomer 0.65 0.46 0.78 0.50
Benzene.trimethyl isomer <0.1 0.25 <0.1 nd
Hydrocarbon(—C10) 0.42 0.25 0.21 0.17
Hydrocarbon(—C11) 0.66 0.47 0.33 0.21
Hydrocarbon(—C12) 0.62 0.38 0.21 0.12
Hydrocarbon (~-‘C13) 0.15 0.15 <0.1 <0.1

nd=not detected.

Solvent desorption results. Charcoal adsorbeiit tubes with subsequentsolvent
desorptionwere usedto monitor for styreneduring the injection moulding of HIPS.
Determinations were carried out both under standardprocessingconditions and
during purging. No styrenewas detectedabovethe method detectionlimit of 0.4
mg m (10 1. sampleof air) in any monitoringposition.As in thecaseof theABS data,
it waspossibleto detectthepresenceof styreneusing thethermaldesorptiontechnique
becauseof the greatersensitivity of the method.

(3) High densitypolyethylene(HDPE)
High densitypolyethylenewasstudiedonly with regardto a singleblow moulding

situation. The resultsobtainedusing the thermaldesorptionGC—MS techniqueare
shownin Table5. Sinceblow mouldingisaprocessthatinherentlyproduceslittle fume,
it is possibly not surprising that very low concentrationsof specieswere detected.
Simple hydrocarbonsand toluene at a very low concentrationwere all that was
observed.The fact that theprocesswas beingcarriedout in a very cleanenvironment
with few other processesoperatingat thetime helpedto minimize theconcentrationof
speciesfound.

Purgingwasnot carried out during the study periodwith this processandsoit was
not possibleto study its effect on the emissionsproduced.

42
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Table4. Emissionsdataobtainedon HIPS during an injection moulding processusing
Chromosorb

HIPS—injection moulding
Adsorbent.Chromosorb;Melt temperature,225C

Tube 1 static—machine/operator
Tube 2 static—background
Tube 3 operator
Tube 4 static—machine(purgearea)

Tube 1
Concentration

Tube 2 Tube 3 Tube 4
1mg m3) (mg m3) (mg m3) (mg m3)

Compound (standard) (standard) (standard) (purge)

Acetone 0.17 0.16 <0.1 <0.1
Dichloromethane 1.23 0.87 0.33 0.80
Unknown 0.11 0.14 <0.1 0.11
1,1,1 Trichloroethane 0.43 0.34 0.19 0.19
Benzene <0.1 0.16 <0.1 <0.1
Methyl methacrylate <0.1 0.15 <0.1 nd
Toluene 0.40 0.69 0.29 0.17
Alcohol (C5) 0.41 0.59 nd <0.1
Hydrocarbon(—C9) 0.16 0.17 <0.1 <0.1
Xylene 1.30 0.99 0.48 0.59
Hydrocarbon(—C10) 0.12 0.37 <0.1 <0.1
Propylbenzene 0.13 <0.1 <0.1 nd
Benzene,ethyl, methyl isomer 0.22 0.21 0.10 <0.1
Benzene,ethyl, methyl isomer <0.1 0.10 <0.1 nd
Benzene,trimethyl isomer 0.35 0.31 0.27 nd
Benzene,dichioro isomer 0.75 0.83 0.76 0.21
Hydrocarbon(—C11) 0.37 0.83 0.31 <0.1
Benzene.trimethyl isomer 0.13 0.12 0.10 nd
Hydrocarbon(—C12) 0.38 <0.1 0.33 <0.1
Hydrocarbon(—C13) 0.23 nd 0.18 <0.1

nd=not detected.

Table 5. Emissionsdataobtainedon HDPE during a blow moulding processusing Tenax

HDPE—blow moulding
AdsorbenI, Tenax;Melt temperature,210°C

Tube 1 static—background
Tube 2 static—machine(1)
Tube 3 static—machine(2)
Tube 4 operator

Compound
Tube 1

(mg m”3)

Concentration
Tube2 Tube 3

(mg m’3) (mg m3)
Tube 4

(mg m’3)

Hydrocarbon(—C5—C7) 0.01 <0.01 <0.01 0.01

Toluene <0.01 <0,01 <0.01 0.01
Hydrocarbon(—C5—C10) 0.01 <0.01 <0.01 <0.01
Hydrocarbon(—C10—C12) <0.01 0.01 <0.01 0.01
Hydrocarbon(—C12—C14) 0.01 0.01 0.01 0.03

i~
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(4) Nylon 6
Nylon 6 usedin anextrusionprocesswasstudiedon one occasionwith bothTeriax

and Chromosorbtubes. Various chemical specieswere observedat relatively high
concentrations(including the background).Similar results were obtainedfor both
types of tube(Tables6 and 7).

Table 6. Emissionsdataobtainedon Nylon 6 during an extrusionprocessusingChromosorb

Nylon 6—extrusion
Adsorbent,Chrornosorb; Melt temperature.276°C

Tube 1 operator
Tube 2 static—machine(purge)
Tube 3 static—background(purge)
Tube 4 static—machine
Tube 5 static—background

Tube 1 Tube 2
Concentration

Tube 3 Tube 4 Tube5
(mg m3) (mg m’3) (mg m’3) (mg m3) (mg m3)

Compound (standard) (purge) (purge) (standard) (standard)

Chiorodifluoromethane nd nd 0.86 nd nd
Ethane,1-chloro-1, 1-difluoro- nd nd 0.24 nd nd
Acetone <0.1 nd 0.76 <0.1 nd
Dichloromethane <0.1 <0.1 1.04 <0.1 <0.1
Benzene <0.1 <0.1 0.31 <0.1 <0.1
Hydrocarbon(.—C6—C8) <0.1 0.18 0.91 <0.1 <0.1
Methyl methacrylate nd 0.35 0.45 <0.1 nd
Toluene <0.1 0.12 0.84 <0.1 <0.1
Butane,1-chioro,3-methyl- nd nd 0.11 nd nd
Xylene <0.1 nd 0.52 <0.1 <0.1
a-Methyl styrene <0.1 <0.1 0,84 <0.1 <0.1
Hydrocarbon(—C9—C,,) <0.1 0.27 0.tl <0.1 <0.1

nd = not detected.

On this occasion, the backgroundenvironment as well as the airbornespecies
which werecloseto theprocessweremonitoredduringpurgingand,interestingly,the
concentrationsof mostchemicalspeciesin the backgroundwereconsiderablyhigher
thanthosenearto the process.This apparentlyanomaloussituation is thoughtto be
dueto thefact thatotherworking practices,suchasproduct testing,werebeingcarried
out in the closevacinity and speciesfrom these(e.g. solvents) could have madea
significant contribution.

(5) Polypropylene
The fumesemittedduring the tapeextrusionof polypropylenewere studiedusing

both Tenax and Chromosorb (Tables 8 and 9). On this occasionthere was a
perceptabledraughtin thevicinity ofthe processandmonitoring wasundertakenboth

upwind anddownwind to investigateits eflèct on the collecteddata. The background

was monitored both during purging and during standardprocessingconditions.
Thechemicalspeciesobservedincludedmostlyhydrocarbonsandsomearomatics

butat comparativelyhigh levels.Not surprisingly,the levelsoffumefound downwind
weresignificantly higher than thosedetectedupwind. In this casethe effect of purging

did not appearto be as dramaticas with some of the processes.The relationship
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Table 7. Emissionsdataobtainedon Nylon 6 during an extrusionprocessusingTenax

Nylon 6—extrusion
Adsorbent,Tenat Melt temperature,276~C

Tube 1 operator
Tube 2 static—machine(purge)
Tube 3 static—background(purge)
Tube 4 static—machine
Tube 5 static—background

Tube 1 Tube 2
Concentration

Tube 3 Tube4 Tube 5
(mg m3) (mg m3) (mg m3) (mg m3) (mg m3)

Compound (standard) (purge) (purge) (standard) (standard)

Acetone <0.1 <0.1 0.22 nd nd
Dichloromethane <0.1 0.13 0.53 <0.1 <0.1
Hydrocarbon(.-~C5--C-) <0.1 0.16 0.71 <0.1 nd
Toluene <0.1 0.19 0.59 <0.t <0.1
Xylene <0.1 <0.1 3.22 <0.1 <0.1
Hydrocarbon(~~Cs~Cin) <0.1 0.65 3.40 <0.1 0.68
a-Methyl styrene <0.1 0.63 7.67 <0.1 0.39
Benzene,methyl (1-
rnethylethyl)- ‘ nd 0.14 1.69 nd <0.1
Benzene,methyl, propyl isomer nd nd nd nd 0.10
Benzene.methyl, prop~lisomer nd nd nd nd 0.1!
Benzene,(1,1-dimethyl,ethyl)- nd nd nd nd 0.12
Benzene,1 -methyl-4-
(methylethyl)- nd nd nd nd 0.12
Benzene,(1-ethylpropyl)- nd nd nd nd 0.12
Hydrocarbon(-~C9—C11) <0.1 1.58 5.80 <0.1 0.57
Naphthalene,1,2,3,4-
tetrahydro- nd nd nd nd 0.13
Hydrocarbon(—C10.--C13) <0.1 <0.1 0.55 0.16 0.86
BHT nd nd 0.28 nd nd

nd = not detected.

betweentheTenaxandChromosorbtuberesultsweregenerallyas reportedfor other
plastics—processcombinations.

(6) Polyvinylchloride(PVC)
Thermal desorption results. The injection moulding of unplasticisedPVC was

monitored using both Tenax and Chromosorbadsorbenttubes; while the cable
extrusionof plasticizedPVC wasmonitoredusingTenaxand Poropak.

For the injection moulding work, comparativelyhigh concentrationsof a wide
variety of chemical specieswere observed(Tables 10 and 11) and once again the
backgroundduringpurgingshowedconcentrationsof somespecieshigher thanthose
obtainedcloseto theprocessitself. From thedatait can be seenthat the background
environmentduring purging alteredcomparedto that which existedduring normal
operatingconditions. The monomer type speciesfound, although not thought to
originate from the study compound, could originate from additives in PVC
compoundsbeingprocessednearby.Thepurgingoperationwasfoundto enhancethe
concentrationsof speciesfound,which is to be expected.

For the cableextrusionstudy the rangeandconcentrationsof speciesobserved
were both relatively small (Table 12). Although some processfume was apparent
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Table 8. Emissionsdataobtainedon polypropyleneduring a tapeextrusionprocessusing Tenax

Polypropylene—tapeextrusion
Adsorbent,Tenax; Melt temperature.240C

Tube I static—-background
Tube 2 static—machine/operator(upwind side of die)
Tube 3 static—machineioperator(downwindside of die)
Tube 1 static—machine/operator(purging)
Tube 2 static—background(purging)

Concentration
Tube I Tube 2 Tube 3 Tube 1 Tube 2

(mg m3) (mg m3) (mg m~) (mgrn~) (mg rn3)
Compound (standard) (standard) (standard) (purge) (purge)

Hydrocarbon(~C5—C,) 0.48 0.22 1.65 0.27 0.23
Xylene 0.37 nd nd <0.1 <0.1
Hydrocarbon(~~C6~~Cg) 0.37 0.74 0.35 <0.1 <0.1
a-Methyl styrene 0.16 <0.1 nd 0.11 nd
Hydrocarbon(—C,—C9) 0.58 0.46 1.79 1.05 0.79
Hydrocarbon(—C8—C10) 0.73 0.67 2.98 0.32 0.17
Hydrocarbon(—C9—C11) 1.49 1.04 5.24 <0.1 0.23
Hydrocarbon(—~C10--C12) 0.89 0.44 2.68 <0.1 0.14
Hydrocarbon(~~-C31—C~3) 1.43 0.97 5.38 <0.1 0.87
Hydrocarbon(—.C11--C14) 2.27 0.15 6.69 <0.1 0.23
Hydrocarbon(—~C13—C55) 0.88 0.52 1.70 <0.1 <0.1

nd=not detected.

Table 9. Emissionsdataobtainedon polypropyleneduring atapeextrusionprocessusing Chromosorb

Polypropylene—tapeextrusion
Adsorbent,Chromosorb;Melt temperature,240°C

Tube 1 static—background
Tube2 static—machine/operator(upwind sideof die)
Tube 3 static—machine/operator(downwind side of die) .

Tube 1 static—machine/operator(purging)
Tube 2 static—background(purging)

Concentration
Tube I Tube 2 Tube 3 Tube 1 Tube 2

(rng m3) (mg rn3) (mg m3) (mg m3) (mg rn3)
Compound (standard) (standard) (standard) (purge) (purge)

Hydrocarbon(—~C5—C1) <0.1 0.15 0.57 <0.1 0.25
Hydrocarbon(—.C5—C8) <0.1 0.32 2.16 0.47 0.55
Hydrocarbon(—.~C,—C9) 0.17 0.58 0.92 <0.1 <0.1
Xylene 0.14 0.14 nd nd <0.1
Hydrocarbon(-~~C8—C10) <0.1 0.44 0.66 <0.1 0.66
a-Methyl styrene nd <0.1 nd <0.1 0.10
Hydrocarbon(-~C9--C11) <0.1 1.11 2.63 <0.1 2.45
Hydrocarbon(—~C10--C,2) <0.1 0.14 . 1.27 <0.1 0.36
Hydrocarbon(-.C11--C13) <0.1 0.12 0.25 <0.1 1.09
Hydrocarbon(—C12—C15) 0.11 0.10 <0.1 <0.1 1.56
I3enzene,alkyl derivative <0.1 <0.1 nd nd 0.40

nd=not detected.
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Table 10. Emissionsdataobtainedon PVC during an injection moulding processusingTenax

PVC—injection moulding
Adsorbent.Tenax; Melt temperature.180°C

Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube 4 static—machine(purge)
Tube 5 static—background(purge)

Tube I
Concentration

Tube 2 Tube 3 Tube 4 Tube 5
(mg m3) (mg m3) (mg m3) (mgm3) (mg m3)

Compound (standard) (standard) (standard) (purge) (purge)

Dichioromethane nd <0.1 <0.1 1.72 1.13
Ethyl acetate nd 0.60 0.84 0.68 0.64
Ethene.trichloro- <0.1 0.13 0.12 <0.1 <0.1
Hydrocarbon(—C5--C8) <0.1 <0.1 0.10 0.12 1.17
Toluene <0.1 <0.1 <0.1 0.24 0.16
Benzene,chloro- 0.43 0.42 0.55 0.24 0.11
Xylene <0.1 <0.1 <0.1 0.60 1.26
Cyclic alkene(C10 H16) <0.1 0.15 0.14 0.12 0.10
a-Methyl styrene nd nd nd 3,44 2.30
Benzene,alkyl derivative nd nd nd nd 0.15
Hydrocarbon(—C10--C11) 0.85 0.80 1.03 1.65 , 244
Benzene,methyl, propyl isomer nd nd nd nd 0.51
Hydrocarbon(—~C13—C13) <0.1 0.31 0.17 0.16 0.14

nd=not detected

during the standardoperating conditions,as in the injection moulding study, the
materialstill doesnotappearto havemadea significantimpacton thespeciesdetected
in its immediatevicinity, similar data being recordedfor the background.It is only
duringpurgingthat theconcentrationsofthespeciesdetectedrise markedlycompared
to thosein thebackground.Thisstudyalsodemonstrated(as othersdid in this project)
how thepositionof amonitor in relationto aprocesscanhaveaprofoundeffect on the
datacollected.The Poropakadsorbentwasfoundto give similar resultsto Tenaxon
this occasion.

No vinyichloride monomerwas detectedon either occasionandthis is thoughtto
be dueto its low residualconcentrationin the resins.

Determination of hydrogen chloride. The emissions present during the cable
extrusionprocessingof plasticizedPVC were analysedfor hydrogenchloride using a
Gastectube(detectionlimit 0.2 ppm).Measurementsweretakenat ‘— 0.2and ‘-~0.04 m
from the diewith no hydrogenchloridebeingdetectedin eithercase.A furtherreading
was takenat 0A m abovethepurge waste,in thefumethat wasgivenoff, butagainno
hydrogenchloride was detected.

(7) Low densitypolyethyleneand a low densitypolyethylene—lineariow density
polyethyleneblend

Theblown film processingofthesetwo materialswasstudiedin two quite different
environments.The data obtained for the LDPE—LLDPE blend using Tenax and
Chromosorbtubes(Tables13 and14) weremorecomplex,which wasin part dueto the

I
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Table 10. Emissionsdataobtainedon PVC duringan injection mouldingprocessusingTenax

PVC—injectionmoulding
Adsorbent,Tenax; Melt temperature,180°C

Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube4 static—machine(purge)
Tube 5 static—background(purge)

Concentration

Compound

Tube 1
(mam3)
(standard)

Tube2
(mgm3)
(standard)

Tube 3
(mgm3)
(standard)

Tube4
(mgm3)

(purge)

Tube 5
(mgm3)
(purge)

Dichioromethane nd <0.1 <0.1 1.72 1.13
Ethyl acetate nd 0.60 0.84 0.68 0.64
Ethene,trichloro- <0.1 0.13 0.12

0.10
<0.1 <0.1

Hydrocarbon(‘~~C5—C8) <0.1 <0.1 0.12 1.17
Toluene <0.1 <0.1 <0.1 0.24 0.16
Benzene,chloro- 0.43. 0.42 0.55 0.24 0.11
Xylene <0.1 <0.1 <0.1 0.60 1.26
Cyclic alkene(C10~H16) <0.1 0.15 0.14 0.12 0.10
a-Methyl styrene nd nd nd 3.44 2.30
Benzene,alkyl derivative nd nd nd nd 0.15
Hydrocarbon(—~C10—C12) 0.85 0.80 1.03 1.65 2:44
Benzene,methyl, propyl isomer nd nd nd nd 0.51
Hydrocarbon(~-.~C11—C13) <0.1 0.31 0.17 0.16 0.14

nd=not detected.

during the standardoperatingconditions, as in the injection moulding study, the
materialstill doesnot appearto havemadeasignificantimpacton thespeciesdetected
in its immediatevicinity, similar databeingrecordedfor the background.It is only
duringpurgingthattheconcentrationsofthespeciesdetectedrise markedlycompared
to thosein thebackground.Thisstudyalsodemonstrated(asothersdid in thisproject)
how thepositionof amonitorin relationto aprocesscanhaveaprofoundeffecton the
datacollected.The Poropakadsorbentwasfoundto give similar resultsto Tenaxon
this occasion.

No vinyichioridemonomerwasdetectedoneither occasionand this is thoughtto
be dueto its low residualconcentrationin theresins.

Determination of hydrogen chloride. The emissions present during the cable
extrusionprocessingof plasticizedPVC were analysedfor hydrogenchlorideusinga
Gastectube(detectionlimit 0.2ppm).Measurementsweretakenat 0.2 and ‘-~ 0.04 m
from thediewith nohydrogenchloridebeingdetectedin eithercase.A furtherreading
wastakenat 0.1 m abovethe purgewaste,in thefumethat wasgivenoff, but againno
hydrogenchloridewasdetected.

(7) Low densitypolyethyleneand a low densitypolyethylene—linearlow density
polyethyleneblend

Theblown film processingof thesetwo materialswasstudiedin two quite different
environments.The data obtainedfor the LDPE—LLDPE blend using Tenax and
Chromosorbtubes(Tables13 and14)weremorecomplex,whichwasin partdueto the
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Table 11. Emissionsdataobtainedon PVC during an injection moulding processusing Chromosorb

PVC—injectionmoulding
Adsorbent.Chromosorb;Melt temperature,180°C

Tube 1 static—operator
Tube2 static—machine
Tube 3 static—background
Tube4 static—machine(purge)
Tube 5 static—background(purge)

Concentration

Compound

Tube I
(mgm3)
(standard)

Tube2
(mgm3)
(standard)

Tube 3
(mgm3)
(standard)

Tube4
(mgm3)

(purge)

Tube 5
(mgm3)
(purge)

Acetone <0.1 <0.1 <0.1 0.17 0.15
Dichloromethane <0.1 <0.1 <0.1 10.61 9.48
Ethyl acetate 1.51 1.23 1.27 0.77 1.19
Ethene,trichloro 0.24 0.15 0.17 nd nd
Methyl methacrylate nd <0.1 0.13 0.27 0.41
Hydrocarbon(~~C7—C9) 0.10 <0.1 0.21 <0.1 0.20
Toluene <0.1 0.10 <0.1 0.29 0.33
Benzene,chloro- 0.59 0.46 0.54 0.17 0.43
Xylene nd <0.1 <0.1 nd 0.10
Cyclic hydrocarbon(alkene)C10~H16 0.79 0.52 0.37 <0.1 0.32
a-Methyl styrene <0.1 <0.1 nd 0.47 0.62
Hydrocarbon(-..~C10—C17) 0.68 0.32 0.86 <0.1 0.65
Benzene,butenyl isomer <0.1 <0.1 0.19 nd nd
Benzene,butenyl isomer nd nd 0.10 nd nd-~

nd= notdetected.

factthat it wasbeingprocessedin amanufacturingenvironmentandnot, aswith the
LDPE (Table 15), in an experimentaltest site. With the blend, a larger rangeof
chemicalspeciesweredetectedandtheconcentrations-foundwerehigher.Thepresence
ofcertainknownmonomericspecies(i.e. methylmethacrylateanda-methylstyrene)in
thiSdatais surprisinggiventhat thetypesofpolymersthat thesespeciesarenormally
associatedwith werenot obviouslyin evidenceatthesite,buttheco.ncentrationsfound
are relativelylow andso they could originatefrom anothersource.

For LDPE, only Tenax tubeswere usedand relatively low concentrationsof a
limited rangeof chemicalspecieswere observed.With this material the opportunity
wastakento obtainmorethanonebackgroundmeasurementin orderto obtainafuller
characterization.Unlike certain othersituationspurging was not found to increase
significantly the concentrationsof species detected for this process.This was
corroboratedby the effect seenat the time whereit wasapparentthat little or no
enhancementeither in the amountof visual fume or in processodourresultedfrom
carryingout the purgeoperation.

Both of thesesituationsdemonstratedthat the relationshipbetweenthe species
detectednearthe processitself andthosefound in thebackgroundis complex.

(8) Styreneacrylonitrile (SAN)
A very limited studyofthismaterialwascarriedout,with only theconcentrationof

hydrogencyanidein the processfume beingdetermined.
Spot measurementswere taken using Draeger tubes both during standard



Table 12. Emissionsdata obtained on PVC during a cable extrusion processusing Tenax and Poropak

PVC—cableextrusion
Adsorbents, Tenax and Poropak

Melt temperature, 140°C(standard conditions), 180°C(purging)
Tube I static machine/operator (l)—Teuax
Tube 2 static machine/operator (2)—Tenax
Tube 3 static machine/operator* (purging)—Tenax
Tube 4 static background—Tenax I
Tube 5 static hackground—Tenax 2
Tube 6 static machine/operator (2)—Poropak

Concentration

Compound
Tube 1

(mg m 3)
Tube 2

(mg m 3)

Tube 3
(mg ni 3)

Tube 4
(mg in 3)

Tube 5
(mg in 3)

Tube6
(mg in 3)

1,1,1 Trichloroethane 0.02 0.01 0.02 0.01 0.01 0.03
Toluene 0.18 0.01 0.03 0.10 0.04 0.01
Xylene isomers 0.03 0.01 0.32 0.02 0.02 0.04
Hydrocarbon (~C8—C10) 0.57 0.03 0.17 0.31 0.21 0.22
Benzene, trimethyl isomers 0.05 0.01 <0.01 0.05 0.05 -0.05
Benzene,ethyldimethyl isomer 0.01 <0.01 0.05 <0.01 <0.0! <0.01
Hydrocarbon (~C9—C11) 0.43 0.17 1.00 0.28 0.44 0.64
Hydrocarbon (“~‘C10—C17) 0.09 0.04 0.99 0.05 0.07 - 0.03
Hydrocarbon (‘~C11—C13) <0.01 <0.01 0.96 0.04 <0.01 0.07

*Different extrusion line.
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Table 13. Emissionsdataobtainedon a LDPE—LLDPE blend during a blown film
processusingTenax

LDPE—LLDPE—blownfilm
Adsorbent,Tenax; Melt temperature,190°C

Tube 1 static—machine
Tube2 static—operator
Tube 3 static—background

nd=not detected.

Table 14. Emissionsdataobtainedon a LDPE—LLDPE blend during a
blown film processusingChromosorb

LDPE-LLDPE—blownfilm
Adsorbent.Chromosorb;Melt temperature,190°C

Tube 1 static—machine
Tube2 static—operator
Tube3 static—background

- Concentration
.

Compound
Tube 1

(mg m
Tube2

(mgm 3)

Tube 3
(mg m 3)

Acetone <0.1 0.12 nd
Hydrocarbon(‘—~C5—C8) 0.77 1.29 0.13
Unknown - 0.12 0.21 <0.1
Methyl methacrylate <0.1 0.20 nd
Styrene <0.1 0.14 nd
Xyleneisomer 0.14 0.38 ad
Hydrocarbon(~~C9—C12) 2.31 2.10 <0.1
Benzaldehyde 0.21 0.47 nd
a-Methylstyrene 0.59 0.45 ad
Benzene,trimethyl isomer 0.17 ad ad
Acetophenone 0.59 1.02 nd
Benzene.methyl, propvl isomer 0.10 ad ad

Concentration

Compound
Tube

(mg ri~

1
3)

Tube 2
(mg m3)

Tube 3
(mg m3)

Hexane <0.1 nd 0.14
Hydrocarbon(.~C5) <0.1 0.15 <0.1
Xylene isomer <0.1 0.12 0.12
a-Methyl styrene 0.89 1.16 1.11
Benzeae,trimethyl isomer 0.16 0.13 0.13
Hydrocarbon(-..C10--C1,) 3.93 2.16 3.14
Benzene,trimethyl isomer 0.31 <0.1 <0.1
Benzene,ethyl, dimethylisomer <0.1 0.12 <0.1
Aliphatic aldehyde(‘..~C10) 0.32 0.34 0.30
Benzene,dimethyl, pentyl isomer 0.12 <0.1 nd
Aliphatic aldehyde(~-.~C11) 0.69 0.39 nd
Hydrocarbon(~C11—C13) 0.50 0.23 1.61
Aliphatic aldehyde(~C12) 0.12 nd ad
Hydrocarbon(‘-.~C12—C14) 0.10 0.10 0.90

nd=aotdetected.



Table 15. Emissionsdata obtained on LDPE during a blown film processusing Tenax

LDPE—blown film
Adsorbent, Tenax -

Melt temperature, 180°C
Tube 1 operator—Tenax 1 .

Tube 2 operator—Tenax 2 .

Tube 3 static machine—Tenax I .

Tube 4 static machine—Tenax2
Tube 5 static background (1)—Tenax 1
Tube 6 static background (1)—Tenax 2 -

Tube 7 static background (2)—Tenax
Tube 8 static machine (purging)—Tenax

Tube I Tube 2 Tube 3
Concentration

Tube 4 Tube 5 Tube 6 Tube 7 Tube 8
Compound (mg m3) (mg m3) (mg m3) (mg m3) (mg m3) (tug m3) (ing m3) (mg m3)

Hydrocarbon (~C5) 0.01 0.01 <0.01 nd nd 0.01 0.0! 0.03
Trichloromethane 0.01 0.01 <0.01 <0.01 ad 0.01 - 0.01 0.0!
1,1,1 Trichloroethane 0.01 <0.01 <0.01 <0.01 ad <0.0! <0.01 <0.01
Hydrocarbon (“.-C6--C8) 0.01 <0.01 <0.01 <0.01 nd <0.01 <0.01 <0.0!
Toluene 0.11 0.07 0.01 0.01 <0.01 0.01 . 0.0! 0.01
Hydrocarbon (‘~-C9--C11) 0.02 0.03 0.02 <0.01 <0.01 0.01 0.03 0.02
Xylene isomer - 0.01 0.01 <0.01 <0.01 <0.01 <0.0! <0.01 <0.01
Hydrocarbon (~C10—C12) 0.01 0.01 <0.01 <0.01 - <0.01 <0.01 0.01 0.02
Hydrocarbon (-~-C11--C13) <0.01 0.02 <0.01 <0.01 -. <0.01 <0.01 <0.01 0.0!

ad= not detected.

(.11
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operatingconditionsand duringpurging. The measurementsin standardconditions
were takenin theregionthat theoperatoroccupied(approximately1.5—2 m from the
nozzle). During purgingmeasurementswere taken 10—15 cm abovethe purgewaste
and in the sameoperatorposition asthat usedduringnormaloperation.In neither
instancewas it possibleto detecthydrogencyanideabovethe detectionlimit of the
tubes (2 ppm). -

Direct analysisby ion chromatographyofthecontentsofthesamplingbub-ble-rsdid
not result in any peaksbeing foundat an elution time which correspondedto the
cyanideion. No hydrogencyanidewasdetectableby this method,thedetectionlimit of
which wascalculatedasbeingapproximately0.5 ppm of the airbornespecies.

CONCLUSIONS

Theconclusionsthat canbe drawnfrom this studyare:

(a) noneof the situationsstudiedwere found to generatea high level of process
fume.All theindividual chemicalspeciesdetected,werefound to be presentat
concentrationssignificantly below the correspondingpresentoccupational
exposurelimits (wheresuchlimits exist), evenduring purgingoperations.

(b) In general,ahigherlevel ofemissionsis generatedby extrusion-basedprocesses
thanby thoseinvolving injection moulding.

(c) Purging operationsresult in concentrationsof specieshigher than those
generatedin standardprocessingconditionsand canalso effect the type of
speciesfound.

(d) Thepositionthatmonitoringis carriedoutrelativeto theprocessbeingstudied
can have a significant effect on the results obtained.However, in many
situationsthebackgroundconcentrationsof volatileswas foundto besimilar
to thosefoundin monitoringpositionsvery closeto the process.

(e) The useof thermaldesorptionwith gaschromatography—massspectrometry
- - (GC—MS) analysishasbeenshownto beaneffectivetechniquefor thestudyof

thermoplasticfume. Someadvantagesover solventdesorption,particularly
with regardto sensitivity, havebeendemonstrated.

(f) Tenaxhasbeenshownto be a satisfactorygeneralpurposeadsorbentmaterial
for this typeof study, with ChromosorbandPoropakpossiblyoffering some
advantageswithin the low molecularweight—high volatility region (e.g. the
HIPS injectionmoulding data).
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BEFORE THE ILLINOIS POLLUTION CONTROL B~MRU

flR~GINAL ~K~EIN THE MATTER OF: ‘1
) iUN162005

PROPOSEDAMENDMENTS TO )
EXEMPTIONS FROM STATE poflutlon Control Board
PERMITTING REQUIREMENTS )
FOR PLASTIC INJECTION MOLDING) R 05-20
OPERATIONS )
(35 Iii. Admin. Code201.146) )

PRE-FILED TESTIMONY OF PATRICIA F. SHARKEY
ON BEHALF OF THE

CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My nameis PatriciaF. SharkeyandI aman attorneywith the law firm of Mayer,

Brown Rowe&Maw representingtheChemicalIndustryCouncil of Illinois in this

proceeding.I amtestifying in this proceedingfor the limited purposeof providingtheBoard

with publicly availableinformationderivedfrom our legalresearchpertainingto otherstates’

permitexemptionsfor plasticinjection moldingoperations.

While wehavenot donean exhaustivesearchof all 50 state’sregulations,wecansay

thatplasticinjection moldingoperationsareexpresslyexemptedfrom stateair pollution

controlpermittingby a numberof states,includingMichigan,Ohio andTexas..

Theamendatorylanguageproposedby CICI in this proceedingwasbasedon the

permitexemptionlanguagecontainedin theMichiganDepartmentofEnvironmental

Quality’s (“MDEQ”) regulationswhich states:

“Rule 286. Therequirementof R336.1201(1)to obtain apermitto
install doesnot applyto any of thefollowing:

(b)Plastic injection, compression,andtransfermolding equipmentand
associatedplasticresin,handling,storage,anddryingequipment.”
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TheTexasAdministrativeCode,Title 30,PartI, Chap.106,

SubchapterQ, Rule 106.394is evenbriefer,simply stating:

“Equipmentusedfor compressionmolding andinjection molding
of plasticsis permittedby rule.”

Ohio AdministrativeCode3745-31-03(A)(1)(k)createsa“permanent

exemption”from statepermitsto install for:

“Equipmentusedfor injection molding ofresinswhereno morethan
onemillion poundsof resins(thermoplasticorthermosetting)per
rolling twelve-monthperiodareusedin injection machinesat the
facility.”

TheOhio rulesalsoprovidefor a discretionaryexemptionfor

equipmentusedfor injectionmolding ofresinwherethefacility doesnot

qualify for theexemptionunderparagraph(A)(1)(k) and“thefacility usesno

thermosetresinsandno morethansix million poundsof thermoplasticresins

(e.g.,polyethylene,polypropylene,polycarbonate,andpolyvinyl chloride,

etc.)per rolling twelve-monthperiodin injection machinesatthefacility.”

Copiesof theMichigan,Ohio, andTexasregulationsareattachedheretoasExhibits 1

through 3 respectively.Iowais alsoconsideringsuchan exemption.Seeattached

announcement.Exhibit 4.

PIM operationsarealsoeffectivelyexemptedin manyotherstatesby virtue ofthe

fact thatthe levelof emissionsattributableto PIM operationsand/orPIM facilities fall

beneathde minimisemissionexemptionlevelscontainedin thosestatesregulationsandsuch

exemptionsarenot limited emissionunits at otherwisepermittedfacilities. Examplesof
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stateswith suchdeminimisexemptionsincludetheotherRegion5 U.S.EPA states:

Wisconsin,Indiana,andMinnesota.

Indianaemploysa tiered systemin which only emissionsunits with a potential to

emit (PTh) of 25 tons per yearare requiredto obtain full stateconstructionand operating

permits.Units with a PTh of 10 to 25 tons arerequiredto be registeredwith IDEM, but do

notrequirepermits.

Section2-1.1-3(d)(4)(e)(1)of theIDEM regulationsexemptsfrom bothminor source

permitting and registration any new emissionunit or modification at the following PTE

levels:

1)10tonsperyearofPM1O, S02,NOx orVOC,

2) 5 tons of PM, hydrogen sulfide, total reduced sulfur, reduced sulfur
compounds,fluorides, or VOC, if the unit is required to use of air pollution
controlequipmentto complywith theapplicableVOC provisions;

3) 25 tonsof CO;

4) 2/lOthsof atonof lead;and

5) 1 ton of any hazardousair pollutant(HAP).

Chapter7007 of the MinnesotaPollution Control Agency’s (MPCA) regulations

governsair permitting in Minnesota..UnderPart7007.1300(3)(I)emissionunitswith aPTE

of less than the following levelsqualify as “insignificant activities” and areexemptfrom

permit requirements:

1) 2 tonsperyearof CO,and

2) 1 ton per year of NOx, SO2, PM, PM-b, VOC (including hazardousair
pollutant-containingVOCs).

Wisconsin

In Wisconsin,Section406.03(1) of theWisconsinDepartmentof NaturalResources’

air pollution control regulations states that no constructionpermit is required prior to
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commencing“construction, reconstruction, replacement,relocation or modification” of

certainspecifiedcategoriesof equipment,activitiesand operaltions.Section406.03(2)states

that, in addition to the categoricalexemptions,no constructionpermit is requiredif the

maximum theoreticalemissionsfrom the source,meaningthe facility as a whole, do not

exceedanyofthefollowing levels:

1) 9.0 lbs perhourfor SO2 andCO (which translatesto -P40tonsperyear);

2) 5.7 lbs perhourfor PM,NOx or VOC (which translatesto —25 tonsper
year);

3) 3.4 lbs perhourfor PM1O (whichtranslatesto -45 tonsperyear);

4) 0.b3 lbs perhourfor lead(which translatesto —1 ton peryear);and

5) variousemissionrateslistedfor specifiedhazardousair contaminants.

Ourpointin referencingtheseotherstatesregulationsis to providetheBoardwith

someperspectiveon the exemptionCICI is proposingin this proceeding.PIM machines

with thepotential to emit in therangeof 0.0022 to 0.22 tonsperyearofVOM, 0.00022and

0.18 tonsperyearofHAPsand0.0088to 0.088tonsof PM peryear,underconservative

assumptions,areveryminoremissionsources.In recognitionof this fact, statepermitting is

not requiredfor thesemachinesin manyotherstates,includingIllinois neighboringstatesin

U.S. EPA Region5.

While CICI hasprovidedtestimonyon the level of emissionsgeneratedby PIM

processes,it is importantthattheBoardrecognizethatthis proposalwill not resultin any

increasein emissionsto theenvironment.If exempted,PIM processes,like everyother

categoryof emissionsourcesexemptedunder35 Ill. Adm. Code201.146, will remain

subjectto all applicableregulations,asexpresslystatedin thatsection:

“...Thepermittingexemptionsin this Sectiondo notrelievethe owner
oroperatorof any sourcefrom anyobligationto comply with any
otherapplicablerequirements,including theobligationto obtaina
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permitpursuantto Sections9.1(d)and39.5 of theAct, Sections165,
173, and502 ofthe CleanAir Act or any otherapplicablepermitor
registrationrequirements.”

On behalfofCICI, I would like to thanktheBoardfor its considerationof this

testimonyandthis proposedexemptionandwouldbehappyto respondto any questionsthe

Boardorothermembersofthe interestedpublic mayhave.

Re~petfully submitted,

Patri~iaF. Sharkey
OnBehalfof the
ChemicalIndustryCouncil of Illinois
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Exhibit 1

MICHIGAN DEQ

R336.1286 Permit to install exemptions;plastic processingequipment.

Rule 286. The requirementof R 336.1201(1)to obtain a permit to install doesnot
applyto anyof thefollowing:

(a) Plasticextrusion,rotocasting,andpultrusion equipmentandassociatedplastic
resinhandling,storage,anddryingequipment.

(b) Plastic injection, compression,andtransfermolding equipmentandassociated
plasticresinhandling,storage,anddryingequipment.

(c) Plasticblow molding equipmentandassociatedplastic resinhandling, storage,
anddryingequipmentif theblowinggasis 1 or moreofthefollowing gasses:

(i) Air.

(ii) Nitrogen.

(iii) Oxygen.

(iv) Carbondioxide.

(v) Helium.

(vi) Neon.

(vii) Argon.

(viii) Krypton.

(ix) Xenon.

(d) Plasticthermoformingequipment.

(e) Reaction injection molding (open or closed mold) and slabstock/casting
equipment.

Histoty: 1993 MR 11, Eff. Nov. 18, 1993; 1995 MR 7, Eff. July26, 1995; 1997 MR 5, Eff. June
15, 1997.
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Exhibit 2

OfflO EPA

3745-31-03Permit to install exemptions.
(A) A permit to install asrequiredby rule3745-31-02of theAdministrativeCodemust

beobtainedfor theinstallationormodificationof anewair contaminantsource
unlessexemptedfrom therequirementsasfollows:
(1) Permanentexemptions:
Thefollowing exemptionsdo notapply to acombinationof commonemissions
units thatareamajorstationarysourceormajormodification,or to emissions
unitsthattheNationalEmissionsStandardsforHazardousAir Pollutantsapplies
(exceptfor 40 CFRPart61, subpartM, asbestosremovalactivities),or to
emissionsunits thattheMaximumAchievableControlTechnologystandard
applies,orto emissionsunits thatthe“New SourcePerformanceStandards”
applies(exceptfor 40 CFRPart60, subpartAAA, residentialwoodheaters).

(k) Equipmentusedfor injection moldingof resinswhereno morethanone
million poundsofresins(thermoplasticorthermosetting)per rolling twelvemonth
periodareusedin injectionmachinesat thefacility.

(m) Compressionmoldingpressesusedforthecuringof plasticproductsthat
qualify for thede minimis exemptionunderrule 3745-15-05of the
AdministrativeCode.This typeof pressusesathermosettingresinand
involvesachemicalreaction,usuallyinvolving heat,thatconvertsthe
material(e.g.,polyesters,polyurethanes,epoxyresins,etc.)to a solid,
insolublestateusingahardeningorcuringoperation.

(4)Permit-by-ruleexemptions
Thefollowing air contaminantsourcesareexemptfrom therequirementto
obtain apermit to install.Theseexemptionsarevalid only aslong astheowner
or operatorcollectsandmaintainstherecordsdescribedforeachair contaminant
sourceexemptedunderthis rule andtheserecordsareretainedin theowneror
operator’sfiles for aperiodof not lessthanfive yearsandare madeavailableto
thedirectoror anyauthorizedrepresentativeof thedirectorfor reviewduring
normalbusinesshours:

(b) Equipmentusedfor injection andcompressionmoldingof resinswhere:
(i) Thefacility doesnotqualify for theexemptionunderparagraph
(A)(1)(k) or(A)(b)(m) of rule 3745-31-03of theAdministrativeCode;
and
(ii) Thefacility usesno morethan 1000poundsof volatileorganic
compoundin externalmoldreleaseagentsandflatting sprayperrolling
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twelve-monthperiod;and
(a) Thefacility usesno thermosetresinsandnomorethan six million
poundsof thermoplasticresins(e.g.,polyethylene,polypropylene,
polycarbonate,andpolyvinyl chloride,etc.)perrolling twelvemonth
periodin injectionmachinesatthefacility (this type of
molding operationinvolvesmaterialsthat softenandmeltupon
heatingorpressurizationheatingwith no chemical-changeandno
permanentchangein physicalproperties.It doesnot involve
curing,thermosettingorcross-linking.);or
(b)Thefacility usesno thermoplasticresinsandnomorethanfive
hundredthousandpoundsofthermosetresins(e.g.,polyesters,
polyurethanes,epoxyresins,etc.)perrolling twelve-monthperiod
in injection andcompressionmoldingmachinesat thefacility
(thesetypesof molding operationsusea thermosetresin and
involveachemicalreaction,usuallyinvolving heat,thatconverts
thematerial(e.g.,polyesters,polyurethanes,epoxyresins,etc.)to a
solid, insolublestateusingahardeningorcuringoperation.);or
(iii) No morethanthreetonsperyearof volatileorganiccompoundsare
emitted, includingvolatileorganiccompoundsfrom externalmold
releaseagentsandflatting spray,perrolling twelve-monthperiodfrom
injection andcompressionmolding machinesat thefacility calculated
by usingemissionfactorsapprovedbytheOhioEPA; and
(iv) Thefacility maintainsmonthlyrecordsthatcontaintherolling twelvemonth
usageofthermoplasticresins,thermosettingresinsandvolatile
organiccompoundsin externalmoldreleaseagentsandflattingspray
usedin all injection andcompressionmoldingmachinesatthefacility,
andtheOhioEPA approvedemissionfactorsusedto calculatethe
emissions.
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TITLE 30 ENVIRONMENTAL QUALITY
PART 1 TEXAS COMMISSIONON ENVIRONMENTAL QUALITY
CHAPTER 106 PERMITS BY RULE

SUBCHAPTER Q PLASTICSAND RUBBER

RULE §106.394 PlasticCompression and Injection Molding

Equipmentusedfor compressionmoldingandinjectionmolding of plasticsis permittedby rule.

SourceNote: Theprovisionsof this § 106.394adoptedto beeffectiveMarch 14, 1997, 22 TexReg
2439; amended to be effective September 4, 2000, 25 TexReg8653
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Update on “Indoor Sources”and “Permit it or Exempt it” statement
January 18, 2005

TheIowaDepartmentofNatural Resources (IDNR) is formally withdrawing the “Permit
it or Exempt it” statement (“Requirements for Small SourcePermittingandExemptions,”
revision date August5, 2004).IDNR will resumeits pastpracticeofonly requiring
permits for indoor sources when needed to limit the facility’s potentialemissionsto
reduce its regulatory burden(whenthoseunitswererequiredto bepermitteddueto major
source permitting requirements),or if the IDNRbelieves that the facility is trying to
circumvent permitting requirements.

IDNR, companyrepresentatives,theIowa Department of Economic Development
(IDED), UniversityofNorthernIowa(UNI) EmissionsAssistanceProgram,andtheU.S.
EnvironmentalProtectionAgencyRegion7, met in aWork Groupon January10 to 12,
2005, to developanewplanfor addressingair pollution sourceswhoseemissionsarenot
directlyventedto theoutside(alsoknown as“indoor” sources).This newplanincludes:

1. Withdrawingthe“Permit it orExemptit” statementandits February28,2005
implementationdeadlineandin it’s placeresumingtheDepartment’spastpractice
for theregulatorytreatmentofthesesources,

2. PursuingEPA approvalfor DNR’spastpracticeof only requiringpermitsfor
indoor sourceswhenasmentionedabovethis is neededto eitherlimit a facility’s
potentialemissionsto reduceits regulatoryburden,or if theDepartmentbelieves
a facility is trying to circumventpermittingrequirements,

3. Allowing theuseof exemptionscurrently in DNR administrativeruleto be
availablefor sourceswhich arecoveredunderaMACT, NESHAPSorNSPSor
otherapplicablefederalstandard,•

4. Adoptingalist of “trivial” activitiesnotneedinga permitinto DNR’s
administrativerules,and

5. Developingamore extensivelist ofexemptionsfrom therequirementto get
constructionpermits. Theseexemptionswill beproposedin two rulemakings.

TheWork Groupis completingdevelopmentofdraftadministrativerulesto exempt11
activitiesor equipmenttypesfrom air constructionpermitting. Theseexemptionswill
havethresholdsnecessaryto assureprotectionofair quality. Thefirst setofexemptions
will beintroducedto theEnvironmentalProtectionCommission(EPC)in March 2005.
DNR will alsoincludea list of “Trivial Activities” for whichpermitsarenotrequired.
To provideindustry andthepublicwith anopportunityto helpdeveloptheserules,a first
draftoftheruleswill bepostedon theDNRwebsite(www.iowacleanair.com),and
distributedthroughthe“Air-tech” list serverFebruary1

7
th, 2005.



TheWorkGroupwill considercommentssentto theDepartmentbeforetheruleis taken
backto theEPC on April 2005 for formalconsiderationandpublic comment.Final
actionon theruleis expectedin July, 2005. Eachoftheactivities listedbelowwill be
addressedin thefirst rulemaking.However,theseexemptionswill notapply to all sizes
andtypesof this equipment,exceptto theextentthatan adequatejustification for
rulemakingcanbe developed.Thoseunderdevelopmentinclude:

1. Weldingandbrazing,
2. Storage& mixing offlammablematerials,
3. Powdercoatingoperations,
4. Conveyingofwetgrain,
5. Researchanddevelopment,
6. SawDustwith pollution control,
7. Spray aerosols,
8. Directfired heating,
9. Phosphatizing,
10. Pressurized storage tanks,and
11. Refrigeration systems.

“Trivial Activities” include the following:

1. Cafeterias, kitchens, and other facilities used for preparing foodorbeverages
primarily for consumptionatthesource.

2. Consumer use of office equipmentandproducts,not includingprintersor
businesses primarily involved in photographic reproduction.

3. Janitorial services and consumer use ofjanitorial products.
4. Internal combustion engines used for lawn care,landscaping,andgrounds-

keeping purposes.
5. Laundryactivities, not including dry-cleaning and steam boilers.
6. Bathroom vent emissions, including toilet vent emissions.
7. Blacksmith forges.
8. Plant maintenance and upkeep activities, and repair or maintenance shop

activities (e.g., grounds-keeping,generalrepairs,cleaning,painting,welding,
plumbing, re-tarring roofs, installing insulation,andpavingparking lots)
providedtheseactivitiesarenotconductedaspartof a manufacturingprocess,
arenot relatedto thesource’sprimarybusinessactivity, andnototherwise
triggeringa permitmodification. Cleaningandpaintingactivitiesqualify if
theyarenotsubjectto VOC orHAP controlrequirements.

9. Air compressorsandvacuumpumps,includinghandtools.
10. Batteriesandbatterychargingstations,exceptatbatterymanufacturingplants.
11. Storagetanks,reservoirs,pumpingandhandlingequipmentof any size,and

equipmentusedto mix andpackagesoaps,detergents,surfactants,waxes,
glycerin, vegetableoils, greases,animalfats, sweetener,cornsyrup,and
aqueoussaltorcausticsolutions,providedappropriatelids andcoversare
utilized andno organicsolventhasbeenmixed with suchmaterials.



12. Equipmentusedexclusivelyto slaughteranimals,butnot includingother
equipmentatslaughterhouses,suchasrenderingcookers,boilers,heating
plants,incinerators,andelectricalpowergeneratingequipment.

13. Ventsfrom continuousemissionsmonitorsandotheranalyzers.
14. Naturalgaspressureregulatorvents,excludingventing atoil andgas

productionfacilities.
15. Equipmentusedfor surfacecoatingby brushorroller, painting,anddipping

operations,exceptthosethatwill emitVOC orHAP.
16. Hydraulicandhydrostatictestingequipment.
17. EnvironmentalchambersnotusingHAP gasses.
18. Shockchambersandhumidity chambers,andsolarsimulators.
19. Fugitive dustemissionsrelatedto movementofpassengervehicleson

unpavedroadsurfaces,providedtheemissionsarenotcountedfor
applicabilitypurposesandany fugitive dustcontrolplanor its equivalentis
submittedasrequiredby thedepartment.

20. Processwaterfiltration systemsanddemineralizers,demineralizedwater
tanks,anddemineralizervents.

21.Boiler watertreatmentoperations,not includingcooling towers.
22. Oxygenscavenging(de-aeration)ofwater.
23.Fire suppressionsystems.
24.Emergencyroadflares.
25.Steamventsandsafetyreliefvalves,steamleaks,andsteamsterilizers.
26. Steamsterilizers.
27.Recyclingcenters.

Theworkgroupwill meetagainin July 2005to preparetechnicaljustificationsto support
a secondexemptionrulemaking. Thefollowing equipment,activities,andprocesseshave
beensuggestedto beconsideredfor thesecondexemptionrulemaking:

Productlabeling,coatingoperations,aqueouscleaningsystems,smallparts
washers,steamcleaning,small electricheattransferfurnaces,laser,electric,
plasma,andgaseousfuel cutting,dry cleaners,cooling towers,polymermixing,
plasticinectionmolders,sprayapplicationof waterbasedglue,handheld
applicatorsfor ot metaladhesive,equipmentfor usedfor surfacecoating,ozone
generators,saltbaths,drophammers,extruders,wet grainandcokeproducts
handling,sprayaerosolsandtriggersprayersusedfor cleaning,pressurized
refrigerantstoragetanks,pavedroads,andpossiblevehiclemaintenance
activities.

If you would like additionalinformationon this pleasecontactthefollowing individuals
at theDNR: JimMcGraw,Supervisor,Air Quality Bureauat515/242-5167or
ChristineSpackman,BusinessAssistanceCoordinatorat 515/281-7276.


