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By: /5/ PatriciaF. Sharkey
Oneof its Attorneys
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Chicago,Illinois 60606-4637
(312)782-0600
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF: )
)

PROPOSEDAMENDMENTS TO )
EXEMPTIONS FROM STATE )
PERMITTING REQUIREMENTS )
FOR PLASTIC INJECTION MOLDING) R 05-20
OPERATIONS )
(35 III. Admin. Code 201.146) )

CHEMICAL INDUSTRY COUNCIL OF ILLINOIS’
FIRST ERRATA SHEET

The ChemicalIndustryCouncil of Illinois (“CICI”), by its attorneysMayer,

Brown,Rowe& Maw LLP, herebysubmitsthe following correctionsandamendmentsto

documentspreviouslyfiled in this proceeding:

AMENDMENT TO PROPOSEDREGULATORY LANGUAGE

CICI proposesto amendthetext of its proposedregulatorylanguageasfollows:

TITLE 35: ENVIRONMENTAL PROTECTION
SUBTITLE B: AIR POLLUTION

CHAPTER1: POLLUTION CONTROL BOARD
PART 201

PERM1TS AND GENERAL PROVISIONS

Section
201.146 Exemptionsfrom StatePermit Requirements

Constructionor operatingpermits,pursuantto Sections201.142,201.143,and201.144of
this Part,arenot requiredfor theclassesof equipmentandactivitieslisted below in this
Section. Thepermitting exemptionsin this Sectiondo not relievetheowneroroperator
of any sourcefrom any obligation to comply with any otherapplicablerequirements,
including theobligationto obtaina permitpursuantto Sections9.1(d)and39.5 of the
Act, Sections165, 173, and502 of theCleanAir Act or any otherapplicablepermit or
registrationrequirements.

hhh) Plastic injectjon-eempression,andtranGfermoldingequipment,andassociated
lastic resin loadin unloadin conve in inixin storage,grinding,

anddr n e ui mentand associatedmold releasea ents.



CORRECTION TO PRE-FILED TESTIMONY OF LYNNE R. HARRIS.

Onpage5, line 10 ofthePre-FiledTestimonyof LynneR. Harrison Behalfof the

Societyof thePlasticsIndustry,Inc. filed on June16, 2005 is correctedasfollows:

“Illinois), particulatematter(PM 10 Total Particulate.referredto hereinasPMJ,
anda varietyof hazardousairpollutants(HAPs).”

Respectfullysubmitted,

CHEMICAL INDUSTRY COUNCIL
OF ILLINOIS

By: /s/PatriciaF. Sharkey
Oneof Its Attorneys

Dated: July 1. 2005

PatriciaF. Sharkey
Mayer,Brown,Rowe& MawLLP
71 SouthWackerDrive
Chicago,Illinois 60606-4637
(312)782-0600
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I, PatriciaF. Sharkey,an attorney,herebycertify that I haveservedtheChemical
IndustryCouncil of Illinois’ First ErrataSheetupon:

Ms. DorothyM. Gunn
Clerk oftheBoard
Illinois Pollution ControlBoard
100 WestRandolphStreet
Suite 11-500
Chicago,Illinois 60601
(ElectronicMail)

MatthewDunn,Chief
Division ofEnvironmentalEnforcement
Office of the AttorneyGeneral
188 WestRandolphStreet,

20
th floor

Chicago,Illinois 60601
(U.S. Mail)

DonaldSutton
Manager,Permit Section
Division of Air Pollution
BureauofAir
Illinois EnvironmentalProtectionAgency
1021 NorthGrandAvenueEast
PostOffice Box 19276
Springfield, Illinois 62794-9276
(U.S. Mail)

CharlesE. Matoesian
Division ofLegal Counsel
Illinois EnvironmentalProtectionAgency
1021 North GrandAvenueEast
PostOffice Box 19276
Springfield, Illinois 62794-9276
(U.S. Mail)

Office ofLegal Services
Illinois Departmentof NaturalResources
OneNaturalResourcesWay
Springfield, Illinois 62702-1271
(U.S. Mail)

asindicatedabove,by electronicmail orby depositingsaid
StatesMail, postageprepaid,in Chicago,Illinois on July 1,

documentsin theUnited
2005.

PatriciaF. Sharkey
Mayer,Brown, Rowe& Maw LLP
71 SouthWackerDrive
Chicago,Illinois 60606-4637
(312)782-0600

/s/PatriciaF. Sharkey
PatriciaF. Sharkey



BEFORE THE ILLINOIS POLLUTION CONTROL BQARD

HECEIVED
IN THE MATTER OF: ) CLERK’S OFFICE

JUN 2005PROPOSEDAMENDMENTS TO )
EXEMPTIONS FROM STATE ) STATE OF ILLINOIS
PERMITTING REQUIREMENTS ) Pollution Control board
FOR PLASTIC INJECTION MOLDING) R 05-20
OPERATIONS )
(35 Ill. Admin. Code 201.146) )

PRE-F1LED TESTIMONY OF LISA FREDE
ON BEHALF OF THE

CHEMICAL INDUSTRY COUNCIL OF ILLINOIS

My nameis LisaFredc,and.JamtheDkectorofRegulatoryAffairs for the

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

is pleasedto be theproponentof the rulemakingproposalin this proceeding.

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

thenbriefly discussthesignificanceofthis proposedrulemakingto our members.

CICI is a statewidetradeassociationrepresentingthechemicalindustry in Illinois.

CICI hasoffices in DesPlainesandSpringfield, Il]inois. We have198 member

companieswith over 54,000 employeesemployedin 745 manufacturingfacilities and

975 wholesaleand distributionfacilities in Illinois.

Oneof CICI’s functionsis to representits membercompaniesin theformation of

public policiesandprogramswhich are mutuallybeneficialto thecitizensof Illinois and

thechemicalindustry. In this capacity,CICI monitorsstatewidelegislationand

regulationsin Illinois, includingenvironmentalpermittingprograms,andprovides

informationand makesrecommendationsto its membership.CICI alsooften advocates

on behalfof its membershipfor morecosteffectiveand efficient regulatory

requirements. ( /
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Chemicalmanufacturersin Illinois producea wide arrayofproductsfrom

plastics,pesticidesandindustrial chemicalsto lifesavingmedicinesandhousehold

products. Workersdirectly employedin thechemical industryrepresent7.3%of the

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

chemicalindustrygeneratesan additional296,000jobs in Illinois atindustrysuppliers,

manufacturers,transporters,tradeandbusinessservicescompanies,andconstruction

companies.

Theproposalin this proceedingwill amendtheBoard’sregulationsgoverning

stateair pollution controlpermitsto exemptplastic injection moldingoperationsfrom the

stateconstructionandoperationpermittingprocedures.CICI is proposingthis

amendmentto clarify theBoard’sregulationsandachieveefficienciesandcostsavings

for its plasticinjection molding companymembersin Illinois andfor theStatepermitting

program.

As will bediscussedby anotherwitnessin this proceeding,theemissionsfrom

plastic injection molding machinesareextremelylow — on theorderof a few tenthsof a

ton of volatile organicemissionsper year. This is on the orderof — andin fact lessthan—

the 0.1 lb/ houror 0.44 tonsper yearthat 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 plastic injection molding operationsarethesameasthosethat areused
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for plastic extrusion— a processwhich is exemptedfrom Illinois statepermitting in

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

While manyownersand operatorsbelievethat“plastic injection molding” is a form of

extrusioncoveredundertheexistingcategoricalexemption,the adoptionof the specific

languageproposedin this rulemakingis designedto resolveany question.

Here’swhat this amendmentwill do:

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

• It will reduceunwarrantedpermittingcoststo plasticinjection molding businesses
acrossIllinois.

• It will alsorelieveownersandoperatorsofplastic injection molding operations
from therisk of enforcementactionsbasedupondifferencesin interpretationof
existingcategoricalexemptions.

• Finally, it will allow flinois EPA to allocateitspermittingandenforcement
resourcesto moresignificant emissionsources.

What this amendmentwill not do:

• It will not relieve affectedemissionunits from any applicablerequirementother
than stateconstructionand operatingpermitting. Thus,for example,aplastic
injection molder— like any otherexemptemissionsourceunderSection201.146—

remainssubjectto thegenericvolatile organicmatteremissionslimit of 8 lb/hour
foundin theBoard’srulesat 35 III. Admin. Code215.301.

• It will not result in an increasein emissionsandwill not havean impacton air
quality in Illinois. Becausethis is only an exemptionfrom procedural
requirements,it will not affect emissionsto theenvironment.

Prior to proposingthis regulatoryamendment,CICI’s ExecutiveDirector,Mark

Biel, hadseveraldiscussionswith Don Sutton,theManagerof theIllinois EPA Permit

Section,aboutaddinga categoricalexemptionto the list ofexistingcategorical

exemptionsin 35111. Admin. Code§ 201.146for plasticinjection molding andassociated

resin handlingand storageactivities. Mr. Suttonagreedthat this is a categoryof
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insignificantemissionsourcesfor which a permit exemptionis consistentwith other

categoricalexemptionsin Section201.146. He alsoagreedthat relievingtheStateof the

burdenof permittingtheseinsignificantsourceswould be beneficialto theState.

CICI believesthat reducingthepermittingburdenon theAgencyis in the interest

of its members.Agencyresourcesshouldbe focusedon significantemissionsources.In

the pendingrulemakingproceeding,R05-19,Mr. Sutton testifiedthat theAgencystill

hasn’t issued30 of theTitle V majorsourcepermitsthat weredueto beissuedback in

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

CICI is awarethat manyof its membershaveTitle V permit renewalsandpermit

revisionsthat havebeenpendingbeforetheAgencyfor severalyears. Mr. Sutton

testifiedthat while IEPA issuesroughly 1,900air permitsa year,it hasat any time a

backlogof 900 to 1,000permit applications.j4, p. 31. Yet theAgencyis requiredto

spendits resourceson a hostof constructionandoperatingpermits for veryminor

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

of the Agency’sconstructionpermitsareissuedfor modificationsinvolving no emission

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

emissionsemittedin Illinois areemittedby thetop 15% of the State’smajorsources.Id.

p. 53. Permittingvery small emissionsources,while largeemissionsourceapplications

arebackloggedisn’t a gooduseof tax dollars,it isn’t goodfor theenvironment,and it

isn’t goodfor regulatedbusinesses.

Thatburdenwill be significantly reducedwhentherulemakingin R05-19is

adopted.However,becausethatrulemakingonly exemptsinsignificantemissionsources

at facilitieswith othersigniji can: or non-exemptemissionsources,it doesnot relievethe
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Agencyfrom permitting a plasticinjectionmoldingfacility thathasno otheremission

sources.This is ananomalywith no rationalein termsofemissionsor theenvironment

whenit comesto plasticinjectionmolding. Given thelimitation in theproposalin

R05-19. the adoption of a clearcategoricalexemptionforplasticinjectionmolding

operationsin this rulemakingproceedingwill harmonizetheBoard’sregulatoryapproach

for acategoryrecognizedby all to emitatlevelsthatdo not warrantseparatestate

permitting.

CICI would like to thanktheBoardfor itsconsiderationo. thisproposal,andI

wouldbehappyto answeranyquestionsyou mayhave.

Date: Ct (IL1.! O6 Respectfullysubmitted,

Lisa Fiede

DirectorofRegulatoryAffairs
ChemicalIndustryCouncilof Illinois
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PI4E-FILEDTESTIMONY OF LYNNE 9. HARRIS
ON BEHALF OFTHE

SOCIETYOFTHEPLASTICSINDUSTRY, INC.

My nameis Lynne R. Harris,andI am the Vice Presideut,Scienceand

Technology,forTheSocietyofthePlasticsIndustry,Inc. (“SPI”), a not-for-profit

501(c)6 tradeassociationheadquarteredin WashingtonD.C..predoininani}yserving

membersacrosstheUnitedStates. I havebeenemployedby SN for over H years.My

currentwork focuseson scienceand technology,environment,healthandsafety,and

codesandstandardsfor theplasticsindustry.My educationalbackgroundincludesa

BachelorofScienceand MastersofEngineeringin chemicalengineering.My

publicationsincludeco-authorshipon apaperfor thedevelopmentofemissionfactorsfor

the extrusionprocessingofpolyethyleneresin.tI haveworkedin andaroundtheplastics

industryforover25 years.

I havebeenaskedby theChemicalIndustryCouncil of Illinois (CICI) to provide

an overviewofthe plasticsInjection molding industry, a descriptionoftheplastic

injectionmoldingprocess,and adiscussionofthe typesandvolumesofemissions

generatedduringthe plastic injection moldingprocessfor variousresins.
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The Societyof the Plastics Industry~Who Are We?

Let me begin by describingSN andthework it performson behalfofits

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

associationrepresentingoneof the largestmanufacturingindustriesin theUnitedStates.

SN’s membersrepresenttheentire plasticsindustrysupplychain,including processors,

machineryandequipment manufacturersandrawmaterialssuppliers.TheU.S. plastics

industryemploys1.4 million workersandprovidesmore than$310billion in annual

shipments.SN representstheentireplasticsindustryarid hasmore than1000members.

SNhasbeeninvolved in thedevelopmentofstateandfederalenvironmentalregulations

affectingtheplasticsindustry for decades.As I will be discussing.SN hasalso

coordinateda numberstudiesof emissionsgeneratedby theextrusionprocessingof

therrnoplastics.

Backsronnd on the Plastic Iniection ~ol4ipg i~dnstry

My testimonytoday is focusedon plasticinjectionmolding (“VIM”), a category

ofplasticproductmanufacturing.Thereare over7,700 NM facilitiesin the United States

andapproximattly500operatingin Illinois! Thesefacilitiesrangein size from small

facilities with afew machinesand lessthan20 employeesto largerfacilitieswith dozens

of machinesemployingoverahundredemployees.2’4ThetradepublicationPlasticsNews

surveysthePIM industryannuallyandpublishesan annuallisting of over600 P1M

companiesin NorthAmerica.That listing indicatesthetopNM companiesrespondingto

the surveywith annualsalesrangingfrom approximately$100,000to $1.5 billion, with

medianannualsaleson the orderof $10million. Thecomponentsproducedin ViM

processesaregenerallysmallplasticcomponentsusedin a multitudeof products.For
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example.RIM productsincludeknobsandhandlesusedin the automotiveindustryand

holeplugs usedin householdappliances.VIM productstendto bemolded to meet

specific needsin customizedmoldsandmadewith resinsmeetingthe temperature,

strengthanddurabilityspecificationsrequiredfor aspecificuse.As aresult,VIM

machinesare generallydedicatedto molding specificcomponentpartsandcannotbe

usedto produceotherpartswithoutphysicalmodificationof theequipment.

Descriptionof NM EtuinmentandProcess

ThePIM processessentiallyinvolvesforcing moltenplastic into amoldcavity.

This takesplacein severalsteps.A diagramof a standardRIM machine, attachedto my

pre-flied testimony,depictsthecomponentsoftheNM process.Exhibit I. As canbe seen

from thatdiagram,theessentialcomponentsarea hopperfrom which pelletizedresin is

fed into the extruderscrew,aheatedextruderbarrelwhichmeltstheresin as it is

advancedby theextruderscrewunderpressure,andadie headthroughwhichthemolten

resin is injectedinto a moldcavity.

Note that the fundamentalpieccofequipmentinvolved in this processis aheated

screwextruder.Theequipmentthat is requiredtoextruderesin into moldsin the VIM

processis thesameasthatwhich is requiredto extruderesin into acontinuousstrand

exceptthat the resinis injectedinto an enclosedmoldattheendof thc processratherthan

simply conformingto theshapeof the extrusiondie. A VIM machineis essentiallyanon-

continuousextruder.As I will discusslater, this is whytheemissionfactorsdevelopedfor

extrusionprocessesarc appropriatefor the VIM process.

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

small VIM machinemayhave a throughputof 10 poundsper hour,while a largemachine
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mayprocessasmuchas200poundsperhour.Thesenumbersarederivedbasedon a

typical injectioncapacityof4 to 100ouncesandtypical tonnageof50 to 600 tons.

Injection capacitycan go to around400ouncesandtonnagecan go upto around10,000

tons.5 Thesedataareconsistentwith productinformationcompiledfrom several

equipmentmanufacturers,as illustratedin Exhibit 2. Very largePIM machinescan

processover 1,000poundsper hour.VIM machinesofall sizesare in usein Illinois and

acrossthe UnitedStates.However,the mostcommonlyusedmachinesin theJIM

industry haveanaveragedaily throughputof lessthan100 poundsperhour.

Thefive mostcommonlyusedplasticresins in the VIM industryaccordingto the

2005 surveyofNorth Americaninjection moldersby PlasticsNews2arepolypropylene

(PR), acrylonitrilebutadienestyrene(ABS), polycarbonate(PC),highdtnsity

polyethylene(1-IDPE)andnylon (po!yaniide,PA).

Emissionsfrom ExtrusionProcesses

Until 1995,little quantitativeinfoTmationwaspublicly availableregarding

emissionsfrom thermoplasticextrusionprocesses.While it wasassumedthatanyvolatile

organic,particulateor hazardousair emissionswerevery low, emissionfactorssimply

did not exist.To fill thisgap,SN sponsoredanumberof studiespublishedbetween1995

and 2002to developemissionfactorsfor a rangeof plastic resins.Thestudieswere

intendedto provideemissionfactorsfor processorswhoneededTideV permitsunderthe

US EnvironmentalProtectionAgencyCleanAir Act Amendmentsof 1990.

TheSF1-sponsoredstudieswereconductedatan independenttestiuglaboratory

operatedby Battelle in Columbus.Ohio. Studieswere conductedusinga strandextruder

with a 1.5-inchsinglescrewandfitted with aneight-stranddie for commonlyusedresins.
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Resinswith basicadditives were providedby a numberofsuppliersand testedas

aggregates; the resins testedwere PP,PC,YE, PA andethylene-vinylacetateand

ethylene-methylacrylatecopolymer(EVAJEMA}.

Theextrudersystemwaschosenasthe processLikely to overestimateemissions.

Asa continuoussystem,it was anticipatedto mimic extrusionprocessesandoverestimate

closedmoldoperations,suchasinjectionmolding.This assumptionwassupportedby a

two-yearstudythat foundextrusionprocessesgenerateda higherlevel of emissionsthan

injection molding.6Emissionsfrom thedieheadof theextrudersystemwerecaptured

andanalyzedfor volatile organiccompounds(VOC;volatile oTganicmaterialor VOM in

Illinois), particulatematter(PM-I0), andavarietyof hazardousair pollutants(HAPs).

The SPIsponsoredstudiesofthecommonlyusedresinsPP PS,FE andPA are

attachedto my pre-fliedtestimonyasExhibits3 —6 andwitS be referredto hereinasthe

“SPI Studies.” The EVA/EMA study(Exhibit 7)isprovidedfor informationalpurposes.

A studyon ASS,conductedatthe samelaboratoryas theSPI Studies,is alsoprovidedfor

informationalpurpose&Exhibit 8. Thatstudywasnot conductedunderSN auspices,and

thus I havelimited knowledgeof the conditionsunderwhichit was performed.

Theabove-mentionedstudiesform the basisfor theplasticsindustry’s

understandingofemissionsfrom theseprocessesandare recognizedby industryand

regulatoryauthorities,asdefiningemissionfactors for bothsimpleextrusionandthe

extrusionprocessutilized in PIM.

What thesestudiesdemonstrateis thatextrusionprocessingof differentresins

undervariousoperatingconditionsproducesdifferent typesandamountsofemissions.

Exhibit 9 attachedto my pie-filedtestimonyis a chartsummarizingtheemissionfactors
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devcloped in the SPIStudiesfor eachofthe emissionsofinterestfor theresinsstudied.

The informationin this chartwascompiled fromirifonnationcontainedin eachof theSN

Studiesto makeit easierto review this datain this proceeding.

As canbeseenfrom this chart,the emissionsof interestincludeVOM, PM anda

varietyof HAN.

Thetype andvolumeofemissionsvariesfrom a high ofapproximately0.4 lb of

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

processed.HAl’s rangedfrom a high ofapproximately0.3 lb pertort ofresinprocessedto

a low of approximately0.02 Sbperthousandtonsof resin processed.Particulate

emissionsrangedfrom ahighofapproximately0.5 lb PM pertonofresinprocessedto a

low ofapproximately0.02 lb PMperton of resinprocessedfor the commonlyused

resins.Exhibit JO

Basedon theemissionfactorsdevelopedin the SF1 Studiesandthe capacityof

PIM machines,acrosstherangefrom small to largeP1M machinesdiscussedabove,one

canobtainan overviewof theannualvolumeof emissionsassociatedwith NM

processes.Exhibit /1 to my pie-filed testimonyis achartshowingthe estimatedvolume

of VOM, PM andHAP emissionsin tonsperyear,associatedwith the varioustypesof

resinsstudiedby SPI.As canbe seenfrom this chart,theemissionsrangefrom ahigh of

0.2 tonsperyearof VOM to a low of 0.002tonsperyearVOM. HAP emissionsrange

from 0.1 tons peryearto 0.0004thousandthsofa ton peryear.PM emissionsrangefrom

0.2 tonsperyear to 0.0004tonsper year.

Thatconcludesmy pre-Illed testimonydescribingthe PIM industry,NM process

andtypesandvolumesof emissionsassociatedwith theprocessingofvariousresins.I
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appreciatetheopportunityto testify andam availableto answerany questionsthe Board

or otherparticipantsin this proceedingmayhave.

Re cifully submit

On halfof
TheSocietyofthe PlasticsIndustry,Inc.

‘Barlow, A.; Cantos, P.; Holdren, M. W.; Garrison, P.; Hartis, 1.; Janke, 8. (1996). Development of
emission factors for polyethylene processing. J. Air & Waste Manage.Assoc., 46, 569-580.
22002 Economic Cenans, Manufacturing lndusuy Series, All Other Plastics Product Manufacturing: 2002.

US Census Bureau, ECOZ-3 11-326199 (RV).December 2004; p.2.
‘SPI Plastics Data Source.(2001). State-by-State Guide to Resin and Equipment, p. A-2.
4Sun’ey of North Amedcan InjectionMolders. PlasticsNews. April II, 2005.

Rosato, DV., Rosato, DV. and Rosato,MG. (2000). InjectionMo/dingHandbook3’~ed. Boston:
Kluwer Academk Publishers. p. 28.
‘Forrest, Mi., Jolly, A.M., HoLding, SR., and Richards, S.J. (t99S}. Emissions Cram Processing
Thennoplastics. Annol.c of occupational hygiene. 39(l), 35-53.
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2. Plastic Injection Molding Equipment Manufacturer Product Information.
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PRE-FILED TESTIMONY OF LYNNE R. HARRIS
ON BEHALF OF THE

SOCIETY OF THE PLASTICS INDUSTRY, INC.

My nameis LynneR. Harris, andI amtheVice President,Scienceand

Technology,for TheSocietyofthePlasticsIndustry,Inc. (“SPi”), a not-for-profit

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

membersacrossthe UnitedStates. I havebeenemployedby SPI for over 14 years.My

currentwork focuseson scienceandtechnology,environment,healthandsafety,and

codesandstandardsfor theplasticsindustry. My educationalbackgroundincludesa

Bachelorof ScienceandMastersof Engineeringin chemicalengineering.My

publicationsincludeco-authorshipon apaperfor the developmentof emissionfactorsfor

the extrusionprocessingof polyethyleneresin! I haveworkedin andaroundthe plastics

industryfor over25 years.

I havebeenaskedby theChemicalIndustryCouncil of Illinois (CICI) to provide

anoverviewoftheplastics injection moldingindustry,a descriptionof theplastic

injection molding process,anda discussionof the typesandvolumesof emissions

generatedduringtheplasticinjectionmolding processfor variousresins.
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The SocietyofthePlasticsIndustry: Who Are We?

Letmebeginby describingSPI andthework it performson behalfof its

members.Foundedin 1937.TheSocietyofthePlasticsIndustry, Inc., is the trade

associationrepresentingoneof the largestmanufacturingindustriesin the UnitedStates.

SPI’smembersrepresentthe entireplasticsindustrysupplychain,including processors,

machineryandequipmentmanufacturersandraw materialssuppliers.The U.S. plastics

industryemploys1.4 million workersandprovidesmorethan$310billion in annual

shipments.SPIrepresentsthe entireplasticsindustryand hasmorethan 1000members.

SPIhasbeeninvolved in the developmentof stateandfederalenvironmentalregulations

affecting the plasticsindustryfor decades.As I will be discussing,SPIhasalso

coordinateda numberstudiesof emissionsgeneratedby theextrusionprocessingof

thermoplastics.

Backgroundon the PlasticInjection Molding Industry

My testimonytodayis focusedon plasticinjectionmolding (“PIM”), acategory

ofplastic productmanufacturing.Thereareover7,700PIM facilities in the United States

andapproximately500 operatingin Illinois.2~3Thesefacilitiesrange in sizefrom small

facilitieswith a few machinesandlessthan20 employeesto largerfacilities with dozens

ofmachinesemployingovera hundredemployees.2’4The tradepublicationPlasticsNews

surveysthePIM industryannuallyandpublishesan annual listing ofover 600 PIM

companiesin North America.That listing indicatesthetop PIM companiesrespondingto

the surveywith annualsalesrangingfrom approximately$100,000to $1.5 billion, with

medianannualsaleson theorderof$lO million. The componentsproducedin PIM

processesaregenerallysmallplasticcomponentsusedin amultitude of products.For
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example.I~JMproductsincludeknobsandhandlesusedin theautomotiveindustryand

holeplugs usedin householdappliances.PIM productstendto be moldedto meet

specificneedsin customizedmoldsandmadewith resinsmeetingthe temperature,

strengthanddurability specificationsrequiredfor aspecificuse.As aresult,PIM

machinesaregenerallydedicatedto molding specificcomponentpartsandcannotbe

usedto produceotherpartswithout physicalmodificationoftheequipment.

Description of PIM Equipment and Process

The PIM processessentiallyinvolvesforcing moltenplasticinto amoldcavity.

This takesplacein severalsteps.A diagramof astandardPIM machine,attachedto my

pre-filedtestimony,depictsthe componentsof the PIM process.Exhibit 1. As canbe seen

from thatdiagram,theessentialcomponentsare hopper m which pelletizedresinis

fed into the xtruderscrew, heatej~de~~~erbandhich melts the resinasit is

advancedby theextruderscrewunderpressure,anda~fhead)rou~hwhichthe molten

resin is injectedinto a mold cavity.

Notethat thej~~damentalpieceofequipmentinvolvedin this processis aheated

screwextru~~jTheequipmentthat is requiredto extruderesin into moldsin the PIM

processis the sameas thatwhich is requiredto extruderesininto acontinuousstrand

exceptthatthe resinis injectedinto an enclosedmold atthe endof the processratherthan

simply conformingto the shapeof the extrusiondie. A PIM machineis essentiallya non-

continuousextruder.As I will discusslater,this is whythe emissionfactorsdevelopedfor

extrusionprocessesareappropriatefor the PIM process.

Plasticinjectionmoldingmachines,like othertypesof extruders,vary in size.A

smallPIM machinemayhavea throughputof 10 poundsper hour,while a largemachine
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mayprocessasmuchas200 poundsper hour.Thesenumbersarederivedbasedon a

typical injection capacityof 4 to 100 ouncesandtypical tonnageof 50 to 600tons.

Injection capacitycan go to around400ouncesandtonnagecango up to around10,000

tons.5 Thesedataareconsistentwith productinformationcompiledfrom several

equipmentmanufacturers,as illustratedin Exhibit 2. Very largePIM machinescan

processover1,000poundsperhour.PIM machinesof all sizesare in usein Illinois and

acrossthe UnitedStates.However,the mostcommonlyusedmachinesin the PIM

industryhaveanaveragedaily throughputof lessthan100 poundsperhour.

Thefive mostcommonlyusedplasticresinsin the PIM industryaccordingto the

2005 surveyof NorthAmericaninjectionmoldersby PlasticsNews2arepolypropylene

(PP),acrylonitrilebutadienestyrene(ABS), polycarbonate(PC),highdensity

polyethylene(HDPE) andnylon ~o1yamide,PA).

Emissionsfrom ExtrusionProcesses

Until 1995,little quantitativeinformationwaspublicly availableregarding

emissionsfrom thermoplasticextrusionprocesses.While it wasassumedthat anyvolatile

organic,particulateor hazardousair emissionswerevery low, emissionfactorssimply

did not exist.To fill this gap, SN sponsoreda numberof studiespublishedbetween1995

and2002to developemissionfactorsfora rangeof plasticresins.The studieswere

intendedto provideemissionfactorsfor processorswho neededTitle V permitsunderthe

US EnvironmentalProtectionAgencyCleanAir Act Amendmentsof 1990.

The SPI-sponsoredstudieswereconductedat anindependenttestinglaboratory

operatedby Battelle in Columbus,Ohio. Studieswereconductedusinga strandextruder

with a 1.5-inchsinglescrewandfitted with an eight-stranddie for commonlyusedresins.
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Resinswith basicadditiveswereprovidedby anumberof suppliersandtestedas

aggregates;the resinstestedwerePP,PC, PE,PA and ethylene-vinylacetateand

ethylene-methylacrylatecopolymer(EVAJEMA).

Theextrudersystemwaschosenas the processlikely to overestimateemissions.

As acontinuoussystem,it was anticipatedto mimic extrusionprocessesandoverestimate

closedmold operations,suchas injectionmolding. This assumption.wassupportedby a

two-yearstudythat foundextrusionprocessesgenerateda higherlevel of emissionsthan

injectionmolding.6Emissionsfrom thedie headof theextrudersystemwerecaptured

andanalyzedfor volatile organiccompounds(VOC;voiatileorganicmat~th1~r’~’ONja.~......

Illinois), p~culatematter(PM-l~>~ndavarietyof hazardousair pollutants(HAPs).

The Pisponsorcdstüdiesof the commonly usedresinsPP~PS,PEandPA are

attachedto my pre-filedtestimonyasExhibits3 —6 andwill be referredto hereinas the

“SPIStudies.” The EVA!EMA study(Exhibit 7) is providedfor informationalpurposes.

A studyon ABS, conductedatthe samelaboratoryas the SPIStudies,is alsoprovidedfor

informationalpurposes.Exhibit 8. Thatstudywasnot conductedunderSPI auspices,and

thusI havelimited knowledgeof the conditionsunderwhich it was performed.

The above-mentionedstudiesform thebasisfor the plasticsindustry’s

understandingof emissionsfrom theseprocessesandare recognizedby industryand

regulatoryauthorities,asdefiningemissionfactorsfor bothsimpleextrusionandthe

extrusionprocessutilized in PIM.

Whatthesestudiesdemonstrateis thatextrusionprocessingof differentresins

undervariousoperatingconditionsproducesdifferenttypesandamountsof emissions.

Exhibit9 attachedto my pre-filedtestimonyis a chartsummarizingtheemissionfactors
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developedin the SPIStudiesfor eachof the emissionsof interestfor the resinsstudied.

The information in thischartwascompiledfrom informationcontainedin eachof the SPI

Studiesto makeit easierto reviewthis datain thisproceeding.

As canbe seenfrom this chart,the emissionsof interestincludeVOM. PM anda

variety of HAPs.

Thetypeandvolumeof emissionsvaries from a high of approximately0.4 lb of

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

processed.HAPs rangedfrom ahigh of approximately0.3 lb perton of resinprocessedto

a low of approximately0.02 lb perthousandtonsof resinprocessed.Particulate

emissionsrangedfrom ahigh of approximately0.5 lb PM perton of resinprocessedwa

low of approximately0.02 lb PM perton of resinprocessedfor thecommonlyused

resins.Exhibit 10

Basedon theemissionfactorsdevelopedin the SPIStudiesandthe capacityof

PIM machines,acrossthe rangefrom small to largeNM machinesdiscussedabove,one

canobtainan overviewof the annualvolumeof emissionsassociatedwith PIM

processes.Exhibit 11 to my pre-filedtestimonyis a chartshowingthe estimatedvolume

of VOM, PM and HAP emissionsin tonsper year,associatedwith the varioustypesof

resinsstudiedby SPI. As canbeseenfrom this chart,the emissionsrangefrom ahigh of

0.2 tonsper yearof VOM to alow of 0.002tonsper yearVOM. HAP emissionsrange

from 0.1 tonsper yearto 0.0004thousandthsof a ton per year.PM emissionsrangefrom

0.2 tonsper yearto 0.0004tonsper year.

That concludesmy pre-filedtestimonydescribingthe PIM industry,NM process

andtypesandvolumesof emissionsassociatedwith the processingof variousresins.I
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appreciatethe opportunityto testifyandamavailable to answeranyquestionsthe Board

or otherparticipantsin this proceedingmayhave.

Resp~ctfully
/

e R. Harris
On ehalfof
The Societyof the PlasticsIndustry,Inc.

‘Barlow, A.; Contos,D.; Hoidren,M. W.; Garrison,P.; Harris, L.; Janke,B, (1996). Developmentof
emissionfactors for polyethyleneprocessing..1 Air & WasteManage.Assoc.,46, 569-580.

2002 EconomicCensus,ManufacturingindustrySeries,All OtherPlasticsProductManufacturing:2002.
US CensusBureau,ECO2-311-326199(RV). December2004; p. 2.

SPI PlasticsDataSource.(2001).State-by-StateGuideto Resinand Equipment,p. A-2.
Surveyof North AmericanInjectionMolders. PlasticsNews. April II., 2005.
Rosato,DV., Rosato,DV. andRosato,M.G. (2000). InjectionMolding Handbook.3~ed. Boston:

Kluwer AcademicPublishers. p. 28.
6 Forrest,Mi,, Jolly, A.M., Holding, SR.,andRichards,5.1. (1995). Emissionsfrom Processing
Thermoplastics,Annalsof OccupationalHygiene,39(1), 35-53.

7



PLASTIC INJECTION MOLDING MACHINE DIAGRAM

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

Source: InjectionMoldingHandbook,3”’ Edition, 2000,KiuwerAcademicPublishers.



PLASTIC INJECTION MOLDING
EQUIPMENT MANUFACTURER PRODUCT INFORMATION

A-i 17 0.47
33 0.95
55 1.95

110 6.02
165 10.59
330 31.4

(1)
Cycle
Time
(sec)

10
25
25
25
25
50

(2)
Maximum

Throughput
(Ib/hr)

11
9
18
54
95
141

A-2 990 362 100 815
1100 362 100 815
1500 540 100 1215
1760 769 150 1154
2200 769 150 1154
3000 1054 200 1186
3500 1054 200 1186
4000 1054 200 1186

B-i 28 1.7
40 2.8
55 7
90 9.3
110 9.3
120 12.7
140 12.7
165 12.7
220 20.1

B-2 85 5
120 10.7
170 14.7
230 25.4
300 40.3
400 59.2
500 89.6

C-i 30 3.76
50 6.04
80 11.9
130 11.9
280 34

C-2 150 28
200 28
250 28
300 28

25
25
25
25
25
30
30
30
45

15
25
63
84
84
95
95
95
101

25 45
25 96
35 95
50 114
80 113
100 133
100 202

25 34
25 54
25 107
25 107
50 153

50 126
50 126
50 126
50 126

C C-3 225 22 45 110
310 54 90 135
450 76 100 171
550 105 100 236

(1) Typical cycle time is from 10 to 100secondsfor injection molding machineswith typical injection capacity of
4 to 100ouncesandtypical tonnageof 50 to 600tons.

References: Typical cycle times - Chemical Engineering Department, University of Connecticut
~w.enpr.uconn.edu/chea/polymer/inimoId.htni

Typical injection capacityandtonnage- Rosato,RosatoandRosato.Injection Molding Handbook2000; page28.
3rdedition. Boston, Kluwer AcademicPublishers.

(2) Max. Throughput(lb / hr) = Max. ShotWeight (oz / cycle) x lb /16 oz x cycle/ cycletime (sec) x 3600sec/ hr

Maximum
Shot Weight

Model Tonnage (oz)

(3)

Equipment
Manufacturer

A

A

B

B

C

C

NOTES:

(3) Injection molding machinesoutsideof thetypical injectioncapacityandtonnageranges.
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ABSTRACT
Emissionfactorsfor selectedvolatile organiccompounds
andparticulateemissionswere developedduring extru-
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 ‘F for polypropyleneareconsideredextreme.
Temperaturesashigh as 605 ‘F 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 theatmo-
sphereper million pounds of polymerprocessed[ppm
(wt/wt)]. Basedon productionvolumes,theseemission
factorscan be used by processorsto estimateemission

quantities from polypropyleneextrusion operations
that aresimilar to the resinsandtheconditionsused
in this study.

INTR0DuCrI0N
The CleanAir Act Amendmentsof 1990(CAAA9O) man-
datedthe reductionof variouspollutantsreleasedto the
atmosphere.Consequently,companiesarebeing faced
with the task of establishingan “emissionsinventory”
for thechemicalsreleasedorgeneratedIn theirprocesses.
Thechemicalstargetedarethosethateitherproducevola-
tile organiccompounds(VOC5) and/orcompoundsthat
areon theU.S. EnvironmentalProtectionAgency’s(EPA)
list of 189hazardousair pollutants(MAPs). ‘flUe V of the

amendedCleanAir Act establishesa permitprogramfor
emissionsourcesto ensureaneventualreductionin emis-
sions.When applying for a stateoperatingpermit, pro-
cessingcompaniesarefirst requiredto establishabaseline
of their potentialemissions.’

In responseto the needsof theplasticsindustry, the
Societyof thePlasticsIndustry,Inc. (SPI)organizedastudy
to determinethe emission factors for extrusion of ho-
mopolymerandcopolymerof polypropylene.Sponsored
by tenmajorresinproducers,thestudywasperformedat
Battelle, an independentresearchlaboratory.This work
follows a previousSPI/Battellestudyon theemissionsof

IMPLICATIONS
This study provides quantitative emissions data that were
collected during extrusion of honiopolyrners and Copoly-
mars of propylene. These data are directly related to pro-
duction volumes and can be used as reference points to
estimate emissions from similar polypropylene resins ex-
iluded on similar equipment.
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polyethylene’andwas performedIn conjunctionwith
emissionstudiesonethylene-vinylacetateandethylene-
methyl acrylatecopolymers.’

A review of theliteraturerevealsthat thermo-oxida-
tion studieshavebeenperformedonpolypropylene.t5The
primaryconcernsaboutthesepreviousemissionsdataare
thattheyweregeneratedusingstatic,small-scale,’oroth-
erwiseunspecifiedprocedures.’5Theseproceduresmay

not adequatelysimulatethetemperatureandoxygenex-
posureconditionstypically encounteredin theextrusion
process.That is, in mostextruders,thepolymermeltcon-
tinuouslyflowsthroughthesystem,limiting theresidence
time in theheatedzones.Thiscontrastswith staticproce-
dures,in whichthepolymermaybeexposedto theequiva-
lent temperature,but for an effectively longerperiodof
time, thusresultingIn an exaggeratedthermalexposure.
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 whichhot polymermaybeexposedto air for extended
periodsof time. In view of theseconcerns,the accuracy
of dataobtainedfrom theseproceduresmay be limited
whenusedto predictemissionsgeneratedby polypropy-
leneprocessors.

As an alternativeto small-scalestatictechnology,a
betterapproachIs to measureemissionsdirectly fromthe
extrusion process.Sincethe typeand quantityof emis-
sionsareofteninfluenced
by operational param-
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
variables related to the
material(s) being ex-
trudedcanalsoinfluence
emissions.Theseinclude
resin type, age of the

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

In view of thesevariables,a considerabletaskwould
beto deviseandconductemissionmeasurementstudies
for all majorextrusionapplications.Therefore,SPI’s oh-
jectiveIn thiswork wasto developbaselineemissionfac-
tors for polypropyleneprocessingunderconditionsthat
would provide reasonablereferencedatafor processors
involvedin similar extrusionoperations.

The fiveresin typesevaluatedwereareactorgradeho-
mopolymer,acontrolledrheologyhomopolymerwith and
without antistat, arandomcopolymer,anda reactorim-
pactcopolyrner.The samplesusedwere mixturesof com-
mercial resinsfrom thesponsoringcompanies.The test
matrix usedwasdesignedto provide emissionsdataasa
functionoftheir resintypeandtypical melt temperature(s).
This informationis providedin Table1, togetherwith the

averageadditivecontentof theresin mixtures.Theseare
typical additivesnormallyfoundin polypropylene.

A smallcommercialextruderwasequippedwith a 1.5-
in. screwandfitted with an eight-stranddie. Theemis-
sionsweremeasuredovera 30-mm. periodandwere re-
latedto theweightof resin extruded.Theemissionfactor
for eachsubstancemeasuredis reportedaspoundsevolved
to theatmosphereper million poundsof polymerpro-
cessedIppmIwt/wtl ~. Processorsusingsimilar equip-
ment can use theseemission factors as reference
points to assistin estimatingemissionsfor their spe-

cific process.

laDle L Polypropylene emission lesI suns; resin characteristics additive concantralion and net temperature.

Run No.
Sequence

ResIn lype Melt Flow Rate
(gtIO mIst s230 ‘C)

Number ci Resins
In composite

Melt Temp (F) Average AddItIve
Concentratlsi (ppm)

1
2
3

ConttolledRheology
Homopolymer
Non Antislat

30—35 6 400
Sill
605

Mtloxi~it1,700
PA 1,000

4 Controlted Aheology
tionopolynier
will Antislat

30—35 6 490 Mlioxidanl 1.71))
AS” 3.400
PA’ 2.500

S
6

Reactor Grade
Homopolyrner

3—7 7 490
570

Antloxldait 1./00
PA* ~

7 Reactor Impact
Copolymer

15-20w1% EPR

3—10 4 505 Antioxidant 2,500
PA’ 1.500

8 Random Copolyiner
3—Set % Ethylene

3-7 3 510 Antioxidant 2,~
PA 2,200

Slip/AS 3.000

‘Processaid
Antistat
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Thesubstancestargetedfor monitoring includedpar-
ticulatematter,VOCs,light hydrocarbons(ethane,ethyl-
ene,andpropylene),aldehydes(formaldehyde,acrolein,
acetaldehyde,and propionaldehyde), ketones (acetone

andmethyl ethyl ketone),andorganicacids(formic, ace-
tic, andacrylic acid).Thesearetheanalytesof interest,
eitherbecausetheyareon theMAPs list, as statedearlier,
or theyaretheexpectedthermal andthermo-oxidative
breakdownproductsof thepolymerstested.

EXPERIMENTAL
In thefollowing section,briefdescriptionsoftheextruder,
the entrainment zone,and samplingmanifolds arepro-
vided. Detailsof thesamplingmethods,procedures,and
analyticalinstrumentationareprovidedelsewhere.2-’2

Experimental ProcessConditions

An 11PM Corporation15-hpunventedextruderwasused
to processthe polypropylenetest samplemixtures at
Battelle. Theextruderwasequippedwith a 1.5-in, single
screw(LID ratioof 30:1) andfitted with an eight-strand
die(Figures1 and2). Extrudedresinstrandswereallowed
to flow Intoa stainlesssteeldrum locateddirectly under
thediehead(Figure 2). Processingconditions,shownin

Table2, wereselectedto berepresentativeof commercial
processingapplications.Theorderof the polypropylene
emissionstest runsIs listed in Table 1,

Capture and Collection of Emissions
Emissions releasedat the die head were separatelycol-
lected for 30 mm. during the extrusIon runs (Table 3).
Emissionsfrom the hopper were excluded from analysis
sinceprevious emissionstudies
showedtheir contribution to be
Insignificant (less than 2% of
the total).2 Table 3 shows the
sampling strategy and overall
analytical schemeemployedfor
the polypropyLene testruns.

Die Head Emissions
Emissions released at the die
head during extrusion were
captured at thepoint of release
in a continuous flow of clean
air. A portion of this air flow
was subsequently sampled
downstreamis describedin the
following paragraphs. The
emissionswere Initially cap-
tured in a stainlesssteelenclo-
sure surrounding the die head
(Figure 3). The air stream was

Flours t Extrulersfranddo headusedin polypropylene en~ssions
testingprogram.

immediately drawn through a divergent nozzleentrain-
ment cone,which provided a sheathof cleanair between
the die heademission flow and the walls of the carrier

duct. This minimized interaction of the hot exhaustwith
the cooler duct walls.

The total air flow employedfor capturingdie head
emissionswas setat 700 Llmin. This was composedof
the die headentrainment flow at 525 L/mln, thesheath

flow at Llrnin, and 75 Llmln of residual air flow that was
madeup from room air drawing into the openbottom of
thestainlesssteeldie headenclosure.This residual air flow
wasusedto facilitate effective capture of emissionsfrom

Figure t View of the extnjder system and the vahous sampling locations.

S
C Olese luesg

ofDl.n.nt NonM
LPM

titruder
Bwel

(Ktln~ Zones
1,2.63)

Extiudats
CenteIns,

Purge
(20 LPN to Vein)
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TebI. 2.REIn throughput and key 110w parameters during Ihe polypropylene extrusion runs.

TestRanNe. 1 2 3 4 5 6 1 8

Extnjler Condllletis
Restn Tyop Controlled Controlled Controlled Controlled Reactor Reaclor Reactor Random

rheolo9y rheology Theology rheology grade grade impact copolynier
homopolymer hontpolyme homopolymer homopolyrcer homopolymer horr~polymer copolyrner (3—6 wt % UT)

(withailislat) (15—20w1%EPRI
Melt Flow Rate MFR 30-35 MFR 30-35 MFR 30-35 MFR 30-35 MFR 3-7 MFR 3-7 MFR 3-10 MFR-3-7
Avera~Die Head 400 510 605 490 490 570 505 510

Mell Ten~(F)
Zone 3 Temp (°F) 428 489 568 471 497 643 496 497
Zone 2 Temp (‘F) 403 430 469 320 369 436 369 369
Zone 1 Temp (‘F) 382 318 315 308 312 313 300 308
Pressure(psig) <50 <50 <50 <50 750 250 400 2CC
Resin Throughput 12.1/ 9.29/ 9.23/ 7.58/ 53.8/ 41.9/ 39.5/ 23.6/

l0M,r)/(~iVmin)] 91.6 70.3 69.8 57.4 407 317 299 179
RolorS~ed(rpm) 98 98 98 98 83 68 83 83
RunDur~Ion(rn~’) 30 30 30 30 30 3) 30 30

Flows
Tolal Manilold Flow (11mm) 700 700 700 700 700 7(X) 700 7(0
Flow Rate Into Sheath 100 100 100 100 100 100 1(0 100

(L/n~n)
Flow Rate Into Entrainment 525 525 525 525 525 525 525 525

(ljtnin)
FlowRateThrough 10 10 10 10 10 10 10 10
Hopper (ljmin)

FlowThraighrubestor 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Camonyls ft/mm)

Flowihroughlubestor 5 5 5 5 5 5 5 5
AddsOrganic (1mm)

Flow Into Canisters (iJminl 0.16 0.16 0.16 0.15 0.t6 0.16 0.16 0,16
FlowThroogh4O2THC 1 1 1 1 1 1 1 1
Anntyzer (L/min)

Flow Through Filter Holder (lJmIn)15 IS 15 15 15 15 15 15

Table 3-Analytical scheme for polypropylene test runs.

SubstancesMonilored Organic Acids Aldehydes/ Particulate VOCs
Ketones

Heaty Hydrocarbon Light Hydrocarbon

Collection Media <OH Impregnated Filter IThPH Tube Glass Fiber Filter SUMMA Canister

Analytlcil Method Desotplion With Dilute
l1,S0~and Analysisby

Desorption With
Acetonitrile an

Gravimetric Modified T0-14

ton Exclusion
ChromotographyflJv

Analysis by HPLC

HP-i Fused Silica Capillary Al,0fl~a2SO4Column CapillaryColumn

GC/MS j GC/FID GC/FID

Sampling Location Manifold

Melt Temp (‘F) Run No. Number ot SamplesAnalyzed

400 1 2 2 1 1 2 1

510 2 2 2 1 1 2 1

605 3 2 2 1 1 2 i

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.Theseflows aredepictedin Fig-
ures2 and 3.An orifice plateand control valve
connectedto amagnaheticgaugewere usedto
setthe flow ateachlocation.A calibratedmass
flow meterwasusedbeforeandafterthetest
runsto verify thesettings.Theflow setpoints
werewithin +/-3% of thestatedvalues.

Die heademissionsweretransportedby
the 700-L/min air flow to asamplingpoint 10
ft downstream of the die head using 4-inch-
diameterglasstubing. The locationfor this
samplingpoint (Figure 2) wasbasedon pre-
vious studiesperformedat Battellethat in-
volved design,engineering,implementa-

tion, andproof-of-principlestagesfor the
pilot plant system.2’2

Two separatesamplingmanifolds were
med at the sampling location;onefor collect-
ing gasesand vaporsand theother for collect-

ing particulates (Figure 4). For gasesand va-
pors, a 10-Llmin substreamwasdiverted from
the main emissionentrainment stream using
a 0.5-inchstainlesssteeltube (0.425 inch i.d.) wrapped
with heating tape and maintained at 50°C.VOCs and
oxygenateswere sampled from this manifold. Similarly,
particulates were sampled isokinetically from a separate
15-L/min substreamusing a 0.25-inchstainlessunheated
steelprobe (0.1375in. id.)

Two different methodswere used to measureVOC

emissions.One was the Beckman 402Hydrocarbon Ana-
lyzer, which continually analyzed theair emissionstream
throughout the run and provided a direct reading of all
VOC substancesresponding to the flame ionization de-

tector.The othermethodusedanevacuatedcanisterfor
samplecollection and gas chromatography for analysis.
With this method,total VOCsweredeterminedby sum-
ming up theheavyhydrocarbon(containingacarbon
numberrangingfrom C3 throughC14) andlight hydro-

carbon(containinga carbonnumberrangingfrom C2
through C3) results.

The total VOCs determinedwith the 402 Analyzer
arein generalagreementwith theVOC valuesobtained
by summingup the light andheavyhydrocarbonsspe-
ciesfrom thetwo GC methods.The402 Analyzerresults
areconsistentlyhigher.Thedataobtainedwith theGC
speciatlonmethodmore closelyresemblestheTO-12
method,which Is frequentlyusedto measuresourceemis-
sionsof VOCs.Informationon theTO-12 methodand
theGC speciationmethod(TO-14) canbe obtainedfrom
the literature.9

This studydid not includeany measurementsof
emissionsfrom thedrumcollectionarea,asall commer-
cial extrusionprocessesquenchthemolten resinshortly

after it exits thedie. Emissionsfrom theextrudatein the
collection drumwerepreventedfrom enteringthedie
headentrainmentareaby drawingair from thedrumat
20 L/min and venting to the exhaustduct. Severalback-
ground sampleswere taken,andsmoketubeswereem-
ployedto confirm thatthedischargefrom theentrain-
ment areawasnot contributing material to thesam-
pling manifold.

VALIDATION OFTHE ANALYTICAL METHOD
Thepurposeof themanifold spikingexperimentswasto
determinethecollectionandrecoveryefficienciesof the
canister, acid, andcarbonyl collection methods.During
the first spiking experiment, all three collection methods
were evaluated.2During thesecondspiking experiment,
collection/recoveryefficienciesweredeterminedonly for
thecanistersamplingmethod.Theresultsfrom thetwo

spiking experimentsaresummarizedin Table 4. The
analytesmeasuredby thespikingexperimentsarelisted
in column one. Column two shows the method used.
Column three showsthe calculated concentrationsof the
spiked compoundsIn theair streamof themanifold. The
concentrationsfoundfrom duplicatesamplingandanaly-
ses,correctedfor background levels,areshownin the next
two columns. Finally, the averagepercent recovered is
given in the last column.

The results from thefirst experiment are summarized
in Table 4 to showrecoveriesof themanifoldspikedcom-
pounds.Thethreeorganicacidswerespikedat anominal

air concentrationof about 0.6 to 0.8 pm/L. Recoveries
using the 1(01-1-coatedfilters rangedfrom 107to 122%.

Ta~erI..v
70°LPM

Figure 3. View of emission entrairynent area.
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Formaldehyde(1.63 jzmlL) servedas the surrogate for the
aidehyde/ketonespecies,and the DNPH cartridge method
showeda recovery of 130%. Deuterated benzene(0.092
pmIL)servedas the representativecompound for the can-
istercollection method. The amount recoveredwas9596.

During thesecondexperiment, additional recovery

Table 5. This shows the averagedie head melt tempera-
ture for eachrun and provides emissionvalues in pg/g
for the targetspeciesin the following categories:particu-
late matter, VOCs, and oxygenatedspecies—aidehydes,
ketones,andorganicacids.The concentrationsare directly
translatable to pounds of material generatedper million
pounds of resin processedat that extrusion temperature.
Figure 5 showsa bar graph of the just-mentionedemis-
sion categoriesby test run. Emissionsplotted include par-
ticulatematter,VOCs as measured by the Beckman 402
Analyzer,VOCsasmeasuredby thegaschromatographic
speciationmethods(e.g., light andheavyhydrocarbon
methods),and, finally, thesumof theoxygenatespecies—
aldehydes,ketones,andorganicacids.

Examinationof thefive differentresinmixturesex-
trudedat asimilar temperature(500 ‘F), that is, Test Runs
2, 4, 5, 7, and8showthe controlledrheologyhomopoly-
mer sampies(2 and 4) generatethe highestconcentra-
tion of particulates and VOCs. Figure 5 clearly demon-
stratesthe effectof melt temperature (400 to 600‘F) on
emissionsfrom a single resin type. Test Runs 1, 2, and3
show, asexpected,thatemissionsof all speciesincrease
with increasingextrusiontemperature;TestRunsS and6
show similar behavior, but to a lesserextent. Notethat
thesedatamaynot beextrapolatedto thehighertem-
peratures used for the meltspinning process.

Individual organic acid emissionsranged from less
than thedetectionlevel to 6.6 pg/g).Formic andacetic
acid concentrationvariedby factorsof 20and 15,respec-
tively, overtheeight runs,but therelativelevelsof for-
mic andaceticacidweresimilar (within afactorof 2) from
test run to test run. Acrylic acid emissions,if any,were

below the detection limits of the equipment. Test Runs 3
datawasobtainedfor thecanistermethod
usingan expandedlist of compounds.The
additionalcompoundsincludeddeuterated
benzenefor comparisonwith thefirst ex-
perimentas well asbenzene,methyl acry-

late, deuterated methyl acrylate, and vinyl
acetate.Theexpectedspikelevel of these
fivespecieswasnominally0.24pm/L. Mass

ions from the massspectrometricdetector
that were specific for eachcompoundwere

usedin calculating recovery efficiencies,
sincethefivespecieswerenot well-resolved
with theanalytical column (i.e., the two
methyl acrylates wereseenasonepeakwhen
monitoringtheflameionizationdetector).

POLYPROPYLENEEMISSION FACFOR

RESULTS
Theextrusiontest runresultsfrom theeight
polypropyleneresinmixturesareshownin

Table 4.Results iron spiking experiments.

Anatyte Method Spike Rscov
Level
(pgk)

Sell

sty (pgil.)

S.i2

Average %
Recovered’

Formic Acid <OH tillers
First Expertmenf

0.71 0.987 0.733 122 ±18
Acetic Acid KOH litters 0.77 1.023 0.640 121±12
Acrylic Acid KOH tillers 0.59 0.687 0.567 107±11
Formaldehyde DNPH Caxlddge 1.63 2.20 2.03 130 ±S
Oenzene-d5 Canister 0.092 0.~8 0,%6 95 ±2

Oenzene-d, Canister
Berurerue Canisier

Second Experiment’
0.24 0.27
0.22 0.22

0,25
0.22

108±4
100

Methyl Acr’yiale-d, Canisler
Methyl Acrylale Canister

0.25 0.26
0.25 0.25

0.24
0.23

100 *4
95 ±4

VinylActeate Canister 0.24 0.26 0.25 110±6

‘Relative error Is the relative per~ntdifference: the absolute difference in the two samples multiplied by 100 and
hen divided by heir average.

‘4-

-‘It——

FIgure 4. Sarnplng manifolds for emissions generated in die head.
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and 4 showedthehighestlevelsof organicacids.Theto.
tai organicacidemissionvaluesfor theseruns were 10.6

and 10.9pg/g, respectively.Figure 5 graphically shows
the total oxygenatesdetected.Even at the highest melt

temperaturesemployedin this study, theoxygenatescon-
tributedlessthan 11%of thetotal VOCsemitted.

Theindividual carbonylspeciesrangedin emission
valuesfrom lessthan thedetectionlevel to 26.9 pg/g.All
eight specieswereresolved.Acetonewasthemostpre-
dominantcomponent,followedby formaldehydeandac-

etaldehyde.TestRuns3, 4, and6 showedthehighest level
of total carbonylspecies.Thetotal carbonylcontentfrom
theserunswere 73.8, 14.9,and21.8pg/g, respectively.

Notethatthe EPA Is proposingto reviseitsdefinition
of VOCs for purposesof preparing stateimplementation
plans(SIPs)to attainthenationalambientair qualitystan-
dards(NAAQS) for ozoneunderTitle I of theCAAA9O
andfor thefederalimplementationplan for theChicago
ozonenonattainmentarea.Theproposedrevisionwould
add acetoneto the list of compounds excludedfrom the

T6b1 LSumnary ol polypropylene extrusion emissions br generic resin grades (mg/g).

definition of VOC on thebasisthat thesecompoundshave
negligiblecontributionto troposphericozoneformation.’0

Thesignificanceof this databecomesapparentwhen
placedin thecontextof the 1990 CAAA9O definition of
“major” sourcefor VOC emissions.Categorizationof an
emissionsourceasa majorsourcesubjectsit to morestrin-
gentpermittingrequirements.Thedefinition of a major
sourcevarieswith theseverityof theozonenonattainment
situationof theareawherethe sourceis located.Thecur-
rent VOC emissionlimits are10 tons/yr for anemission
sourcewithin anextremeozonenonattainmentclassifi-
cation,25 tons/yr for asourcein thesevereclassification,
and50 tons/yr for asourcein the seriousclassification.

Currently, theonly extremenonattainmentareain the
United Statesis theLos Angelesarea.

The utility of this data can be illustrated in the fol-
lowing examples.Basedon theemissionsdatadeveloped
in this effort, aprocessorwith equipmentsimilar to that
used in this study can extrude annually up to 24.4mil-
lion pounds of controlled rheology polypropyleneat a

TestRunl4o. 1 2 3 4 5 a i a

Extrieder ConditIons

Resin lype Controlled Controlled Controlled Controlled Reactor Reactor Reactor Random
rheology rheology rheology rheology grade grade impact copolynier

homopolymer homopolynier homopolynier homopolymer
(wlIh anlistat)

homopobynier homopolynoer copolymer
(15—20w1% EPR)

(3-8 v4 % El)

Melt Average Die 400 510 605 490 400 570 505 510
Melt Temp (‘F)

Particulate Matter 30.3 68.4 653 150 17.3 218 34.5 27.9

VOCs
Beclerian 402- THC4 104 177 819 191 33.4 202 80.3 59.4
Hea~Hydrocarbons 79.1 175 587 104 24.6 127 65.1 29.8
Light Hydrocarbons
En~ne 0.90 1.39 4,55 0.78 0.07 0.37 0.02 0.08
Ethylene 0.38 1.44 1.36 0.50 0.03 0.05 0.02 0.05
Propylene 0.21 0.80 13.9 0.70 0.12 2.24 0.06 0.26

Aldehydes
Formaldehyde1 0.74 1.38 19.1 1.30 0.17 7.05 0.18 0.09
Acrolelp’ <0.01 0.05 0.81 0.14 <0.01 0.10 <0.01 <0.01
Acetaldehydee 0.46 0.54 15.8 0.53 0.09 5.63 0.20 0.08
Proplonaldehyd? 0.05 0.07 1.60 3.31 0.02 0.97 0.95 0.02
Bu~raidehyde 0.78 1.05 3.32 0.92 0.04 0.38 0.08 0.01
Benzalthhyde 0.12 014 5.21 0.51 0.08 0.88 0.02 0.08

Keto nez
Acetone 9.66 12.6 26.9 9.36 0.15 2.82 0.31 0,18
Methyl EThyl Kelone1 0.19 0.24 9.62 0.26 0.07 5.23 0.04 0.04

Organic Acids
Fo,micAcid 0.69 1,43 3.98 5.98 <0.2 1.19 <0.2 0.31
Acetic Acid 1.10 1.25 6.60 4.90 <0.2 2.64 0.25 0.52
AcrylicAcid <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08

‘THC — Total hydrocarbons (methane is not included).tHazardot~air pollutants (FlAPs).
Note: The emission vaiuesare averages Iron duplicate runs. In general, the ditterences werec+/-15%.
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Ft
9

UTO 5. Bar graph showing the particulabes, VOCs obtained with
the 402 ~Analyzer,VOCsobtainedby GC speciatien and oxygenated
orgent species (tactors tt jg/g).

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

CONCLUSIONS
Baseduponthe resultsof this study,the following six
conclusionsaremade:

(1) For theresinsstudied,themajoremissioncom-
ponentswereparticulatematterandVOCs. Much
tower amountswerefound of theoxygenated
species—aidehydes,ketones,andorganicacids.

(2) Emissionratesaredirectly correiatablewith the
melt temperature.

(3) Although the collectionandMS speclattonof
VOCsmostcloselyfollows the EPA procedures
(TO-12andTO-14)for measuringVOCs, themore
conservativeapproachusingtheBeckman402
Analyzer, whichyields higherVOCs values,
should beemployed.

(4) Thedataprovidespolypropyleneprocessorswith
a baselinefor estimatingtheVOCsgeneratedby
theresinstheyhandleon adaily basisunderpro-
cessingconditionssimilar to thoseusedin this
studyandat themaximummeit temperaturesre-
ported.Thefollowing weightsof eachresincan
be processedwithout exceedingthe 10-tonlimit
of an“extreme”ozonenonattainmentarea:24.4
million poundsof controlledrheologypolypropy-
leneat 600‘F, 99.0million poundsof reactorgrade
homopotymerat 570 ‘F, 249.1 million poundsof re-
actorimpactcopolymerat 505 ‘F, and336.7ml]-
lion poundsof randomcopolymerat 510 ‘F.

(5) In somecases,theemission factorsdetermined
in this studymayoverestimate”or underesti-
mateemissionsfrom aparticularprocess.Profes-
sional judgementandconservativemeasures
mustbeexercisedasnecessarywhenusing the
datafor estimatingemissionquantities.

(6) This studywasnot designedto meettheneeds
of industrial hygienists.However,this typeof
apparatuscanbeusedat differentextrusioncon-
ditionsto gatherdataon othertypesof extrudates
such asfiber, film, or sheet.
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ABSTRA~
Emissionfactorsfor selectedvolatile organiccompounds
(VOC5) andparticulateemissionsweredevelopedwhile
processingeight commercialgradesofpolycarbonate(PC)
and onegradeof a PC/acrylonitrile-butadiene-styrene
(ABS) blend.A smallcommercial-typeextruderwasused,
andtheextrusiontemperaturewasheldconstantat 304 ‘C.
An emissionfactor was calculatedfor eachsubstance
measuredandis reportedaspoundsreleasedto theatmo-
sphere/millionpoundsof poiyrnerresinprocessed[ppm
(wt/wt)]. Scaledto productionvolumes,theseemission
factors can be usedby processorsto estimateemission
quantitiesfrom similar PC processingoperations.

INTRODUCTION
The Clean Air Act Amendmentsof 1990 (CAAA) man-
datedthereductionof variouspollutantsreleasedto the
atmosphere.Asaresult,companiesarefacedwith thetask
of establishingan“emissionsinventory” for thechemi-
calsgeneratedandreleasedby theirproductionprocesses.
Thechemicalstargetedarethoseconsideredvolatile or-
ganiccompounds(VOC5) andthosethatareon theU.S.

EnvironmentalProtectionAgency’s (EPA) current list
of 188 hazardousair pollutants. Titie V of the CAAA
establishesa permit program for emission sourcesto
ensurean eventualreductionin thesechemicalemis-
sions.Whenapplyingfor astateoperatingpermit,pro-
cessingcompaniesarerequiredto establisha baseline
of their potentiaiemissions.’

in responseto theneedsof theplasticsindustry,the

Societyof thePlasticsIndustry,Inc. (SN)organizedastudy
to determinetheemissionfactors for extrudingpolycar-
bonate(PC) homopolymers,copoiymers,andblends.
Sponsoredby two major resin producers,the studywas
performedat Battelle. This work follows previousSPl/
Battelte studieson the emissionsfrom acrylonitrile-
butadiene-styrene(ABS),3 polyethylene,3ethylene-vinyl
acryiateandethylene-methylacrylatecopolymers,
poiypropylene,5andpolyamide.6

Therearelimited literaturereferencesaboutemissions

from PC, but mostof theseusestatic,small-scaleproce-
duresandwereintendedto predictemissionsfrom either
a fire scenarioor worker exposure.”Theseproceduresdo
not accuratelysimulatethetemperatureprofile andoxy-
genexposureconditionstypical of extrusionprocessing.

Static testing usuaiiyexposesthe resin to temperatures
outside(both greaterthanandless than) typical extru-
sion temperaturerangesandto atmosphericoxygenfor
extendedperiodsof time. Duringcommercialprocessing,
the resin is molten for a few minutesat most,andthe
equipmentis designedto forceairout of contactwith the
melt in thebarrel. Hot resin is in contactwith oxygen

IMPliCATIONS
This study provides quantitat’r/e emission data collected
while processing nine types of PC-based resins. These
data are directlyrelated to production throughput arid can
be used as reference points to estimate emIssIons from
simiiar PC resins processed on similar equipment.
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only briefly as it exitsthedie. In light of thesedifferences,
thedataobtainedfrom static testsareof limited usein

predictingemissionsfrom commercialprocessing.
Greateraccuracywould, of course,be possibleby

measuringemissionsfrom actual productionequip-
ment. Becauseoperatingparameterscaninfluencethe
type andquantity of emissions,thegreatestaccuracy
can be achievedby studying eachprocess.Parameters
thatcaninfluenceemissionsincludeextruder/injection
moldersizeandtype,melt temperature,processingrate,

the ratio of air-exposedsurfaceto the volume of the
product,andsheareffectscausedby screwdesign.Vari-
ablesassociatedwith thematerialbeingprocessedthat
canalso affectemissionsinclude resin type, ageof the
resin, additive packages,and heat history of any re-
cycledresin,It would bea dauntingtaskto designand
Implementemission studies for all combinationsof
processingvariables.

To strikeabalancebetweentheInapplicability of static
testsandthecomplexityofmeasuringeachprocess,SPIand
majorPCproducersinitiatedworktodevelopbaselineemis-
sionfactorsfor PCprocessingunderconditionsthatwould
providereasonablereferencedatafor similar processingop-
erations.Extrusionwaschosenasthepreferredprocessbe-
causeof Its continuousnatureand the ability to reach
steady-stateconditionsfor accuratemeasurementExtrusion
is also believed to havehigheremissionratesthan other
processes,suchasInjectionmolding operations,9and,there-
fore,shouldleadto moreconservativeextrapoiations.

Forthecurrentstudy,threecompositesandsixsingle
resinswereevaluated(seeTable1). The compositeswere
abiendof BayerMakrolonandDow CalibreIntendedfor
food contact,compactdiscs,and UV-stabiiizedproduct
markets.Bayerthen testedthreegradesof MakrolonIn-
tendedfor radiation-stabilized,impact-modified,andig-
nition-resistantmarkets.Dowtestedaradiation-stabitized
grade,abranchedPC,andaPC/ABS blend.

‘ThbIe 1. Test runs for PC resinsprogram.

Samplingand analyticalmeasurementswerecon-
ductedto determineemissionfactors for thefollowing:

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

monochlorobenzene,carbontetrachloride,me-
thylenechloride,p/rn-xylene,styrene,o-xylene,
andtoluene;and

• four targetedsemi-volatileorganiccompounds
(SVOC5):diphenylcarbonate,bisphenolA, phe-
nol, andp-cumyi phenol.

Thetargetedorganicspecieswerechosenbasedontheir
knownorexpectedpresenceasthermalandthermaloxida-
tivebreakdownproductsof thepolymersselectedfor study.

EXPERIMENTAL
Resin Blending Procedure

For runs 1—3,equal portionsof eachcontributedresinwere
homogeneouslymixed in 10-gal metal cans to form a
composite blend immediately before the test run. Each
container was filled to approximately two-thirds of ca-
pacity andthen thoroughlyblendedby rotationon an
automatedcan-rolling device. Eachresin (runs 4—9) or
resin mixture (runs 1—3) wasplacedin adrying hopper
anddriedat 126.7°Cfor 6 hr to adewpoint of —28.9°C.

Extruder Operating Procedures
TheHPM Corp. 1.5-in.,singLe-screw,30:1 L/D (length-to-
diameterratio), 15-hp plastic extruderwasthoroughly
cleanedbeforethe PC experiments.The extruderis ca-
pableof -27.2kg/hrthroughputand426.7°C(maximum)
barreltemperaturesfor the threeheatzones.A specially
constructedscrewused on a previouspolyamidestudr
was usedandis shownin Figure 1. An eight-stranddie
headusedin previousSPI-sponsoredemissionstudieswas
usedfor this studyandis shownin FIgure2. Thedie head
wascleanedand Inspected,theholeswere reamedto a

3/16-in,diameter,andthesurface
was polished before thestart of
experimentalwork.

EachPC resinor mixturewas
initially extrudedfor 10—20 mm

beforetheactualtestrunto en-
surestableprocessconditions.
During this time, thetotal VOCs
were monitored by online
instrumentationto indicate
equilibrationof theexhaustef-
fluent. A checkof operatingpa-
rameterswasrecordedinitiaHy
and at 5-mm Intervals during
each 20-mm test run. These
parametersincluded

lan Na. Resin Sample lescrlptlsn
Appllcatluss

layer
MMROtON

law
CAUUE

Eitudlng
TmuIp.tattlre

1 Compcsile’ Food contact 3108 201 304°C
2 Composite’ Compact discs MAS-140 and CD2005 XLI 73109,OIL 304°C
3 Composite’ uv stabilized 3103 302 304°C
4 Single Radiation stabilized RX-2530 304°C
5 Single Impact rn~dtfled T-7855 304°C
B Single Flame retarded 6465 304°C
7 Single Radiation stabilized 2081 304°C
B Single Branched 603-3 304°C
9 Single PC/ABS bleid Putse 830 304°C

‘Equal weights of resins dry blended.
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Plgurs 1. Screw profie fl-1PM Corporation).

Plgure t Extrude, strand die head used in poeyamide emissIons
testing program.

• checkthat the temperatureat thedieheadhad
reachedtarget and wasstable;

• checkthattheRPM settingwasat 60%(60RPM);

• checkof theextrudercoolingwaterflow (inand
out);

• checkof manIfold airflow rates; and
• checkof the flow settings for all sampling

equipment.
For each test run, a second repetitive run was carriedout
immediatelyaftercompletionof thefirst runusingthesame
operatingconditions.Duplicaterunswereconductedto al-
low betterassessmentof sampiingandanalyticalprecision.

Die Head EmissionCollection
Thestainless-steelemission-samplingmanifold is shown
in Figure 3. EmIssionswereentrainedIn pre-condmtloned
air (i.e.,purified through a charcoal filter). Incoming fil-
tered air waspresetat a flow of 400L/mmn usingthevari-
ableflow blowerandweremaintainedat this ratefor all
testruns. This flow wasdirected through the laminar flow
head assemblyandacrossthe extrusion die head. The
variableflow blower on the receivingside of themani-
foid systemwasadjustedto match the 400-L/min inlet
flow. Additional flow from the samplingequipment re-
sulted In —10% greater flow into the receivingend of the

samplingmanifold. Smoketubeswere usedduring the
test runsto confirm efficient transferof theemissions.

The manifoldwasequippedwith multiple ports for
connectingthevarioussamplingdevices.Eachport was
0.25-in.o.d. andprotruded1 in. into theairstream.The

*19t—OI—t059L SCREW PROFILE
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semblyandanin-line stainlesssteelprobe(0.25-In.o.d.)

connectedto a47-mmfilter pack.

Sampling andAnalysisMethods
Themethodsemployedfor chaiacterlzingtheemissionsfrom
the resin extrusionprocessaresummarizedin Table 2.
Detailedinformationis providedin thefollowing sections.

TargetVOfl. Thecollectionandanalysisof targetVOCs
followedEPA MethodTO-14A guIdelines.Evacuatedand
polishedSUMMA 6-L canisters(100mtorr) were used
to collectwhole air samples.The 6-L canisterswereini-
tially cleanedby placingthemin a50°Covenandusing
a five-stepsequenceof evacuatingto lessthan 1 torr
(1 mmof mercuryvacuum)andfilling to —4 psig (lb/in.2

gauge)usinghumidified ultra-zeroair. A final canIster
vacuum of 100 mtorr was achievedwith an oil-free

mechanicalpump.Eachcanisterwasconnectedto the
samplingmanifold,anda20-mm integratedsamplewas
obtainedduringthecollectionperiod.Aftercollection,
thecanisterpressurewasrecorded,andthecanisterwas
filled to 5.0 psig with ultra-zeroair to facilitaterepeated
analysesof air from thecanister.

Table 2. Sanple collection and analysismethods for polycarbonale lest wirs.

Substancus CellectIes MedIa Matytlcil MeUied
Moaltered

Total VOCs Real-time monitoring Continuous FID
Target SVOCs XAD-2 adsorbent CC/MS
Particulatematter Glassfiber tiller Gravinelricweighing
Target VOCs SUMMA canister GC/panllel FID and MSD

A FisonsMD 800 gaschromatographic(GC) system
equipped with parallel flame Ionization detectors (FID)
andmassspectrometricdetectors(MSD) wasusedto ana-
lyzethetargetVOCspresentin thecanistersamples.The

GC containeda cryogenicpreconcentrationtrap. The
trapwasa1/8- x 8-in, coiled stainlesssteel tube packed
wIth 60/80 meshglassbeads.The trap wasmaintained
at —185 °Cduringsamplecollection andat150°Cdur-
Ing sampledesorption.A six-portvalvewasusedto con-
trol samplecollection and Injection. Analytes were
chromatographicallyresolvedon a RestekRtx-1, 60 m
x 0.5 mm id. fusedsilicacapillary column(1 gm film
thickness).Optimal analyticalresultswere achievedby
temperature-programming the GC oven from —50 to 220
°Cat 8 °C/mm. The column exit flow wasspilt to direct
one-third of theflow to the MSDandthe remaining flow
to the FID. The massspectrometer(MS) wasoperatedin
thetotal ionizationmodeso thatall masseswerescanned
between30 and300amu at a rateof 1 scan/0.4sec.Iden-
tification of VOCswasperformedby matchingthemass
spectraacquiredfrom thesamplesto the massspectral
library fromthe NationalInstituteof StandardsandTech-

nology (141ST).Thesamplevolumewas60cm’. With this
samplevolume, the FID detectionlevel was1.0 ppb.
Detector calibration was basedon instrument response
to known concentrationsof dilute calibrationgascon-
taining the target VOCs (traceable to NIST calibration
cylinders). The calibration rangeextendedfrom 0.1 to
1000Rg/L.

TargetSVOCs.XAD-2 adsorbenttubeswereusedto collect
SVOCemissions.Analyseswerecarriedout usingaGC/MS
system.Theadsorbentcleaning,sampling,andanalytical
proceduresaredescribedIn thenextparagraphs.

FIgure 3. Emission enclosure apparatus.

manifoldwasalsoequippedwith a 4-In, filter holderas-
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Thesamplingmoduleconsistedof aninletjet equipped
with a quartz fiber filter (Pallflex) anda glass cartridge
packedwith precleanedXAD-2 (Supelco).Thefilters were
purgedin anoven(450°C)overnightbeforeuse.TheXAD-2
cartridgeassemblywassealedat both ends,wrappedwith
aluminumfoil, andlabeledwith asamplecode.

SingleXAD cartridgesamplingwasconductedovera

20-mm collection periodusing nominal flow ratesof 4
L/mln. An 51CC sampling pump wasused to draw the
sampleinto the cartridgeassembly.A massflow meter
(0—5 L/min) wasusedduringthesamplingperiodto mea-
sureactualflow rate.Aftersampling,theXAD-2 assembly
wascappedandstoredin a refrigesator.For runs 1A, 2A,
andSB, aknown amountof bisphenol-A(deuterated,d6)
wasspikedonto theXAD-2 cartridgelustbeforesampling.

The filter/XAD-2 samplesfrom each run were ex-
tractedseparatelywith dichloromethanefor 16 hr. The
extractswereconcentratedby evaporationwith aICuderna-
Danish(K-D) apparatusto a final volume of 10 mL. The
concentratedextractswere analyzedby GC/MS to deter-
mine SVOC concentrations.

A Hewlett Packard Model 5973GCIMS, operatedin
theelectronimpactmode,wasused.Sampleextractswere
analyzedby GC/MS in the full massscanmodeto deter-

mine SVOC levels.A fusedsilicacapillary DB-5 column,
60 m x 0.32mmi.d. (0.25 smfilm thickness),wasused
for analyteresolution.The initial CC oventemperature
was70°C.After2 mm, thetemperaturewasprogrammed

Table 3. Total manifold exhaust flow andresin throughputrates for generic PC resin grades.

to 150°Cat 15°C/minandthento 290°Cat 6 °C/min.
Helium wasusedas thecarriergas. The MS was setto
scanfrom m/z 35 to 500 amuat 3 scans/sec.Identifica-
tion of thetargetanalytewasbasedon acomparisonof
mass spectraand retentiontimes relative to the cor-
respondingInternal standards(naphthaiene-d,and
phenanthrene-d10,).Tentativeidentificationof nontarget
compoundswasaccomplishedby manualinterpretation

of background-correctedspectratogetherwith anonline
library search.

Total ParticulateMaterial. The concentrationof particu-
lateemissionswasdeterminedby passingasampleof the
exhausteffluent througha pre-weighedfilter andthen

conductinga gravimetricanalysisof the sampledfilter.
The pre-weighedfilter (8 x 10 in.) andholderwere in-
sertedinto the exhaustport of thesamplingmanifold.
ThesamplevolumewasdeterminedfromacalibratedorI-
fice andMagnehelicgaugelocatedon thesamplemani-
fold blower.A flow rateof 200L/mmn wasusedduringthe
20-mm testruns.Gravimetricanalysesof thefilter before
andaftersamplingwerecarriedout in a controlledenvI-
ronmentalfacility (temperature21 ±1 °C,relativehu-
midity 50 ±5%). Thefilters were preconditionedto the
controlled environmentfor 24 hr andthenweighed.

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

Tnt Reala OrifIce hewer Slower @ Total XMl-i CalMer Total Real.
Rn Ifle (lathes at @140°F 75°For VOC Sampler Sampler Macillold T)vnghput
NI. water) or SO °C

(tJmln)
24°C
liMbs)

Aeialper
((1.1.)

(I/wIn) ((1mm) Flow
(liSa)

(/mln)

1A Food contacl 4 417 393 2 4.0 0.2 399,2 354
lB 4 417 393 2 4.0 0.2 399.2 333
2A Corn~actdiss 4 417 393 2 4.0 0.2 399.2 370
26 4 417 393 2 4,0 0.2 399.2 368
3A liv stabilized 4 417 393 2 3.9 0.2 399.1 341
3B 4 417 393 2 3.9 0.2 399.1 322
4A Radiation stabilized 4 417 393 2 4.0 0.2 399.2 356
48 4 417 393 2 3.9 0.2 399.1 359
5A Impact modified 4 417 393 2 3.9 0.2 399.1 309
58 4 417 393 2 3.9 0.2 399.1 310
6A Ignition resistant 4 417 393 2 3.9 0.2 399.1 344
68 4 417 393 2 3.9 0.2 399.1 351
7A Radiation stabilized 4 417 393 2 4.0 0.2 399.2 348
76 4 417 393 2 4.0 0.2 399.2 346
8A Branched 4 417 393 2 4.0 0.2 399.2 325
88 4 417 393 2 4.0 0.2 399.2 323
9A PC/ABS blend 4 417 393 2 4.0 0.2 399.2 285
96 4 417 393 2 4.0 0.2 399.2 287
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detector (HFID) wasusedto continuouslyI monitortheVOC contentof theexhausteffluent.A heatedsampleline (149 ‘C) was

I connectedto theextrudersamplemani-fold, andthesampleflow wasmaintained
at 2 L/mln. Theanalyzerwascalibratedat

the beginningof eachtest day againsta
• NIST-traceablereferencecylindercontain-

I ; ing amixtureof propanein 42-pxg/L ultra-
I zero air (minimal total hydrocarbons,
5 water,C02,CO.orotherimpurities).Un-

J ~ earity wasdemonstratedby challenging
theanalyzercalibrationstandardsof 3,46,

280,

and4480mxg/L of methane.

TotalManifold How4 Thetotal manifold exhaustflow for the
Individual test runs was neededfor the
eventualcalculationof emissionfactors.

Table
3 liststhetotal flows for eachtest

run. Theorifice a?value is theobserved
readingfor eachrun. From theexperi-

k 4 mentally derived regressionequation,
— flow = 74223(AP)÷119.77(R2=0.9943),

I ~ aflow rate(typicallyexpressedasL/min)
throughtheblower canbe determined

using this a? value. However, the flow
I across the orifice was originally call-

j I bratedat 75 °F(218 °C).TheRankine
temperature(°R)Is commonlyemployed

— (‘R = ‘P + 45967).To correcttheflow to

the manifoldoperatIngtemperatureof

140°F(60‘C), thefollowing flow orifice
equationwasused:

1/2

Q2 = QI (1)

where Q, wasthe flow rateduring test
runs,Q2 wasthe flow rate at 75 ‘F (535

°R),T, wasthe temperature of the ex-j haustair eR), andT
2

was the tempera-
: ture at calibration (535°R).

A temperature correction factor of
0544 was applied to the flow rate dur-

~ ing the test runs to determIne the flow
~ rate at 75 ‘F. In addition, the flow rates

.~ from the individual sampling compo-
nents were neededto obtain a total

!‘ manifold flow. The total manifold flow
is shown in the last row of Table 3. For
all testruns,thetotal manifoldflow was

~‘ balancedat thepresetIncomingflow rate
~ of 400 L/min.

9’ 01 01 ~ tO N- 01 0) 0)N-tflN~~~flr-Jc-J
• .~‘N . .R~Ln~~1 ~o,°0

0 0 0 0 0 0’’~ 0 0 0 0 0 0 0 0

0 0 a a a o 0 0 0 d 0 0 0 0 0 0 0 0

‘-a a ~- (N (fl~ —— — — (N ‘-0000

ii

jfl

S

1.!
1••—fl
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Emission Factors
Amounts of thetargetchemicalsdetected
in themanifoldexhaustflow areshown
in Table4(jsg/L). Emissionfactorsfor the

amountof targetchemicalsdetectedfor
eachresintested(~ig/G)werecalculated
from the measuredemission levels in
Table4 usingthis formula:

E=(Cxfl/O (2)

where E was iig emisslons/gprocessed
resin,C wasthe measuredconcentration
of emissionsin ~sgIL,F wasthetotal mani-
fold flow rateIn L/min, and0wastheresin
throughputin g/min. Emissionfactors
(pg/G)aresummarizedin TableS.Dimen-
sionalanalysisshowsthattheseemission
factorscanalsobereadaslb emissions/
million lb resin processed.

Significance of Emission Factors
This study provides emission data col-
lected during extrusion of variousPCres-
ins under specific operatingconditions.

The calculated emission factors can be
usedby processorsto determinetheir ex-
pectedannual emissions,whIch areused
to categorize industrial sites under the
1990 CAAA. The most stringent current
limitation is 10 tlyear of VOC emissions
within anextreme03 managementarea.
A processorwith equipment similar to
that usedin thisstudy could extrude100-
800 million lb/year of PC, depending
upon the product mix, before achieving
maximum permitlevels. In lessrestricted
areas,where the VOC emissionscan be
up to 50 t/year, the processorcould po-
tentially process5 timesthisamount.

RESULTS
The primary results of the study are
shownIn Table 5. Somespecificobser-
vationsareasfollows:

(1) Overall emissionswere low.
ManygradesIndicatedlessthan
100 lb emlssionsfmillion lb PC
processed.Processingconditions
differedfrom resinto resin,most
notablyby temperature,soemis-
sion data from different resins
werenot directlycomparable.

Ii
I
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(2) The PC/ABS blendproducedthehighestemis-
sions.This waspredictedby the previousSPI.

sponsoredABS study.
(3) Impact-modifiedPC wasthenexthighestemit-

ter. Again, this wasexpectedbecausethis blend
contained a toughener component.

Table S shows that very good precision was observed for

the nineduplicate runsacross all four measurement tech-
niques.Calculatedprecisionwas8%for particulatemat-
ter, 6% for VOCs, 14% for targetedVOCs, and 15% for
SVOCs. Severalof the targetedVOCs were either
nondetectable or present at extremely low levels in all
resins,particularlycarbontetrachloride,methylenechlo-
ride, o-xylene,andtoluene.Others, suchasp,m-xylene
andstyrene,were only presentin thePC/ABS blend.

CONCLUSIONS
The data collectedin this study provide processorswith a
baselinefor estimatingemissionsgeneratedby PC resins
processed under similar conditions. Discrepancies between
total VOCs (as measuredby the total hydrocarbon ana-

lyzer) and total SVOCs (asmeasuredby gaschromatogra-
phy) are a resultof differencesin Instrument calibrations.
The larger value of the two should be usedto ensurecon-
servative estimates. The emissionfactors reported here
may not represent thosefor other PC typesor for other
methods of processing.Professionaljudgment and con-
servativemeasuresmustbe exercisedas necessarywhen
usingthesedatafor estimatingemissionquantities.
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~sma
Emissionfactorsfor selectedvolatile organicand particu-

lateemissionsweredevelopedoverarangeof temperatures
during extrusionof polyethyleneresins.A pilot scalea-
tinderwas used.Polymermelt temperaturesrangedfrom

500 F to 600 F for low densitypolyethylene(LDPE),355‘F
to 500 F for linear low densitypolyethylene(LLDPE), and

380 F to 430 ‘F for high density polyethylene(HDPE). An
emission factor wascalculatedfor eachsubstancemeasured

and reported aspounds releasedto theatmosphereper mil-
lion pounds of polymer processed(ppm[wt/wtfl. Basedon
production volumes,theseemissIonfactors can be usedby
processorsto estimateemissionsfrom polyethyleneextru-

sion operations that are similar to the conditions used in
thIs study.

INTRODUC~IOJJ
The Clean Air Act Amendmentsof 1990(CAAA) mandated
the reduction of various pollutants released to the atmo-
sphere,suchasvolatileorganiccompounds(VOC5)andthe

U.S. Environmental Protection Agency’s (EPA) list of 189
hazardous air pollutants (HAl’s). Title V of the amended

Clean Air Act establishesa permit program for emission
sources to ensure a reduction in emissions. This program

will radically impact tensof thousandsof companiesthat
will have to apply for stateoperating permits. In response

to the needsof the industry, the Society of the PlasticsIn-
dustry, Inc. (SPI) organized a study to measure emissions
producedduringpolyethyleneprocessingto assistproces-

sors in complying with the CAAA. Sponsoredby nine major
resin producers, the work wasperformedat Battelle,a not-

for-profit researchorganization in Columbus,Ohio.
Prior to this study, a review of the literature revealedear-

lier polyethylene thermal emissionswork that provided a
wealth of qualitative dataas well assomequantitativedata
on emissions.However,becauseof the concemsaboutthe
emissiongenerationtechniquesused,the quantitativeIn-
formationis not deemedadequatefor addressingthe regu-
latory issuescurrently at hand.

Theprimary concernaboutpreviousemissionsdata Is

thattheyweregeneratedusing static,small~scaIe,’or other-
wise unspecifiedprocedures.Z3Thesetechniquesmay not
adequateLy simulate the temperature and oxygenexposure
condition typically encountered in the extrusion process.

That is, In most extruders, the polymer melt continuously

flows through the system, limiting the residencetime in

the heatedzones.This contrastswith staticprocedureswhere

thepolymermaybeexposedto theequivalenttemperature
butfor aneffectivelylongerperiodof time,thusresultingin
anexaggeratedthermalexposure.In a similarway, thecon-

cernoveroxygenin theindustrialextrusionprocessis mini-

mizedastheextrudersaewdesignforcesentrappedairback
alongthebarrelduringtheinitial compressionandmelting

process.The air exits the systemvia the hopper; conse-
quently,hot polymerIs 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 reported in an earlier EPA document. These data
can be used by processors as a point of reference to
estimate emissions from similar polyethylene extrusion
equipment based on production voiumes.
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whenit is extrudedthroughthe die. Again, this is iii con-

trastto statictestingwherehot polymermaybe exposedto
air for extendedperiodsof time. In view of theseconcerns,

It is apparentthat theaccuracy of dataobtainedfrom these
techniquesmay-belimited whenusedto predictemissions
generatedby polyethyleneprocessors.

As an alternative to small-scale static technology, a bet-

ter approachwouldbe tomeasureemissionsdirectly from
theextrusionprocess.Sincethe typeandquantityof emis-

sionsareofteninfluencedbyoperationalparameters,theideal
situation would be to study each process underthespecific

operatingconditionsof concern.Parametersthat canalter
thenatureof theemissionsindude: exft-udersizeandtype,

extrusion temperatureandrate,theair-exposedsurfaceto

volumeratiooftheextrudate,thecoolingrateoftheextrudate,
andthesheareffect from theextruderscrew.Othervariables
relatedto thematerial(s)beingextrudedcanalso influence

emissions.TheseInclude: resintype, age of the resin,addi-
live patkage,andany additional materialsaddedto theresin
prior to extrusion,If a processorusesrecycledmaterials,the

thermalhistoryIs alsoanImportantfactor.

In view of thesevariables,It Is clearthat It would be a
considerabletasktodeviseandconductemissionmeasure-
mentstudiesfor all majorextrusionapplications.Therefore,
SN’s objective In this work was to developbaselineemis-
sion factors for polyethyleneprocessingunderconditions
thatwould provide reasonable ref erence datafor processors

involvedIn similarextrusionoperations.

A pilot-scaleextruderequIppedwitha 1.5 Inch screwand
fitted with aneight-stranddie waschosento processresins
associatedwith threemajorapplications:extrusioncoating,
blown film, andblow molding.Theresintypeswererespec-
tively: low densitypolyethylene(LOPE), linear low density

polyethylene(LIDPE), andhighdensitypolyethylene(HOPE).

Figur. I. View of the extruder system ~d the various sampling locations.

The emissionsweremeasuredover a 30-minuteperiod

andwere relatedto theweightof resinextruded.Theesnis-

sion factor for eachsubstancemeasuredwas reportedas
poundsevolvedto theatmosphereper million poundsof
polymerprocessed(pprn[wtfwtfl. Processorsusingsimilar
equipmentcanusetheseemissionfactorsasrelativerefer-

encepointsto assistin estimatingemissionsfromtheir spe-
cific polyethyleneapplication..

EXPERIMENTAL

TestRSns
Resins were selectedfor this studyto cover the main pro-
cessIngapplicationsfor eachmajor type of polyethylene,

I.e., LOPE, LLDPE, and HDPE. Where appilcable, project

sponsorssubmitteda freshsampleof their mostcommon

resin grade using their standardadditivepackagefor each
application.Equalportionsof the sponsorsampleswere

mixedby Battelleto provide an aggregate’test samplefor

eachresintype.The additivesIn the final LLbPE blend were
slip (900ppm),antloxldants/stablllzers(1775ppm),process
aids(580ppm), andantlblock(4750ppm).TheadditivesIn
the final HDPE blend were antioxldants/stabilizers(350
ppm),andprocessaids(200ppm).Noneof theLOPEresins
containedadditivesIn theIrformulation.All resinswereeight
monthsold or lessat thestartof testing.

ExperimentalProcessConditions
A HPMCorporation15 horsepowerunventedextrudeswas
usedto processthepolyethylenecompositetestsamplesat
Battelle.Theextruderwasequippedwith a 1.5 Inchsingle
screw(LID ratio of 30)and fitted with an eightstranddle.
Extrudedresinstrandswereallowedto flow Into a stainless
steeldrum locateddirectlyunderthe die head(seeFigure
I). Processconditlotiswereselectedto berepresentativeof

severalcommercialprocessingappli-.
cations. These are provided In Tables

1 and 2.

CaptureandCollection
of Emissions

EmissIonsreleasedatthe dIe head
andhopperareaswereseparatelycol-
lectedfor 30 minutesduringthea-
trusion runs.Table 3 shows the

samplingstrategyemployedfor the
threetypesofpolyethyleneresins.Air

sampling/collectionratesfor thevari-
ousanalyticalsamplersemployedare
providedin Table4.

Die Head Emissions. Emissionsre-
leasedat thedie headduringextru-
sion were capturedat the pointof

releasein acontinuousflow of clean
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TabI. t Resin type characterization and extrusion temperatures.

Resin Grade Number of Resins Use
in Composite

Mel
•

(index grainsl Density g/cc
10 minutes

Extrusion Temperatures ‘F

LOPE 5 Extrusion Coating 7 0.92 500,600
LLDPE 6 Blown Film 1 0.92 355, 3~5450,500
HOPE 5 Blow Molding 02 a~s • 380,430

Table 2. Experimental process conditions. .

LOPE LLDPE HOPE,

Number of Extrusion Runs 2 2’ 1 I 1 2t 1 2
Diehead Melt Temperature, °F 500 600 355c 395 450 500 380 430
Zone3Temperature, OF 487 610 310 335 425 485 355 415
Zone2lemperature, ‘F 485 590 310 335 400 475 335 375
Zone I Temperature, ‘F 411 450 300 325 350 400. 325 325
Pressure, psig NAd NAd 2,0(X) 3,000 1,000 800 1,750 1,500
Resin Throughput lbfrtr 383/290 38.3/290 37.0/280 36.9/279 38.1/288 38.4/291 37.4/283 34.1/258

[grrvmin)
Rotor Speed, rpm 96 96 96 ‘ 96 96 96 96 96
Rui Duration, mm 30 30 30 30 30 30 30 30

• In addition to liii dupliCatetests at 600‘F. a (UWd) spadng test was performed at dis temperature for benzene’d
6

.
‘Inadditen tothe dupicale tests at 500‘E a (third) splkkig test w~sperformed at thistemperature for foimaideliydeend fan~e.aeetie~sn~4c.acids.
~Screenpack wes removed for 355 ‘F run with LLDPE to achieve target rr~ittemperatire at dIe head.
D~vaflab~

air. A portionof this air flow was subsequentlysampled
downstreamasdescribedbelow.TheemissionswereInitially
capturedIn a stainless-steelenclosuresurroundingthedie
head(seeFigure2). The air streamwaslnunedlatelydrawn
through a divergent nozzle entrainment conewhich prq-
videda sheathof deanairbetweenthedIe heademissIon

Z View of emission entrainment area.

flow andthewallsof thecarrierduct.ThisminimizedInter-
actionof thehot exhaustwith the coolerduct walls.

The totalair flow employedfor capturingdie heademis-

sionswas-setat‘700 litersperminute.ThiswascomprIsedof
thedieheadentrainmentflow at525 liters perminute, the
sheathflow at100 litersperminute,and75 litersperminute
_____ of residualair flow whichwas madeupfrom

room air drawnInto theopenbottomof the
stainless-steeldieheadenclosureThisresidual
airflow wasusedto facilitateeffectivecapture
of the polymeremissions.Theseflows arede-
pIctedIn FIgures1 and 2.

Dieheademissionsweretransportedbythe
700-lIter per minuteair flow to a sampling
poInt 10 feetdownstreamof the die headus-
ing 4-Inchdiameterglasstubing.Thelocation
for this samplingpoint(seeFigure1) wasbased
on previousstudiesperformedat Battellë
which Involved design,engineering,Imple-
mentation,and proof-of-principlestagesfor

thelaboratorysystem.4

iWo separatesamplingmanifoldswereused
at the samplinglocation; onefor collectIng
gasesandvaporsandtheotherfor collecting

particulates(seeFigure 3). For gasesandva-
pors,a 10-liter perminute substreamwasdi-
vertedfrom themaIn emissionentrainment

streamusinga 1/2-inchstainlesssteel tube
(0.425 Inch 14.) wrapped with heatingtape

TotSPlow

100LPM

I
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lIlal. 3. Sample collechon and analysis scheme.

Substances
Monitored

Organic
Atids

Aldehydes/
Ketones

Parliculates VOCs
,

HHC’ LHCb HHC U-IC

Collection
Media

K0i-l
Impregnated

Filter

ONPH Tube Glass Fiber
Filter

SUMMA Canister

Analytical
Method

Desorpticn with
Dilute H2504 and
Analysis by Ion

Exclusion
Chroniatographyf

Uv

Desorplion with
Acetonitrile and

Analysis by
HPLC

Gravimotric
Modified TO-14

HP-I Fused Silica
Capillary Column

A120j
Na2804

Capillary
Column

HP-i Fused Silica
Capillary Column

Al,Oj
Na2504

Capillary
Colurm

CC/MS OC/FID CC/RD GCAeIS GC/FI0 CC/RD

Sampling
Location

Manifold . Hopper
,

Number of Samples Analyzed Per Run

2 12.. Ii 111212111212
• F-fl-IC Heavy hydrocasbons - includes C4 to C1~CUT~QifldSpresent fri caSter samples

LHC Light hydrocarbons - Includes ethene, ethylene, propylene

andmaintained at 50 .C. VOCs and oxygenateswere
sampled from this manifold. Similarly, partlculates
were sampledfrom a separate-iS-liter-per minute
substreamusinga 1/4-inchstainlessunheatedsteelprobe
(0.1375Inch id.).

Thisstudydid notIncludeanyemissionsfrom thedrum
collectionareaasall commercialextrusionprocessesquench
themoltenresinshortlyafterexitingthedie.Any emissions
from theextrudateIn thecollection drumwertprevented
from enteringthedieheadentrainmentareaby drawingair
from thedrumat 20 liters perminute and venthig to the
exhaustduct.

Hopper Emissions. Oneof theunderlyingobjectivesof this
studywasto determIneIfsubstancesevolvedfrom the hop-
perareahadanysubstantialcontributiontotheoverallemis-
sions.Any suchemissIonswould likely be releasedduring
thehealingandhomogenizationof theresinpelletsin the
initial zonesof the screw.Since the processtemperatures
usedin this areawere substantially lower than thoseen-
countered at thedie head, the llkelthoodof generatingoxi-

dation products or particulates is low.Therefore,onlyVOCs

weremonitoredin this area.

Emissionsreleasedhorn the extruder throat of the hop-
per areawere captured using a 30-liter stainlesssteelenclo-

sure.The enclosurewasequIppedwith a speciallydesigned
air-tight lid that would also allow rapid delivery of addi-

tional resin material as needed.As shownIn Figure1, a 10-
liter perminute air flow wasdrawnthroughthe enclosure

to entrainanyemissionsand removethem to a downstream
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locationfor analyticalsampling.The samplingmanifold was
located2 feetdownstream of the hopper, and aportion of
the 10-literperminuteflow wasdirectedto thetotalVOC
analyzeras well as to air samplingcanisters(as shownIn
FIgure3).

TargetAnalytes
The chemicalsmeasuredin this study were selectedby cross
referencingthe substancesIdentified in the thermalemis-
sIonliterature’ with theEPA’s list of HazardousAir Pollut-
ants(HAPs). Many of thesewereoxygenatedcompounds,
includingacetakiehyde,aaolein,acrylic acid,fonnaldehyde,
methyl ethyl ketone, andproplonaldehyde.Althoughnot
on theHAPslist, aceticacId,acetone,andformic addwere
addedtothelist of targetanalytesbecausetheyhavebeen

IlbI. 4. Air flow rates for capture arid colleclion ofemissions.

PARAMETER LDPE (Limit,,) LLOPE/
I-lOPE (L/mfn)

Total Manifold Row 700 7~i

Flow Rate Into Sheath Area 100 10)
Flow Rate Into Entrainment Area 525 525
Flow Rate Through Hopper 10 10
Flow Through Tubes for 1 0.5

Aldehydes/Ketones .

FlowThroughlubesfor 10 5
Organic Acids

Flow Into Canisters. 0.16 0.16
FlowThrough4o2THCAnalyzer 1 I
Flow Through Filter Holder 15 15
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Elgu,. 3. Sampling manifolds for emissions generated al die head and hopper.

commonly reportedin the literatureas thenna~emission
components,andtheywereeasily IncludedIn the selected
analyticalprotocol.

All gaseousandvolatilehydrocarbons were groupedto-

gether and monitored as Volatile Organic Compounds

(VOCs). This Includedcompoundssuchas ethane,ethyl-
ene,propylene, butane,hexane,and octane.The analyti-
cal approach (discussedbelow) provided a collective
measurementfor a broad range of volatile hydrocarbons
as well as the ability to speciateindividual analytes,such
as hexane, which Is the only hydrocarbotion the I-lAPs

list thatis identified in the thermalemissionliteratureas-
sodatedwith polyethylene.

Nonvolatilematerial(analyzedasParticulate?)wasalsolii-
cludeciasatargetsubstanceasthis materialhasbeenidentified
insomepolyethylenethermalemissionsby thestudysponsors.

Measnnmcut of Emissions -

Emission sampleswereanalyzedas outlined In Table 3. The
following classesof materials were measured: volatile or-

ganic compounds (VOCs), specificorganic adds, specific
aldehydes andketones, and particulates. The emissions

from eachrun werecollectedover the courseof the 30-
minute extrusion run and analyzedusingthemethodsde-

scribedbelow.VOCs werealso monitoredin real-time using
anon-lineheatedprobeflame ionization detectionsystem.

Volatile OrganicCompounds(flme-integratedmeasure-

,nent).EvacuatedSUMMA polished6-litercanisters

wereusedto collectwholeair samples,The6-liter

canisterswereinitially cleanedby placingthemin
a 50 C oven,andutilizing a five-stepsequenceof
evacuatingto lessthan1 torrandOiling to —4 psig
usinghumidified ultra-zero air. A final canister
vacuumof 100 mtorr was achievedwith an oil-
free mechanicalpump. Each canisterwas con-
nected to an’ orifice/gaugeassemblyduring

samplingto assurethatan integratedsamplewas
obtainedover the30-minutecollectiontime. The
orifice was sizedto deliver —160 mL/min. Canister

sampleswerecollectedIn duplicateatthemanifold
andhopperlocations.Alter collection,thecanister
pressurewasrecordedandthe canisterwaspressur-
ized to 5.0psig with ultra-zeroair to facilitate it-

peatedsamplingandanalysisof thecanister.
Analysesof canistersampleswereaccomplished

with two gaschromatographic(GC) systems.The
light hydrocarbon(LHC) GCsystemwasusedfor
theanalysesof thetargetcompoundsethane,eth-
ylene,andpropylene.TheGCsystemwasa Varian
3 Model 3600 equIppedwith a flame Ionization
detector (FID) and a sample cryogenic
preconcentrationtrap.Thetrapwasa 1/8-Inchby
8-Inchcoiledstainlesssteeltubepackedwith60/80
meshglassbeads.The trapwasmaintainedat

-185 ‘C duringsamplecollectionand100 t duringsample
desorption.A six-portvalvewasusedto controlsamplecol-
lectionandinjection.Analyteswerechromatographlcallyre-
solved with a Chrotupack50 meterby 0.32mm i.d. Al20,I
Na2SO4fusedsilica capillarycolumn (5-pin film thickness)’.
Thecolumn wasoperatedisothermallyat 50 ‘C to resolve
thethreetargetspeciesandthenrampedto 200 ‘C topurge
the column of the remainingorganicspecies.The sample
sizewas200cc.

Propanewasthedetectorcalibrationgas(traceabletoNIST
calibrationcylinders).Thecalibrationrangeextendedfrom
0~5to 1000partsperbillion carbon(ppbC).TheppbCunit
is equivalentto part per billion by volume multiplied by
thenumberof carbonsin thecompound.For thecalibrant
propane,1 ppb by volume compound(or 3 ppb carbon)
convertsto 1.80nanogramsperliter of air (at 25 ‘C, 1 atm).
For thisstudy,anequalpercarbonresponsewasusedfor all
hydrocarbonspecies(i.e., 1 ppbCof benzenewill produce
the sameFID responseas1 ppbC of hexadecane).This pro-
cedurepermits onecalibrant to he usedfor calculating
concentrationsof all hydrocarbonsspecies.4

A Hewlett Packard Model 5880CCequIppedwith par-

allel flame ionizationFID and massspectrometricdetectors
MSD wasused for the analysesof theheavier hydrocarbons
which includesC4 to C,6 compounds,present in the canis-

ter samples.For the heavyhydrocarbons(l-IHC) analysis,

In.
‘_

ire LPVI

‘‘5 uS.,

•4~
C—
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canisterswereheatedto 120°Cto assurequantitative recov-

ery of theC6 to C,6 organic compounds.The GC containeda
similar cryogenicpreconcentrationtrapasdescribedearlier.

Analytes werechromatographicallyresolvedon a Hewlett

PackardHP-i, 50 m by 0,32I.d. fusedsilica capillarycolumn

(1Mm film thickness).Optimalanalyticalresultswere achieved
by temperatureprogrammingtheGC ovenhorn-50 t to
200 ‘C at8’/min. The column exit flow was split to direct

one-thirdof theflow to theMSD andtheremainingflow to
the PIE). The massspectrometerwasoperatedin the total

ionIzationmodesothatall masseswerescannedbetween35

and300daltonsat arateof 1 scanper0.6 seconds.Identifica-
tion of majorcomponentswereperformedby matchingthe

massspectraacquiredfrom thesamplesto themassspectral
libraryfrom theNationalInstituteof StandardsandTechnol-
ogylNlSl). InterpretationalsoIncludedmanualreviewofall
massspectraldata.The samplesizewas80cc. Detectorcali-

brationwasbasedupon instrumentresponseto knowncon-

centrationsof dilute benzenecalibrationgas(traceableto NIST
calibrationcylinders).The calibrationrange extendedfrom
1.0 to 1,000ppbC.

Volatile Organic Compounds(Real-Time).The real-time VOC
method involved the Beckman402 analyzeras an on-line
continuousinstrumentusingaheatedprobeflame ioniza-
tion detection(FE))system.Thismethodhasbeenfrequently
usedby Eattelleto determinetotalorganicconcentrations

from emissionsources5-’andis the method wecffiedIn the

Codeof FederalRegulations(CFR) for determiningthe total
hydrocarboncontent fromautomobileexhaust.7It is essen-

tially equivalent to EPA method25A.B
A Beckman402 heatedprobe(150 ‘C) flame ionization

detector(HElD) wascalibratedagainstaNIST traceable refer-
encecylindercontaining94 ppmC of propane. Challenges

withNIST traceablestandardshavedemonstratedinstrument
linearityfrom adetectionlevel of 1 ppmC to 1,000ppmC.

The analyzerwas connectedto the sampling manifold

and the hoppervia a three-waysolenoidvalve. The valve

was manually switched during the test runs sothatVOC
levels could be determinedatboth hopper and manifold

locations.Theanalyzerwasalsousedto verify theextruder
systemstability prior to thebeginningof eachtestrun.

VOC emission factorsweredeterminedusing theaver-

age of real-timedataacquiredover thecourseof the30-

minuterun.

OrganicAcids(Formic-Acetic,Acrylic). The methodfor moni-
toring organic acids was successfullydemonstrated by

Battelleon an earlierautomotiveexhauststudy for thede-

terminationof formic acid,9 - -

The target analyteswereformic, aceticandacrylic acids.

An aU-Teflon, three stage,47-mm diameterfilter holder

(Berghof/Arnerlca)wasusedfor samplecollection.Potassium
hydroxide impregnatedfilters werepreparedby dipping

47-mmdiameterGelman AlEglassfiber filters in a solution

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

(45 C). Theovenwascontinuallypurgedwith zeroair. Fil-
terswerestoredin coveredpetri dishesin adry boxthatwas

also purged with zeroair. Eachfilter holderwasloadedwith

3filters. Theloadedfilter holderwasconnectedto thesam-
plingmanifoldandtheexitsideof theholderwasconnected
to a massflow controller and pump assembly.The flow was

set to ‘10 liters per minute for the LOPE resin runsandto S

liters perminute for theLLDPE andHDPEtestruns.Mani-

fold samplerswerecollectedin duplicatefor eachtestrun.
For analyses,filters weretakenoutof thefilter-packand

individually placedinto wide mouthjars containing5 mL
of a 3 mM H2S04solution and 20 gLchloroform (to retard

microbial losses).The jar wassonicatedfor S minutesand
thesolution waspipettedinto a centrifugetube.The tube
was centrifuged to separatesolid material from solution. A

- 200 gL aliquot wasextractedandanalyzedby ion exclusion

chromatographywith UV detectionat 210 rim. A Elo-Rad
Aniinex HPX-87H HPLC column (7.8 mm i.d. by 300 mm

length)wasusedto resolvethe organicadds. The analytical
methodwasshownto be linearfor all threeacidsover acon-
centrationrangefrom thedetectionlimit to 200p.g/mL. These
concentrations are expressed in terms of the free organic add

in dilute sulfuric acidrolution. Thedetectionlimits were

2~g/mL for formicandaceticacid,and0.2jsg/mL for aaylic
add,The standardswereprepared with neat materIal(>99%
purity) dilutedwith a 3mM H2S04solution.

SelectedAldehydesandKetones.The analysisof selected,aide-
hydes and ketonesfollowed proceduresidentified in U.S.
EPA Method TO-i 1.’°The targetanalytesIncludedformal-
dehyde,acetaldehyde,acrolein,acetone,propionaldehyde,
and methyl ethylketone (MEIg. C18Sep-Pakcartridges (Wa-

ten, ‘Assoc.) coatedwith dlnitrophenylhydrazlne(DNPH)
wereused to collectcarbonyl species.Thestockreagentcon-
tained 0.2 gramsof DNPH dissolvedin 50 mL of acetoni-

trile. Orthophosphorlcadd(50 jiL) was addedto provide
an acidified solution. EachC18carthdgewasprecleanedwith
2 mL of the acetonitrile and then loaded with 400 ML of
DNPH stockreagent. Clean nitrogen gaswasusedto “dry”

- theDNPH coatedcartridge. The coatedcartridgesweresealed
with polyethyleneplugs, placed in 10 ccglassvials and re-

frigerateduntil needed.Sample collection was carriedout
with two cartridges in tandemand a flow control/pump as-
sembly downstreamof the cartridges. The flow wasset to 1

liter per minute for the LDPE resin runs and to 0.5 lIters per
minute for the LLDPE and the HOPE test runs. Manifold

sampleswere collectedin duplicate for eachtest run,

For analyses,individual cartridges were backflushedwith

2 mL acetonitrile. An allquot (30ML) of the extracted solu-
tion was analyzed with a Waters Model 600 high perfor-

manceliquid chromatograph equippedwith a UV detector
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(360 nm). Carbonyl separationswere achievedwith two
ZorbaxODX (4.6 mm i.d. by 25 cm) co’umnsconnectedin
series.Themobile phasewasacetonitrile/water;theflow rate
was0.8 mLlmin. The analyticalmethod wasshownto be

linear for thecarbonylspecIesover a concentrationrange
from thedetectionlimit of 0.1 to 20 Rg/mL.Theseconcen-
trations wereexpressedin termsof theunderivatizedaide-

hydelketoneIn acetonitrllesolvent.Standardswereprepared

with weighedamountsof individual DNPH-derlvativesIn
acetonitrilesolution.

ParticulateMatter. Particulateemissionswerecollectedun-

der isokinetic conditionson a single in-line 25-mm glass

fiber filter (1 ~m poresize).The filter wasattachedto a0.4
inch id. stainlesssteelsamplingprobethat waspositioned
in the 4” glassmanifoldairstreamapproximately12 Inches
in front of the organicsamplingmanifold. Gravimetric
analysesof thefilter beforeandaftersamplingwerecarried
outto determinemassloading.

Verification of theMeasurementSystem
The ability of the systemto accuratelymeasureemissions
wasinsuredIn a numberof waysincludingongoingobser-
vationand documentationof systemperformanceas well
as manifold spikingtests to measurethe recoveryof sub-
stancesreleasedat thedieheadin knownquantities.These
are furtherdescribedbelow.

ExiniderCleaning.Theextruderwasthoroughlypurgedand
cleaned4prior to extrusionof thepolyethylenetestresins.
The testresinswere extrudedin order of increasingmelt
viscosityto minimizecross-contamination.

-Homogeneityof EmissionStream.Prior to collection of air
samplesthe air-entrainedemissionswereverified to beho-
mogeneousat thesamplinglocationfor die heademissions.
A Beckman402 hydrocarbonanalyzerand a TSI-Aerody-
namicParticleSizerwereusedfor real-time,cross-sectional
measurementsduring theextrusionof LDPE.

Table S. Spike recovery data during extrusion,

CaptureEffIciency.Prior to testing,thecaptureefficiencyof

the airentrainmentsystematthedie headwasvisuallycon-
firmed with the aid of smoke tubes (Mine Safety Appliance,

#458480-Lot 176) prior to testing.The25-galloncollection

drumwasalso testedto ensurethatpotentialemissionsfrom

this areawereexcludedfrom theentrainmentsystem.

SystemEquilibration.Eachtestresinwasextrudedfor 30mm-
utesprior to collectionof emissions.During thisperiod, to-
tal VOCs were monitoredby the on-line Beckman402
HydrocarbonAnalyzerto confirm equilibrationof thesystem.

ConfirmationofCritical OperatingParameters.Operatingpa-

rameterswemerecorded initially andat 5 minute intervals
duringthe30-minutetest.Theseinclude:extrudertempera-

tures, extrudercooling water flow, air flows for the total
manifold, sheathandentrainmentzonesandhopperand
flow settingsof all samplingequipment.

Manifold SpikingTests.Spiking studieswereconductedatthe
outsetof thestudytoverify therecoveryefficienciesfor each
typeof targetanalyte.CompoundsrepresentingVOCs,or-
ganicacids,andaidehydeswere spikedInto the sampling
manifoldabout2 feetdownstreamof thedie headduring
theextrusion.The spikeconditionsareprovidedIn TableS.

Additional detailsaboutthe spiking experimentsare pro-
videdbelow.

VOCs(as benzene-4
5

).Benzene-d6(deuteratedbenzene)was
chosento representVOC recoveriesin thespiking experl-
inentbecause(1) its responseon theGCIMSDis notprone
toInterferencesfrom otherexpectedVOC components,and
(2) it Is generallyin themiddleofthevolatility rangeof the
VOCs likely tobeencountered.

A measuredamountof benzene-d6wasInjectedinto a
highpressurecylinderthrougha heatedinjectionport and
thecylinderwasthenfilled withzerogradenitrogento 1000
psig.Thecylinderwasequippedwith a regulatorandmass
flow controllersetat 10liters perminute.Theexit tubewas

Substance TestRun Amount Spiked Amount of Spiked Percent Recovery and
Material Recovered’ Relative Error

PoundsReleasedPerMillion Poundsof PolymerProcessedppm(wtJwt) -

Benzene-d
5

LOPE@600°F 0.22 0,21 95±2

Formaldehyde LLDPE@500’F 3.93 5.10 130±5
Formic Acid LLDPE@500°F 1.71 2.07 121 ±18

Acetic Acid LLDPE@500 ¶ 1.86 2.24 121 ±12
AcrylicAcid LLDPEC500’F 1.42 1.51 106±11

The~respording unspked run stowed a brnaldehyde background level of 0.19 IWrn~li~lb. The ~er species cait~nedbadgrotrrd ~velsless than the detecton levof.
The relative error was determined as the difference in results from duplicate samples multiplied by 103 and then divided by the average amount.
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insertedInto thesañiplingmanifold 2 feetdownstreamof
thedie head.Theresultingmanifoldgaseousconcentration
was0.092jsg/L VOC sampleswerecollectedusinga6-liter
evacuatedcanisterto measurethe “spiked” emissioncon-
centrationasdescribedunderMeasurementof Emissions.

Organic Adds andFormaldehyde.Aqueoussolutionsof the

threeorganicacidsand formaldehydeweremixed just be-
fore thespikingexperimentcommenced.Thesolutionwas
dispensedata rateof 0.57mL/min usinga CADD-PLUS in-
fusionpump.Theflow ratewasdigitally displayedandcon-
firmed by measuringthe weight loss of water after the
experimentwascompleted.Thewatersolutionwasdirected
thougha heatedInjectionsystemwhich wasinsertedinto
themanifold approximately2 feetdownstreamof thedie
head.Completeevaporationof thewateroccurredata tem-
peratureof 160‘C-

Thespikingapparatusdescribedabovehasbeenrecently
developedat Battelle” andhasbeensuccessfullyusedfor
applicationswhich requireminimaltemperaturefor theva-
porizationof liquid material.Thevaporizer,showninFigure
4,consIstsof a 21-cmlengthofthinwall 6.35-nuno.d.nickel

chambercontainingapproximately1 ml ofwaterasthework-
ing fluid- A nickel capIllary (0.60mmo.d., 035 mm i.d.)
coaxiallytraversestheiengthof thechamber.Theoutersur-
faceof the capillaryIs in contactonly with the vaporand
liquid phaseof the working fluid. The nickel chamberIs
heatedwith insulatedresistancewire wrappedaroundand
alongthe-lengthof the chamber.A copper jacket between

theresistanceheaterandthenickel chamberImprovestem-
peratureuniformity of thechamberandprovidesadditional
thermalballastfor theworkingfluid. Thegeneratedgaseous

concentrationsin themanifoldwith thevaporizerwere:for-
mic add,0.60~tg/L;aceticadd,0.71~g/L; acrylicacId, 0.59
ggfL; andformaldehyde,1.63~sg/L

CalculationofEmission Factors
The emissionconcentrationsIn mlaograms/Lof air were
convertedto emissIon factorsin micrograms/gramof

FIgu,e 4. Battelte-developed water vaporizer.

processedresinusingthefollowingequation:
Y = CFIO

where:
Y = microgramsof materialpergramofprocessedresin

C = concentrationof emissionsmaterialin themanifold
air (rnlcrogranisfL)

F = delivery flow mate in liters perminute (700 liters per

minute for manifold, 10 liters per minute for hop-
per)

0 = resinthroughputIn grams/minute.
The emissionfactors in units of micrograms/gram

(ppm[wt/wtj)areequivalentto poundsofemissionspermil-

lion poundsof processedresin.

RESULTS M’JI) DISCUSSION

AccuracyandPrecision
of EmissionMeasurements

The Manifold SpikingTests (describedeariler)provideda
measureof accuracyfor theemissionfactordata.Precision
(or relativeerror) of thedatawasmeasuredby calculating
therelativepercentdifference(RPD)of theduplicateanaly-
sisresults.Basedon theseevaluations,theemissionfactors
generatedin this projectare,on a conservativebasis,a-
pectedto bewithin ±30percentof theactualvalues.The
accuracyandprecisionresultsarefurtherdiscussedbelow.

Accuracy.Benzene-d6servedasthesurrogatecompoundfor
thehydrocarbonmethod(i.e., canIstersamplingandGO
RD analysis).Formaldehyderepresentedthe compounds
analyzedwith the carbonylspecIesmethod,whereasall
threeaddswereusedtovalidatetheorganicaddmethod.
Spike recoveriesfor thesesubstancesrangefrom 95% to

130%andarepresentedin Thble5.

P~rcLslon.By definition,therelativepercentdifference(RPD)
for duplicatemeasurementsIs determinedby calculating
the absolutedIfferenceof thetwo results,multiplying by
100,andthendividing by the mean.For this study,dupli-
catesampleswerecoilectedwith the following sampling/
analyticalmethods,light andheavyhydrocarbons(canis-
ters), organicadds(KOH coatedfilters)andaldehydes/ke-
tones(DNPH impregnatedcartridges).Duplicatesampling
wasnotcarriedoutfor pamtlculates.Additionally, repeated
extrusionrunsat oneor moreof thetargetdieheadmelt
tempematureswerecarriedout for all threetypesof resins.
As a result,themeare bothwithin-mn andbetween-run
componentsof precisions.

Thewithin-mn precisionwascalculatedas follows. For
everyanalytewhich containedduplicatevalues,a RPD was
calculated.An averageRPD was then calculatedfor all
analyteswithin a method.Thble 6 showsthesewithIn-run
averageRPD valuesfor eachmethod,alongwith therange
of individual results.

NI—ti
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Thebetween-runprecisionwascalculatedasfollows. For

the repeatedextrusiontest runs,a RPD valuewas calcu-
latedfor eachanalyteacrosseachrepeatedextrusion run.

An averageRPDwasthencalculatedfor all analyteswithin
a method.Table6 showsthesebetween-runaverageRPD
valuesfor eachmethod,along wIth the rangeof the indi-
vidualresults.

EmissionFactorResults
Theemissionfactorresultsarepresentedin Table7. Overall,
VOCs and particulatesfor all threetest resins had much
higheremissionfactorsthantheoxygenates.VOC emissions
for polyethylenerangedfrom 8 to 157ppm(wt/wt), while
particulateswereashigh as242 ppm (wt/wt). Thehigher
testtemperaturesgenerallyproducedhigheremissionfac-
ton,asillustratedfor VOCsandparticulatesinFIgures5 and
6, respectively.

As discussedIn the experimentalsection,two different
methodswereusedtomeasureVOC emissions.Onewasthe
Beckman402HydrocarbonAnalyzerwhichcontinuallyana-
lyzedtheair emissionstreamthroughouttherun andpro-
videdadIrectreadingof all (VOC)substancesrespondingto
theflameionizationdetector.Theothermethodutilized an
evacuatedcanisterfor samplecollection andgaschroma-
tographyfor analysis.With this method,totalVOCsarede-
terminedby summingthe HeavyHydrocarbonsandLight
Hydrocarbonsresults.

As canbe seenin Thble 7, theresultsbetweenthe two
methodsdo notalwayscorrelate.ForLDPE, theBeckman
402resultsareabouttwIce ashigh asthesumof theHHC --

andLHC results.However,for LLDPE, theVOC emissions
at355 oFand395 oF indicatetheoppositesituation.There

are a numberof possibleexplanationsfor thesediscrepan-
desas thetechniquesareInherentlydifferent,butthatdis-
cussionIs beyondthe scopeof this paper.However,as a
conservativemeasure,It Is recommendedthat the higher
resultof eitherVOC methodbeusedwhenestimatingemis-
sionquantities.

Oneadvantageof thecanistermethodis that it canpro-
videemissiondataon totalVOCs aswell asIndividualcom-
pounds.Basedon visual observationof the VOC

lihIe 6. WIthin-runandbetween-runprecision.

chromatograms,the VOC measurementsweredue to the
additive responseof manyindividual compounds.Evenat
thehighesttesttemperatureusedfor eachresin,themajor-

ity of individualVOCs werebelow 1 ppm (wt/wt), andno
singleVOC compoundexceeded6ppm (wt/wt).Thosethat
exceededI ppm(wt/wt) werealiphatichydrocarbonsin the
C~to C56 range.Hexane,which is listedasa HazardousAir

Pollutant,waspresentin someof the resin emissions,but

neverat levelsexceedIng1 ppm(wt/wt).
In almostall cases,oxygenateswereeitherpresentin the

emissionat levelsless-than 1 ppm(wt/wt), or they werenot
detectedatall. Theexceptionis LDPEprocessedat 600~F.At
this temperature,formic acid, formaldehyde,methyl ethyl
ketone(orbutyraldehyde),acetaldehyde,propionaldehyde,
andaceticacid hademissionfactorsof more than I ppm
(wt/wt). Formicacidwasthehighestoxygenatedcompound
detectedat 1? ppm(wt/wt). Theoxygenatedcompounds
on theHAPslist aredesIgnatedassuchin Thble 7.

ComparisonofVOC Quantitiesfrom

HopperandDie Areas
VOCSweremeasuredfrom bothpotentialemissionsources
to determine“total” VOCs releasedduringextrusion.The
resultsofthIs studyindicatethatthedieareaof theextnider
wasthepredominantsourceof VOC emissions.Forall three
testresins,theemIssionscollectedin thehopperarearepre-
sentlessthan2% of the totalVOCs. Hence, thecontribu-
tionfromthehopperareawasnotIncludedIn thecalculation
of emissIonfactors.

PredictingPn.ItdonsWithin Experimental
TemperatureRange

Thedatain Thble 7 werereducedto the following equation

that predictsthe level of emissionsat a specific extrusIon
temperature:

where:
Y = (M * 1’) + C,

Y emissionsin poundspermillion poundsof processed
resin -.

T = melttemperaturein F.
M andC constantsareshownIn Thble 8 for eachanalyte.

Method Within-RunAPE) (%) Range of/nd/v/dual
Results ppm

Low High

Between-Run APE? (%)

.

Rangeof Individual
Results ppm

Low High

Heaw Hydrocarbons 16.5 (r~= 57) 002 6.02 9-6 (n = 40) 0.08 5.94
Light Hydrocarbons 8.5 (ii 27) . 0.01 1.66 13.0 (n = 12) 0,01 1.66
Organic Acids 26.9(n = 5) 0.19 15.6 12-6 (n = 2) 2,0 14.7

Aldehydes,lcelones 14.9 (n = 59) 002 6.37 24.7 (n 23) 0.01 8.32
Particulatos NDC Nyc NyC 20.9 (n 4) 22.5 245.1

•RPD= Relative percenl difference
— Number dt measurements.

C ND = Not %ternik,ed
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‘tIbia 7. Summary of polyethyleneemission factors by resin type (Ibsh’nillion ibs).

Resin Type LDPE
ExtrusionCoating

LWPE HOPE

Blown Film Blow Moldihg

Melt Temperature (‘F)

Parilculates
Volatile Organic Compounds
Beolcrnan 402-THC’
HeavyHydrocarbons(HHC)b

Light Hydrocarbons(LI-C)
Ethane
Eth~4ene
Propylene
Aldeliydes
Formaldehydeo
Acre em’
Acetaldehydet
Propionaldehydet
Ketones
Acetone
Meth~ethyl ketonec
Organicacids
Formic acid
Aceticacid
Acrylic acidc

THC Total hydrocarbons.

2.4 21.7 24.7 59.9

8.0 9.3 14.2
iag 15.3 15.4

0.03 0.03 0.04
0.03 0.01 0.02
0.01 <0.01 <0.01

0.08 0.07 0.06
<0.02 <0.02 1202

B l#4Cs am ~wedon~inantiyconcrisedof c, - C,~aikanesandalkenes.
Hazardous air pollutants under the Clean Al Act. Methyl ethyl ketcie is indistinguishable from butyraldehyde in the HPLC analysis; therefore, any mass reported may be
doe to It’s presence ot either or both substances.

Theseconstantswerecalculatedusingthedatafor eachrun:
In somecasesduplicaterunsweremadeat thesametern-
peratwe(seeThble 2). In thosecaseswhereduplicateruns
weremadethe averageanalyteemissionsarereportedin

libie 7.
Insertingthemelt temperature(F) into theequationwIll

provideanestimateof thenumberof poundsof emissions
peronemillion poundsof processedpolymet This equa-
tion is only valid within the temperaturerangesused In
thisstudyandIs notrecommendedfor predictingemissions
for temperaturesoutsidethis range.

Significanceof EmissionFactorsfrom SPI Study

This studyprovidesemissiondatacollectedduring extru-
sion of polyethyleneunderspecific operatingconditions.
Theemissionfactorsdevelopedin this studyaretwoorders
of magnitudelower than thosereportedin an earlierEPA
document.2

The significanceof this databecorbesapparentwhen
placedin thecontextofthe 1990CleanAir Amendment’s
definitionof “major” sourceforVOC emissions.Catego-
rizationof an emissionsourceas a “major” sourcesub-
jects It to more stringentpermittingrequirements.The
definitionof a”major” sourcevarieswith the severityof
theozonenonattainmentsituationof theareawherethe
sourceis located.The currentVOC emissionlimits are
10 tons/yearfor an emissionsourcewithin an extreme
ozonenonattainmentclassIfication,25 tons/yearfor a

sourceIn thesevereclassification,and50tons/yearfor a
sourcein the seriousclassification.Currently, theonly a-
tremenonattainmentareain theU.S. is theLosAngelesarea.

Theutility of this datacanbeillustrated in thefollow-
ing example.Basedon theemissionsdataandequations
developedIn this effort,a processorwith equipmentsimi-
lar to thatusedin this studycanextrudeupto 125million
pounds of LDPE, 950 millIon poundsof LLDPE, or 510

million poundsof HDPEusingthemaxImumtemperatures
employedIn this study without exceedingthe 10-ton/year
limit for an extremeozonenonattainmentarea.

Althoughthis informationIs clearlyuseful,the reader
mustrealizethat theseemissionfactorsreflectthequan-
titiesobtainedfrom thespecificresinsandunderthecon-
ditionsandwiththespecificequipmentusedin this study.

BeforeusingthedataIn this paperto estimateemissions,
onemustconsideranumberof otherparametersthatmay
impactthe typeandquantityof emIssionsasdiscussedin
the introductionsection.

SUMMARY OF FINDINGS
The emissionentrainment,collectionandanalysis
techniquesemployedin thisstudyprovideda repre-
sentative,accurateandprecisemethodfor deterinin-
ing air emissionsevolvedfrom thermalextrusionof
selectedtypesof LDPE, LLDPE and HDPE on a pilot
scaleextruderwith a 1.5 inch screwfitted with an
eight-stranddie.

30.9 242.2

503 600 355 395 450 503 360 433

35,3
17.0

0.09
0.05
0.02

157.4
76.6

1.21
1.58
0.38

19.6 26.6

19.9
21.3

0.02
0.01
<0.01

0.09
<0.02
0.03

<0.02

0.10 8.11
<0.01 0.07
0.12 4.43
0.07 3.26

21.1
25.0

0.02
0.02
0.01

30.7
38.5

0.02
0.01

cOOl

0.04 0.14
<0.02 <0.02
0.03 0.09

<0.02 0.02

0,02
0.10

0.34
<0.17
<0.02

0.04
5.25

12.3
2.03

<0.02

0.20 0.06 0.06
<0.02 <0.02 <0.02
0.16 0.04 0.05
0.05 <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 <oil <0.17 <0.17
<0.02 <0.02 <0.02 <0.02 <0.02 <0.02
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FIgure 5. Emissions of VOCs Iror polyethylene resin composites versus temperature. Note: The equation has not been validated beyond the
temperature ranges used in this study Parlicular care should be taken when using the equation above the upper test temperature (or each resin. Use
of this equation to predict emissions above the upper range of this study is not recommended.

flgur. S. Particulate emissions from polyethylene resin composites versus temperature. Note: The equation has not been.vaiidatectbeyond.the
temperature ranges used in this study. Particular care should be taken when using the equation above the upper test temperature for each resin. Use
of this equation to predict emissions above the upper range of this study is not recorrtnended.

• Forall threeresinsstudied,themajoremissioncom-
ponentswere particulatematter andVOCs. VOC
emissionsfor polyethylenerangedfrom8 to157 ppm
(wt/wt), whichis equivalentto poundsof emissions
per million poundsof processedresin. l’articulates
rangedas highas 242ppm(wtlwt). Loweremission
levelsweremeasuredfor the specificaidehydes,ke-
tonesandorganicaddsmonitoredIn this study.VOC
emissionsmeasuredin thisstudyfrom polyethylene
are two orders of magnitudeiower than estimates

reportedin a 1978EPA report.
• AccordingtoTheCleanMr ActAmendmentsof1990,

a majoremissionsourceof VOCsIs onethat hasthe

potentialto emit 10 tonsperyearof VOC emissions
inanextremeozonenonattainmentarea,If a proces-
sorwereto processthesameresinsandusethe same
equipmentandconditionsemployedin this study,a

total of 125 millIon pounds of LDPE, 950 million
poundsof LLDPE, or 510 millIon poundsof HDPE
couldbeprocessedwithoutexceedingthe1O-toniyear

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 a givenresin.
• Equationsfor predictingthe emissionsfrom LDPE,

LLDPE and HDPE asa functionof temperaturewere
developedfor totalVOCs,particulatesandtheselected

oxygenatedcompounds.Thoseusingtheseequations
mustrealizethat theyreflecttheemissionsgenerated
for thespecificresinsandconditions.The equations

200 .---—- —~~~~1

150

LLDPE
tOO - ..HOP~

4 •WPE

300 400 500 iso
Malt anatsre Idnr..s 7)

2

I

300

250-

150 -

I® -

50-

0

•. LLDPE
• HDPE
* LOPE

400 am
iselt T~erattre (d~r..a TI

am 700
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Tabs. L Coefficients for equation predicting emission levels (y = mt+c, where ‘I’ is extrusion temperature (‘F) and ‘y’ is emission quantity in lbs
per million lbs of resin),

WPE Temperature Range M (slope) C (y Intercept)

500-600°F
500- 600 ‘F
500-600°F
500 -600°F
500-600 o~:

500-600°F
500-600°F
500- 50~‘F

0.0010 -0.357
Con~oundtel was constant over ten~eraturerar-Qe: Acetone. Carçounds that were only deteoted at tigher ternpe,at.se: Piopimal,Ehyde. Meth~4Ethyl Ketone

HOPEVOCs (speciation method)

Ccrnpounds that were constant over temperature range: Formaldehyde, Acetaldehyde, Acetone. Methyl Eth~4Ketone

Nole: The equation has not been vatldated beyond the temperatise ranges used io this study Particular care should be taken wt,en using theequation above teuppar
lest temperature for each resin, Use of this equation to predict emissions above the upper range ofthis study is not recommended.
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VOCs (402 method) 1.221 -575.2
Particulates 2.112 -1025
Formaldehyde 0.0801 -39.9
Acetaldehyde 0.0433 -21.5
Propionaldehyde 0.0323 -16.1
Methyl Ethyl Ketone 0.0516 -25.7
Acetone 0.00015 . -0.055
Formic Acid 0.132 -65.4
Crolonaldehyde was sometimes detected at a maximirn of 0.2~ig/gmCompounds that were only detected at higher temperature: Acrolein and Acetic Acid

LLOPE VOCs (speciation method) 355-500 ‘F 0.046
Particulates 355-500°F 0.3923 -136.9
Formaldehyde 355-500°F 0.00096 -0.281
Acotaldehyde 355-500°F

Pailiculates
380-430°F
380-430°F

0.27
0.141

-77.6
-34.0

havenot beenvalidatedbeyondthe temperature
rangesusedin this study andtheir useabovethese
rangesis not recommended.

• In somecasestheemissionfactorsdeterminedinthis study
mayoverestimateorunderestimateemissionsfromapar-
ticular process.Pitional judgmentandconservatIve
measur~mustbeexercisedasnecessarywhenusingthe
datafor estimatingemissionquantities.
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ABSTRACT
Emission factors for selected volatile organic compounds
(VOCs) and particulate material were developed during
processing of commercial grades of polyamlde 6. polyamlde
66. and poiyamide 66/6 resins. A small commercial-type
extruder wasused,andmelt temperaturesrangedfrom 475
to 550 °F.An emissionfactor wascalculatedfor each sub-
stance measured and is reported as pounds released to the
atmosphere per million pounds of polymer resin

processed. Scaled to production volumes, these emission
factorscanbe used by processors to estimate emission quan-
titiesfrom similarpolyarnide extrusion operations.

INTRODUCTION

Ascompliance with airpollution regulations has Increased
in complexityover the iast 15—20 years. small businesses
that had never before been affected are now being involved
inpermit and compliance issues. While the U.S. Environ-
mental Protection Agency(EPA) has continued to develop
and refine sections of its compendium of emission factors
contained in AP-42. much of the data are outdated, par-

ticularly data related to plastics.Ma result of the evolving
regulations plastic processing companies are faced with

the task of establishing an “emissions inventozy’ for the
chemicals generated and releasedby their production pro-
cesses, The chemicals considered in this study are those
considered to be volatile organic compounds (VOC5) and

those that are on EPA’s original list of 189 hazardous air

IMPUCATIONS
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 polyamide resins processed on similar equipment.
The compounds chosen for analysis and subsequent
emission factor calculations were the ones the authors
deemed most lIkely to be or significance.
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pollutants (HAP5). When applying for a state operating
permit, processing companies are required to establish a
baseline of their potential emissions.’

In response to the needs of the plastic industry, the
Society ofthe Plastics Industry. Inc. (SF1) organized a study
to determine the emission factors for extruding poiyamide
homopoiyrners. copolymers. and blends. Sponsored by five
major resin producers, the study was performed at Battelle,
Columbus, OH. This work follows previous SPI/Eattelle
studies on the emissions of acryloniti-lle-butadiene-styrene?
polyethylene.3 ethyiene~vinylacrylate and ethylene-methyl
aceylate copolymers. and polypropylene.5

As in these previous studies, a body of literature refer-
ences exists concerning emissions from polyamides, most

of them using static small-scale procedures.” These proce-
dures may not accurately simulate the temperature and
oxygen exposure conditions typical of extrusion process-
ing. The static procedures might expose the polyamide to
temperatures greater than or less than the typical extru-
sion temperature, and for an extended period of time. They
also continuously expose the poiyamlde to atmospheric
oxygen. During extrusion, the polyamide is molten for a
few minutes at most, and the equipment is designed to
force air out of contact with the melt in the barrel. Hot
polyamide would be in contact with oxygen only briefly
as it exits the die. In light of these differences, the accuracy
of data obtained from static tests may limit their useful-
ness in predicting emissions during polyarnide processing.

Greater accuracy would, ofcourse, be possible by mea-
suring emissions from an actual production extruder. Since
operating parameters can influence the type and quantity
of emissions, the greatest accuracy would be achieved by
studying each process. Parameters that can influence ernis-
sions Include extruder size and type. melt temperature,
extrusion rate, ratio of air-exposed surface to the volume
of the extmdate. and shear effects due to screw design.
Variables associated with the material being extruded can

also affect emissions, that is, resin type, age of the resin,
additive packages, and heat history of any recycled resin.
It would be a daunting task to design and implement emis-
sion studies for all combinations of extrusion variables.

9

To strike a balance between the inapplicability of static
tests and the complexity of measuring each process, the SPI
and major polyamide producers initiated work to develop
baseline emission factors for polyamide processing under
conditions that would provide reasonable reference data for
similar processing operations. The seven resin types were
evaluated and included a polyamide 66 homopolymer. a
low-caprolactam polyamide 6 homopolymer, a polyamide
66/6 copolymer, an ethylene propylene diene monomer
(EPDM)-toughened polyanilde 66, a toughened polyamide
6, a mixture of polyamide 66 and polyamide 66/6 flame

retardedwith melamine, and a polyamide 66/6 flame retarded
with Dechiorane Plus. The test samples were mixtures ofcom-
mercial resins obtained from the sponsoring companies.Table
1 lists the resins used, the additives present, the chemical
analytes. and the temperatures of the tests. The selected
analytes Included PM, total VOCs, CO. nitrogenous com-
pounds (ammonia,hydrogen cyanide, nitrogen dioxide, and
caprolactam), and compounds released from additives (sty-

rene and maleic anhydride).The,se compounds are ofinterest
because they are residual monomers, they are on the HAPs

list, or they are the expected thermal and themio-oxidative

breakdown products of the extruded polymers.

EXPERIMENTAL
Resin-BlendingProcedure

Equal portions of each contributed resin were homoge-
neously mixed in 10-gal metal cans to form a composite
blend immediately prior to the test run. Each container
was filled to approximately two-thirds of capacity. sealed
under dry nitrogen atmosphere, and then thoroughly
blended by rotation on an automated can-rolling device.
The resins were received in sealed foil-lined bags in the
dried condition. They were directly transferred from the
bags to the metal cans with no additional drying.

Experimental ProcessConditions
An HPM Corp. 1.5-in.. 30:1 LID. 15-hp plastic extruder
was used to process the resins. The extruder is capable of
—60 lb/hr throughput and 800 °F(maximum) barrel
temperatures for the three heat zones. A special fabricated

Table 1. Test plan for polyami~eseusions.

Rum No. Description Additive? Analyt.s’ Targeted

Mill
Taçarate.

1 General PA66 0,1.1 1.2.3.4,5.6 550°F
2 General PM,

low cap’olaclam
1 1,2,3,4.5.6,7 520°F

3 Co~lymerPAG6/6 0,1 1.2,3,4,5,6,7 475°F
4 EPOM-roughened PAG6 A,F 1,2,3,4,5.6,8 550 “F
5 TasghenedPA6 A,D 1,2,3,4,5,6.7.8,9 550°F
6 PA66 or PA66/6

flame-retflti
with rrielamine

C,D.E,F,G 1.2.3,4.5.6.1 520°F

7 PA66/6
flane-ret&ded

widi Oethlorane Plus

B,E,F.G 1,2,3,4.5.6,7 480°F

tenet ~di~erA.(~4e’t;8- ~hloranePlus flame retardart C • mebmire lane
reta’dat D = ~essinga4 I • release aget 1= l~cflC. ~ bP%S~leOS
~ 5-~1

outride; 6.niel o~des7. c~oIas1am;8- relic ~t~ride9°~tere.
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screw based on design parameters provided by SPI com-
mittee members was constructed for this study, as shown
in Figure 1. The compression ratio ofthe single stage screw
was 2.4:1. An eight-strand die head used In previous SPI-
sponsored emissions studies was used for the polyamide
program (see Figure 2). The die head was cleaned and in-
spected. The holes were reamed to 3/16-in, diameter and
the surface was polished.

Each polyamide mixture was Initially extruded for ap-
proximately 30—60 mm prior to sampling. During this time,

the total VOCs were monitored by the online VIG Industhes
Model 20 total HG analyzer. Once the target die head tem-

perature was reached and the extruder was set to the target
RPM (7596 of full scale), the VOC analyzer output would in-

dicate stable readIn~(that is, ±10%drift over a 10-mm pe-

riod). At this time, a 20-mm test run was initiated. The 20~min

sampling time wassuffIcient to achieve a targetdetectionlevel
of 1 isg of chemical component per 1 g of processed resin.
The only exception was NH,. In which a detection level of
4.7 i’g’g was obtained. Operating parameters were recorded
initially and at 5-mm Intervals during each sampling run.

Immediately aftereach test run, asecond run was started us-
ing the same operating parameters. The duplicate runs were
made to assess sampling and analytical precision. Based on
previous resin studies,25 a combined sampling and analytical
precision of ±30%relative difference was expected.

Die Head EmissionsCollection
A diagram of the emission enclosure apparatus is shown
in Figure 3. The enclosure was positioned and sealed

P19t—0I’°1068C1

22.50

819 —1050

SHANK IEEE TRANSITION

cusToucp BATTELLE MEM~IALINSTiTUTE
rflui(ALJS. OH.

1.5 LI/V 30:1

MATERIAL TO BE PROCESSED NThON 6/8

s/~06—0016

ORDER NO A83181

FIgure ‘LScrew profile (HPM Cc.p)
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around the extrusion head. A door at the front of the
enciosure allowed the operator to periodically check the
flow characteristics of the extruded resin, An 8 x 8-in.
opening at the bottom of the enclosure allowed the ex~

truded resin to drop Into a weighing pan. EmissIons were
entraIned in preconditioned air (i.e.. purified through a
charcoal filter). Incoming filtered air was preset at a flow
of 180 L/min using the variable flow blower. This flow
was directed through the laminar flow head assembly
and across the extrusion die head. The variable flow
blower on the receiving side of the manifold system was
adjusted to at leastmatch the 18D L/min inlet flow, Ad-
ditional flow from the sampling equipment resulted In
an approximately 1096 greater flow Into the receiving

end of the sampling manifold. This excess flow was nec-
essary to assure that all air within the die head area passed
through that zone and into the sampling manifold.
Smoke tubes were used just before the test runs to con-
firm efficient transfer of the emissions. These tubes were
placed near the 8 x 8-in. opening at the bottom of the
enclosure, and visual Inspection Indicated that the smoke
was indeed drawn up into the enclosure and toward the
sampling manifold.

The manifold was equipped with multiple ports for
connecting the various sampling devices, Each port was a
0,25-in, o.d. tube that protruded 1 in, into the alrstream.
For the collection of particulate material, the manifold
was also equipped with a 4-in, filter holder assembly as

well as an inline stainless steel probe (0.25-In. id.) con-
nected to a 47-mm filter pack.

SCREW PROFILE

48.52

—46.88 FLICHTED LENGTH

.100 OP -

16,25 0 — — ________

PUMP TORPEDO
120’

HOlES: 4340HR W/CCLK4ONOY 66 FLIGHTs
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FIgure 2. Extruder strand die head used in polyamide emissions
testing program.

Sampling and Analysis Methods
The methods employed for characterizing the emissions from

the resin extrusion process are summarized In the following
sections. Detailed information is discussed elsewhere,t°

Ammonia. Samples for the determination of NI-I,
concentrations In the exhaust effluent were collected and

analyzed in accordance to National Institute of Safety and
Health (NIOSI-i) Method No. 5341, A sampling flow rate
of 200 mL/min (20-mm test run) was drawn through a
glass tube containing H2S04-treated silica gel to trap NI-I

3
vapors. The sampling tube was connected in series to a

prelilter to collect particulate NH; salts. Ammonia was
desorbed from the silica gel with 0.1 N H2S04. and the
sample was analyzed using an NH,-speciflc electrode. The
method detection limit under the above sampling condi-
tions was 5.0 gg/L.

Hydrogen Cyanide. Samples for the determination of hy-
drogen cyanide concentrations In the exhaust effluent
were collected and analyzed In accordance to NIOSH
Method No. 7904. A sampling flow rate of 1000 mL/min

was drawn through a prefliter and then through two
midget bubblers each containing a I 0-mL solution of 0.1
N KOH. The bubbler solutIons were analyzed using a
cyanide ion-specific electrode, (The filter was not extracted
or analyzed.) The method detection limit was 0.2 gg/L.

Total VOCs. A VIG Industries Model 20 total I-IC analyzer

equipped with a hydrogen flame Ionization detector
(HElD) was used to continuously monitor the VOC con-
tent ofthe exhaust effluent, A heated sample line (300 °F)
was connected to the extruder sample manifold, and
sample flow was maintained at 2 L/mln, Theanalyzer was
calibrated at the beginnIng of each test day against a Na-
tional Institute of Standards and Technology (NISI).trace’

able reference cylinder containing a mixture of propane
in ultra-zero air (10 ~ig/L). Linearity was demonstrated
prior to the test runs by challenging the analyzer calibra-
tion standards of 10, 180, and 1800 ~tg/Lof propane. The
method detection limit was 0.5 jigiL. Guidelines from EPA

Figure 3. Emission enclosure apparatus.
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Method 25A were followed, With this method, alkanes,
aikenes, and aromatic HCs would respond to the HElD
on an equal per-carbon basis. Other volatile organic com-
pounds will also respond to the HElD, but on a less than
equal per-carbon basis (e.g., carbonyl species).

Total PM, The concentration ofparticulate emissions was
determined by passing a sample of the exhaust effluent
through a pre-weighed filter and then conducting a gravi-
metric analysis of the sampled filter. The original proce-
dure called for the Insertion of the preweighed filter (4-in.
diameter) into the exhaust port of the sampling mani-
fold, The sample volume was determIned from a calibrated
orifice and a magnehelic gauge located on the sample
manifold blower. However, after conducting Test IA. it
was realized that the high particulate concentrations
emitted during extrusion caused the filter to partiallyplug,
and the flow through the sample manifold dropped sig-
nificantly during the test run. To alleviate the problem, a
47-mm filter holder equipped with a 025-in. m.d. sample
probe was added to the sampling manifold in place of the
4-in, filter. The sample probe was positioned in the cen-
ter of the manifold, and flow through the filter was main-
tained at a flow rate suitable to assure isokineticconditions
at the probe Inlet.

A flow rate of 19 L/min was used during the 20-mm
test runs, Gravimetric analyses of the filter before and af-
ter sampling were carried out in a controlled environmen-
tal facility (temperature 70 ±2 °E,relative humidity 50 ±
5%). The filters were preconditioned to the controlled en-
vironment for 24 hr and then weighed. For the above flow
rate and sampling time, a method detection limit of 0.5

was obtained.

Carbon Monoxide. Tedlar bags (40-Lcapacity) were used to

collect time-integrated whole air emission samples during
the test runs, A pump/mass flow controller assembly was
used to draw air from the manifold and into the bag. The
flow was set to I L/min, Analyses were carried out offline
using a Bacharach Sentinel 44 real-time CO monitor
equipped with an electrochemical sensor with a linear range

from 0 to 1000 iig/L. A single point calibration check was
conducted using a NIST calibration cylinder containing CO
at 49 sg/L. The instruments detection limit was 1.0 ttg/L.

Oxides ofNitrogen. The bags used for CO collection were
also analyzed for total NO,. Analyses were carried out with
a Monitor Labs 8440 NO, real-time monitor equipped with
a chemiluminescence detector specifically tuned for ni-
tric oxide (NO). Total NO~were determined by directing
sample air through a reducing catalyst bed and then to
the detector. The monitor had an operating range from

0 to 5 ~ig/L.A single point calibration check was conducted
with a NIST calibration cylinder containing NO at 1.5
~gIL.The instrument’s detection limit was 0.01 ~xg/L.

Caproiactarn. XAD-2 (—8 g) adsorbent tubes were used for
the collection of caprolactam emissions. XAD-2 cleaning,
extraction. and analytical procedures followed guidelines
provided in EPA Method TO-13A.” Sampling was con-
ducted over a 20-mm collection period usIng a flow rate of
4 L/min. An SKC sampling pump was used to draw sample
into the cartridge assembly. After sampling, the XAD-2 as-
sembly was capped and stored in a refrigerator, Analyses of
dichioromethane extracts of the cartridges were carried out
using a Hewlett Packard 5973 gas chromatographic/mass
spectrometric (GC/MS) system configured in the full scan-

ning electron impact mode of operation. Calibration mix-
tures of caprolactam ranged from 0.1 to 500 ~sg/L.The

instrument’s detection limit was 0.05 jsg/L.

Maleic Anhydr-ide. Samples for the determination of ma-
leic anhydride concentration in the exhaust effluent were
collected and analyzed in accordance to Physical & Chemi-
cal Analysis Methods (P&CAM) Method 302. A sampling
flow rateof 1.5 L/min (20-mm test run) was drawn through
two midget bubblers each containing 15 mL of distilled

water. (Maleic anhydride was hydrolyzed to maleic acid
In the bubbler.) The resulting sample was analyzed by a

Waters Model 600E high-pressure liquid chromatograph
with a UV detector at 254 nm-Calibration mixtures ranged
from 0.1 to 50 sg/L. The method detection limit under
the above sampling conditions was 0.05 gg/L.

Sonne. The method for the collection and analysis of
styrene followed EPA Method TO-I4A guideLines.’2 Evacu-
ated SUMMA polished 6-L canisters (100 mtorr) were used
to collect whole air samples. Each canister was connected
to the sampling manifold, and a 5-mm integrated sample
was obtained during the latter part of the 20-mm collec-
tion period. After collection, the canister pressure was it-

corded and the canister was filled to 5.0 pslg with
ultra-zero air to facilitate repeated analyses of air from
the canister.

A Fisons MD goo CC system equipped with parallel
flame ionization and mass spectrometric detectors (FIDs and
MSD5) was used for the analysis of styrene present in the
canister samples. The FID was used forstyrene quantitatlon.
The MS (full scan mode) was used for peak confIrmation,
The sample-analyzed volume was 60 mL. With this
preconcentrated sample volume, the FID detection level was
0.01 ig/L. Detector calibration was based on Instrument it-
sponse to known concentrations of dilute styrene
calibration gas (traceable to NIST calibration cylinders). The
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calibration range extended from 01 to 1000 ~‘gJL.

RESULTS AND DISCUSSION
Verification of Collection Emciency of

Sampling Manifold
Tests were conducted prior to the extrusion runs to veri~’
that 100% of a spiking gas (propane) would be transferred
across the emissions entrainment zone if the incoming

and outgoing flows were balanced. As mentioned in the
experimental section, the incoming flow was preset to 180
L/min. The propane concentration generated at the
inlet location was 60 ppm C (measured at background
sample port—see Figure 3). As expected, the propane
concentration measured In the sampling manifold was a
function ofthe voltage setting on the variable flow blower
downstream of thesampling manifold. A calibration curve
showing the flow rate through the sampling manifold as a
function of pressure drop across the orifice of the variable
flow blower is shown in FIgure4. Atmagnehelic gauge read-
ings below 0.5 in. ofwater. the total HCanalyzer indicated
a stable reading of 60 ±2 ppm C at the connection port in
the sampling manifold, As the setting was increased above
0.5 in., the total HC reading dropped to reflect the fact
that the sampling manifold flow rate was greater than the
incoming flow that was preset to 180 L/mln.

Total Manifold Flow
The total manifold exhaust flow for the individual test
runs was needed for the eventual calculation of emission
factors. Table 2 lists the total flows for each test run. The
orifice APvalue is the observed reading for each run, From

the experimentally derived regression equation, flow =

180.69(aP) + 9079 (R
2~

0.966) (see Figure 4), a flow rate
through the blower could be determined using this z~P
value, However, the flow across the orifice was originally

calibrated at 75 °F.To correct the flow to the manifold
operating temperature of 140 °F,the following flow ori-
fice equation was used:

‘lii

Q? =QI Lii
(I)

where Q1 was the flow rate during test runs, was the
flow rate at 75 °F, T, was the temperature of the exhaust
air, and T~was the temperature at calibration.

A temperature correction factor of 0.944 was applied
to the flow rate during the test runs to determine the
flow rate at 75 °F. In addition, the flow rates from the
individual sampLing components were also needed to
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 was acceptable
and slightly greater than the preset incoming flow rate
of 180 L/mmn. This slight excess flow ensured that all
emitted material was efficiently transferred to the col-
lection manifold.

Emissions

Emission concentrations (~ig/L)are likewise summarized
in Table 2-Total VOCs were usually the highest emission.
ranging from 53 to 202 gg/L. In a few cases, the
particulates were also high, up to 185 jig/L. In experiments

Flgur.4. Flow through the manifold as a function of pressure drop across the orifice of the variable speed blower.
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with polyamide 6 or its copolymers. caprolactam from
the depolymerization reaction was seen in significant
quantities, from 24 to 245 sg/L.

Three of the emissions predicted from previous stud-
ies°’8—ammonia, hydrogen cyanide, and rnaleic anhy-
dride—were unobserved at the detection limits reported
in this study. Carbon monoxide and styrene levels were
only significant in rubber-modified polyamide blends.
Oxides of nitrogen were only minor emissions. Overall,
these results show what manufacturers and processors
would have predIcted, that is. concentrations significantly
below what would have been predicted by previous static
tests, The results from this study are —2 orders of magni-
tude (100 times) below what would have been predicted
from EPA’s AP-42 document, which Is based on a very
outdated survey report.’3

Emission Patton
Emission factors were calculated from measured emission

concentration levels shown in Table 2 using the follow-
ing formula:

E (Cx F1i/O (2)

where Ewas pg ofernlssions/g of processed resin, Cwas the

measured concentration of emissions in ~xg/L,Fwas the to-
tal manifold flow rate In lJmln, and Owas the resin through-
put in g/min. Emission factors are summarized in Table 3.
Dimensional analysisshows that these emission factors can

also be read as lb emissions/mIllion lb resin processed.

Tablo 2. Stxxmarycietusico coeditions and concertations of emissi~islily/I).

Significanceof EmissionPatton
This study provIdes emission data collected during extru-
sion ofvarious polyamide resins under specific operating
conditions, It should be emphasized that if actual mea-
surement data are available, they should always be used
to determIne compliance. However, ifactual measurement
data are unavailable and difficult to obtain. calculated
emission factors may be used by processors to determine
their expected annual emissions (from polymer process-
ing) under various federal, state, and local air toxic regu-
lations. (Emissions from other onsite sources would need
to be considered separately.) Relevant regulations include
the 1990 Clean Air Act Amendment, the VOC and par-
ticulate program, the Title V permits program, and the
pre-1990 federaL Prevention of Significant Deterioration
(PSD) and New Source Review programs. The calculated
factors are most helpful in instances where the processor’s
emissIons are far below the “trigger levels.” For example.
the most stringent current limitation is 10 tons/year of
VOC emissions within an extreme ozone management
area. A processor wIth equipment similar to that used In
this study could extrude 120—400 million lb/year of poly-
amide, depending upon the product mix. In less restricted

areas, where the VOC emissIons can be up to 100 tons/
year, the processor could extrude 1200—4000 mIllion lb/
year. Most plastic molders and extruders process only a
fraction of these volumes,

During 1998, data were compiled to compare
emission factors determined In this and other
SPI-sponsored studies

2
’
5

with plant data that had been

TestRunNo.: 1* 18 2* 28 3* 38 4* 48 LA 58 LA 68 7* 78
Descriplion: GeneralPASS General PAL

Low Caprolactam
Copeiymss

PAWS
EPoMTenghened

PASS
Toughened

PAL
PASSorPAWS
Flaine-Retatded
with Melamin.

Mills
Flame-Retarded
with Dectdorun.

ExtnSon Conditions

Avg. die headtenç. (“1) 550 555 520 520 475 415 550 550 550 550 520 520 5CC 510
Resin lllroIgwut (g/min} • 2~l 336 331 195 141 218 195 211 286 354 327 371 386
Toxalmanitoldllow(lJmin) 114 188 216 189 194 194 224 202 234 229 221 234 238 238
Maifle
Ammonia ‘ <4.7 <4.7 <4.7 <4.1 <4.1 <4.1 <4.7 <4.7 <4.7 <4.1 <4.7 <4.7 <4.1
Hydro~icyanide • <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
TotaiVOcs 53 101 91 123 112 133 128 202 197 91 85 160 165
Total patliculales • 111 37 31 6 2 65 62 32 31 185 129 87 123
Car~inonotide • 6.1 <1 <1 <1 <1 32.1 36.7 13.8 13.8 <1 <1 <1 ci

Nüiogen oxides • 0.03 0.06 0.03 <0.01 <0.01 0.03 0.04 0.01 0.01 0.05 0.05 0.03 0.03
Cap’oiactam b b 30.9 23.1 25.6 24.7 b 92.4 64.6 56,4 59.1 >lSOc >150c
Maleic a’thy&ide • <0.05 b b <0.05 <0.05 <0.05 <0.05 b

I

Styrene • <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

Not repoxled because total manifold flow rate

the sampler occurred during the run).

is below the required flow of 1~L/min;
1

Measurement of this parameter was not requested—see Table 1: cEstimals (flow st~paqein

Volume 51 July 2001 Journal of the Air & Waste Management Association 1007



Kriek et a?.

TableI. Slnunlary ofextusion emission factors (4g or lb/million lb polymer p~essed).

TestRunNo.: IA 18 2* 28 3A 38 IA 48 LA LB 6* 58 IA 78
Description: GeneralPASS General PAL

Low Caprolactam
Copolymer

PALL/B
EPDM.Toughened

PASS
Toughened

PAL
PASS or PALS/S
flame-Retarded

PALL/S
Flame-Retarded

with Melamine with Dedilorane

krrrionia • <4.7 <4.1 <4.7 <4.7 <4.7 <4,1 <4.7 <4.7 <4.1 <4.7 <43 <4,1 <4.7
Flydrogencyanide • <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
To4alVOcs • 50 65 52 122 154 137 133 171 158 57 61 101 102
Total particulates • 104 24 18 6 3 67 64 27 25 115 92 55 76
Car~nmonoxide • 6 cl ‘ci <1 <1 33 38 12 11 <1 <1 <1 <1
Nitc~iioxides • 0.03 0.04 0.02 <0.01 <0.01 0.03 0.04 0.01 0.01 0.04 0.04 0.02 0.02
Ca~rolaclam I

I 20 14 25 34 I 5 78 52 42 42 >1~ s1~
Maleic anhydride • <0.05 5 5

5 <0.05 <0.05 <0.05 <0.05 a a I

Styrene • <0.01 0.01 0.01 0.01 0.01 0,32 0.29 2.9 2.8 0.01 0.01 0,01 0.01

aNne reported because total manifold flow rate is below he required flow at 180 limin;°Measutementofthis paramettrwas not requested—see Table 1; ‘Eslimaie&(ltow stoppage
in tIle sampler occurred during the run).

compiled by both government and Industry. This data 9. Rhodes. ~.1..
4
Crawford, 1.: Toner, HR Emission Factor, fur Plastics

Processing. In Proceedings eta Specielty Confrt,nce Emission Ins.eotoqc
was presented at an Air & Waste Management Confer- Usingin a GlobalEnvironment VoL 1. New Orleans. LA. December 8-

ence In New Orleans in December 1998.°Reprints are avail- tO. 1998: pp t93-203.
10. Holdren. MW.: Wbbith, AS.; Heggs. R.P.: Keigley. G.W.:Satola.J.R.;

able from SPI. Williams. ID.: Chuang. IC. Final Report on Sampling and Analysis
of Emissions Evolved during Extrusion of Polyamide Resin Mixtures.
Presented to The Society of the Plastics Industry. \Athlngton. DC.
June 1997,

SUMMARY OF FINDINGS ii. U.S. Environmental Protection Agency. compendium Method TO-
I3A: Determination of Polycycllc Arnmaeic Hydrocarbons (PAHs) in

Total VOCs and total particulate material are the major ~blent Air Using Gas Chromatography/Mass Spectromeny (GC/
emissIons from the extrusion of typical polyamides. Ca- MS); EPA/625/R-96/otob: In Compendium ofMet hods for the Detenni-

nation ofTwdcOrganic Compounds in AmbientAir; Center for Environ-
prolactam is also a major emIssion from polyamlde 6 and mental Research Information; Cincinnati, OH. 1997.

its copolymers. The data collected In this study provide 12. U.S. Environmental Protection Agency. CompendIum Method TO-t4A; Detenninatlon of Volatile Organic Compounds (VOC5) In Am-
processors with a baseline for estimating emissIons bientAirUslngSpeciallyPreparedCanlsterswlthsubeequentAnalysis

byGas Chromatography: EPA/625/R’96/OlOb; In Compendium otMeth-
generated by polyamlde resins that they process under ~ for the Determination of Toxic Organic Compounds In Amblenr Air;
simIlar condItions. The emission factors reported here may Center for Environmental Research information; cincinnati. OH.u997,not represent those for other polyamide types or for other 13. f-tuge.es,tw.; 801aM, R.F: Rinaldi, G.M. SouxceAssessmentPiastlrPro-

methods of processing. Professional judgment and con- ~ Stare-of-the-An; Report PB 280 926; U.S. Department ofCorn.
merce. National Technical tnfonnetlon ServIce; Springfield. VA. March

servative measures must be exercIsed when using these u978.
data for estimating emission quantities.

About Sb. Author.
Joe Barnes Is a product stewardship leader at Honeywelt

REFERENCES Engineered Applications & Solutions. P0. Box 931, 4101
I. Sherman. L.M. Clean-Air Rules Challenge Processor,; Plastic, Thchnot Bermuda Hundred Rd., Hopewell, VA 23860. John Boilmeler

1995, 41(2), 8346. is a member ofthe DuPont Engineering Polymers Six Sigma
2. Contoa. D.A.; Holdren. MW.; smith. DL.; Brouke. R.C.: Rhodes. V.L.:

Ralney. ML. sampling and Analysis of Volatile Organic Compounds Program. Chestnut Run Plaza 713/104. Wilmington. DE
Evolved during Thermal ProcessIng of Acrylonltrile Butadiene Sty- 19880. Jane Chen Chuang and Michael W. Holdren are se-
rene composite Resins:). Air & Waste Manage. Assoc. 1995. 45,686’ nior research scientists at Battelle, 505 King Ave., Colum-
694.

3. Barlow. A.: Contos. D.: Hoidren. M.: Garrison, P.; HarrIs. L: Janke. s. bus, OH 43201. Anthony S. Wisbith is a principal research
Development or Emission Factors for Polyethylene Processing; I. Air scientist at Battelle. Jennifer Hayward was assistant man-
& Waste Manage. Assoc. 1998. 46. 569-580.

4. Barlow. A.: Moss. P.: Parker. E.: Schroer. t: Holdren. M.; Adams. K. ager of environmental Issues at SPI, Suite 600 K. 1801 K
Development of Emission Factors for Ethylene-Vinyl Acetate and Eeh. St., NW. Washington, DC 20006. George Kriek is associate
ylene-Methyl Acrylate copolymer Processing:). Air & Waste Manage. researcti and development scientist at Bayer Corp., 100
Assoc. 1997, 47. 1111-1118.

5. Adams, K.: Bankston, 1.; Barlow, A,; Hotdren, M.: Matthesani, V.; Bayer Rd., Pittsburgh, PA 15205. Nelson Lazear is a man-
Meyer. I. Development of EmIssion Factors for Polypropylene Pro- ager for environmental issues at BayerCorp. Diane P’ietrzyk
cessing:). Alr& Waste Manage. .Assoc, 1999. 1,49-56.

6. Braun. £ ; Levin. B Nylons’ A Review of the Literature on Produces 0~ is manager of product stewardship at BASF Corp., 1609
Combustion and Toxicity; Fire Mater. 1981, ‘1, 71-88. Biddle Ave., Wyandotte, Ml 481 92. Verne Rhodes is presi’

7. Patei, S.: Xanthos, M. Volatile Emissions during Thermoplastia Pro. dentofProduct Regulatory Services, 3731 Tiger Point Blvd..
ceasing—A Review: Ads’, Polym. Technol. 1995. 14 (I). 67-77.

8 JellInek. H.; Das, A HCN Evolution during Thermal’Oxldatlve Deg- Gulf Breeze, FL 32561. Correspondence should be directed
radatlon of Nylon 66and Polyacrylonitrile: j Polyrn. Eel., Polym. Oxen, to SM.
Ed. 1978, 16,2715-2719. ____________________________________________________

1005 Journal of else Ar & Waste Management Association Vokirne 51 July 2001



TECHNICAL PAPER 1SSN 1047-3289 /. Air &
Cop~ght1997 hE & Waste Management Assccarc~

Development of Emission Factors for Ethylene-Vinyl Acetate
and Ethylene-Methyl Acrylate Copolymer Processing

Anthony Barlow
Quantum Chemical Corporation, Cincinnati, Ohio

Pamela Moss
AT Plastics, Brampton, Ontario

Earl Parker
ChevronChemical Company, Orange, Texas

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

Mike Hoidren
Battelle, Columbus, Ohio

Kenneth Adams
The Societyof the Plastics Industry, Inc., Washington, D.C.

ABSTRACT
Emission factors Ibr selected volatile organic compounds
(VOCs) and particulate emissions were developed over a
range of temperatures during extrusion of three mixtures
of ethylene-vinyl acetate (EVA) copolymers and two mix-
tures of ethylene-methyl acrylate (EMA) copolymers. A
mixture of low-density polyethylene (LDPE) resins was
used as a control. EVAs with 9, 18, and 28% vinyl acetate
(VA) were used, The EMA mixtures were both 20% me-
thyl acrylate. A smallcommercial extruder was used. Poly-
mer melt temperatures were run at 340 °Ffor LDPE and
both18 and 28% EVAs. The 9% EVA mixture was extruded
at 435 °Fmelt temperature.The EMA mixtures were ex-
trucled at 350and 565 ‘F melt temperatures.

An emission rate (or each substance was calculated,
measured, and reported as pounds released to the atmo-
sphere per million pounds of polymer processed [ppm (wt/
wt)]. Based on production volumes, these emission factors

can be used by processors to estimate emission quantItIes
from EVA and EMA extrusion operations that ate similar to
the resins and the conditions used in this study.

INTRoDuCTIoN
Industry is faced wIth a new challenge. Pursuant to the
Clean AirAct Amendments (CAAA) of 1990, which man-
dated the reduction of various pollutants released to the
atmosphere, companies are being faced with the daunt-
ing task of establishing “emission inventories” for the
chemicals used in their processes. The chemicals targeted
are those that produce eIther volatile organic compounds
(VOC5) or compounds that are on the List of 189 hazard-
ous air pollutants (MAPs). Title V of the amended Clean
Air Act established a permit program for emission sources
to ensure an eventual reduction in emissions. When ap-
plying for a state operating permit, processing companies
are first required to establish a baseline of their potential
emissions.’

In response to the needs of the plastics industry, the
Society of the Plastics Industry, Inc. (SPI) organized a study
to determine the emission factors for ethylene-vinyl ac-
etate (EVA) and ethylene-methyl acrylate (EMA) extrusion.
Sponsored by four major resin producers, the study was
performed at Battelle, an independent research laboratory.
This work follows two previous SPI—Battelle studies on the
emissions of polyethylene2 and polypropylene.3

IMPUCAT10N5
This study provides quantitative emissIons data collected
during extrusion of ethylene-vinyl acetate (EVA) and efti-
ylene-rnelhyl acrylate (EMA) copoiymers under specilic
operating condilons, These data can be used by proces-
sors as a point of reference to eslimale emissions from
similar EVAIEMA extrusion equipment based on produc-
tion volumes.
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A review of the literature shows that, while there are
some qualitative and quantitative data available on poly-
ethylene thermal emissions, there are fewer studies that
mention EVA and EMA. The primary concern about pre-
vious polyethylene emissions data is that they were gen-
erated using static, small-scale, or otherwise unspecified
procedures.5-6

In the design stages of this and previous SPI—Battelle
studies, considerable attention was given to whether the
model used accurately reflected real processing condi-
tions. The major contributing factors to the rate of emis-
sions in an extrusion process were considered to be tem-
perature, exposure to oxygen, and residence time. The
goal was to reflect the actual on-line processing condi-
tions rather than a static situation. In most extruders,
the polymer melt continuously flows through the sys-
tem, effectively limiting the residence time in any par-
ticular heated zone. If a static set-up were studied, the
polymer may be exposed to the equivalent temperatures
but (or a longer period of tIme. This would effectively
exaggerate the thermal exposure of the polymer. In a simI-
lar way, the concern over oxygen in the Industrial extru-
sion process is minimized as the extruder screw design
forces entrapped air back along the barrel during the ini-
tial compression and melting process. The air then exits
the system through the hopper. Therefore, the hot poly-
mer is exposed to air only when it is actually extruded
through the die. In some of the static testing that has
been reported, the hot polymer may have been exposed
to air for extended periods of time.

The ideal would seem to be to measure the emis-
sions directly from each Individual process- In extrusion,
for example, the type and quantity of emissions are known
to be influenced by a number of operational parameters,
including extruder size and type, extrusion temperature

and rate, the air-exposed surface-to-volume ratio of the
extrudate, the cooling rate of the extrudate, and the shear
effect from the extruder screw. All of these would have to
be specified and controlled.

T.bls 1. Average additive ~ncentraion(ppm) in polyner midures.

SliP AJITI-ULOCK ANTIOXIDANT

EVA
18%VA 0 0 138
28% VA 0 0 263
9%VA 300 1500 145

WA
20%MAJ3MI 0 0 250
20%ItAjEMl 0 0 250

LUPE
156 300 340

The objective of the SPI—Battelle study was to take
representative EVA/EMA resins from a number of suppli-
ers and, using the same equipment used to study both
polyethylene and polypropylene, provide baseline emis-
sion data. The test conditions used will provide reason-
able reference data for processors involved in similar ex-
trusion operations. In some cases the emission factors
determined in this study may overestimate or underesti-
mate emissions from a particular process. For example, a
recent 2-year study’ found, as would be expected, that a
lower level of fume was generated by injection molding
compared to extrusion-based processes in which the hot
polymer is exposed to air- Therefore, professional judg-
ment and conservative measures must be exercised when
using the data for estimating emissions.

The samples used were mixtures of commercial co-
polymers from the sponsoring companies. The EVA mix-
tures, covering a range of 9 to 28% vinyl acetate, were
composed of copolymers typically used In film forming,
lamination, and hot-melt adhesive applications. The EMA
mixtures containing 20% methyl acrylate were comprised
of copolymers typically used in blown-film and extrusion
coating applications. It should be noted that there are
several variables related directly to the material being ex-
truded that may influence the emissions. These variables
include the age and type of resin, the additive package,
and any additional materials added to the resin prior to
extrusion. If a particular processor uses recycled materi-
als, their thermal history is also an important factor. The
test matrix used was designed to provide emissions data
as a function of resin type and in some cases as a function
of the operating temperature of the diehead assembly of
the extruder. All of the EVA, LOPE, and EMA resins used
were commercial grades. The average additive levels of
the mixtures are shown in Table 1.

The equipment used was a small commercial extruder
equipped with a 1.5-in, screw and fitted with an 8-strand
die. The emissions were measured over a 30-minute pe-
riod and were related to the weight of resin extruded. The
emission factor for each substance measured was reported
as pounds evolved to the atmosphere per million pounds
of polymer processed (ppm(wt/wt)]. Processors using simi-
lar equipment can use these emission factors as reference
points to assist in estimating emissions from their spe-
cific EVA—EMA application.

The 14 substances targeted for monitoring Included
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 organic acids (formic, ace-
tic, and acrylic add). These are the analytes of Interest,
either because they are on the HAPs List, as stated earLier,
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Figure t Extruderstrand diehead used in EVA—EMA ernissia’is t~hng
program.

or they are the expected thermal breakdown products of

the polymers tested.

EXPERIMENTAL PROCEDURES

Experimental ProcessConditions
An HEM Corporation 15-horsepowerunvented extruderwas
used to process the EVA and EMA test sample mixtures at
Battelle. The extruder was equipped with a 1.5-in, single
screw (L/D ratio of 30:1) and fitted with an 8-strand die
(Figures 1 and 2). Extruded resin strands were allowed to
flow into a stainless steel drum located directly under the

Table 2. Resin lhrougt~utand key low paranelers during the EVA and EMAerirusirn fins.

TESTRUNN& IA II 2 3 4 5 I

RESIN TYPE Low-Oensily Low-Density EVA 18% VA EVA 28% VA EVA 9% VA EMA 20% MA EMA 20% MA
Polyethylene Polyethylene

EXTRUDER CONDITIONS
MellFlowR~e 2 2 2 6 2 2 7
Average Oietnead Melt Temperature, F 340 340 340 340 435 350 565
Zone 3 Temperature, Of 292 301 301 301 415 300 547
Zone 2 Tempera lure, -r 296 297 297 297 365 300 449
Zone 1 Temperature, °F 275 274 275 274 275 275 275
Pressure. psIg 1300 1500 1000 750 600 1750 <50
Resin Throughput lob/ho Wmin)I 28.4/215 26.9/204 34.0/257 35.7/270 34.8/263 32,8/249 35.1/265
Rolor Speed, rpm 75 75 75 75 90 75 83

Run Duraion, mm 30 30 30 30 30 30 30

AIR FLOWS
Total Manilold Flow, L/min 700 700 700 700 700 700 700
Flow Rate Into Stwath kea, ljmin 100 100 100 100 100 100 100
Flow Rate Into Entrainment Area, 1/ruin 525 525 525 525 525 525 525
Flow Rate Through Hopper, limb 10 10 10 10 10 10 10
Flow Through Tubes forCar~vyls,lJmin 0,5 0.5 0.5 0.5 0.5 0.5 0.5
FIowThroughTubestor0r~nicAcids.tJmin 5 5 5 5 5 5 5
Flow Into Canisters, 11mm 0.16 0.16 0,16 0.16 016 0.16 0.16
Flow Ttvough 402 THC Analyzer, 11mm 1 1 1 1 1 1 1
Flow Through Fitter Holder, L/mmn 15 15 15 15 15 IS 15

N

FIgure 2. View of the exiruder system and the VaiioIJs saniplrig
locations.
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Tablet Or~rci EVA and EMA emissions lest runs. than 2% of the total),2Table 4 shows the sampling
strategy and the overall analytical scheme em-
ployed for theEVA and EMA test runs. Details of
the analytical procedures are provided in the pa-
per “Development of Emission Factors for Poly-
ethylene Processing.”2

Diehead Emissions
Emissions released at the diehead during ex-
trusion were captured at the point of release
in a continuous flow of clean air. A portion of
this airflow was subsequently sampled down-
stream, as described below. The emissions were
initially captured En a stainless-steel enclosure
surrounding the diehead (Figure 3). The air
stream was immediately drawn through a di-
vergent nozzle entrainment cone, which pro-
vided a sheath ofclean airbetween the diehead
emission flow and the wallsof the carrier duct.

This minimized interaction of the hot exhaust
with the cooler duct walls.

The total airflow employed for capturing
diehead emissions was set at 7(Y) L/min. This was
composed of thediehead entrainment flowat 525
L/mnin, the sheath flow at 1(X) L/min, and 75 L/

mm ofresidual airflow, which was made up from
room airdrawn into the open bottom of the stain-

die-head (Figure 2). Processing conditions, shown in Table less-steel diehead endosure. This residual airflow was used to
2, were selected to be representative of several commercial facilitateeftective capture of emissions fromthepolymer.These
processing applications. The order of the EVA—EMA Emis- flows are depicted in Figures 2 and 3.
sions test runs is listed in Table 3.

Capture and Collection of Fn,kdons
Emissions released at thediehead were collected separately for
30 minutes during the extrusion runs. Emissions from the
hopper were excluded from analysis because previous ernis-
sion studies showed theircontribution to be insignificant (less

Figure 3. View ad emission entrainment area. Figure & Sampling manifolds for emissions generated in diehead.

Run No. Resin Type % MA or VA
Sequence

Melt Index
(F)

Melt Temp Cempanles Contrlbeting
to Resin Mixture

1A LOPE 0 2 340 Quantum NA 345

DuPont 20
AT 220 PE
5565 (Chevron)

18 Use tarspiking run
2 EVA 18 2 340 Quantun UE631

ELV~31 70
AT 1815

3 EVA 28 6 340 Quantum UE534
ELVAX 3175
AT 281DM

4 EVA 9 2 435 Quantun, UE637
ELVAX 3128
AT 1070
PE 5280 (Chevron)

Use LOPE mixlure while cooling to 350 F
5 EMA 20 2 350 Quantum EMTR 003

SP 2205 (Chevron)
6 EMA 20 7 565 Quantum EMIR 010

SP 2207 (Chevron)

LOPE resin rnixtune was used to clean e~ru~during cool down. Extruder was purged 01 EMA before tinal
shutdown to avoid corrosion.

7---,~t_

—I—

-Me— —
0~

0~S—0—Os ——I_.I
P.—
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Table 4. Sarr~itecoll%tion scheme tor EVA and EMA tesl runs.

SUBSTANCES MOMTORED 0r~nicAcids Aldehydesf Ketones Parlicutate VOCs
HHC LHC

SUMMA CanisterCOLLECTION MEDIA KOH lrapr~iatedFitter ONPI-t Tube Glass Fiber Filter

ANALYTICAL METhOD Oesorpoion with Dilute
i’laO,and Nralysis by

ion Exclusion

Chroniatography/tJV

Desarplion with
A~ooitrileand

Analysis by HPLC

Gravimeftic Modified 10-14

HP-i Fused Silice AçO/Na,SO,
Capillary Column Capillary Column

SC/MS GC/FlO GC/FID

SAMPUNG LOCATION Manitaid
Meft Twip (°F) Run No. Nuabet ot Samples Analyzed
340 1A 2 2 1 1 2 1
340 lB 2 2 1 1 2 1
340 2 2 2 1 1 2 1
340 3 2 2 1 1 2 1
435 4 2 2 1 1 2 1
350 5 2 2 I 1 2 1
565 7 2 2 I I 2 I

Note: No processing aids were used,

Diehead emissions were transported by the 7(E-L/min
airflow to a sampling point 10 ft. downstream of the diehead
using 4-inch-diameter glass tubing. The location for this sam-
plingpoint (Figure 2) was based on previous studiesperformed
at Battelle that Involved design, engineering,implementation,
and proof-of-prindple stages for the pilot plant system 3

Two separate sampling manifolds were used at the sam-
pling location: one for collecting gases and vapors and the

TabI. 5. Results Iron spiking experiments.

other for collecting particulates (Figure 4). For gases and
vapors, a 10-L/min substream was diverted from the main
emission entrainment stream using a OS-In, stainless steel
tube (0.425-in. id.) wrapped with heating tape and main-
tained at 50 ~C.VOCs and oxygenates were sampled from
this manifold, Similarly, parttculates were sampled from a
separate 1S-L/min substream using a 0.25-in, stainless un-

heated steel probe (0,1375-In. Ld.).
This study did not include any

measurements of emissions from the
drum collection area, as aLl commer-
cial extrusion processes quench the
molten resin shortly after it exits the die.
Emissions from the extrudate in the col-

lection drum were prevented from en-
tering the diehead entrainment area by
drawing air from the drum at 20 L/min
and venting to the exhaust duct.

VALIDATION OF THE

ANALYTICAL METHOD
The purpose of the manifold spiking
experiments was to determine the col-
lection and recovery efficiencies of the
canister, acid, and carbonyl collection
methods. During the fIrst spiking ex-
periment, alL three collection methods
were evaluated. Results are reported In
detail elsewhere.2 During the second

HiaTt! METHOD SPIXELEVftIID4. RECOVERY pgpl
MI M2

AVERAGE PEICEjIT
IEWVEF&W

FIRST EXPERIMENT’
Formic Mid KOH filters 0.71 0,987 0.733 122:18
AceticAcid KOH titters 0.77 1.023 0.640 121:12
Acrylic Acid KOH titters 0.59 0.687 0.567 107±11
Formaldehyde DNPH Cartridge 1.63 2.20 2.03 130±5
Benzene-d5 Canister 0.092 0.088 0.086 95±2

SECOND FXPERIMENTb

Benzene-d6 Canisoer 0.24 0.27 0.25 108±4
Benrene Canister 0.22 0.22 0,22 100
Methyl Acrylate-d3 Canister 0.25 0.26 0.24 100±4
Methyl Acrylate Canister 0.25 0.25 0.23 95±4
Vinyl Acetate Canister 0.24 0.28 0.25 110±6

Retative error is the relaive percent ditferenca. the absotute ditterence in the Iwo samples multiptied by 100 and then
divided bytheir average.
• Reference 2; ~ 3
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Table 5. Summary of EVA and EMA hernial process emissions tot generic resin grades (pg/g).

TESTRUNIIO. 1* ii 2 3 4 5 6

Die Melt Temperature (‘F) 340
Particulate Matter <1
VOLATILE ORGM4IC COMPOUNDS

EVA 18% VA EVA 28% VA EVA 9% VA EMA 20% MA EMA2D% MA
3M1 6Mt

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

Acrylic Acidt <0.02

1069
83.0

128.2 123.4
108.3 109.9

45.7 117.2
44.2 90.0

6.05 4.40 4.66
5.32 2.06 3.23

Nc1e; No processing aids were used.
THC • Total hydrocarbons minus methane.
Hazardousair potlutanls (IIAPs).

spiking experiment, collection and recovery effidendes were
determined only for the canister sampling method. The re-
suIts from the two spiking experiments are summarized in
Thble 5. The analytes measured by the spiking experiments
are listed in Column 1. Column 3 shows the calculated
concentrations of the spiked compounds in the airstream
of the manifold, The concentrations found from duplicate
sampling and analyses, and corrected for background lev-
els, are shown in the next two columns. Finally, the aver-
age percent recovered is given in the last column.

The results from the first experiment are summarized
as follows: all three collection methods showed very good

recoveries of the manifold spiked compounds; the three
organic adds were spiked at a nominal air concentration of
about 0.6 to 0.8 pg/L; recoveries using the KOH-coated fil-
ters ranged from 107 to 122%; formaldehyde (1.63 p/L)
served as the surrogate for the atdehyde—ketone species and
the DNPH cartridge method showed a recovery of 13096;
deuterated benzene (0.092 pg/L) served as the representa-
tIve compound for the canister collection method; and the
amount recovered was 95%.

During the second experiment, additional recovery
data points were obtained for the canister method using an
expanded list of compounds. The additional compounds

ResTh Type Low-Density Low-Oensity
Polyethylene Polyethylene

340
1.5

Beckman 402-THC’ 106.7
Heavy Hydrocarbons (HHC) 86.0

LIGHT HYDROCARBONS (LHC)

ESTERS

ALDEHYDES

99.7
86.4

Ethane 0.02 0.02 0,01 0.01 0.03 0.02 0.49
Ethylene 0.01 0.01 0.01 0.01 0.02 0.02 0.36
Propylene 0.01 0.01 0.01 0.01 0.01 0,01 0.14

Vinyl Acetate <0.01 <0.01 <0.01 6.22 <0.01 <0.01 <0.01
Methyl Acrylate <0,01 <0.01 cOOl <0.01 <0.01 <0.01 <001

Fornaldehydet 0.42 0,28 0.08 0.08 0.13 0.09 1.07
Acroleint <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.10
Acetaldehydet 0,09 0.07 0.04 0,03 0.10 0.03 0,77
Propionaldehydet 0,02 0.01 0.01 0,01 0.02 <0.01 0.31
Butyraldediyde 0.02 0.02 0.01 0.01 0.04 0.02 0.49
Benzatdetiyde 0.02 0.02 0.03 0,05 0.05 0.03 0.23

Acetone 0,15 0.13 0.10 010 0.13 0.10 0.34
Methyl Elhyl Ketonet <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

ORGM4IC ACIDS

Formic Acid 0.27 0,22 3.85 3,11
Acetic Acid 0.44 0,44

<0.02
7.40

<0.02
2.89
<0.02 <0.02 <0.02 <ft02

KETONES
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Table 7. Ccehicient tar eguatirns predicting EMA emission levels, ‘Y MT. C, where T is
sdrusion temperature (‘F) andY is emission quantly in lbs pet mitlion lbs ot resin.

EMA (2G% Cipalymer) Tempesahue Range M Slope C (y Intercept)

VOC (402 metbod) 350- 565°F 0.33 -70.7
Paoliculales 350- 565°F 0.27 -89,3
Forrratdehy~ 350-565°F 0.0046 -1.15
A~atdehy~ 350-565°F 0.0034 -1.17
Formic Acid 350- 565°F 0.0012 3.98
Acetic Acid 350- 565°F 0.0054 0.16

Other hydrocarbons and acids were detected, but were below the 0.75 ppm cul-otl point.

induded deuterated benzene for comparison with the first
experiment, as well as benzene, methyl acrylate, deuterated
methyl acrylate, and vinyl acetate. The expected spike level of

these five species was nomInally 0-24 1i/L As the results indi-
cate, excellent recoveries were obtained for all compounds.
Mass ions from the mass spectrometricdetector thatwere spe-
cific for each compound were used In calculating recovery ef-
fidendes because the five species were not well resolved with
the analytical column (e.g., thetwo methyl acrylates were seen
as one peak when monitoring the flame Ionization detector).

EMISSION FACTOR RESULTS
Ethylene Vinyl Acetate Copolymers

The emission results are presented In Table 6. Overall, VOCs
and particulates for all three EVA test resins had much higher
emission rates than the oxygenates. VOC emissions ranged
from 100 to 130 ppm (wt/wt),whileparticulates wereless than
1 ppm. The higher test temperature produced higher levels of

aldehydes, but lower overall VOCs. However, this result iscon-
founded because different EVA resins were used.

As discussed in the experimental section, two different
methods were used to measure VOC emissions. One was the
Beckman 402 Hydrocarbon Analyzer which continually ana-
lyzed the air emission stream throughout the run and pro-
vided a direct reading of all VOC substances responding to the

flame ionization detector. The other method used an evacu-
ated canister for sample collection and gas chromatography
for analysis. With this method, total VOC5 were determined
by summing the Heavy Hydrocarbon (HI-IC) and Light Hy-
drocarbon (LI-IC) results.

As can be seen in Table 6, the Beckman 402 results are
consistently higher than the HI-ICand LHC results. There are
a number of possible explanations for these discrepancies, as
the techniques are inherently different, but that discussion Is
beyond the scope of this paper. However, as a conservative
measure, it isrecommended thatthe higher result beused when
estimating emission quantities.

One advantage of the canister method Is that it can
provide emission data on total VOCs as well as indI-
vidual compounds. Based on visual observation of the

VOC chromatograrns, the VOC measurements were due to
theadditive responseofmany individual compounds. Thema-

jorityof Individual VOCs were weU below I ppm (wt/wt).The
exceptions were the organic adds, which were in the range of
6 to 12 ppm total. Variations in the amounts of organic adds
evolveddid not follow either the die-melt temperature or the
percent bound vinyl acetate. This may have been simply a
reflectionof the variability of the method, or the effect of dif-
ferent samples being used at different temperatures. Organic
add emissions were, however, significantly higher than those
observed In an earlier study on WPE resins.2

Vinyl acetate was detected in only one of the test runs,
thatof the high vinyl acetate copolymerin Run #3. it is thought
that this may have been an artifact of the test apparatus in

which fewer VOCs may have adhered tothe canister wall dur-

ing sample storage and were not completely released during
sample analysis.

Ethylene-Methyl Acrylate Copolyineas
The emission factor results for the EMA copolymers are
presented in Table 6- Extrusions were performed at 350
and 565 ‘F, corresponding to blown film and extrusion
coating temperatures, respectively. Overall, the VOCs for
the test resins had higher emission rates than the oxy-
genates- VOC emissions ranged from 45 to 117 ppm (wt/
wt) and the particulates from 4 to 61 ppm (wt/wt). As
expected, the higher test temperatures generally produced
the higher emission factors. Even at the highest test tem-
perature, the majority of individual VOCs were below 1
ppm (wt/wt) and no single VOC compound exceeded 5
ppm (wt/wt). Those that exceeded 1 ppm were aliphatic
hydrocarbons in the C10 to C,6 range.

Oxygenated VOC5 were present in the emissions at
both temperatures, but generally atvalues <1 ppm (wt/wt).
The exceptions were formic add, and acetic acid detected
at levels of c 5 ppm at both extrusion temperatures, and
formaldehyde, detected at a level of approxImately 1 ppm
at 565 ‘F extrusion temperature. From the structure of the
ethylene-methyl acrylate copolymer shown below, It was
thought that methanol would be generated during extru-
sion at the highest temperature.

H H NH
I’ll

-C-C-C-C-
I’ll

HH I H
C=0

0

CH
3
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However, specific evaluation of the CC-MS runs for methanol
showed this compound to be absent in runs made at both
extrusion temperatures- The oxygenated compounds on the
HAl’s list are designated as such in Table 6.

Predicting Emissionswithin Experimental
Temperature Range

The data in Table 6 were reduced to the following equa-
tion for EMA that predicts the level of emissions at a spe-
cific extrusion temperature:

Y = (M x 1’) + C

where V = emissions in pounds per million pounds of pro-
cessed resin, and T = melt temperature In ep~M and C
constants are shown in Table 7 for each analyte.

Inserting the melt temperature (‘F) into the equation
will provide an estimate of the number of pounds of emis-
sions per one million pounds of processed polymer. This
equation is only valid within the temperature ranges and
conditions used in this study and is not recommended
for predicting emissions for temperatures outside this
range. A similar equation was not derived for EVA because
of the limitations of test temperatures.

CONCLUSION
Significanceof Emission Factorsfrom SN Study
This study provides published emission rate data collected
during extrusion of EVA and EMA under specific operat-
ing conditions

The significance of this data becomes apparent when
placed into context of the 1990 Clean Air Amendment’s
definition of a “major” source for VOC emissions. Cat-
egorization of an emission source as a “major” source sub-
jects It to more stringent permitting requirements. The
definition of a “major” source varies with the severity of
the ozone nonattainment situation of the area where the
source is located The current VOC emission limits are 10
tons per year for a source in the severe classification, and
50 tons per year for a source in the serious classification.
Currently, the only extreme nonattainment area in the
United States is the Los Angeles, California area.

The utility of this data can be illustrated in the fol-
lowing example. Based on the emissions data and equa-
tions developed in this effort, a processor with equipment
and conditIons similar to those in this study can extrude
up to 156 million pounds of EVA or 171 million pounds
of EMA, and using the maximum emissions discovered
in this study without exceeding the 10-ton-per-year limit
for an extreme ozone nonattainment area. However, be-
fore using the data in this paper to estimate emissions,
one must consider a number of other parameters, such as
Increased additive levels, which may impact the type and

(1) quantity of emissions as discussed in the introduction.
These results cannot be used for industrial hygiene

purposes.

REFERENCES
i. sherman, L. NI. “clean-air rules challenge processors,’ Plastics Tech.

natagy 1995,41:2,83-86.
2. Barlow, A.; contos, D.; Hoidren, M,; Garrison, P.; Harris, L.;Janke, B.

‘Development of emission factors for polyethylene processing,’ /.
Air & Waste Manage. Assx. 1996, 46, 569-580.

3. Battelie Final Repore to the Society at the Plastics Industry, ‘Sam-
pling and analytic of emissions evolved during thermal processing of
polypropylene resin composItes,” March 1995.

4. Hoff, A.; Jacobsson, S. ‘Thermo-oxidative degradation of low density
polyethylene close to Industrial processing conditions;’ F. Applied
Polymer Science 1981, 26, 3409-3423.

S. Hughes, Ii w.; Boland, R. F; Rinaldi, G.M. Source Assess,nent’ Plastics
Processing, State ofrise Art, EPA-600/2-78-004C, pp. 27-28, 1978.

6. Air Facility Subsystem Source Classification codes and Emission Factor
Lisdngfrcriteria AirPollutanfs, U.SEnvironmental Protection Agency,
1990, EPA 450/4-90-003.

7. Forrest, M. J.; Jolly, A. M.; Holding, 5. R.; Richards, S.). “Emissions
Irons processing therinnoplastlcs, Annals of Occupational Hygiene 1995,
39: 1, 35-53.

About the Authors
Anthony Barlow, Ph.D., isa refirod prodict steward farQuan-
tum Chemical Company. Pamela Moss is the laboratory and
support services manager far AT Plastics, Inc. Earl Parker is
retired product compliance manager far Chevron Chemical
Company. Thomas Schroer is regulatory affairs consultant
for El. duPont do Nernours & Co. Mike 1-loidren is a senior
research scientist at Battelle Memorial Institute. Kenneth
Adams (corresponding author) Is the assistant technical di-
rector with The Society of the Plastics Industry, Inc., 1801 K
Skeet NW. Suite 600K, Washington. D.C. 20006-1301~

ilfl JaomaloftlseAi-& Waste ManagementAsscciatfon Volume 47 October1997



TECHNICAL PAPER 155W 1047-3289!. Air& WasteManage. Assoc. 45:686-694aopytighl 5995 Air & Wesle Manageinenl Association

Sampling and Analysis of Volatile Organic
Compounds Evolved During Thermal Processing of
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ABsTRACr
The evaluation of emissions of volatile organic compounds
(VOCs) during processing of resins is of interest to resin
manufacturers and resin processors. An accurate estimate of
the VOCs emitted from resin processing has been difficult
due to the wide variation in processing facilities, This study
was designed to estimate the emissionsin terms of mass of
emitted VOC per mass of resin processed.

A collection and analysis method was developed and vali-
dated for the determination of VOCs present in the emis-
sions of thennaflyprocessed acrylonitrilebutadiene styrene
(AES) resins.Four composite resins were blended from au-
tomotive, general molding, pipe, and refrigeration grade
ABS resinsobtained from the manufacturers. Emission
sampleswere collected In evacuated 6-L Summa canisters
and then analyzed using gas chromatographyfflame ion-
ization detection/mass selective detection (GC/FID/MSD).

Levels were determined for nine target analytes detected
in canister samples, and for total VOCs detected by an in-
line GC/FID. Theemissionsevolvedfrom theextrusion of

each composite resin were expressed In terms of mass of
VOCs per mass of processed resin. Styrene was the principal
volatile emission from all the composite resins. VOCs ana-
lyzed from the piperesin sample contained the highest level
of styrene at 402 ~xgIg.An additional collection and detec-
tion method was used todetermine the presence ofaerosols
in the emissions. This method involved collecting particu-
lates on glass fiber filters, extracting them with solvents,
and analyzing them using gas chromatography/mass spec-
trometry (GC/MS). No significant levels of any of the target
analytes were detected on the filters.

INTRODUCTION
Emissions of volatile organic compounds (VOCs)during pro-
cessing of resins is of concern to resin manufacturers and
processors. Emission Information for individual VOCs will
help the industry comply with the 1990 Clean Air Act
Amendments.However, efforts to make quantitative esti-
mates of emissions from resin processing must take into
account the wide variation in processing facilities. Exhaust
‘concentrationsduring fabrication may not be accurately
generalized to other facilities or even to other processing
conditions at the same facility. This study was undertaken
to quantify emissions of VOCs and to express those emis-
sion values in terms of mass of emitted VOCs per mass of
processed resin. In this way, the results can be used to ob-
tain a more realistic value for emissions from a resin pro-
cessing facility.

In this study, gaseous emissions generated during the ex-
trusionofacrylonitrile butadiene styrene (ABS) resins were col-
lected with stainless steel canisters treated by the Summa
passivating process. The canister samples were analyzed by a
gas chromatography (GC) system equipped with a sample
pre-concentration device, and using parallel flame ionization

IMPLICATIONS
There is a lack of data available concerning individual vola-
tile organic canpaunds (VOCs) emitted during the pro-
cesSg of commercialaclylonitrile butadlene styrene (ABS)
resins. In this study, a collection and analysis method has
been developed and validated using deulorated species
spiked into the exhaust stream of thermally processed ASS
resins. The study desi~iallows (or the calculation of pro-
cess emissions in terms of n-sass of emitted individual VOC
per rnassof resin processed. We believe that the method
will serve as a valuable analytical tool br industry and the
research community in better assessing air toxics and VOC
emissions from chemical processes in general.
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detection (P11)) and mass selective detec-
tion (MW). A similar method was suc-
cessfully used in past studies
characterizing aircraft engine exhaust
emissionsfor the U.S. Air Force.’-2A
Beckman 402 total VOC analyzer, an in-
line continuous monitor with a flame
jonization detector and heated probe,
wasalso used to measuretotal VOCs and
to compare with the results found by
summingthe Individual species obtained
with the GC system.

Dow Chemical Company, General
Electric Company, and Monsanto
Chemical Company provided one
resin from each of four categories of
resins—automotive, general molding,
pipe, and refrigeration ABS resin.
Composite resin samples weTe pre-
pared by combiningequal portions of
resin from the same resin category
from each company. The resins were
mixed thoroughly to provide four
composite samples.

A resin extruder and exhaust dells’-
ery system were used to generate and
capture emissions produced during the
extrusion of the composite resins. This facility had been de-
signed to perform safety evaluations of emissions produced
during plastic processing under controlled laboratory eon-
ditlons modelling industrial practice.3

The study design consisted of two phases: 1) develop-
ment and validation of a gaseous emission sample collec-
tion and analysis method,and2) collection and analysisof

VOCs emitted from the extrusionof each composite resin.

EXPERIMENTAL METHODS

Extrusion Facility and CollectionMethods
ResinExtrusion Facility. The resin extrusion facility at
Battelle was used to generate and capture VOCs produced
during the extrusion of ABS resins. The resin extrusion
equipment was isolated from the rest of the facility in a
room equipped with a separate air handling system hous-
ing two extrusion lines in separate isolation enclosures
maintained at a negative pressure relative to the rest of
the facility. The isolation enclosures were constructed of
prefabricated insulated panels which ensured that the
noise levels in the generation area did not exceed 80 dB.
The design of the facility allowed the system operator to
maintain conditions within specified limits and to col-
lect, analyze, and report the conditions in real time dur-
ing each test.

The emissions that evolved during thermal process-
ing of resins were captured in a stainless-steel enclosure
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FIgure 1. Delivery system and sampling locations.

surrounding the die head of a 1.5-in, 15-hp plastic extruder
(HPM Corporation). Fitted with an eight strand die, the
extruder is capable of a production rate over 60 lbs/hr
throughput and 800P (maximum) barrel temperatures for
the three heat zones. The thermal processing Involved the

extrusion of each composite under conditions considered
suitable for the ABS resins.

The emissions were entrainedwith pie-conditioned air
(high efficiency particulate aerosol-filtered) using a
Battelle-developed divergent nozzle entrainment cone
with flow through a three-inch diameter glass sampling
manifold (Figure 1)- The cone provided a sheath of clean
air between the exhaust emissions and the walls of the
carrier duct, minimizing interaction of the effluent with
the duct walls.

The delivery system was designed with multiple sam-
pling ports at various distances from the extruder to deter-
mine the component’s concentration at chosen locations.
Figure 1 is a schematic diagram of the sampling port loca-
tions. Sampling port two was used for sampling in this pro-
gram based on results from previous industrial studies which
involved design, engineering, implementation, and testing
of the plastic extrusion and delivery system laboratory.

Composite SamplePreparationProcess.Thecompositeres-

ins were prepared using a Patterson-Kelly twin shell, 3 ft3

blender to mix 50 lbs of each resin type from each com-
pany to form 150 lbs of each composite. A composite of the
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extruder purging resin, styrene-acrylonitrile (SAN) resin,
was also prepared from equal parts of Tyril® 880 SAN from
Dow, and Lustrant!~31-2060 SAN from Monsanto. Table 1
shows the four composite categories, the resins used from
each company, and the extruder conditions for the com-
posite sample collection in Phase 2.

Sample Loading Process. Resin was hand-poured into a
dryer hopper mounted on the extruder. During the extru-
sion process the plastic extrudate passed through the ex-
haust entrainment section into a 55-gal steel drum where
it cooled and was weighed. The resin processing rate was
determined byweighing theamount of resin extruded dur-
ing a measured time interval.

Canister Preparation Method- The canisters used to col-
lect emission samples were cleaned and evaluated follow-
ing the Compendium Method TO-14’ procedure
recommended by the Quality Assurance (QA) Division of
the US. EPA. The 6-L canisters were cleaned by plAcing
them in a 50C oven, evacuating them to a pressure less
than 125 mm of Hg, and filling each canister five times to
at least 4 psig, usinghumidified ultra-high purity air as the
flush gas. A final canister vacuum of 0.10mm of Hgor less
was achieved by using a mechanical pump. One out of

every eight canisters was filled withhumidified ultra-high
purity air and its contents analyzed as a
(t~C)measure.

flbl. I. Phase 2 extruder operating conditions.

quality control

Resin: Auto
Comp

General
Molding
Camp

Pipe
Cornp

Refrig
Camp

General
Molding
Camp

Duplicate

Run Duration (min) 32 32 35 - 24 23
Total Flow (L/min): 700 700 700 700 700
Carrier flow
(Lftnin): 525 525 525 525 525
Sheath Flow (Lfmirl): 100 100 100 100 103
ScrewSpeed(rprn): 90 90 90 90 90

Die Pressure (psi): 1500 1500 2000 2000 2000
Output(lbs/hr): 48,4 51.7 45.0 50.6 51.4
Temperatures (F):
Zonel 340 351 355 353 350
Zone~ 396 400 403 402 400
Zone 3 448 449 452 452 449
Die 452 450 452 450 450
Melt 455 443- 445 463 440

NOTES
Cornp Composite resin
Automot~ecomposite resin (aulol:
Lustran® SF Elite-iXO.

Magnum® 342EZ, Cycolac® CDT 5300,

General molding (GM) composite: Magnum® 9013. Cycolac® CPM 5600,
Lustran® Ultra MCX.
Refrigeration composite (Refrigl: Magnun-i® 9043 white, Cycolac® N24 while.
Lustran® 723 white.
Pipe composite (Pipel: Magnum® IC 960 black. Cyctolac® LDG. Luslran®
756. Magnum® T,ademarlc ot the Dow Chemical Company.
CyclolacS Trademark of General Electric Company.
Lustran® Trademark of Monsanto Chemical Company
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Canister and Filter Sample Collection Method. A heated
manifold constructed from 1/2 in stainless steel tubing was
used for the collection of filter and canister samples. The
manifold (see Figure 2)consisted of a 90 degree elbow which
protruded into the main exhaust glass manifold at sampling
position 2. The mapifold w~sattached using a 4-in stopper.
The stopper was sealed to th~3-in diameter glass manifold
usingiglass fiber tape. Directly below the stopper was a 3/8-
in port with a stainless steel filterholder. During the valida-
tion phase, this sampling port was used to collect the 60-L
filter sample as well as to obtain direct canister samples to
determine ifmanifold losses were occurring. Four 114-in ports
and one 3/8-in port were positioned at the lower end of the
manifold. A filter holder was connected to the 3/8-in port
with a flexible 1/4-tn heated line attached to the exit end.
Another flexible 1/4-in heated line was attached directly to
one of the 1/4-in ports. These two heated flexible lines were
used for canister sample collections.The Beckman 402 VOC
analyzer’s heated line was attached to one of the other 1/4-
in ports. One of the remaining two ports was sealed and the
other was attached to a mass flowmeter and pump which
maintained a flow of 10 L/min through the sampling mani-
fold. The entire manifold, including filter holders and flex-
ible lines used for canister sampling, was heated using
heating tapes and rheostats. AU temperature zones were
monitored by thermocouples and maintained at a constant
temperature of 120t ±20t.

- Each canister sample was collected by attaching the can-
ister to its respective port and slowly opening the manual
valve to allow the differential pressure between the exit a-
haust and theevacuated canister to cause flow into the can-
ister. Once the canister had reached ambient pressure the
valve was closed and the canister was removed.

Filter samj~leswere collected by placing a pre-weighed
25 mm diaq4iter glass fiber filter in-line preceding one
of the 6-L canisters as shown in FIgure 2. A 6-L volume
was passed through the filter during the 1-mm collection
period in which the Fanister valve was opened. In addi-
tion, a glass fiber ffffr~rsample was collected at the 3/8-In
port directly below themanifold rubber stopper at a flow
rate of 10 L/min for 6 mm, resulting in a sampled vol-
ume of 60 lIters.

Analysis Methods
In-Line Volatile Organic Compound Analyzer. A Beckman 402
In-line continuous monitoring FID system was used to mea-
sure the VOC content of the exhaust as shown In Figure 2.
This instrument was in placeduring thesampling period at
sampling location 2 (shown in Fig}4~1). The total VQC de-
termination was made by assumin~an equal response (per
carbon) for each emitted species detecte4 Jy the in-line HD
system. By using the reference calibration standard, ben-
zene, a total concentration value in the exhaust stream was
calculated in units of parts per million ‘carbon (ppmC) or
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Figure 2. Sampling rnaniloid.

ug/m3. By accuratelymeasuring theexhaust flow, the emis-
sion values were calculated in units of ~tg/sec.The continu-
ous in-line monitor pfbvided a record of the variability of
the VOC in the exhaust. This method also served as a com-
parison to the canisterVOC measurements made by the GCI
F[D/MSD system.

GC/FID/J’vISDAnalysis Method. The canister samples were
analyzed forVOC~using an automated gas chromatographlc
system ututhng a Hewlett-Packard Model 5880 GC andpar-
allel flame ionization and mass selectivedetectors. A modi-
fied Nutech Model 320 controller regulated the temperature
of the Supelco two-phase preconcenti-atlon trap, which con-
tained a bedof Carbopack B and Caibosieve S-Ill adsorbent.
A six-port valve was used to facilitate sample collection and
injection. For this study, each canister was heated to 120°C
just before analysis. A 40cc sample from each canister was
then transferred to the trap, which was initially held at a
temperature of 25°C,followed by desorption at 220°C.
Analytes were chromatographically resolved on a Hewlett-
Packard HP-I fused silica capillary column (50 m x0.32 nun
i.d.,1.im film thickn~~s).OptImal analytical results were
achieved by temperature prygramming the GC oven from -

50°Cto 200°Cat 8°C/mth.The column exit flow was split to
direct one-thIrd of the flowto the MSD and the remaining
flow through the FID. The VOCs were identified using the
MSD and were quantified using the FID.

The MSD was operated in the full scan positive Ion mode
so that all the masses between 35 and 250 daltons were
scanned and recorded. This mode is Ideal for analyzing un-
known compounds, because it provides a complete mass
spectrum for each GC peak. The mass spectrometer’s elec-
tron multiplier was set at 2200 V.

Major components (those with approximate signal-to-
noise ratio greater than 10:1) were identified both by
manual interpretation and by matching the mass spectra
from the samples to the National Institute of Standards
and Technology ~‘JlST)mass spectral library, using the MSD
data system library search function. The target analytes de-
tectedin the canister sampleswere the following: l)acrylonitrile,
2) 13-butadiene, 3) 4-vinyl-1-cyclohexene4).ethylbenzene,
5)styrene, 6)Isopropylbenzene,7) propylbenzene, 8) methyl
styrene, 9) acetophenone and 10) 2-phenyl-1-propanol.

Phase1: Development and Validationof
a SampleCollection andAnalysisMethod

Phase 1 involved the design, setup, and validation of the
canister collection and analysis method for the determina-

tion of VOCs in exhaust generated by theextrusion of ABS
resins. Compounds used in these experiments were the ten
target analytes listed above, as well as benzene and three
deuterated species: ethylbenzene-d10, styrene-d1, and
acetophenone-d8. Initial experiments focused on determin-
ing the storage and recovery of these target species, which
were spiked into the canisters. Subsequent test runs were
performed with the extrusion of Dow’s Magnum® 342EZ
ABS automotive resin todetermIne: 1) if gaseous species were
lost in the sampling manifold through aerosol formation,
and 2) if gaseous species released in the extrusion zone were
efficiently recovere5at the sampling location.

Phase1: Canister Recovery Test. A canister-spiking experi-
ment was performed to confirm the elution and recovery of
thetarget analytes from 6-Lcanisters using the GC/FID/MSD
system. A 1/1000 dIlution of the target analytes was pré-
pared by injectIng 10 gL of each liquid Into a 10 mLvolu-
metric flask half filled with methanol. The flask was then
filled to themarkwlthmethanol. A 6-Lcanlster was cleaned
and evacuated. The canister was spiked wIth 5 RL of the
diluted mixture and then filled to 15 pslg with humidified
zero alt The canister was analyzed using the GC/FID/MSD
system to identify and confirm each analyte. Compound
recovery was determined by comparing the calculated can-
ister concentrationswith theexperimental values based upon
the analysis of a diluted mixture from a calibration cylinder
that also contained the target compounds.

Phase I: Gaseous Species andAerosol Formation. The extruder
was cleaned of residual resin by purging with Dow’s Tyril®
880 SAN resin for approximately one hour prior to the test
run of the Magnum® 342EZ ABS automotive resin. Both
canister and glass fiber filter samples were collected during
the test run. The filter samples were used to determine if
analytes were being lost through aerosol formation within
the entrainment and manifold regions.

a) Canister and Filter Sample Collection.
Canister samples with and without in-line glass

—~---i Extrude,
I Exhaust

Moe
Flow
Meter

6-titer Beckman
CanIster 402 VOC

Analyzer
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fiber filters were collected and analyzed. Duplicate
sets of samples were taken approximately 15 min-
utes after the extrusion process was initiated and
again appmximately 30 minutes after the process
began. Ten canister samples were colLected, includ-
ing a sample from the port closest to the manifold
inlet, and a background sample collected prior to
the stan of the extrusion process. Five filtersamples
were collected, including an additional glass fiber
filtersample collected at theport closest to the mani-
fold inlet, representing a 60-L total volume.

b) Canister and Filter SampleAnalysis
The canister samples were analyzed withIn 24 hours
using the GC/FID/1vISD method described above.

The filter samples were extracted by sonication
in methylene chloride and were analyzed by GC/
MS.The filter extraction procedure involved placing
the filter in a 6-dr vial with a PTFE lined cap. The
filter was spiked with 20 4 of at least one of the
following as a recovery standard: 2000 ppm styrene-
d8, 2000 ppm acetophenone-d5, or 2000 ppm
ethylbenzene-d10, representing a concentration of
200 ppm In the final extractvolume. Ten mLof me-
thylene chloride were added to each vial: The vials
were capped and shaken by hand several times. Each
vial was sonicated for three minutes in one minute
intervals, venting the cap as necessary. Each filter
was rinsed with approxlmately-~mL of methylene
chloride and placed in a separate vial. The remain-
ing solution was evaporated to approximately 1 mL
and transferred to a 2 mL Chromoflex tube, and
rinsed with an additional 1 mL of mnethylene chlo-

ride. The contents of the Chromoflex tube were con-
centrated under nitrogen to approximately 02 mL,
final volume. The concentration of the Internal stan-
dard, toiuene-4 was 100 ppm in each extract.

The filter extracts were analyzed by electron im-
pact (El) GC/MS on a Finnigan MAT5100 Series GC/
MS System using FinniganMATAutomatedGC/MS/
DS Software Version5.5.

Phase2: Manifol4 Spiking Test. A spiking experimentwith a
calibration cylinder was conducted to determine if the gas-
eous emissions released from the extrusion of Magnum®
342EZ In the entrainment area were being adequately re-
covered at the sampling locations. A calibration cylinder
containing the target compounds was prepMed and a mea-
sured flow introduced into the entrainment area.

a) Preparation ofSurrogate Spiking Cylinder

A mixture containing the deuterated and native spe-
des was prepared in a high pressure cylinder. The
target analytes were obtained as gases orneat liquids
(>99% purity) from Matheson or Aldrich Chemical
Company. A 15.7-L compressed gas cylinder mixture

was prepared by injecting 5 uiL of each liquid and 1
cc of 1,3-butadiene gas into the cylinder, which had

been previously flushed with high-purity nitrogen
gas and evacuated. After injection ofthe conwounds,
the cylinder was pressurized to 1000 psig with ultra
high-purity nitrogen (Matheson). Identification and
elution order determinationof thecomponents were
performed with the GC/FID/MSD by matching the
mass spectrum acquired for each component to the
NIST mass spectral library using the MSD data sys-
tem search function. The calibration cylinder was
used with a dual mass flow control assembly and
humidified zero air to providedilute mixtures to cali-
brate the GC/FIDIMSDsystem.

1’) Sample Collection and Analysis
The high pressure cylinder with the spiking mix-
hire was connected to the entrainment area with a
section of 1/8-in O.D. stainless steel tubing. The flow
through the tubing was maintained at 10 L/xnin
witha mass flowcontroller attached to theexit end
of the cylinder regulator. Air flow in the entrain-
ment zone was maintained at 700 L/min. Fivecan-
ister samples were collected during this experiment.
Duplicate canister samples were taken approxi-
mately 15 minutes after manifoldequilibrationand
again approximately 30 minutes after equilibration.
One canister sample was taken from the sampling
port at the entrance to the sampling manifold to
determine If manifold losses were occurring. A single
glass fiber filter sample was collected for six min-
utes at a flow rate of 10 L/min at this same sam-
pling port. The canister samples were analyzed by
GC/FID/MSD. The filtersample was extracted and
analyzed by GC/MS.

Phase 2: Sampling and Analysis
ofComposite Resins

Phase 2 involved processing the (our ABS composite resins
using the conditions shown in Table 1. The general mold-
ing composite resin was processed twice to determine day-
to-dayvariability of emission levels. For each test run, four
canister samples were collected. Two samples were collected
in duplicate, 15 minutes after theextrusion operation was
initiated. The remaining two samples were collected 15
minutes later.

RESULTSAND DISCUSSION
The results from the Phase I method validation study are
discussed first and include the canister recovery test run,
the filter analyses, and the spiked fume recovery test run.
Secondly, the results are presented from the Phase 2 sam-
pling and analysis of an air blank, SAN composite resins,
and four ABS composite resins. The Phase 2 results focused
on the following: 1) identifying and quantifying VOCs in
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the exhaust and 2) comparing the in-line continuous FID
monitor to the GC speclation methodology (GCIFID/MSD).

VOC Recoveryfrom the Canister

The canister-spiidng experiment was conducted as part of
the initial phase of the validation program to confirm the
elution order of the target compounds and to assess the sta-
bility of these species in the canisters. The liquid spiked into
the canisterresulted incalculated concentrations ranging from
0.4 to 0.5 Mg/L for each target compound. A detection level
of 0.01 jsg/L was obtained with this analytical method. The
experimental concentrations in thecanister were determined
using the response factors calculated from direct GCanalyses

of the diluted mixtures of the calibration cylinder. Canister

recoveries ranged from 112% for ethylbenzene to 171% for
acetophenone, with an average recovery of 136%. The el-
evated values may be attributed to errors in preparing the

original methanol solution or in spiking 5 ILL Into the canis-
ter. The results demonstrate that all the compounds, with

the exception of 2-phenyl-l-propanol, are well resolved and

amenable to canister analyses. The compound 2-phenyl-l-

propanol was notdetected in the spikedcanister. No further
work was done with this compound.

Filter Analysis Tests

Prior to analyzing the sample filters, an extraction blank
and filter blanks were analyzed to validate the extraction
method. The two filter blanks and the methylene chlo-
ride blank were spiked with deuterated recovery standards,
extracted and concentrated ‘as described in the experi-

mental section.
The peak area for each deuterated standard was deter-

mined by integrating the ion trace for the base peak of
each standard: styrene-d8 at mfz 112, acetophenone-d5 at
m/z 110, and ethylbenzene-d

10
at mfz 98. The expected con-

centration of the spiked standards in the final extract was

200 ppm for each species. Approximately 20% of styrene

was lost In theextraction procedure and an additional30%
was lost on the filter for a total recovery of 50%. A compari-
son of thepeak areas for acetophenone-d3 and ethylbenzene-

d10 In the filter blanks versus themethylene chloride blank

shows a similar trend for these compounds.

Based on the instrument response for the 200 ppm sty-

rene-d8 standard, the instrument detection limit was esti-
mated at 10 ppm for styrene. Assuming that 50% of the
styrene-dS was recovered, the estimated detection limit br
the spiked filter was 20 ppm or 4 Rg/filter.

The recovery of styrene-d8 from the sample filters ex-
posed to ABS resin fumes was 5 to 15%, which is lower than
the results for the unexposed spiked filters. Based on this
observation, we estimate the method detection limit for the
exposed filters at 200 ppm or 40 ~xgffilterfor each target
analyte. A second extraction of the sample filter with metha-

nol did not result in an increase in recovery
No target analytes were found in the filter extracts dur-

ing any of the ABS test runs. Based upon the results from
the ABS auto resin, which showed gaseous styrene con-
centrations of 68.1 jigjL, the fraction of this amount that
could have been on.the filter but below the 40 iig/filter
detection level is less than one percent. These results indi-
cate that the glass fiber filters did not collect a signifi-
cant amount of the target analytes as aerosols from
the process emissions.

Manifold Splicing Test
The results from the GC/FID/MS[) analysis of the five can-

ister samples collected during the manifold spiking experi-
ment are summajized in Thble 2.Two ofthe four compounds

were deuterated ethylbenzene and styrene; the remaining
two compounds, benzene and 4-vinyl- 1-cyclohexene, were

cylinder components not present in the gaseous emissions

from the automotive test resin. The calculated spiking con-
centrations are listed first, followed by each of the canister
results. All concentration levels were significantly above the
detection level of 0.01 ~xgIL(signal to noise ratio of 3 to 1).
Individual recovery values for the four compounds are also
shown for each canister sample. The values from the canis-
ter collected at the entrance of the manifold did not differ

from the values from the remaining four canisters collected

near the manifold’s exit. Excellent recovery of the four
analytes through the manifold was achieved. Average re-
covery and percent relative standard deviation (96 RSD)val-
ues were: benzene, 114 ±2%; 4-vinyl-1-cyclohexene,
106±3%;ethylbenzene-d10,115±16%;andstyrene4s9±11%.

Table t Calculated spiking concentration and percent recoveries of analytes found in canisters during the furnwffnhTthnffitupkb3-erp&d~ent

Compound
Calculated

Spiking Cone,
pg’t.

Can 91-070
Direct
pgL

Can 88-007
(15 rn/n)

pg4-

Can9l-017
(Dup., 15 mm)

jig,1~

Can9l-CJO1
(30 rn/n)

P9/I

Can 91-025
(Dup., 30mm)

1124-

benzene 0.07 106 117 114 117 117
4

-vinyl-1-cyclohexene 0.06 101 107 107 107 107
ethylbenzene.d~0 0.07 111 145 101 120 - - 98

styrene-d6 0.08 97 96 84 99 78

nd — notdetected (<0.01 puJL). Dup. = Duplicate.
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Air Blank andSAN Purging ResinTests

An airsample (blank) collected from the manifold prior to
extrusion of the resins resulted In very low levels of the
following target analytes: styrene, 1.82 ~g/L; ethylbenzene,
0.63 gg/L; acrylonitrile, 0.23 ~xg/L;isopropylbenzene,
0.09 ggJL; n-propyibenzene, 0.05 ILg/L and acetophenone,
0.01 ~gIL.No other target analytes were detected.

The SAN purging resin was extruded and samples col-
lected between the composite resin tests. Seven of the nine
target analytes were detected. Listed below are the target
analytes, mean levels detected, and 96 RSD: acrylonitriie
2.79 Mg/L±12%,ethylbenzene 5.36 ~g/L.±16%,styrene
18.7 Ixg/L±l2.6%,isopropyibenzene 0.71 gg/L±0.18%,
n-propyibenzene 0.485 jxg/L±1S.5%, methyl styrene
0.235 ~xgf1.±87%,and acetophenone 0.365 jsg/L±31%.The
SAN purge samples did not indicate any significant carryover
from thepreviously extruded composite resin.

ABSCompositeResinTests
Table 3 summarIzes the resuits of analyzIng the gaseous emis-
sions from the processing of four ABS composite resins. For
each composite resin, there are four data points (e.g., four
canister samples). The mean concentration for each of the
nine target compounds is shown, along with the total of the
nine species, the total of all identified and unidentified GC
species, and finally, the total VOCs determined by the
Beckman 402 analyzer. Values less than 0.01 pg/L were listed
as not detected. Percent relative standard teviation (% RSD)
values are also reported.

The following observations were made. First, 1,3-butadi-
ene was found only In the pipe and automotive composite
exhaust at levels of 0.97 and 0.48 gg/L, respectively. All other
target analytes were detected in the emissions from all four

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

Compound Auto
p94-

GM
pg~L

GM-R
pg4-

- PIPE
p94-

Aefr/g
p~yL

1,3-btjtadiene 0.48 ND ND 0.97 ND
acrylonitrile , 3.00 3.84 4.33 4.74 5.67
4-vinyl-1-dyclohexene 026 1.09 0.90 6.50 1.51
ethylbenzene 14.40 5.21 4.45 33.70 761
styrene 68.10 86.00 69.90 196.00 -85.60
isopropylbenzene 1.72 1.89 .1.49 10.80 1.39
n-propylbenzene 1.24 1.09 0.92 5.15 0.93
methylstyrene 007 11.50 7.46 30.40 227
acetophenone 1.45 8.87 5.16 35.10 2.33
Total of target 90.72 119.5 94.61 323.4 107.3

analytes (GCIFIO)
Total VOCs 99 129 103 318 126

by GC/FID
Total VOCs by 104 120 105 265 123

402 analyzer

ND Not detected (<0.01 Isgfl~)

composite resins, except for 2-phenyl-1-~ropanol,which as
mentioned earlier, was not amenable to the canister method-
ology. The pipe composite emissions contained the highest
level of all thedetectable target analytes except for acryioni-
true, which was slightly higher in the refrigeration compos-
ite resin exhaust.

The sum of theconcentrations of the nine identified tar-
get species accounts for over 90% of the total concentration
determined by the (3C/FID spedation methodology. In addi-
tion to the target analytes, the composite fumes contained
six tentatively identified compounds, m- and p-xylene,
o-xylene, benzaldehyde, 1-methyl-2-isopropyibenzene,
p-ethylstyrene, and 1-methylene-4-isopropylene cyclohex-
ane. The 1-methylene-4-isopropylene cyclohexane was
present at significant levels in the general molding and re-
frigeration composite fumes - This compound was present
at le~ielsapproximately 20-30% of the styrene concentra-
tion, based on the relative chromatographk response.

Figure 3 shows a representative chromatogram from one
of the GC/MSD analyses of the general molding composIte
resin exhaust. The assigned chromatographicpeak numbers
correspond to the target analytes and tentatively identified
compounds detected.

The results inTable 3 also indicate that the concentration
levels detected In the exhaust by the in-line Beckman 402
analyzer compared very favorably with those values found
with the CC/RD methodology. In all cases the differences in
reported concentrations were less than 10%. Since oxygen-
ated compounds will give a lower RD response than benzene
(which was used to calibrate the Beckman analyzer), a com-
poundresponse adjustment should be made to the reported
oxygenated species in order to more fairly compose the total
concentrations reported by the two methods. However, since
the oxygenated fractionof each CC run was minor (i.e., 1%
to 10%), an oxygenated response adjustmentwould not sig-
nificantlychangethetotal GC speciation results. Results from
thecontinuous in-line VOC analyzer were also useful in de-
termining that the emission and entrainment of the fumes
were stable throughout the collectIon period. The continu-
Otis VOC analyzer was also used during the validation phase
of the program to demonstrate that no concentnation gradi-
ents were occurring at sampling locations I and 2 (Figure 1)
or at the Inletand outlet ofthe sampling manifold (FIgure 2).

The precision values (96 RSD) for the data in Table 3 for
each measured component ranged from Less than 1% to ap-
proximately 59%. For most components, theprecision was
better than 10%. We consider these values to be very ac-
ceptable. The main contribution to sample variability was
the fact that canister samples were collected at various time
intervals over a 30-mm test period.

Finally, using the concentration data in Table 3 and the
extruder operating conditions shown In Table 1, emis-
sion factors have been derived for the various species,
in terms of micrograms of VOC emitted per gram of
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Phase 2 involved col-
lecting and analyzing
samples from tests which
included four composite
resins, one replicate resin,
an airblank, and two SAN
purge blanks. All target
analytes were detected,

except for 2-phenyl-1-
propanol. Pipe and auto-
motive composite fumes
were the only composites
to generate 1,3-butadiene,
with emission factors of
1.99 and 0.93 ggfg, re-
spectively. The pipecom-
posite fume yielded the
highest emission factor
for styrene at 402 jsg/g

and the highest total VOC
emission factors deter-

mined by GC/FII) and the continuous VOC analyzer at 653
and 544 gg/g, respectively. Also, the trends in the level of
the target analytes detected by the 402 analyzen were con-
sistent with the trends seen in the canister analyses.

Theduplicate analyses of the composite fume samples
were reproducible with precision for most of the target
analytes between 1% and 20%. The general molding ±epli-
cate run showed day-to-day variabIlity of approximately
20% RSD for the target analytes, The range of the %RSD
for the replicate and duplicates was considered acceptable.

Thbl. 4. ABS composite resin emission factors.

flgure 3. GC/1~1SDchrornatogram of a canister sampleduring the extrusion of general molding composite resin.

processed resirn Table 4 shows these results for the four
composite resins. Mean valuesof the target analytes were
also calculated for the two general molding resin test runs.
Theprecision (% RSD)values indicate that day-to-day vari-
ability in resin processing was less than 20% for most ofthe
target analytes.

SUMMARY OF STUDY FINIMNGS
Emission levels were determined for the process of ex-
tniding ABS composite resins. Four composite resins were
tested, representing automotive, general moldings, pipe,
and refrigeration applications.

A method validation was performed In Phase 1. ThIs
Involved the verificationof the recovery of target analytes
spiked into a sampling canister. All target analytes were
detected except fon 2-phenyi-1-propanol, which couldnot
be determined usingthis method. An average recovery of
136% for the canister spike was found. The elevated re-
covery may be attributed to the use of a methanol solution
to spike analytes Into thecanister (e.g., possibly evaporation
of methanol during standard preparation procedures) on the
small volume used inspiking. Although this is a standard
technique for preparation of spiked canisters, it thaynot
have been optimal for these compounds. The recovery of
surrogate compounds spiked into the exhaust generated
during the extrusion process was also determined. This
involved the introduction of a surrogate gas mixture from
a compressed cylinder into the entraInment area of the
extruder while the extrusionof Magnum® 342EZ ABS au-
tomotive resin was being performed. An excellent aver-
age recovery of 106% was obtained for the four surrogate
compounds, indicating that this method of collection and
analysis was acceptable.

Compound Auto
pg/p

GM (A)
pg/p

GM
Mean±% R5D

Pipe
pg/p

Aefrig
pgip

1,3-butadiene 0.93 nd nd 1,99 nd
acrylonitrile 57~ 7.3 ±6.77 9.75 10.4
4-vinyl-1-oyclohexene 0.50 1.61 1.78±13.5 13.4 2.76
ethylbenzene 27.6 8-02 8.68± 10.7 69.20 13-9

styTene 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 129 13.43 17.0 ±29-4 62.41 4.16
acetophenone 2.76 9.29 12.6 ±36.9 72.1 4.25
TotalVOCsbyGcIFID 190 185 653 231
Total VOCs by402 199 189 544 225

Analyzer

NOTES
nd not detected (<0.01 iglL)-
% RSD = Percent relative standard deviation.
GM General molding
Retrig. = RetrigeraUon,
(R) = Replicate.
VOC Volatile Organic Compounds found in each resin sample.

Peek t4o. com~undName

P 1,3-Bucadiene
2 Acqlonitrile
3’ 4-Vic~yl-l-Cycloheacne
e Echylbenienc
5 in sad p-Xylcne
6’ Styrene
7 o-Xylene
B’ ltopropylbcnzene
9 Benzaldchydt
ID’ .,-Propylbcnztne
II’ Methyl slyrene
12 I .Methyl-2-isopropylbenlcrac
Ii’ Asciophenont
14 p-Eihytsiyrenc
IS I-Mcthylcnc-4-iwpropylene cyclchnane

ac’s

- oc+e

e -

a

a
-n b-SEt?
3

-D
C

I SEt?

Target aptalylca

2 - SE t?

0.
Tee (mm.)

‘a
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Contos, Hoidren, Smith, Brooke, Rhodes, andRainey

In addition to the target analytes, the composite fumes
contained six tentatively identified compounds: m- and
p-xylene, o-x34e1e, benzal&hyde, 1-methØ-2rlsopropftetzsie,

p-eth)IstyTale, and 1-methylene-4-isopropyiene cyclohexane.
Thel-methylene-4-isopropylene cyclohexane was present at
significant levels in the fumes from the general molding
and refrigeration composite resins.

3. Plastic Fumes program - Phases 1 through 6, Battelle Interim
Reports to Plastic Technology Division, General Electric Corn.
pany. June, 1984,

4. Winberry, w,’r,Jr,; Murphy, NT.; tUggin, H. M.” Method T0-u; In
CompendiumofMethodsfor the Determination of ThxicOlTenir Com-
pounds in AmbientAir; U.S. Environmentat Protection Agency. Re-
search Triangle Park, NC, 1988. Available from NTISas PB90-12?

3
?
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SPI STUDIES EMISSION FACTOR SUMMARY CHART

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

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

polyethylene LOPE - 500 F 35 0.07 0.39 0.0008 31 0.06
June 1996 LOPE -600 F 157 0.31 21 0,0420 242 0,48

LLDPE -355 F 8 0.02 0.12 0.0002 2 0.00
LLDPE -395 F 9 0.02 0.07 0.0001 22 0,04
LLDPE -450 F 14 0.03 0.27 0.0005 25 0.05
LLDPE -500 F 20 0.04 0.45 0.0009 60 0.12
HOPE -380 F 21 0.04 0.15 0.0003 20 0.04
HDPE -430 F 31 0.06 0.15 0.0003 27 0.05

polypropylene homopolymer -400 F 104 0.21 lÀ 0.0028 30 0.06
Jan 1999 homopolymer -510 F 177 0.35 2.3 0.0046 68 0.14

(4) homopolyrner - 605 F 819 1.64 47 0.0940 653 1,31
homopolymer - 490 F 191 0.38 5.5 0.0110 150 0.30

HG homopolyrner-490 F 33 0.07 0.35 0.0007 17 0.03
HG homopolyrner -570 F 202 0.40 19 0.0380 218 0.44

copolymer-505 F 80 0.16 1.4 0.0028 35 0.07
copolymer -510 F 59 0.12 0.23 0.0005 28 0.06

polyamide general nylon 66 50 0.10 0 0.00000 104 0.21
July 2001 general nylon 6 65 0.13 0.01 0.00002 24 0.05

general nylons 52 0.10 0.01 0.00002 18 0.04
copolymer nylon 68/6 122 0.24 0.01 0.00002 6 0.01
copolyrner nylon 86/6 154 0.31 0.01 0.00002 3 0.01

EPDM toughened nylon 68 137 0.27 0.32 0.00064 67 0.13
EPDM toughened nylon 66 133 0.27 0.29 0.00058 64 0.13

toughened nylon 6 171 0.34 2.9 0.00580 27 0.05
toughened nylon 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) copolymer nylon 66/8 61 0.12 0.01 0.00002 92 0.18
(5) copolymer nylon 66/6 101 0.20 0.01 0.00002 55 0.11
(5) copolymer nylon 66/6 102 0.20 0.01 0.00002 78 0.15

polycarbonate food contact grade 39 0.08 31 0.062 8.5 0.02
July 2002 food contact grade 37 0.07 32 0.064 9 0.02

compact disc grade 21 0.04 22 0.044 13 0.03
compact disc grade 23 0.05 24 0.048 13 0.03
UV stabilized grade 38 0.08 43 0.086 29 0.06
UV stabilized grade 40 0.08 49 0.098 31 0.06

radiation stabilized grade 71 0.14 58 0.116 8 0.02
radiation stabilized grade 62 0.12 58 0.116 6 0.01

impact modified grade 116 0.23 114 0.228 21 0.04
impact modified grade 109 0.22 115 0.230 18 0.04

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

radiation stabilized grade 14 0.03 0.5 0.001 23 0.05
radiation stabilized grade 15 0.03 0.6 0.001 23 0.05

branched polymer 11 0.02 0.6 0.001 31 0.06
branched polymer 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 organic material (Illinois EPA term for volatile organic matter - VOC)
June 1996 and Jan. 1999 studies utilized a Beckman 402 in-line FID system.
July 2001 study utilized a VIG Industries Model 20 total HC analyzer with HElD.
July 2002 study utilized a Fisons MD 800 GC system with FID and MSD detectors.

(2) HAP = hazardous air pollutant
(3) PM = particulate matter
(4) All emission factors determined for this material are considered “outliers” and not relevant

since material was processed at extreme temperature (605 F) for evaluation purposes only.
(5) Contained flame retardant additive.



ESTIMATED EMISSIONS USING A RANGE OFEMISSIONFACTORSAND THROUGHI’UTS

Volatile OrganicMaterial (VOM) Emissions

Low EmissionFactor, Low Throughput

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

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

High EmissionFactor, High Throughput

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

0.04]bVOM/hr x tonVOM/2,000IbVOM x 8,760hr/yr = tX2thnVOM/yr

HazardousAir Pollutant(HAP) Emissions

LowEmissionFactor, Low Throughput

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

0.0000001lb HAP / hr x ton HAP / 2,000lb HAP x 8,760hr / yr = OO000004ion HAP T~r

High EmissionFactor, High Throughput

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

OO3IbHAP/hr x tonHAP/2000IbHAPx 8760hr/yr = OTItotiHAP/yr

ParticulateMatter (PM) Emissions

Low.EmissionFactor, Low Throughput

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

00001IbPM/hr x tonPM/2,000IbPM x 8760hr/yr = 00004tonPM/yr

HighEmissionFactor, High Throughput

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

0.O5IbPM/hr x tonPM/2,000IbPM x 8,7ôOhr/yr = tl2tonPM/yr

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



OVERVIEW OF ESTIMATED EMISSIONS

Volatile OrganicMaterial (VOM) Emissions

Low EmissionFactor,Low Throughput

0.002ton VOM / yr

High EmissionFactor,‘High Throughput

0.2 ton VOM / yr

HazardousAir Pollutant(HAP) Emissions

LowEmissionFactor,Low Throughput

0.0000004ton HAP / yr

High EmissionFactor, High Throughput

OJ ton HAP/yr

ParticulateMatter(PM) Emissions

ft0004 ton PM / yr

High EmissionFactor,High Throughput

0.2tonPM/yr

Abbreviations: hr = hour, lb = pound1 yr = year
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Table 2. industry Statistics for Selected States: 2002
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FACIUTIES

State
mow

Molding
KOUUO.IaI
Molding

Film £
Sheet

Eauelon
Pipe

Extnjslon
Prof*

Extnj&on
Inlection
Molding

Compo-
undhlg Oar Total

U.S. TOtal
us.Total, IncludIng PM.

l,18B 302
1,191 302

1,281
1,281

328
328

802
802

7.727
7,733

703
704

577
577

12.906
12.916

Alebame 16 4 13 9 17 62 9 15 147
Alaska NA NA NA NA NA NA NA NA 0
Aflzone 14 1 8 6 3 82 3 6 123

16 5 II 10 10 84 4 9 156
CNIOaIIS 136 38 159 41 65 980 61 48 1,528
Colorado 7 7 8 4 11 118 2 3 160
CocwledCut 10 1 15 2 6 190 II 20 255

2 1 4 I 2 10 3 3 26
Dltrlsto(CoIuIitla NA NA NA NA NA NA NA NA
Florida 7 31 18 37 323 16 23 499
GeorgIa 37 10 58 9 24 120 33 52 343
Hewn 3 1 1 NA Nil 2 1 0 8
Idaho 0 4 0 2 2 28 1 1 38
molt 86 11 85 10 47 491 40 27 797
IndIna 36 16 47 6 35 326 40 21 529

29 13 IS 6 8 89. I 2 163
Kansas 16 3 10 10 13 60 4 7 123
Kentucky 26 1 29 7 6 127 IS 5 218
Iotheiaria ¶6 NA 9 3 3 24 12 4 71
Mfl~o . 3 1 2 NA 3 26 3 5 43
Maryland 15 2 7 I 3 60 7 1 96
Massachusetts 38 6 49 5 22 260 33 II 454
Mdllgan 47 10 40 4 52 633 30 10 826
UlNIesola 29 20 32 8 20 182 15 2 308
UlsaitsIppL 7 2 17 3 10 84 9 10 122
MIssouri 45 7 25 5 22 146 7 8 265
Montana I NI 0 NA NA 12 NA 0 13
Nawaeka 2 3 3 5 3 46 4 2 70
Nevada 1 1 3 7 4 28 2 0 46
New 1-lanipohire 12 3 4 3 8 67 8 12 115
NewJertey 46 7 70 7 36 245 38 21 472
NewMsxiou 3 PU 0 1 NI 7 NA 0 11
NewyocIc 55 10 48 12 31 354 27 17 552
Nomcatolna 34 II 47 10 32 218 22. 33 407
NolvIDakota 1 1 1 1 NI 10 NA 0 ¶4
Ohio 90 28 78 21 75 542 67 22 923
OkIalloina 11 5 ¶2 4 1 57 4 1 95
0(190,1 8 5 9 7 6 87 3 3 12$
Perwteytnnis $8 II 58 IV 40 357 39 21 60~
Rhod,Isiand 2 I II 1 5 56 4 8 N
SouohCam4na IS $ 20 8 12 92 U 30 198
SOUthDakOtZ I 2 4 NI NA 18 NI 0 25
Ten’,ess.e 25 4 30 3 23 171 1$ 8 262
Texas 82 13 94 26 43 352 62 38 680
Utah 10 6 5 3 3 86 7 4 119
V.nnont 2 NA 5 N/ 1 23 I 8 38
Vk’glnS ¶4 2 30 4 18 82 9 17 156
~eflInqton IS 6 17 5 11 90 4 ¶64
~etWglnha 6 1 6 4 1 10 5 I 33
fleoonsln 27 5 57 5 26 240 16 6 362
~‘on*lg 0 0 0 0 0 8 0 0 8

PusIoRiou 3 _.0 0 0 0 6 1 C 10

Source:Townsend’TarneltCorn. Inc. A-2
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INJECTION MOLDERS

Rank Company

I QQ~ji~&Morian Corn. (P)
Troy, Ml

2 DetohI Can. (P)
Troy, MI

3 y~.~ç~0~(P)
Van Buren Township, Ml

4 Lear CaroM
southfleld, Mi

5 ptasted EncSe~dProthicta Inc. a
Deartom. MI

• BeqtvPiasticsCorD.
EvansvlHe, IN

7 Newell Rubbeqmald Inc. (P)
Atlanta, GA

QWe0&IJllflQiBJ11~.(I’)
Toledo, OH

• Nvorolrlc.
airnnn, MA

Ranked by sales of injection molded products in moat recent full fiscal year

Originally published ApdI 11,2005, In Plasfics News. Some data may have been updated.
Injection

molding sales
(millions0)

_____ 1,441.00

____ 1,100.00

________________ 754.00

________ 591.20

573.00

__________ 400.OC

_____________ 371.00

_________ 300.00

280.00

10 PocQma.lntornaIbneiJnG. b
Concord, Ontario

11 Guardian Automotive Can.
Warren,Mi

12 IIInOISTOOIWOI*SInCJP)
aentlew, IL

13 Guide Corn.
Pendleton, IN

14 pG.,~j)~NCaob
Holland, Ml

15 SleoS-Robert Inc.
St Louis, MO

IS LeticaCorn.
Rochester, Ml

17 Laths Entemitsea Inc.
Grand Rapids, Mi

17 MerIdian Automotive Sntams Inc.
Dearborn, Ml

10 Ventzze
Fraser, Ml

20 KevPtasth*LLC
Northville, Ml

Michael McDaniel
VP & GM. closures &
specialty products
Bdan Jones
CEO
Man Power
CEO & President

D. Jam.s Davis
CEO& President
W. James Fen’ell
Chairman & CEO
George Sloan
President
Canoe Morln
Chairman & CEO
David Adams
CEO
Anton Letica
President
Richard Lacks Jr.
CEO & President
H. H. Wacaser
CEO & President
Michael Alexander
CFO & VP
Tim Nelson
COO & President

Top Injection
molding official

Charles Becker
Acting CEO

Kevin l4elgel
Business line executive

Tom Burke
VP, North American mfg.
operations
Lou Salvatore
President Interiors &
Sectdcal
Julie Brown
Chairwoman & CEO
Ira Boots
CEO & President
Josspfl Gaul
CEO

ReskipdSg ~

http://wvrw.plasticsnews.coxn/subecriber/rankingstlistrank.html?fltodeiiii 6/16/2005
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21 Noaton AutoProducts Mar’utathjrlna Masayukl Furugort 276.00

Jflç President
Eaton. OH

22 IferxtTecflnsoales Inc. Earl Payton
Chino. CA CEO

23 Precise Tecbrdoav Inc. John Weeks 264.00
North VersaIlles, PA Chairman & CEO

24 I~Ptasta& Adhesives Grain Terry $utter
Princeton, NJ President. Tyco Plastics &

Adhesives Group
25 Qaica~tErcfrtenmflOInc. Fred Keller 250.00

Grand Rapids, Ml Ctialnnan, CEO & Pros.
25 ~ummILE~IymnIng. Jamse Han

Pollage, Mi President
27 ~MkhawkAijomodve PIaISS. Clifford CroIsy 240.00

Salem, OH CEO & President
2$ PhArm PtastksQQCPA Robert Cervenka 208.00

Itidson, WI Chairman
20 North America Padcaofrxi Carp. Tom unton 2o7.oo

Raleigh, NC CEO & President
30 M~mvaIn~. Don Kendall 202.00

Arlington, VT CEO & President
31 Psastlc Oninium Auto Exteriors LLC Victor Schneider

Troy, MI Vice President
32 Portota Packaok~o~ Jack Watts 196.00

San Jose. CA Chairman & CEO
33 FJSx*Gate Ptaabca GrOIIt Shahid Khan

Warren, Ml President
33 $~lnk~c*aitGaI~tjfl~. John McKeman

City of Industry, CA CEO & President
35 NX&ln~. ChaIn Sandhu 190.00

Livonla. MI CEO
35 TItan Plasna Grain Inc. Greg Bother

Portage, Mi CEO

37 AotarGrouo Inc. (P) Carl Slebel
Crystal Lake, IL CEO & President

37 Barnis Mnfact~imCa. Peter Semis
Shet,oygan Falls. WI Executive VP

29 S1~41lltCQfL David Stone
Townsend, MA President

40 HQflR2rQ~u~J c Doug Ramsdale
Chicago. IL CEO

41 MktksrePredscn Canioonents itt, Jim Bro.t 167.00
Walworth, WI President

42 Beach Mold & Tool Inc. Doug Batllner 165.00
New frJbarw, IN President

42 BQDak PadcaOfrIa Greg Toft
Fullerton, CA President

42 TuooerwwaCorD.C~ R.Glennoraka
Orlando, FL Group President, North

America
45 Molt Iridushles Inc ~ Ron Embree 160.00

Dallas, TX PresIdent
45 tLnKecLEIaMictG~ouvin~ Richard HarrIs 160.00

Wesimont, IL COO
47 Piaste4 Iriduskies Inc. Joseph Prlschak

Erie, PA CEO

4$ CarSsle Erciriewed Products Inc,1 Kevin Early 154.00
Crestilne. OH President

40 ADAC Ptastk~Inc. Jim Tests 153.00
Grand Rapids, Ml COO & President

50 lPl Inc. (F) Maurice Beauchamp 151.60
St. Damien, Quebec Dir,of operations

http://www.plasticsncws.com/subsciiber/ranldngs/liswank.html?mode=inj 6/16/2005
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51 Jones Plastic & Enalnewmna Ca. Ut CraIg Jonas 145.10
LouSvlIle, KY CEO

52 Tech Grouc Inc. Harold FaIg 145.00
Scottsdale. AZ CEO & President

52 ~ Andrew Rldgway l45.oo~

Marysvlile, MI President
54 Laco. (P) John Schulze 129.00

Cleveland, OH CEO & President
55 ABC Grouolrc. Claude Elgner 120.00

Toronto, Ontario Executive VP
55 Solo Cuo Co. AnII Shah

Highland Park, IL Sr. VP operations

57 Clarion Technolooles Inc. (F) BIll Beckman ii~.oo”
Grand Rapids. MI President

5$ fLQ(QwQJfl~. Richard Hofmann
Lancaster, PA CEO & President

5$ Medeoen Med~Products Maui Deals
Gallaway. TN President

60 AQpJIed Tech Products Raymond Langton 105.00
Radnor, PA CEO

61 V~ Plastics Inc. MIchael Tryon 102.50
Victor, IA CEO & President

52 Plastic Producds Ca.Joc. Marlene Messln 101.80
Undsftom, MN President

63 N ttsAi~J4pklj~PToduds John Gesry 100.00
Dntsionh VP&GM
Henderson, KY

63 Jal~nPIasticSolutions1 Chuck Villa 100.00
oreer sc COO & President

03 Tethnimwk Inc. Don Wellington 100.00
Asheboro, NC President

03 CaondanS NathAJn&cs In~4I Russell Wooten
Shelbyvilie, m Injection molding mgr.

67 ContinentS Plastics Co. Anthony Catenaccl 99.00
Fraser. MI President

67 Flanteaujnc. Marc Mason 99.00
Bamboo, WI VP msnufactudng

00 Thr~~Industries Inc. Rick Legate 98.60
Stoney Creek, Ontario COO & President

70 ~ (F) James Swartwout 96.00
Ton’ance, CA PresIdent

70 Tessv Plastics Corn. Roland Beck 96.00
Elbrldge, NY President

72 PtastSn Inc. John Clementi
Lsomlnstar, MA President

73 Crown R~n JIm Adams 90.00
Watertown, CT VP operations

73 ~ k Jim Krzyzewakl 90.00
Mlsttawaka, IN President

73 Andover Industries a NIck Bogdanos
Troy, MI COO & President

73 S1Sn O~ure~ Glenn Paulson 90,00E
Downers Grove, IL President

77 J~nnj~ ~ I Paul Nanaro 85.00
Clinton. MA President

71 isooett&Psattlnc(P)m Jimukena 85.00
Carthage, MO President, Plastics Group

7’~ Ei~inget~.ElntkSama~ntat~n Robert Alexander
Mattawan, MI VICe President, Aicoe

$0 ConsolIdated Metw PlaalicThyjsign Steve Norman 84.00
Bryson City, NC VP operations

http://www.plasticsnews.’com/subscriber/rankings/listrank.html?mode=inj 6/16/2005
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81 ToledoMcAdirc&DIeIrL, DaveSpotts 81.00
Toledo, OH General m~.manager

82 Carson kxkistrtes U-C Richard Gordinler 80.00
Glendora, CA CEO & President

82 Sonooc Cretin lnit&natiOnsl Bob PuachI 80.00
Chatham, NY DMsion VP

84 FlItertek Inc. Rick Renjillan 79.00
Hebron, IL VP operations

84 Kyowa America Corn. Sumlto Furuya 79.00
Costa Mesa, CA President

86 PMvco Plastics Inc. Timothy Hoefer 78.00
Sterling Heights, Ml President

87 Erie Plast~sCorn. Hoop Roche 77.80
Cony, PA Chairman

88 ndnoton° Doug Walt 75.00
Niles, MI Plant manager

88 ]]]firmotath John Bonham 75.00
Hopkins, MN CEO & President

88 Rshau Inc. Oliver Kaestner
7500

E
Leesbung. VA VP production

88 w~tpha csutlcsl Sans Inc. (F) Bob Hargeeheliner
LlonvIIle, PA President, Device Group

92 U.S. Farflne Corn. Andrew Gresnles 74.00
Sterling Heights, Ml CEO & President

92 P CurtIs Zamec 74.00
HarTisburg, NC Chairman, CEO & Pres.

94 Leon Plastics Inc. Tom Pykosz 72.50
Grand Rapids, Ml President

95 Cl Plasteic Randy Herman 71.20
Newburyport. MA President

96 Jet Ptastlca Industries Inc. S. James SØerer
Hatfield, PA President

97 Eva Plastics Dale Evans 68.00
DeForest, WI President

98 B*tManuta�gudngJnc, Carl ReIn 66.00
Engllahtown, NJ President

00 yaJJnlUflQ~ JoeJahn 65.40
Seattle, WA CEO & President

100 ~3&fl~JMJnc. Brenan RiehI 65.30
Bethel, VT CEO & President

101 tlorafiwanPiastics Ltd. Walter Raghunathan
Rexdale, Ontario VP operations

102 jojex Industries Inc. Hermilo MartInez 60.00
Hayward, CA Manufacturing manager

102 Ba~nInc. Scott Ambrose 60•00E
Burlington. Ontario COO & President

102 ~gg~padl~c Corn. C’) Bob Clark
Ailanta, GA Sr. dir. of operations

102 ~joojna Isto Hantila
Fort Worth. DC President

106 PIne Riiier PlasticsJ~ç. Tim Erdmann 56.00
St. CIafr, MI President

101 Cowan PlaatjaJ,J,.Q WillIam Dessel 55.00
Providence, RI President

107 Fawn ln&atS~ John Franzone 55.00
Timonium, MD CEO

107 tft~LPIaMIa~orp. Robed Hoffer 55.00
south Elgin, IL President

107 11.5. Can Cap. Philip Mengel
Newnan, GA CEO

111 Epciieered Ptaa fjoduct Inc. Gerald Edwards
Ypsilanti, MI CEO

http://www.plasticsnews.com/subscriber/rankings/listrank.httnl?modcinj 6/16/2005
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112 Oaiatelle Plastics Inc. Treasa Sprlngett 50.00k
New Brighton, MN President

113 Century Mold Co. Inc. Ron RIcotta 5000
Rochester, NY President

113 PIa$tlDak iridusthas Inc. Normand Tanguay 50.00
La Pralre, Quebec President

113 Eip~Americas Joe O’Brien
Vicksburg. MI General Manager

113 larnala Atnera Kalle Tanhuanpfl
Desoto, KS Executive VP, Americas

111 Arlav Industries Inc. Kevin Kuhnash 49.20
West Chester, OH Co-CEO & President

118 D.A. Inc. KanjI KanIl 49.00
Chatlestown, IN COO & President

118 oEM/Erie Inc. Don CunnIngham 49.00
Erie, PA President

120 Into~QnswJn~. Steve Perlman 48.00
Palatine, IL President

121 Alcan Pa~Ing Jetty RodeIl 45.00
Chicago, IL VP operations

121 fiq$ti Americas Tommy Neal 45.00
Minden.LA C00

121 WtisUlaI Containers Ltd. Morton Arshlnoft
Toronto, Ontario President

124 jjfLlng. Letan Jamlson 44.00
Stiliwater, MN General Manager

125 eQltgatpjanajnc. John Johnson 42.00
Harboraeek, PA President

125 AMEindusirias Rick Bessette
4200

E
Hamaon Township, MI Vice President

127 Enainesed ProducSiMusUlesJ,1,Q Ron McGee 41.30
Hazswood, MO VP & Dir, tech, semen

128 hflammim Plastics TethdoolesJsC IOta Loveil 40.00
El Paso, DC Dir. sales & marketing

128 MotsERits Plastics Inc. MarkGoyette 40,00E
Plattaburg, NY Molding manage

128 National MQkMGQQWS Joseph Anscher 4000E
Fartningdale, NY President

128 Be2celDJjJa5e1 Keith Everson
Sussex, WI President

132 Kolser Entsnrtan Inc. A,J. Koller Ill 39.00
Fenton, MO President

132 L.L~jfl~.fhtQ. Paritosh Chakrabartl 39.00
Waverly, NE CEO & President

132 ORC Plastics KImball Bradley 39.00
Oneida, NY COO & President Reunion

Industries Inc.
132 Trini Industries Inc. John Winkler 39.00

UsIa. IL VP internal operations
138 Dinesoi Plastics Inc. Ken Leonard

NOes, OH Vice President
137 ~�ifled1 Indisliles George Md 37.90

Clayton, MO CEO & President
138 Plastech Corn. Dennis Frandsen 37.00

Rush City, MN CEO
139 PJIience Precision PIaaI~csCorn. Bradley Scott 36.00

Rochester, NY President
139 Qaosoit Groan LI,Q Dale White 36.00

EIgin,IL COO
141 ç~j~nr~r Steven Olson 35.00

Easley. SC VP sales & engIneering
141 EMC~p. MIke Watts 35.00

Rogers, AR CEO

http://www.p1asticsnews.com/subscriber/rangs/listrank.html?mode%ij 6/16/2005
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141 LaEe~dePlasics Ltd. Glenn Coates 35.00
Windsor, Ontario President

141 M&J,South lrldusfriMjr~ Ted Cochls 35.00
Annville, KY President

141 Pixley RicMrdsir)c. Ian Macteod 35.00
Plymouth, MA Vice PreSent

141 Maryland Plastics Inc. Alien Penrod 3500E
Federalsburg, MD President

147 Eickie&ed Polymers Con,. Jeff Fackler 34.00
More, MN Vice President

147 Mar-Bal Inc. Scott Balogh 34.00
Chagrin Falla, OH President

149 Etas (U S.A.) Inc. Dalauke Yokata 33.00
Marietta, CiA. President

149 Prooress Plastic Products Inc. Todd Young 33.00
Bellevue, OH President

151 Alan Barr 32.10
Walled Lake, Ml President

152 ~,fk~Jflflflgng!flngjjogjfl&~ James Marshall 31.00
Warren, MI CEO

153 Jnria1gc~SLQ John Palmer 30.OV
Rochester, Ml Sales & marketing mgr.

154 AMA PtasticzJng. MarkAtchison 30.00
Corona. CA CEO & President

154 HETrJ1EIQknV.5inc. Douglas Bennett 30.00
Cambridge, MD President

154 jpnfIa~tJalnc. AslfRlzvl 30.00
Whitby, Ontario President

154 ~utturttanIa1lisaQQ. W.S. Baxter 30.00
Elgin, IL President

154 C&J IndLmbles Inc. Dennis Frampton 30®E
Meadville, PA President

154 webster Plastics lnc.t Vein DeWitt 30,S
Fairport, NY President

180 United Southern Irda$les Inc. Todd Bennett 28.50
Forest City, NC President

181 Bavlech Plastics Inc. Anton Mudde 28.00
Midland, Ontario CEO

191 FaMk Molded Plasücs Inc. KeIth Wagner 28.00
McHenty, IL General Manager

iei Graber-R000 Inc. Geoff Engalstein 28.00
Cranford, NJ President

1~1 P11 Enolneered Plastics Inc. Kurt Nerve 28.00
Clinton Township, MI President

181 TranenayTedmolooles Inc. GenltVreflen
New Baltimore, MI President

181 kxiueblal Moldinu Corn. Calvin Leach
Lubbock. TX General Menager

161 Blsac River PleaSca Peter Mytnyk 27.00
PortHuron,MI COO

188 Majors Plastics mc. urn McConnell 25.70
Omaha, NE President

119 MIdwest Plastic Comoonert Peter Thompson 26.50
Minneapolis. MN President

170 Erclneered Sriadaltv Plastics Inc. Eric Klrkman 25.00
Hot Springs, AR CEO& President

110 MaY & S~eldInc. Rick Scofield 26.00
Fowlerville, MI President

172 ~fliipffiiJ.o~. Peter Cifleilo 25.00
Kennebunk, ME CEO & President

172 Li~ecIrQn~Qw. Lou PolIak 25.00
PIalnfIeld, NJ President

hup://www.plasficsnews.com/subsCñber/rnkingsflisfrkJftm1?modcrS’~j 6/16/2005
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172 $t,ethstl Products Inc. 1. Breckenrldge 25.00
Brampton, Ontario President

172 St pa Plastics Co. William Uanos 25.00
Chesterfield, Mi President

172 Too Seal Fred Blesecker 25~00
Boyertown. PA President

172 Universal Plastic Mold (LJPM~lit Wayne Oxford 25.00
Baldwin Park, CA CEO

In Vincent Industrial Plastics Inc. James VIncent 25.00
Henderson. KY CEO & President

172 Grand Haven Plastics Inc. Alan Chapel
Grand Haven, M President

112 Molded Products Co. John Relchweln Jr.
Haltom Cfty, TX President

181 DeRoval Plastics Gr~io Andrew Adams 24.50
Powell, TN Dlr~of operations

182 Innovative Iriedlon Tgpy)Q~QQj~&tfl. Robert JaneczJco 24.00
West Des Moines, IA CEO & President

182 .ironwood Plastlalm Mark Stephens 24.00
Ironwood, MI Vice President

182 Mokiarnatlc Inc. Raymond Malenfant 24.00
Penndet, PA President

182 Set Cap. Damlan Macaluso 24.00
Torrlngton,CT VP&GM

182 Trcstel SEG Inc. Tom Sloane 24.00
Lake Geneva, WI President

181 L*eland Tool & Enokeerina Inc. Marty Sweerln 23.50
Anoka, MN Secretary & Treasurer

193 Sainloka Enaravino Co. Inc. EIleen Halter 23.00
Ottov~Ie,OH CEO

188 ~gel~aftyJdanui?cW!nInc. John Lucas 23.00
Indianapolis, IN CEO

188 Crafleth Corp. AltredoBonetto
Anaheim, CA Sr. Vice President

191 haapiMjj~lnc. Cynthia Alt 22.90
Grand Rapids. MI ChaIrman

192 •Sdiefenadw V~IonSystems Ua&jnc. Troy Busat 22.30
Marysvllle, MI Molding manager

193 PTA Corn, Ray Seeley 22.00
Oxford, CT CEO

193 OMR RasUç~ Awn Yngve 2Z00
River Falls, WI Executive VP

193 FaboonPI~ILaJ,s Jay Bender 2290E
Brooklnga,SD COO

196 $tSlTathnoloSee Gene Stuli Sr. 21.90
Somerset NJ CEO & President

197 6IQJJgfltjggkfIaatkeJog. Dan Weber 21,10
Geneva, OH Plant manager

198 ,iyoQJnc~ Archie Olson 21.00
Anoka, MN President

198 Ngr~JnjoPiori.MgldJjtIrjc. Jack WIllIams 21.ooE
Chino, CA CEO

200 ~noeIIy&slatgrnMaatfegturIrcCo. Sam Wagner 20.00
Alexandria, MN Dir. of advanced

manufacturing

200 Iafltite Corn. Rodney Sparrow 20.00
Laominster, MA President

200 SanmIna-SQi$ncJiuyate~is Phil Sorensen 20.00
Turtle Lake. Wi Operations manager

200 Tom Smith l~Q~fi~ç~ Steve Good 20.00
Clayton, OH President

200 Iraex Steve Boeder 20.00
Dane, WI Plant manager

http://www.plasticsnews.com/subscriber/rankings/listrank.html?mode=inj 6/16/2005
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200 gç~fjaMi~ioc. Perry Brady 2000E
Mansfield, OH Plant manager

200 MadDorald’s IndLatris Products Rod Adams
Grand Rapids. MI President

200 Noftand PIast~csCo. Dennis Velllquetta
Haysvllle, KS Plant manager

208 Ptasnros Inc. Norman Duaenbeny 19.90
McHenry. IL Vice President

209 SaJer Plastics Inc. Joseph Bergen 19.80
MIddlelleid, OH CEO

210 Master Molded Products Coroc James Walnhart 19.50
Eçin, IL Preeldent

211 j,~T-k4er~rGrout, Inc. u Tony LeaenskyJ 18.50
Lawrenceville, NJ President

212 Wi~tSnhlaEInftajpc. Fred Wise 18.20
St. Chaises, IL President

213 AILk~nds~P~cMoidina Inc. Joe Kavalauskas 18.00
Dayton, OH Vice President

213 Ctiemteth Plastics lr~. Ragnar Koimas. 18.00
ElgIn. IL President

213 Mak,av Man4jSchs~noInc. MIchael QuIg 18.00
Nonidge, IL PresIdent

213 AvS Medicsl Products Inc. R. Scott White
San Diego, CA VP operations

213 Cat Predslon Plastics Brian Tauber laooE
Asheborn, NC President

213 VoW Entnnrisas Inc. Steve yolk
Turlocic, CA VP operations

219 Farriot Inc. craig Ferrlot 11.25
Akron, OH Dir. molding & finishing di~v.

220 Adkev Inc. Guy Rheude 11.00
Goodland, IN President

220 Predaion Sotmteast Inc S. Richard Averette 11.00
Myttie Beach, SC President

222 EbJgh ~ and TQolJnj~~ Gerald Ca 1650
LoulsvNle, KY President

222 Ckde Plas~Pmthacta Inc David Ore.nlee
CIrdevIlla, OH President

224 Acthn Products Co. Bruce Belllngtcn 16.00
Odessa, MO CEO

224 DegaS, Molded IIQSCQ. Rick Walters 16.00
Butler. IN VP operations

224 Sdilffrnaver Plastk3 Can. Karl Schiffmayer 16.00
Algonquin, IL President

221 DerMi Plastic Products Inc. John Kinsman 15.80
North Vernon, IN President

226 GSW SuIdbio Products Dennis Nykoliatlon 1550E
Baffle, Ontario President

229 LMR Plastics Bob Leonard 15.30
Greeneville, TN President

230 Cactive Plastics Inc. Dennis Eckele 15.00
Pls~*taway,NJ VP manufacturing

230 Contour P~jtlcsJng. Barry Grant 15,00
BaldwIn, WI President

230 E1?ffiu(Eipgij~tkic~ Peter Keddle 15.00
Waterford, WI President

230 Enoeneered P$stic Ca’flpopefl$JDc. Rex, Kargarzadeh 15.00
Gflnneil, IA President

230 g.jg5~3Jj)ç, Chris Elchmann 15.00
Dayton, OH Dir, of sales

230 lomont Moldina Inc J.D. Schlmmelpfennlg 15.00
Mount Pleasant, IA President

httpi/www.plasticsnews.coin/subscriber/rankings/listrank.html?mode=inj 6/16/2005
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230 B~1&a1tMft. Co Inc. Edwin Ingram 15.00
ftjbertvllle, Al.. President

230 Venture Plastics Inc Steve Trapp 15.00
Newton FaMe, OH VP & GM

230 western Plastics Steven NIchols 15.00
Portland, TN President & GM

230 1I PI~ v Norman Oberto 1500E
LakevIlle, MN President

230 ~,KMtnub ~turjngjechnologIesJnc Annen Kaseouni is.ooE
Grand Rapids, Ml Vice President

241 Ferguson rOdUctiofll!W~. Scott Ferguson Sr. 14.80
McPherson, KS VP operations

241 Ma~anBnflainc, Michael Madan 14.80
Cranfad, NJ General Manager

243 Mvsit Tool & MoidJfK. Ken Desroslers 14.50
Rochester, NY President

243 Ligin Molded Plastics Inc. Todd FaiweIl 14.50
Elgin, IL Dir, of operations

243 Kam Pit (~o~p* Peter Prouty 14.50
Itiland, MI President

243 Plastboorn Dennis MItchell 14.50
Srbor City, CA President

243 Swaajse Ptas~tIC Thomas Falcone 14.50
Liverpool, NY President

243 Medwav Plastics Cap. Thomas Hutchlnson
Long Beach, CA President

249 Prlrnera Plastics Inc. Noel Cuellar 14.40
Zeeland, MI President

250 Par 4 Plast~Inc. CharlIe HicklIn 14.30
Marion, KY VP operations

251 PahT Plastics Ltd. Jeffrey Owen 14.20
Morend, Mi President

251 ZaDcs Plastics Inc. Robert Zappa 14.20
PhMhipsburg, NJ VP & GM

253 Trlbar Manufacturino LLC Robed BreIx 14.10
Whitmora Lake. MI President

254 C-Plastics Corn. Gordon Curtis 14.00
Leominster, MA CEO

254 Fanner Drives Eflk Nadeau 14.00
Manheim, PA Plant manager

254 lThoo Tecimolosas Dan TaIlaferro 14.00
Grand Rapids, MI Vice President

254 Matrix Inc. John Harlcer 14.00
East Providence, RI President

254 Moidkio Intsrnatkx~l& EnoSedno Inc. Gregg Hughes 14.00
Temecula, CA President

254 Spsóijm Plastics Moldina Ed Flaherty 14.00
Anaonsa. CT VP englneedng

254 Akron Porcelain & Plastics Co. Crawford Smith
Akron, OH Plant manager

254 D&M Plastics Corn. Stephen Motisi
Burlington. IL President

254 Montrose Molders Corn. William Wilson
South Plainfleid, NJ President

254 Ridi Mount Inc. Vutake Klyuu
Amen, NC President

254 Wrbaht Plastic Products Co. LLC Robert Luce
Sheridan, MI President

205 S~en.PIasIlaQora David Watermann 13.50
Elgin, IL President

205 p1asTh~J&dinaInc. John Klmberlin 13.50
Ontario, CA Engineer
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261 E&O Tool & Plastics lit TIm Osterman 13.20
Elk River, MN CEO & President

268 Anchor Tool and Plasuc Inc Ron Rogers 13.00
MinneapolIs, MN President

268 ~eneslsplastics & Ena. LLC James Gladden 13.00
Scottsburg. IN CEO & President

265 Multi-Plastics Inc. Charles Johnston 13.00
Saegertcwn, PA Operations manager

265 PoMnerT&inoloaSs Jeff Keller 13.00
Whftewater, WI VP operations & GM

268 Rh’er City Plastic Howard Roes 13.00
Three Rivers, MI President

268 if Jim Kempf 13.00
Lancaster, PA Vice President

268 Kina Plastics Inc. Robert King
Orange, CA Vice President

268 ptasuonjcs Plus Inc. Y Jay Hor.n
East Troy, wi Divisional Vice President

218 Toocaft Ptflon Molders Inc. Oscar Musltano 12.50
Warmlnatec, PA President

216 S&WPit tiC Dave Presler
Eden Praile, MN COO

218 A~e4entInc. ~ Rocky MorrIson 12.00
Upland. CA Dir,of operations

218 ~ggtecb~jtliweslJ Thomas Houdeshell 12.00
Kerrvuie, TX VP & GM

218 cugomfffiabca InternaliTh Ltd. Peter HarrIson 12.00
Cobourg, Ontario President

218 ?aralas Bros. Inc. Tad Mucolo 12.00
Milwaukee, WI President

218 fç4ycelSfl3jçflal Foam Inc. Ayman Sawaged 12.00
Somerville, NJ Dir. of operations

213 Syntec TethnolOoias Inc. Paul ToDay 12.00
Pavilion, NY President

278 MeEt. Mike Marzetta 1200E
Liberty Lake, WA President

276 ~jcBn1Jç~Jjj~. DIane Mlxson
Anahabli, CA President

278 &~l1J.e1iISiValley Andy Vartanlan
Philadelphia, PA President

278 EdCse Mold Inc. Steve Craprotta
Clinton Township. Ml VP & GM

278 ~ coro. a Doug Johnson
North Ridgeville, OH VP & COO

218 ?ieciabnfla~t1csjtic. Ronald Richey
Columbia City, IN CEO & President

218 ~QutøeIxIaaIlICIJflG~ AustIn DrinkaIl
Miehawaka, IN CEO

291 ~ftyer1eEotecprjaU.Q Maft Knees 11.50
Yorktown, NY General Manager

292 SteiTwaJl Inc. Maureen Steinwall 11.30
Coon Rapids. MN President

293 ~cs Plastics Co. Icc. TIm HIcks 11.00
Macomb Township, MI 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 Gembedlng 11.00
Elk Grove Village, IL President & owner

293 Aasnt Plastics Inc. Thomas Pridonoff 1100�
Corona, CA President
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293 Andeson TedinOlocies Glenn Anderson ii.ooE
Grand Haven, MI President

293 Bardot Plastics Inc. J. Lee Boucher
Easton, PA President

300 Viina Plastics Inc. Kelly Goodsel 10,10
Cony, PA CEO & President

301 I-I-Tech MDld & Tool Inc. Win Kuistensen Sr. 10.50
Pittsfield, MA President

301 Tn-Star Plastics Inc. Keith Johnson 10.50
AnaheIm, CA vice President

303 PIerson lróafrles Inc. Theodore Pierson 10.40
Denvile, NJ President

304 Plastic Sc4utions Inc. Robert Tennyson 10.30
South Bend, IN CEO

304 Stoesser-Go,ton Plastics Bob Stoesuer 10.30
Santa Rosa, CA President

306 ~&fjn4u~trELjn~. John Argltis 10.10
Sturbridge, MA President

306 I—Ism&n Entarp~ NadIne Itamelln 10.10
Bouthervlle, Quebec President

306 ?QIYmEQQnYnJnJOG. Jack Bench 10.10
Orchard Park, NV PreSent

306 RTC Inc Maik Nelson 10.10
West St Paul, MN President

310 As*3flon Manufaçturlnc GmUD lqg. Robed B.droslan io.oo~
Milan, Ml CEO & President

310 Desia, Plaslialn.c. John NepperJr. looo+
Omaha, NE President

312 Wueiatf1atti~Jo~. Roger Storch 10.00
Lexington, KY General Manager

312 Caiv Product Co. Inc. Frank Hue 10.00
I-kjtthine, ix present

312 Cantay Container CaD. Don Brothers 10.00
New Watarford, OH Chairman & CEO

312 g~iiearadPlastics Cpcp. Deb BristolI 10.00
Menomonee Falls, WI President

312 g~pj,jpj~gb Rick Wleclnskl iaoo
AVUIs. IN General Manager

312 Ei9*g�fti0~. JIm Nurml 10.00
OconomowOC, WI President

312 CiWitex Coro. Dorothea Christlansen 10.00
Nampa, ID President

312 S&-~Inc. Robert Moflssetta 10.00
Andover, MA VP operations

312 ~nfltEIast&~m~nenh&Qn Gil Kllmer 10.00
Stratford, Ontario VP sales & markethg

312 IaJIQtJ4D~tfIQthfl John Wllde 10.00
Elroy, WI CEO & President

312 ThooJs PrOductGo. Kathleen HIevin 10.00
Avon Lake, OH President

312 Van Der Woude Pastiiz.JJ.Q Brig Vandeiwoude 10.00
Milan, IL President

312 gnjaEI9at~aIflG. Russell Smith 1000E
PIttsburgh, PA President

312 Centsdi Plastics Inc. Peter Varhegyl 1000E
Elk Grove Vilage. IL CEO & President

312 QuIr00aPJasLti~ Steve Nllaon 1000E
Ocala, FL Dir, of operations &

ertglnesflng

312 Qassc MoldIno Co. Inc. Larry Caidrone
SitlIer Park, IL President

312 Fox VaIeyj,jpjQingJ~~. Don Haag
Piano, IL President
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312 InfinIty MSdb’,o & A3sentyIr~ 1000�
Mount Vernon, IN NA.

312 MIner Elastomer Prodfl~~ Ed Hahn
St. Chaules. IL Dir, of manufacturing

312 Oreoon Precskrn lrnatntas Inc. dhe Jim Borg ioooE
PakT~i President
Eugene, OR

312 Palorinance ErS,eered Ptoduds Inc. Carl Dlspsnzlere 1000�
Pomona, CA President

312 Pliant Plastics COrD. Bill Klungle io.o0�
Muekegcn, MI General Manager

312 Sloco Moldlno TOCdEOI0GIe5 ChrisAdams 10.00�
Meadville, PA Operations manager

312 Sommlt Plastic Molding Raymond Kallnowskl io.ooE
Shelby Townsfl~Ml CEO

33$ Would Class Plastics Inc. Steve Buchenroth 9.98
Russells Point, OH President

337 Aa~tnteMolded Plastics mc. Dale Meyer 9.80
Coeur d~frJene,ID President

338 Plastic Masters Inc. Robert Ortaske g~E
New Buffalo, MI CFO

33$ tMdtsc Inc. of America Toni Burnholz 9.20
McPherson, KS Dir.of manufactuflng

340 Peerless Inleoflon MoldIno LLC Scott Taylor g.io
Gardens, CA President

341 CornIer Plastics Inc. John Currier too
Auburn, NV President

341 Gutlenbero Industries Inc. Don Overman 9.00
Guttenberg, Lk Vice President

341 Ironwood IndUStries Inc. Robert Greta 9.00
Libertywitle, IL President

341 Harden Inc. TerryDonovan 9.00
Rochester. NV CEO & President

341 Pry Machine & DIe flc. David Berry 9.00
Perry. MO VIce President

341 Plastic Moldk-io Tethnoloov Inc. Cherlas Sholtis 9.00
El PaSO, TX CEO

341 Putnam Precision Moidmo Inc. Jeanne Zesut 9.00
Putnam. CT VP & GM

341 Precirnold Inc. Gunter Weiss 9.oo*
Candlac, Quebec President

341 EPI Advanced LLC C Den Lewis 900�
Sherman. MS General Manager

341 RaW Molded ~laDiIcs.Lnc~ JIm Peters
Evansville, IN President

341 !SgnItv.Pla5t1ceJn~. D. Andrew Templeton 900E
Lakeview, OH President

341 E~yfab.~oi9. Richard GIll aS
Sheboygan, WI CEO

353 Polianvasas SA de CY lsm.eI Gemer 8.90
Garcia, Nuevo LeOn President

354 M’itec Molded Produ.~ WillIam PIno 8.50
Roddord. IL VP operations

354 kl?rbor Plastics Manufactislrua Co. Jon Lawils 8.50
Richmond, CA President

354 Interolex Plastics kuc. Stanley Isensteln 8.50
Lexington, KY President

354 ThA Plastics CUD. Michael L Cherry Sr. 8.50
Winchester, ‘IN CEO & President

354 ELS Plastics Ca’o. Ronald Stambersky 8.50�
Oldcestle, Ontario President

354 Infinity Plastlcs..LLQ John Van Bosch 8.50�
Ventura, CA ChaIrman &‘CEO
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3~ 21st Certury Plastics Coçp. Greg Doble 8.40

Pottervitie, Ml VP operations

350 ABA-PGT Inc. Samuel PIerson 8.40
Manchester, a President

360 inlecton Ted’moloav Corn. Carl Morris , 8.40
Arden, NC President

363 van Norman Moldino tIC RIch Andre 8.30
Bridgeview, IL Sales manager

354 Modern Plastics Corn. John Eberhardt 8.20
Benton Harbor, MI Dir, of manufacturing

355 Aaomafic Plastics Inc. Peter CrIaci 8.00
Leominster, MA President

365 Custom Rast~Inc. 8.00
Elk Grove Village, IL NA

365 EaSt Coast Plastics Inc. R.D. Trank 8.00
Fort Lauderdale, FL President

365 Hflj)gMaos1aitm1~Qrp. Henry W. HardIng Jr. 8.00
Rome, NY President

365 T~nQ.955ti~Jnd.QotSsfl. Roberto bus 8.00
AI%asco, PR President & GM

365 TNT Plastic Mddlno Inc. Murray Anderson 8.00
Anaheim, CA DIr. sales & marketing

365 W-1 Moldino Co. Al McKeown 8.00
Portage, MI President

365 wIden PIastI~(USA) LP HeInz Dierselhuls 8.00
Peachtree City, GA Dir, of operations

385 JnegyfIa~alnc. Michael Frey s.oo
Denver, PA VP operations

355 ~rnr.ta~1iainc~ Bruce Curtis a.o0�
Brooldine, NH Plant manager

365 ercpndyctionzlntialM. Koby Loosen 8•00E
Corona, CA Vice President

355 ~flord Molds Products Inc. Wayne Rasher 8.00�
Loves Park, IL General Manager

385 ~‘~‘t Enaineered PlastIcs Inc. Barbara Roberts
Santa Rosa, CA President

37i K&B Molded Products Dlv. H.E. Kuhns 7.90
Brookvllle, OH President

379 B&B Molders U& Brltt Murphey 7.80
Mishewaka, IN presIdent & owner

319 Caorndc Mat~JfiogJflc. Mike Edwards 7.80
Lubbodc, TX Vice President

381 £t~cS~acuMcmRiuatInc. J. Greg Best 7.87
DeGraff, OH President

382 QE6~DtJMM5V1~S Eric Paula 7,50
New Freedom, PA Operations manager

362 Plstlttve Plastlialnc. Tim Cumutt 7.50
Vista, CA president

382 ktoPlas Can. Keith Klnnear 7.50
Kenton, OH President

362 ~dgrp,Qf.Aflwj~ MIguel Bathe 7.50
Pacoirna, CA Molding manager

362 Qe1mJ1ngMSthQ.fiaalIaInc~ WIllIam Deimling
AmelIa, OH CEO & President

387 krperlS Custom MSojnç~J)jjQ~ Robert King 7.40
Elaslii~ President
Rogers. MN

388 Wadal PasljaJflc Robed Lange 7.30
Medford, Wi CEO & President

389 £Ear~aLrtG...~btErflPJa2raQ8&a Neal EIII 7.10
Plastics President
Rochester. NV

390 ~t~ssLc d Jeff Wyche 7.00
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Chino, CA President

390 ~1Ijaflf4-C~olir~j George Lewis 7.00
Arden, NC President

390 AiQmatIQnf!astics Coro. Harry Smith 7.00
Aurora, OH President

390 gItPiaiPca Joe Vest 7.00
Greensboro, NC VP menufactuflng

380 cor~iiai1ictIn~. BarryHart 7.00
Englewood, CO PresIdent

390 E0glflwiNJndustSJJ.~, Dean Vandeb.rg 1.00
Verona, Wi President

390 ~Ipfl~jE1ast.iqc. J.R. Spltznogle 7.00
Indianapolis, IN President

390 Nes~cMaifla~orp. Darrell McNaIr 7.00
Mesopotamis, OH President

390 RQJ~iric. Chip Greene 7.00
Kasota, MN VP operations

390 ISiliHJnc. Greg Gardner 7.00
Manimack. NH General Manager

390 b*tc~y$r’$jnp, Larry Sternal 7.00�
Elk Grove Village, IL VP manufacturing

390 DIM Industries Inc. Isaac Kirbawy 7.o0�
Canton, OH Process engineer

390 flflI%lLifllpmajlQSJfl9, David Butt
Cary. IL President

390 MaStarcJaffCQL Arle Rawllngs 700E
Phoenix, AZ CEO & President

390 Mob’ ~jyB~ll~CoJnc. KeIth Ruby i.oo~
Dundee, MI President

390 ?QlymrEmfrlerS Produca Inc. Neal Onderdonk 7,00E
Rochester, NV President

408 Endura Ptastics Inc. Mark DlIlllo 6.90
Kktlsnd, OH President

407 xten Widustjies tIC William Renick 6.85
Kenoshe, WI Exec. VP operations

405 Ma~aMoIthng Larry Byrd 6.80
Addison, TX President

409 Franklin Plastics Tom Murray 6.70
Franklin, IN Operations manager

409 QcIt&~9w. John Weaver 6.70
Sarasota, FL Secretary & Treasurer

411 I�aaerFjatc.Pnthzots Patrick Brandstatter 6.60
Briagman, Ml Vice President

412 Poaflpanj4olded Products inc. Ronald Kessler 6.50
Youngstown. OH CEO & President

412 HTI Plastics Paul Almburg 6.50
LMcoln, NE President

412 IninaTeth Plastics Richard McKenney
Hudson, MA President

412 Plastic Tedinoloay Groic Inc. Greg Davis
Santa An, CA Plant manager

418 Brent River Corn. Thomas Dolan 6.45
Hlllsborough, NJ President

417 Diversthed.Me.nuf~gbJrinoInc. Sreemukh Sanne 6.40
Pearl. MS President

415 Rae-Tech Corp. John Schmidt 6.30
Clinton, MA President

419 I4ghlarid lri)echon Modno Inc. Jerry Collins 6.20
Selamanca, NY President

419 ~eflgrpffistia~fl G. Frelmuth 6.20
St. Charles, IL President

419 ftfflsmaaMtxlulacjd2Qingjnc. Rodney Hlllsman 6.20�
TituevilIe, FL CEO
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422 HI-Tedi Mdthna & Tooth~ Toni Beddoe 6.10
Anderson, SC president

422 M.C~TieIzPlasfirs Inc. Michael Tletz 6.10
Elgin, IL President

424 Von-Tel Plastics Corn. Edward Vennor toot
Largo. FL CEO & President

425 ClMAPlastics Grotz, James Stewart 6.00
Twinsburg, OH President

425 Eotedi Corn. Chris Rapackl 6.00
Mount Laurel. NJ Vice President

425 Ptmpjyey line ~ MelvinEllis 6.00
Mllwaukle, OR President

425 Industrial Molded P~pdudsCo. Inc. Lee Benson 6.00
Palatine, IL President

425 FISicsJi40ldll]tQQ~. Ron Strauser 6.00
St. Louis. MO President

425 EgJy~rtQQI1~I.QS~ Phil Miller 6.00
Reno, NV Production manager

425 Bsai~IanT1d1noloovinj. 6.00
Arden Hills, MN N.A.

425 EtgoPlast Lid. Harald Zachaflaa 600E
Endeavor. WI President

425 FAflndustr1~eJs Anthony Mardi
Morrison, IL VP operations

426 Yjgue~fIest~.~p~ Lawrence Budnick Jr.
Southington, CT CEO

436 Qxog-PJnJS. Dave Kallna 5.90
Ramsey, MN CEO

435 MianlaQtb4anti!a~turkt~om Want Rea 5.80
Friendship, TN President

437 gJg~yl~stlcProducts Inc. Robert Mandevllle 5.60
Shelby TOWIish~.MI President

437 MicrQd yfloJ’Ja51ttIn~a Ronald Brown 5,60
Ontario, CA President

437 Eanins Dennis Denton 5.60
Clover, SC President

437 YjMatCcxitairwS Inc. ThomasMcCaIn 5.60
Little Rock, AR President

441 MIcron MCifl lnç~ C.W. Johnson 5.50
Bloomington, MN Co-President

441 Plastics Plus Tethrdoov Inc. Kathy Bodor 5.50
Ontario, CA President

441 S&L Plastics Inc John Bungert 5.50
Nazareth, PA President

441 Westmorsand Plastics Co. Fred Crocker 5.50
Lawns, PA President

441 Hy-Ien~tqst1a!r~. Craig Ileinseirnan 550�
Milford, NH General Manager

441 Knlohtsbridoe flat Inc. David Plait
Fremont, CA President

447 øiue Rides Indusiries lit, Mary Saris 5.40
Winchester, VA President

448 Am Pro Custom Moldino Malcolm Kldd 5.20
Leeds, AL General Manager

445 £recisio ~ George BaIley 5.20
Ithsce, Ml Vice President

450 MEftesl&~.Jnc John Vinka 5.00
Elgin, IL Vice President

450 S*amPies1icSic~. Perry Greer 5.00
Birmingham, AL General Manager

450 Srrdton Madite & Mold Inc. Tim Locke 5.00
Itlland, MI Engineering manager

http ://www.plasticsnews.com/subscdber/nnkthgs/listrank.htinl?mode=inj 6/16/2005



PlasticsNews - InjectionMolders Page16 of23

450 lndustflal ma & Plastics Inc. Nell Johnson 5.00
St. Croix Falls. WI President

450 Ptastooan IndUstries Inc Ronald Miller 5.00
Los Angeles, CA Vice President

450 Rome T~& Plastics Inc. MOo Hennemsnn 5.00
.‘Jn’ena, WI President

450 Soortwis,’s flasics Inc. Hank Liaclotti 5.00
Lecniinster, MA Vice President

450 Terhorst Manufachjrlrro Inc. Ron MartIn 5.00
Mlnot. ND MoI&ig superviw

450 Wonder Molded PrDdLJctS Inc. Fred Dlckman 5.00
Ciystal Lake, IL President

450 Northeast Mold & Plastics Inc Ron Bodesu soC
Glastonbury, CT Production manager

450 LuckrTwr Plastics 03v~ion Marco Pisrobon 500E
Sterling Heights. Ml Vice President

450 Ment Predsion Mouldlrio LkI. TimBaffle sa0E
Peterborcugh. Ontario President & GM

450 QIan Plastics Inc. Olan Long
Canal Winchester, OH CEO

450 Pan Beach Preclaion Madhia Co. Warren Avis 5.00�
Riviera Beech, FL President

450 Prlwn Plasli~j~g. Bill Johnson
New Richmond, Wi Sales manager

450 Tally Ho PialtIcaJnG. . George Douglas
Jedaonvllle, TX General Manager

450 ~m~enJgQL&~ngineemnOInc. Bruce Carmichael
Muncie, IN General Manager

487 M.W& Plastics Inc. Errol Westergaard 4.80
AnIIOCh. IL President

485 Mven~LEasP~Corp. Charles Worswlck 4.60
Warrer~MI Plant manager

488 Thflhic.ThflD~.IQQLQ~. Scott Drvol 4.60
Omaha. NE President

458 ~khnionfreciionJnc. Richard St. Onge 4.60
Amherst, NH PresIdent

488 ProIllic Plastics Jerry PI.th 4.60
Opellka, AL President & owner

472 affinIty Custom Moldiria Inc. Todd Cook 4.50
Mendon, Ml Owner & operations mg.

472 Botwbon Plastics Inc. Rick Green 4.50
Bowbon, IN President

472 GranIte State Plastics Inc. John Callanan 4.50
Londonderty, NH President

472 IEM Plastics Inc. Dennis WaIters 4.50
Wbwm, Ml Operations manager

472 Nionlet Plastics Inc. Robed MacIntosh 4.50
Mountain, WI VP & COO

472 Suoalor Ptasft~Jnc. Ed Gdinn~ 4.50
Plain City, OH VP product development

472 Mafrbc Tool Inc. Dave Lewis Sr. 4,50’
Fairview. PA President

472 $PJJn~JjAslrje? John Doster
South Bend, IN President

480 Carl W, Newell Maritiactilna Inc. Carl Newell 4.40
Glendale, CA President

481 cbawj*ahjJnur MQIdInO Inc. Bo Cunpbsll 4.26
Warren, OH Plant manager

482 ~ Daniel Hiddlng 4.21
Mington Heights, IL CEO

483 Ihem~4.Q~p. Ronald Farlsy 4.20
Canastota, NY President

484 ~ Inc. D.nnls Wrreslnskl 4.10
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South Lancaster, MA President

485 ~ftt~*urgbPMt~Mt Inç~ Dave SchmItt 4.08
Butler, PA Plant manager

485 j,Q$flp~5ionMoldMfl Roger Mlchalskl 4.00k
WateMle, MN COO

487 QSlJopIing4 Plasticsjrç, Tommy Dernent 4.00
Jacksonville, DC President

487 EI~h~dua Chris Smoiar 4.00
Caristadt. NJ Plant manager

487 ftyte.ThoLkD4e Co. M. Haddock 4.00
Bridgepod, CT Operations manager

487 Proto~CestLI& Joseph Glgars 4.00
Douglasaville, PA President

481 SiC PlaslIc4~rnak,c Steve StreW 4.00
Monroe, Wi President

481 PaIAsnI.3ni,,fachjrino BIas Alcala 400�
Pacoima, CA Plant manager

487 Q~~tProduds lnterr*4~n$jnc~ Doug Goodman 400�
Phoenix, AZ President

481 !rQmi~i4oWedPiPsiicLQ~a Rick Cauwels 4~oE
Leland, NC Plant manager

487 Retiawjfldustjes Inc. Walter Ebertiardt 4.00�
Harliand. WI President

49$ QualIty Asand Plastics Inc. Annvt. Crandall 3.83
Lawrence, Ml President

497 Cuslorri Plastics inc. LinnD.rlckson 3.80
Ontario, CA President

497 )ia~Jno. Larry Skalonz 3.80
Baraboo, WI Plant manager

497 Innovative Plastic Solutbtn Ray Seward 3.80
Abingdon, MD President

491 .~1S)ridTool Cat, Duane SevIlle 3.80
Lath. CA Plant manager

457 Performance Plastics LS1. Tom Mendal 3.80�
Cincinnati, OH President

502 R&D PlastjcsJjQ Rod Roth 3.66
HJllsboro. OR President

503 ALA Global Industries Inc. Steven Ravens 3.60
Cockeysvllle, MD Exeaitlve VP

503 Den Hartha]m~dusblsIri~. John Den Hartog 3.60
Hospera, IA President

503 ~unbetEIaatIcaJn~. John Anseiml 3.80
Frisco, ‘TX President & owner

500 Can-TeChpsr YarnMmirer 3.50
Bras, CA Vice President

506 DaMer Plastics Inca David Kabbel 3.50
San Diego, CA President

506 lndusb’ieI Plastic Produds Inc.. George Thorne 3.50
Miami Lekes, FL CEO

508 ~flcs One Inc. David Wallenbom 3.50
Roanoke, VA CEO & President

506 KelIvCo. Inc. JoeKelly
Clinton, MA CEO

511 H~yet~gJS~ T. Horvath 3.44
Scottsdale. AZ NA.

512 ~jgo~,aj~Die.QaJnç. Dave Fry 3.40
Muncie, IN Molding manager

513 ~gnofl~tPJa$kjQ~rp~ Peter Lawrenc. 3.30
Gloucester, MA President

514 Q~f~.zje~iJ~. Dave Selomon. 3.20
Cumming, GA Plant manager

514 Mvoo Plasti~Inc. Edward SnIder 3.20
Jacksonville, TX President
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514 NaIQQLEISSIIaInC Thomas Negler 3.20
Ronkonkorng, NY President

517 Action Mold & Tool Co. BIN Hail 3.10
Anaheim, CA CEO

$17 Astarinc. Sldn.yMoor.Jr. 3.10
South Bend, IN CEO

517 Holzmevet Die & Mold Mt. Cat. Alan Holzm.yer 3.10
Princeton, IN President

511 MOtherLOdePlasliCs Mftchvoung 3.10
Sonora, CA General Manager

521 B.M.P. Inietn Larry Harden 3.00
Riverside, CA President

521 Dimem~onMoldino Corc. ldflke Stlglianese 3.00
Addison, Ii. President

521 Fram Trak Industries Inc. Al S.ntslli Jr. 3.00
Middlesex, NJ Owner

521 Qpfoei(Q Industries Inc. Mitt Kolat 3.00
Erie, PA President

521 ~adlage1iwwfactucirwJnc~ Tony Hartiag. 3.00
Buckner, KY Sales & engineering

521 w’r Manufacturino Ut. Larry Hoffman 3.00
Concord, Ml President

521 M.Q,ftj~jigtbnalInc. Bernard Gh.lb.ndorf 3.00
North Miami, FL President

$21 ~haaGl~aj.InpbncI~y Bob Cmne 3.00
Sanford, ME Engineering

521 ~Lnj 9ljjflp~g1gersInc. W.C.Hog. Jr. 3.00
Jackson, MS Owner

521 ~sooi~gzyj~Plasticflns. Mlnoo Salfoddini 3.00�
Lake Geneva, WI President

521 Mans Moidjog Dave Pedrotti 3.00�
Pittsfield, MA President

521 Mg~ing.~etyip~tdillieinc, Anthony King
Olney, IL President

521 &~~r.YalinPlasticsInc. Harold McCracken 300�
Elkart, IN President

534 Y~iQn.Th~nlceLMold1ngSLQ Anthony Brodeur 2.95
Manthester, CT President

535 MPS Plastics David Nlckolsnko 2.80
Marlborough, CT General Manager

535 J~pg)9,~Jflp. Jeff Mosey 2.71
New Albany, IN Sales marmger

531 Erwlnflast!c&Jn~, Shine E,wln 2.70
Riverside, CA Sales manager

537 Plastedi Inc. MIchael Hendrickson 2.70
Corvallis. OR President & owner

537 ~%ibn.MQ4økTQcJJnp. Mark Longbrak. 2.70
Kiesimmee, FL Vice President

531 Mastermoldlno Inc. Raymond St.Inhart
Janet, IL Vice President

541 6~nnpldetQ~a~j1)c. Howard DaWn. Sr. 2.50
Waiwick, RI President

541 f4nos~,Plas~jçsCorp. Gabriel Hosfalet 250
Skolde, IL President

541 MiQop& Peter Kelghtley.Pugh 2.50
WNlIts, CA Manager, custom division

541 ~!yIetekIrjp. Richard Salvo 2.50
Lowell, MA Engineering manager

541 tact Plastics np. Glen Smith 2.50
Shelby, NC President

541 Woodland Plastics Corn. Lee Slndirson 2.50
Addison, IL President
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541 Stelray Plastic PTVd*JCJJ~ Larry Satfran 2~E
Ansonia, CT President

548 Derby Plaslios Ltd. Thomas Derby 2.45
Neenab, WI President

549 Osada Plastics Inc. Mark Welles 2.40
Os~da,MI Plant manager

549 SaDoria PIas~(IC Dean l.sll 2.40
Asheboro, NC President

551 HQne IrCusties Inc.0 John Hourenagie 2.30
Madisonville, TN CEO

551 Southern Plastic &flubber~p. Frank Hoc. 2.30
Ormond Beeth, FL Owner

551 ThcPn&?Igsjj~Jn~, Steve Barllls 2.30
Lehighton. PA President

551 Apeif ..lc~JJsg,Jffigjoc, Toni O’Connor
Garland, TX President

555 Detrolt Molded Products Inc. Craig Johnson 2.20
Ire Township, Ml Operations manager

555 NviecaS~t~�. Frank Cool.y 2.20
Vero Beech, FL President

557 pp flaSks Cmix, Inc. Marcus Turner 2.10
Falconer, NY President

551 GO ComD000nts de Met SA de.Q/ Marco CaMille 2.10
Jiutepec, Morelos Subdfrector

559 Asitedi Plastics Charles Beck 2.04
Auburn, NY President

560 QuaKeindjjstrtJnc. Ron Plerzlna 2.00
Belgrade. MT Vice President

561 MD P2sta Inc. Jerry Jagackl 2.00
Plymouth, MI General Manager

561 HigtLSIecrtElMl~ Robert Wilson 2.00
Bisnop, CA Owner

551 ISo P,mwlceitJnøustdetU,P Olivia SSIIHeZ 2.00
Grand Rapids. Mi President

561 Mlgon~IdJn& Ron Peterson 2.00
Riverside, CA General Manager

gel Mold Prathion Enomeeirc Inc. Peter Mlnaskanlan 2.00
SimI Vs Nay, CA President

561 Node Plastics Jpp. Melissa Rog.ra 2.00
Lafayette, LA President

561 fl5ti~9nJQ Bun Brockway 2.00
Lswrencevllle, GA Operations manager

561 Richard PleatS Co. David Buck 2.00
Laurel, MS President

561 Ran’ Products Inc. Brenda Rup.rt 2.00
Blue Springs, MO President

561 ZbJmsx Coro. Ken Mesa 2.00
Sellnsgrove, PA CEO

561 SIrCn Plastics Inc. David Allen 2.00
Pittsfield, MA President

561 $ISiar Plssljajpg~ Fred Smith 2.00
San Mar~,TX President

551 fr,bktiYtasII~Jnp. Scott Hews
Yorkville.IL Owner

574 Ctisnango Vales, Tadirtloses mc, Uoyd Baker ISO
Sherbume, NV CEO

575 ,~çaJ-fQgl)fla5~i~ William Byer 1.80
Batesvlte, MS President

575 l~oarfIast1c~ James PrIor 1.80
Ontario, CA President

575 Pc*v-Ject Inc. Larry Thlb.ault 1.80
Amherst, NH President
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575 Advanced P~toMk~ C lair Havens i.ao~
Ontario, OR Owner

575 Master Molders Inc. Will Sm.tana
Orangeburg, SC President

560 Plas-Tedi Moldina & Desni Inc. Kinvn Hunt 1.77
BrlrnfleId, IN General Manager

581 Eclose Manufar4u*ia Ca, Robert Hlnman 1.75
Lake Zurich, IL President

581 Edco Indistries Inc. John Szslsn 1.75
Bridgeport, CT President

581 Wetxz Plastics Inc. Waldo Parmeie. 1.75
Middlefisid, CT President

534 Asiton Plastic Prodfl Inc. Richard Keich 1.70
Xenia, OH President

584 Mactsr Tool and Mold inc. Frederick St.nner 1.70
Yak, PA President

586 a&LM..engstring Skip Glen 1.58
Bensenvflle, IL President

587 ~à,i Procesalno Inc. Jacqueline Jones 1.80
Longmont, CO President

587 &Ls.MQl�lk19JflG~ Tim Dailey 1.80
Denver, CO President

589 Accurate Inie~onMolds It. Jim Jarrstt 1.50
Clinton Township, MI President

589 ~Mque Plastics Con). Clifford Basque 1.50
Leominster, MA President

539 F~jrProcess LW. MacIc Fox 1.50
Fenton, MO President

589 M8!QLnEIaflaIocS Edward Malon.y 1.50
MesdvlIIs. PA President

589 One Way Ptasti~J~c, Joe Petaleta 1.50
Edon, OH President

588 Pert Ctjstoifl Plastic Moidma Ken Grimes 1.50
Owynnevllle, IN Owner

589 P1Icas,FeIastl~inc. Dave Anthony 1.50
Colorado Springs, CO President

589 Pwa mid ~ James Newman 1.50
Cleveland, OH President

569 R&D tQ4d.omJPc~ Gregory Brown 1.50
AustIn, TX President

559 Talc Enterorise Inc. Thomas Kerr 1.50
Hflelie, Al. Vice President

589 Advanced EflOj~eeriia& Modna Donald Furniss l.soE
Techndoav ftc. President
Riverside, CA

569 R&D Plastics Inc. R. Dennis Weaver
Alden, NC President

601 Rster Ptastia nc, WA. Messlns 1.45
Kissimmes, FL CEO & PresIdent

601 PrecElan Molded Plastics Ted Vanvoorhle 1.45
Upland. CA President

603 AniSc Inc. TerryStebblns 1.40
Odessa, MO Production manager

603 eJaaliLtJmscJclLMoJdEsiD, Greg Knopt 1.40
Fertile, IA President

603 fDMjg,MQQelA(J2Jfl~e[ma Inc. Jeff Lange 1.40
Post Falls, ID President

603 $qmmIfl.MqøIngt~ngSrj~jng, Charles RotS 1.40
Madisonvilie, KY President & co.owner

603 ~ynj~cKQeye!comerit.&.MfgJnc. Bob Hobbs 1.40
Chino, CA CEO & President

608 N~IicInc. Coleman Hardmg 1.35
Otisicany, NY President
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509 Anierlcan Prectslgp Products Mark BannIster 1.30
Huntsville, AL PresIdent

609 QgtQjfJg5fiç~Jj~Pt James O’Brien 1.30
Miami. FL President

611 ~ Thomas Willis 1.27
Union Bridge, MD President

612 6yJnnafJa5fla&Engli~eer1ngJnc. Scott Redmond 1.25
Largo, FL General Manager

612 YooMttPivisbn, Gibson Courdv Ben Cottrell 1.25
me~U~Jnc. Marketing
YorkvlUa. N

614 Dyne l’ecKQQrm Terry Welsch 120
(argo, FL PresIdent

614 ?Sanfl9sIsIQfl2lfltflIflc. Joseph BeIvIIIs
Bladcwood, NJ Plant manager

618 M~Arn~rJ~fffistic.~p, Eric Erdmann
Forreston, IL President

617 MyafltsgQflos~c1fpgusJnc. Waynne Fromsn 1.10
Manchester, NH VP operations

618 ~~cnIeaflr.idt,suS Earle Ssgrest 1.06
LenoirCity, TN CEO & President

519 A8ama~UaJnc. Patrick Mlnyard 1.05
City of Industry, CA President

620 Encave Inc. David Pol.wsld 1.00
iswrenceburg, IN VP manufacturing

620 Great PlaPlasUcJdo(~jngflç Joseph Schabsl 1.00
Fargo. ND Plant manager

620 j~4p4Ø~491as&Coryconents Inc Marcel Coutu 1.00
Woonsocket, RI General Manager

620 EfQMQldJnc. Rsndal Herr 1.00
Riverside, CA VP & GM

620 RKC&A PlastIcs Brian Chambers 1.00
Wyoming, MI General Manager

530 V&S Moldino Inc. Ben Veltlen 1.00
Longmont. CO President

s2o ~fiJjjgraPredtiai Mcithio Inc. Richard Sloane 1.00
Ventura, CA President

620 Decant Plastics It. DougJsckson 1.00�
Decatur, TN Vice President

520 Thnonstinlection.Mowmg&gJsc Hayden Black
Galleon. iN President

529 Mato Plastics Msnfred ToIl 0.00
Saugia CA Owner

530 Aiea~~sJ~c_ Tobin Post 0.87
La Vernie, TX Plant manager

631 Ernciokn Molded Products Naum Royb.rg 0.85
San Antonio, TX CEO

632 Dy.namic..MoJdiitinc. Rick Hack
Loveland, CO VP & GM

633 cI1esa~eakeaas Marfldurkc Inc. Mark McGrath 0.78
Lusby, MD Co-owner

634 Aeais Plastics Coit. Tom McName. 0.75
Deer Park, NY President

634 Doyc&Enginepdogjnc& Darryl Crow. 0.15
St Petersburg, FL General Manager

635 DejSdcoPlestlcsJnc. Nick Tress 0.70
Anaheim, CA President

635 ft&LWestburv Enabeedno Inc. Ron Wsstburg 0.70
Laguns I-Its, CA President

635 8~fltQhif Tom Cairns 0.70
Lemonoove, CA Owner

639 $.frlomajc.M~nutectur.Ino.~. David Hahn 0.65
ChiCagO, IL Assistant GM
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540 Anderson Plastics Inc. St.ve Anderson 0.52
Glrard, PA president

541 Port City Custom Plastics Brenda Adams 0.60
Muskegon, Ml PIsni mansger

542 Jerrico TooLir~± J.reniy Pelrlck 0.50
Alden, NY Moidlng manager

542 Plastics USA Icc. Jerry Covlngton
West Melbourne, FL President

$44 EPI Mc$dlna A.J. DIllard 0.48
Eigin,IL Owner

$45 Wolf Moldinc. Randy Csrnithsrs 0.40
Hayden, ID Exeojtive VP

$46 Rix PTOdUCIS Rick RIdsout 0.39
EvsnMie, IN Owner

$47 CAD Plastics Icc. Don Sinalc 0.38
Forest Grove, OR President

548 B~acQJnct Christopher Rabson 0.30
Glrard, PA President

549 ~tecIctQthSyj, is~$jfprril lrtø. John Catalano 0.25
Walnut, CA Business manager

$50 Red Cedar Plastics LLC Kelly Kadlnger 0.23
Menomonle, WI President

$51 }4os1nMgI~1rtina Ted Graham 0.16
Jupiter, FL President

552 WPL Enterorises Inc. Wayne Lsnhart 0.16
Clifton, KS President

$53 MIIOJKIJDS. Dick Merritt 0.15
Santee, CA President

$54 Qentenrils M9lding.U& Val Kopk. 0.12
Hasthgs, NE VP operations

555 Plastics and Conceals of Cormocjjcuj John Harris 0.10
JD~. General Manager
Manchester, CT

(P)Publldy Held NA~Notavailable
MI Information was provided by the companies, except where otherwise indicated.
* Midpoint cia company-provided range
— Company-provided estimate
Ep~jg~jNewsand Industry estimates. These figures were not provided by the company.

CURRENCY NOTE MI Canadian soles figures have bean converted to U.S. dollars using the
average snrwai exchange rate for the 12 months of each company’s fiscal year. For fiscal
years that correspond to calendar-year 2004 the following average annusi rate was used:
C$1—US$0.77.

NI companies’ fiscal years correspond the calendar-year 2004 unless otherwise noted.

• a) Pasted~Engineered Products Inc. agreed March25 to acquire the assets of Andover
industries, which was in Chapter 11 bsdczuptcy protection.
b) Deconia international Inc.’s pubildy held parent, Msgna 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 November2004 and taken pdvate.
d) Tupperware Corp.’s data reflects recent layoffs; the company Is continuing to airtak US.
marwfacturlng operations.
a)MoO industries Inc. acquired Textron Inc.’s inteSys Technologies inc. unIt and Formec SA
de CYs Monterrey, Mexico, business, early this year. Also reSected In MoWs listing Is Its
acquisition of Creativa Ptasllc Molders Inc. In May 2004.
I) Carlisle Cot Inc. has put its Carlisle Engineered Products inc. unIt up for sale.
g) Swtterland-based Same Polymer Holding Inc. has put Its Sarnamotiva auto supply group
up for sale, IncludIng Samamotiva Blue Water Inc. Also, Samarnotive Blue Water will dose ha
Lexin~on,Mich., injection molding site by the end of July.
h) Atlantis Plastics Molded Products Division’s data includes Its purchase of LaVantura
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) CaisonlcKansei North America Inc. previously was lIsted as ~antusCorp. Sales for parent
CaisonlcgansalCorp. are for the fiscal year ended March 31, 2004.
k) Nyloncraft Inc.’s listing Includes certain assets ofAutomold of America Inc., which it
acquired Oct. 29, 2004.
I) Irijectronics Inc.’s listing Includes Its May 2004 purchase of Glireeth Inc.
m) Leggett & Piatt Inc. acquired Canadian injection molders Conestogo Plastics Inc. and
Shepherd Products Inc. in December 2004.
n) Alcoa Inc. signed a lefter of intent to fully acquire AFt. Automotive from joint venture partner
Fujlkura Ltd. of Japan. Engineered Plastic Components is part of the AFL auto business.
o) Pliklngton plc’s corporate sales are for the fiscal year ended March 31, 2004.
p) Wllbert Plastic Services previously was listed as Morton Cuatoin Plastics Inc.
q) Newly listed Vaupeli inc. acquired previously listed SdTech Plastics Group LLC In May
2004.
r) Easley Custom PlastIcs Inc. previously was listed as Mckechnie Plastic Components, which
was bought by equity group CH Industries inc. in May 2004.
a) Libralter Plastics Inc.’s data Inciudas the operations ofAlpine Plastics Inc. The firms
recently were consolidated on the basis of common ownership.
t) Parker Hannifin Corp. acquired Wetater Pisatics Inc.’s parent, Acadia Elastomers Corp.. In
Noveniber 2004.
u) LMT-Meroor Group Inc. data includes certaIn aesests of Hartulile PlastIcs Inc.. which LMT
acquw’ed in Februery 2004
v) Duo Plastics Inc. was acquired In May 2004 and now operates as Imperial Plastics Inc.
w) Kam Plastics Corp., previously Kam Industries LLC, Is now partly employee-owned.
x) True Predsion Plastics LLC previously was listed as MPC Industries tIC
y) Piastronics Plus Inc. previously was ranked under the name of parent Newcor Inc.
z) In January 2005, UTI Corp. changed Its name to Accellent Inc. and is moving Its
headquarters tothe Boston aree.
as) Previously listed Plastic Components Inc. was acquired by Hanipson Corp. in July 2004.
bb) Pent Custom Molding previously was lIsted as Pent PlastIcs Inc.
co)Advanced Plastics Inc. was acquired In August2004 and now operates as EPI Advanced
u-C.
dd) Acom-GenconPlastics 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.
if) Molding Services of Illinois inc. previously was listed as Molding Systems Corp.
gg) Hope Industries Inc. previously was listed as Rauschert injection Molding Inc.
Pt) 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

The injection molding machine (1MM) is
one of the most significant and rational form-
ing methods existing for processing plastic
materials A major part in this development
has been by the forward-thinking machinery
industry,which has been quick to seize on in-
novations and incorporate them into plastic
molded products The most recent examples
are theall-electric and hybrid IMMS Amajor
focuscontinues to be on findingmore rational
means of processing the endless new plastica
that are developed and also produce more
cost-efficient products A simplified general
layout for an 1MM is shown in FIgs 2-1 and
1-3.

Foryears so-calledproduct innovation was
the only rich source of new developments,
such as reducing the numberof molded prod-
uct components by making them able to per-
form a variety of functions or by taking full
use of material’s attributes In recent years,
however, prows innovation has also been
moving into the forefront (Fig, 1-16).The lat-
ter includes all the means that help tighten
up the manufacturing process, reorganizing
and optinth’ing it. All activity is targeted for
the most efficient application of production
materials, a principle which must run right
through the entire process from plastic ma-
terials to the finished product (FIg. 1-15 and
Chap. 4).

Even though modern1MM with all its in-
geniousmicroprocessorcontrol technology is
In principle suited to perform flexible tasks,
it nevertheless takes a whole series of pe-
ripheral auxiliaryequipment toguarantee the
necessary degree of flexibility; Examples in-
dude (1) raw material supply systems; (2)
mold transport 6dlities; (3) mold preheat-
ing banks; (4) mold-changIng devices, includ-
ing rapid damping and coupling equipment;
(5) plasticizer-cylinder-changing devices; (6)
molded-product handling equipment, par-
ticularly robots with interchangeable arms
allowing adaptation to various types of pro-
duction; arid (7) transport systems for fin-
ished products and handling equipment to
pass moldedproducts on to subsequent pro-
duction stages.

There are different types and capacities of
DAMs to meet different product and cost—
production requirements. The types are prin-
cipally horizontal singie clamping units
withreciprocating and two-stage plasticators.
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,
damping speed, maximum daylight, clear-
ances between tie rods, plasticating capacity,
injection pressure, injection speed, and so on,
as reviewed 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 May 1994and in final form9 August 1994)

Abstract—A2-yearstudyhasbeencarriedout into theemissionsproducedduring the processingof
thermoplasticmaterials.Oneof themainreasonsfor the inceptionofthework wastheperceivedneed
by the plasticsprocessingindustry and materialsuppliersfor datain order to comply with recent
work-place legislation. Very few data obtained under ‘real life’ situations were available for
consultationprior to thestartof this study. The principal objectiveof theproject thereforewasto
determinetheeffect that theprocessingof thermoplasticshadon theworkplaceenvironmentby the
collectionbothofqualitativeandofquantitativechemicaldata.Duringthestudyawide rangeofbulk
commercialthermoplasticmaterialswere covered,including polyvinyl chloride (PVC), Nylon 6,
acrylonitrile-butadiene-styrene(ABS), high impact polystyrene(HIPS), low density polyethylene
(LDPE) and high densitypolyethylene(HDPE).In orderto investigatetheeffect thetypeof process
hadon the emissionsproducedtwo principal fabricationmethodswere studied,namelyinjection
mouldingand extrusion-basedprocesses.

A wide rangeof specieswasdetectedin eachprocessenvironment,it beingpossibleto detectthe
relevantmonomer(s)in somecases.However,noneofthesituationsstudiedwerefoundto generatea
highlevel ofprocessfume.Theconcentrationsof thespeciesdetectedwerefoundto bein therange0—2
mg m~ understandardprocessingconditionsandupto 10mgm3 duringpurgingoperations.In
noneof thesituationsstudiedwasanyindividual chemicalspeciesfoundata concentrationabovethe
presentoccupationalexposurelimit. Thedataobtainedshowsthatahigherlevel offumeis generated
by extrusion-basedprocessesthanby those involving injection moulding.

Emissionsdatawereobtainedbothby personalexposuremonitoringandfromanumberofstatic
monitors positionedaroundthe processequipment.This revealedthe importanteffect that the
monitoringpositionhadon thedatageneratedandtheneedto employaneffectivesamplingstrategy
if representativedata was to be obtained.The resultsobtainedalso showedhow the choiceof
samplingadsorbentcould influencethe dataobtained.Tenaxhasbeenfound to be a satisfactory
general-purposeadsorbentmaterial for this typeof study.

INTRODUCTION

Legislation concernedwith themanagementof health andsafetyin theworkplace has
beena major consideration for all concernedin recent years. It was perceivedpossible
that employeesworking in the thermoplastics industry could be exposedto a health
hazardsince it was known that volatile chemical specieswere associatedwith the
various fabrication processesemployed.Although a numberof studiesconcernedwith
the characterization of the speciesproduced when thermoplasticmaterials are heated
to elevatedtemperatureshave beenundertaken in the laboratory (Shmuiovich et al.,
1981; Hoff and Jacobsson, 1981; Lum and Kelleher, 1979)only a few workers have
attempted to collect data from actual workplace situations.

Studieswhich areavailablein theliterature include the investigationby Williamson
andKavanagh (1987) into vinylchloride monomer and other contaminants in PVC
welding fumes, and the measurement of the depolymerization products in the
polyacetal, polyamide and polymethacrylateindustries (Vainiotalo and Pfaffli, 1989).
In addition, Shaposhnikova a!. (1975)determined the volatile products during the
processingof a limited number of polypropylene, PVC (polyvinylchloride) and ABS
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(acrylonitrile-butadiene-styrene)plastics and Lemmena a!. (1989) have published
dataon thespeciesproducedduring theprocessingof PVC.

An importantcontributionto this areais a work programmethat wascarriedout
by Hoff et a!. (1982)in which both laboratory and processsitedata werecollectedon a
numberof thermoplasticmaterials.

In order to satisfy the demand for more comprehensive up-to-date ‘real life’
thermoplastic processingemissionsdata, this 2-year project was undertaken. During
its lifetime 11 different thermoplastic—processcombinations were evaluated.The
principal objectivewasto determinetheeffectthat theprocessingofthermoplasticshad
on theworkplace environment by thecompilation both ofqualitative and quantitative
emissionsdata. It was anticipated that the emissionsproduced for a given process
would be mainly dependenton the material concerned.

Therefore during this study a wide range ofimportant commercial thermoplast-ic-s
was covered.It was also expectedthat in addition to material type a number ofother
factors would play an important role. The opportunity was therefore taken to
investigate the effect of the type of processused on the emissionsproduced. Other
importantaspectsof thestudywerelikely to be any findings concerning the effect of
ventilation, the relation of the monitoring position relative to the processand the
location of the activity within the production site.

From a subjective point of view the act of purging a thermoplastic processing
machine results in a much greater concentration offume emission than that which is
produced under standard processing conditions. Part of the study was aimed at
obtainingabetterunderstandingofthecontributionmadeby 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 extensivelyto provide environmental data (HSE, 1987, 1989 and 1992). The
principallimitation of thismethodis thespecificivity of the adsorbentsused,with no
adsorbentsbeingregardedascompletelyuniversalin performance.Samplingmethods
which useadiorbent tubeswith a subsequentsolventdesorptionstageprior to analysis
werealsousedanda secondaryobjectiveof this project wasa limited comparisonof-the-
two typesof analysis technique.

Although somespecific techniqueswere employed for certain species(e.g. liquid
bubblers for hydrogen cyanide) it wasnot anaim of this project to carry out a wide
range of specific analytical techniques for species such as aldehydes, etc. As a
consequence,specieswhich were presentat a very low concentration,andfor which the
thermaldesorptiontechniquesusedwerenot the mosteffectivemethodof sampling,
may haveremained undetected.This could obviously be of importance for substances
which have a very low occupationalexposurelimit. It should be pointedout therefore
that the scope of this project did not extent to a full exposureassessmentof the
thermoplastic processingsituations under study.

SAMPLING STRATEGY

The sampling strategy usedto collect atmospheric samplescanhavea dramatic
effecton the data produced. An important facetof this study was thedevelopmentofa
samplingstrategy which would provide thebest opportunity to collect representative
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dataon the specificsituationsof interest.Thesalientpoints of the samplingstrategy
usedto collect samplesareasfollows:

(a) wheretherewasa chanceto obtainrepresentativepersonalexposuredatathis
wascarriedout. However,if nooperatorwasassociatedwith any givenprocess
for a significantperiodastatic monitor wasplacedin thepositionwherethe
operativewould normally be situated.Suchsamplesare from hereonreferred
to using the term ‘static-operator’;

(b) in themajorityof themonitoringsituationsanattemptwasmadeto investigate
theeffect that purging of themachinehad on -theemissionsproduced;

(c) all staticmonitorswereplacedapproximately1.5 m from thefloor, andat the
following distancesfrom theprocess:

Backg~oundmonitors:4—6 in, and
Process(Machine)monitors:0.5—3 m; -

(d) in the monitoring positionschosenstainlesssteeltubespackedwith one or
more-of the follo~’ing,Tenax,Chromosorbor Poropak,were employed.In
addition glassNIOSHtype tubespackedwith charcoalwereusedfor plastics
wheremonomersmight be presentfor which therewere establishedsolvent
desorptionbasedmethods; - -

(e) to evaluatereproducibility duplicatedeterminationswere carried out on
selectedmonitoringpositionsduringcertainmonitoringsituations.Examples
of thesedeterminationsare shownin the datatables;and

(f) where liquid bubblers were to be usedfor the determinationof hydrogen
cyanide,theywere placedeither side of the processmachineat a distanceof
approximately1.5 m.

SUMMARY OF THE SITUATIONS STUDIED

(1) Material:Acrylonitrile-butadiene-styrene,-ABS
Process:Injectionmoulding
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 density polyethylene,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:Injectionmoulding

Environment:A
(10) Material: PVC (plasticised)

Process:Cableextrusion
Environment:B

(11) Material: SAN
Process:Injection moulding
Environment:A -

Environmentkey
A = Work areawhereanumberofdifferent materialswerebeingprocessednearby.
B= Work areawherethemajority or all of thenearbymachineswereprocessingthe

samematerialas theone beingstudied.
C = Experimentalprocessarea wherethere were little or no otherprocessestaking

placenearby.

SAMPLING AND ANALYSIS

A measureof thetotal volatile organiccompoundspresentwasobtainedat each
sampling point using thermal desorptiontubes packedwith 150 g of adsorbent.
Sampleswere obtainedata flow rate of 100 ml mm 1, with the samplesize varying
from 10 to 151. -

The contentsoftheadsorbenttubeswere desorbedat 250°CusinganSKCthermal
desorptionunit with subsequentanalysisofthe desorbedspeciesby aFinnigan 1050
GC—MS instrument;A liquid carbondioxide on-column cold focus techniquewas
employed using an SGE CTS-CL02 system with a Chrompak CR Sil 5CR
25 m x 0.32mm capillarycolumnheatedat 40°Cfor 12 mm initially andthenat 5°C
mm ‘ to 250°C.Mass spectraldatawere obtainedby scanningthe range35—450
atomicmassunitsevery2s.TheChromatogrampeakassignmentswereobtainedusing
the Finnigan NationalBureauof StandardsLibrary, with manualsearchingof the
RoyalSocietyofChemistryLibraryandtheNationalInstituteof Health/Environmen-
tal ProtectionAgencyLibrarieswhereappropriate.Quantificationdatawereobtained
by calibratingwith.decanestandardsover the range0.02—1 jig. -

Whereappropriate,specific samplingfor themonomersstyreneandacrylonitrile
wascarriedout at eachsamplingpoint usingNOISH typecharcoaltubes(100/50mg).
The samplingrate was 100 ml min 1, andthesamplesize variedfrom 10 to 15 1. The
contentsofthetubeswasdesorbedusingcarbondisulphideandtheamountsofstyrene
and acrylonitrile -obtainedusing the analysis methodsMOMS No. 20 and No. 1,
respectively.

The samplingof hydrogencyanidepresentduringtheprocessingofABS andSAN
wasdeterminedin -eachcaseusingtwo liquid bubblers,filled with 10 ml of0.1 m NaOH
solution. The amount of hydrogen-cyanidewas thendeterminedby analysing the
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contentsof thebubblersin 100 p1 aliquots usinga Watersion chromatographfitted
with aWatersIC PakHC Anion Column.A 5 mM KOH mobile phasewasusedat a
flow rateof2 ml mm 1, with conductivitydetection.Calibrationcurveswereproduced
using potassiumcyanidestandardsin the range1—50 ppm.

During thisstudy spotmeasurementsfor thespecieshydrogencyanide,formalde-
hyde andhydrogenchloride were carried?~using DraegerandGastechtubes.

RESULTS AND DISCUSSION -

The data obtainedusing thermal desorption,solvent desorptionand specific
techniqueshave,for convenience,beensegregatedaccordingto polymer type.

To producetablesthatwereofamanageablesize thethermaldesorptiondatahave
beenedited to removespeciesof which the concentrationswere below 0.1 or 0.01
mg m3,dependingon thesituation.Also,thetermnotdetected(nd) indicatesthatthe
specieswas not detectedabovethe systemsdetectionlimit, which wasapproximately
lx iO~mg m3. -

(1) Acrylonitrile-butadiene-styrene(ABS)
Thermal desorption results. The thermal desorptionresults obtained for this

materialusingTenaxareshownin Table1. It canbe seenthatawiderangeofdifferent
chemical speciesand of varying concentrationswas observed.As expected,the
concentrationsof all specieswere higher during purging, but what had not been
anticipatedwastherelatively high concentrationsof manyspeciesin thebackground,
the differencesbetweenthe backgroundand the monitoring positionscloseto the
injection moulderbeingquite small.

It was possibleto detectthemonomersstyreneandacrylonitrile (2-propenitrile),
andamodifier (a-methylstyrene)which hadbeenaddedat the polymerizationstage.
Butadiene was not detectedand this is thought to be due to its low residual
concentrationin thepolymerasa consequenceof its highly volatile nature.

Solventdesorptionresults. Charcoaltubeswith solventdesorptionswere usedto
monitorboth for acrylonitrile andfor styrene.The determinationswere carriedout
both under standardprocessingconditions and during purging. In none of the
monitoringpositionswas styrenedetectedabove the methoddetectionlimit of 0.4
mg m3 (10 1. sampleof air), or acrylonitrileabovethe methoddetectionlimit of2.2
mgm (20 1. sampleofair). Bothof thesespeciesweredetectedby themethodbased
on thermaldesorptionbecauseof its lower detectionlimit.

Determinationofhydrogencyanide.Theemissionsproducedweremonitoredfor the
presenceof hydrogencyanideusing both specific detectiontubes(Draeger)andion
chromatography.

Spot measurementswere taken-using Draegertubesduring the period that the
injection moulderwas operatingunderstandardconditions andduring the purging
operation.The measurementsduringstandardconditionswere takenin theareathat
the operatoroccupiedand this was approximately 1.5—2 in from the nozzle. During
purging,measurementsweretakenin the fumedirectly (r%/ 10—15 cm) abovethepurge
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Table 1. Emissionsdataobtainedon ABS during an injection moulding processusingTenax

ABS—injection moulding
Adsorbent, Tenax; Melt temperature, 245°C

TubeI static—background
Tube 2 static—operator/machine
Tube 3 operator -

Thbe4 static—machine(purging)

Concentration
Tubel Tube2 Tube3 Tube4

Compound (mgm3) (mgm3) (mgm3) (mgnC3)

2-Propenenitrile nd nd ad 0.02
Hydrocarbon(—C5—C7) 0.01 0.01 <0.01 <0.01
Trichloromethane ml <0.01 <0.01 0.02
1,1,1-Trichloroethane <0.01 <0.01 nd nd
Benzene <0.01 <0.01 ad ad
Trichioroethene - 0.01 <0.01 <0.01 ad
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 (—C�—C~0) 0.01 0.01 0.01 <0.01
Unknown <0.01 nd <0.01 rid
Xylene isomers 0.03 0.03 0.02 0.01
Styrene 0.0! 0.02 0.01 0.20
Hydrocarbon(—C10—C12) 0.01 <0.01 0.02 0.04
Alcohol (—C,)? 0.01 0.01 0.01 - 0.02
Bentene,methyl, ethyl isomers <0.01 0.01 <0.01 0.03
Benzene,propyl isomer <0.01 <0.01 <0.01 ad
Unknown ad ad ad 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
Benzene,dichloroisomer 0.01 0.01 0.01 nd
Acetophenone nd <0.01 ad ad
Beniene,diethyl isomer nd <0.01 ad ml
Unknown ad <0.01 ad
Eydrocarbon(—C12--C14) 0.04 0.06 0.04
Benzene,ethyl, disethylisomers 0.01 <0.01 . 0.01

ad
0.07

<0.01
Benzene,methyl, diethyl isomers <0.01 <0.01 ad nd
Naphthalene,tetrahydroisomer <0.01 ad <0.01 ml
Benzene,ethyl, methylethyl isomer nd - ad <0.01 ad
Siloxane - 0.01 0.01 0.01 nd
Unknown ad 0.01 <0.01 ad
Naphthalene,tetrahydro, methyl isomers <0.01 0.01 <0.01
BIIT nd <0.01 <0.01

<0.01
ad

Alcohol (—Ci,)? <0.01 <0.01 <0.01 ad

ad= not detected.

wasteandin thesameoperatorpositionas thatusedduringnormaloperation.It was
notpossibleto detecthydrogencyanideabovethedetectionlimit oftheDraegertube(2
ppm) on anyoccasion.

Direct analysisby ion-chromatographyof thecontentsof the samplingbubblers
did not revealanypeaksatanelution time whichcorrespondedto -that of the cyanide
ion. No hydrogencyanidewasthereforedetectableby this method,thedetectionlimit
of which wascalculated.as beingapproximately0.5 ppm of the airbornespecies.
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Determinationofformaldehyde.The emissionspresentunderstandardprocessing
conditions andduring processingwere examinedfor the presenceof formaldehyde.
using Draegertubeshaving adetection limit of 0.2 ppm. Using the samesampling
strategyasfor thedeterminationof hydrogencyanide,no formaldehydewasdetected
abovethe detectionlimit.

(2) High impact polystyrene(HIPS)
Thermaldesorptionresults.For thesheetextrusionstudy(Table2) monitoringwas

only undertakenusingTenaxadsorbenttubes,andwhile a rangeof differentchemical
specieswere identified theywereall at comparativelylow levels.-Thespeciesdetected

Table 2. Emissionsdata obtainedon HIPSduringa sheetextrusionprocessusingTenax

HIPS—sheetextrusion
Adsorbent. Tenax; Melt temperature, 193°C

Tube 1 static—background
Tube 2 operator
Tube 3 static—machine(1)
Tube4 static—machine(2)

.Concentration -

Tube I Tube2 Tube 3 Tube4
Compound (mgm3) (mgm3) (mgm3) (mgm3)

Acrylonitrile ad ad ad 0.01
Methyl propenoicacid, methyl ester ad 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 -

Styrene 0.03 0.13 0.05
0.38
1.48

Hydrocarbon (—C6—C10) <0.01 0.01 0.01 0.02
Propyl benzeneisomers <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 (—C,0.-C12) <0.01 0.02 <0.01 0.01

nd = not detected.

wereprimarily aromaticin nature,styrenebeingoneofthemostprominent.Thedata
producedduring this study illustrated well how the positionof a processwithin a
workplacecan effect the concentrationof thespeciesdetectedaroundit. The monitor
positionedbetweenthe processand the adjacentsidewallof the work area(Static—
Machine 2) recordedhigher concentrations of speciesthan the one positioned-omthe
othersideoftheprocesswhich wasopen(Static—Machine1). For this work owing to
work schedulesit wasnot possibleto monitorduringa purgingoperation.

With the injection mouldingof HIPS both Tenax and Chromosorbadsorbent
tubeswereused(Tables3 and4). A wider rangeofchemicalspecieswereobservedand
at significantly higher concentrationsthan for the sheetextrusion. However, the
backgroundconcentrationsof most species were not much lower than in the
monitoringpositionsadjacentto theprocess.A comparisonof the datafrom thetwo
typesof adsorbentgavegenerallysimilar results.Purging was monitoredwith both
tube typesandsignificantly higherlevels of most specieswerefound.
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nd = not detected

Solvent desorptionresults. Charcoaladsorbenttubes with subsequentsolvent
desorptionwere usedto monitorfor styreneduring the injectionmouldingof HIPS.
Determinationswere carried out both under standardprocessingconditions and
during purging. No styrenewas detectedabove the methoddetectionlimit of 0.4
mg m ~ (10 1. sampleofair) in anymonitoringposition.As in thecaseof theABS data,
it waspossibleto detectthepresenceofstyreneusingthethermaldesorptiontechnique
becauseof thegreatersensitivityof the method. - -

(3) High densitypolyethylene(HDPE) -

High densitypolyethylenewasstudiedonly with regardto asingleblow moulding
situation. The resultsobtainedusing the thermaldesorptionGC—MS techniqueare
shownin Table5. Sinceblow mouldingis aprocessthatinherentlyproduceslittle fume,
it is possiblynot surprisingthat very low concentrationsof specieswere detected.
Simple hydrocarbonsand toluene at a very low concentrationwere all that was
observed.The fact thattheprocesswasbeingcarriedout in a very cleanenvironment
with few otherprocessesoperatingatthe time helpedto minimize theconcentrationof
speciesfound.

PurgingwasnQt carriedout duringthestudyperiodwith this processand so it was
not possibleto study its e&ct on theemissionsproduced.

Table 3. Emissionsdata obtained on HIPS during an injection moulding processusing
Tenax

HIPS—injection moulding
Adsorbent,Tenax;Melt temperature,225°C

Tube 1 static—machine/operator
Tube 2 static—background
Tube 3 operator
Tube4 static—machine(purgearea) -

Concentration
Tubel Tube2 Tube3 Tube4

(mg m3) (mg m3) (mg m3) (mg m3)
Compound (standard) (standard) (standard) (purge)

Dichloroynethane 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(—C,) 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 cO.! nd
Benzene,ethyl, methyl isomer 0.21 0.18 <0.1 <0.1
Benzene,ethyl, methyl isomer 0.12 0.10 <0.1 ad
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(—C,2) 0.62 0.38 0.21 0.12
Hydrocarbon (—C13) 0.15 0.15 <0.1 <0.1



Emissionsfrom processingthermoplastics 43

Table4. Emissionsdata obtainedon HIPS duringan injection moulding processusing
Chromosorb

HIPS—injectionmoulding
Adsorbent. Chromosorb; Melt temperature, 225’C

Tube 1 static—machine/operator
Tube 2 static—background -

Tube 3 operator
Tube 4 static—machine (purge area) -

Tube 1
Concentration

Tube 2 Tube 3 Tube 4
(mg m3) (mg m’) - (mg m3) (mg rrr3)

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
Hydrocarbon(—C9) 0.16

0.59 nd
0.17 <0.1

<0.1
<0.1

Xylene 1.30 0.99 0.48 - 0.59
Hydrocarbon(—C,0) 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 processusingTenax

HDPE—blowmoulding
Adsorbent, Tenax; Melt temperature,210°C

Tube 1 static—background
Tube 2 static—machine(1)
Tube3 static—machine(2)
Tube4 operator

Compound

Concentration
Tube 1 Tube2 Tube3

(mgm3) (mgm3) (mgm3)
Tube4

(mgm3)

Hydrocarbon(—C5—C7) 0.01 <0.01 <0.01 0.01
Toluene <0.01 <0.01 <0.01 0.01
Hydrocarbon(—C3-C10) 0.01 <0.01 <0.01 <0.01
Hydrocarbon(—C,0-.C,2) <0.01 0.01 <0.01 0.01
Hydrocarbon(—C12—C,4) 0.01 0.01 0.01 0.03
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(4) Nylon 6
Nylon 6 usedin anextrusionprocesswasstudiedononeoccasionwith bothTenax

and Chromosorbtubes.Various chemicalspecieswere observedat relatively high
concentrations(including the background).Similar resultswere obtainedfor both
typesof tube (Tables6 and7).

Table 6. Emissionsdata obtained on Nylon 6 during an extrusion processusingChromosorb

Nylon 6—extrusion
Adsorbent,Chromosorb; Melt ternperature,276°C

Tube 1 operator
Tube2 static—machine(purge) -

Tube 3 static—background (purge)
Tube4 static—machine
Tube 5 static—background

Tube 1 Tube2
Concentration

Tube 3 Tube4 Tube 5
(mg m’) (mg m3) (jug m3) (mg m3) (mg m3)

Compound (standard) (purge) (purge) (standard) (standard)

alorodifiuorornethane ad nd 0.86 nd nd
Ethane, 1-chloro-1, 1-difluoro- ad ad 0.24 nd nd
Acetone <0.1 nd 0.76 <0.1 nd
Dichloromethane . <0.1 <0.1 1.04 <0.1 <0.1
Beazene <0.1 <0.1 0.31 <0.1 <0.1
Hydrocarbon(—C6—C3) <0.1 0.18 0.91 <0.1 <0.1
Methyl methacrylate ad 0.35 0.45 <0.1 nd
Toluene <0.1 0.12 0.84 <0.1 <0.1
Butane,1-chloro,3-methyl- ad ad 0.11 nd nd
Xylene <0.1 ad 0.52 <0.1 <0.1
a-Methyl styrene <0.1 <0.1 - 0.84 <0.1 <0.1
Hydrocarbon(—C9—C,2) <0.1 0.27 0.11 <0.1 <0.1

nd=aotdetected.

On this occasion,the backgroundenvironmentas well as the airbornespecies
which-werecloseto the processweremonitoredduringpurgingand,interestingly,the
concentrationsof mostchemicalspeciesin thebackgroundwereconsiderablyhigher
thanthosenearto theprocess.This apparentlyanomaloussituationis thoughtto be
dueto thefactthatotherworkingpractices,suchasproducttesting,werebeingcarried
out in the close vacinity and speciesfrom these(e.g. solvents)could have madea
significantcontribution.

(5) Polypropylene -

Thefumesemittedduringthetapeextrusionof polypropylenewerestudiedusing
both Tenax and Chromosorb (Tables 8 and 9). On this occasion there was a
perceptabledraughtin the vicinity oftheprocessandmonitoringwasundertakenboth
upwind anddownwindto investigateits effecton thecollecteddata.Thebackground
was monitoredboth during purgingandduring standardprocessingconditions.

Thechemicalspeciesobservedincludedmostlyhydrocarbonsandsomearomatics
butat comparativelyhighlevels.Not surprisingly,thelevelsoffumefounddownwind
weresignificantly higherthanthosedetectedupwind. In this casetheeffect ofpurging
did not appearto be as dramaticas with someof the processes.The relationship
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Table7. Emissionsdataobtainedon Nylon 6 during an extrusion processusingTenax

Nylon 6—extrusion
Adsorbent, Tenax: Melt temperature, 276CC

Tube I operator
Tube 2 static—machine(purge)
Tube 3 static—background(purge)
Tube4 static—machine
Tube 5 static—background

Tube 1 Tube2
Concentration

TubeJ Tube4 Tube 5
(mg m3) (mg m3) (mg m3) (rng m3) (mg m3)

Compound (standard) (purge) (purge) - (standard) (standard)

Acetone <0.1 <0.1 0.22 nd nd
Dichloromethaae <0.1 0.13 0.53 <0.1 <0.1
Hydrocarbon(—C3—C,) <0.1 0.16 0.71 <0.1 nd -

Tolueae <0.1 0.19 0.59 <0.1 <0.1
Xylene <0.1 <0.1 3.22 <0.1 <0.1
Hydrocarbon(~CrCio) <0.1 0.65 3.40 <0.! 0.68
a-Methyl styreae <0.1 0.63 7.67 <0.1 0.39
Benzene,methyl (1-
methylethyl)- nd 0.14 1.69 nd <0.1
Benzene,methyl, propyl isomer ad ad nd - nd 0.10
Beazene,methyl, propyl isomer nd nd nd nd 0.11
Benzene,(1,1-dimethyl. ethyl)- nd nd nd nd 0.12
Benzene,1 -methyl-4-
(methylethyl)- ad nd nd nd 0.12
Beazene,(1-ethyipropyl)- ad 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 ad nd ad 0.13
Hydrocarbon(—C10—C13) <0.1 <0.1 0.55 0.16 0.86
BHT nd nd 0.28 ad ad

nd=aot detected.

betweentheTenaxandChromosorb
plastics—processcombinations.

(6) Polyvinyichloride(PVC)

tuberesultswere generallyasreportedfor other

Thermal desorptionresults. The injection moulding of unplasticised PVC was
monitored using both Tenax and Chromosorbadsorbenttubes; while the cable
extrusionof plasticizedPVC wasmonitoredusingTenax andPoropak.

For the injection mouldingwork, comparativelyhigh concentrationsof a wide
variety of chemicalspecieswere observed(Tables 10 and 11) and onceagain the
backgroundduringpurgingshowedconcentrationsof somespecieshigherthanthose
obtainedcloseto theprocessitself. From thedatait canbe seenthat thebackground
environmentduringpurgingalteredcomparedto that which existedduring normal
operatingconditions. The monomertype species-found, although not thought to
originate from the study compound,could originate from additives in PVC
compoundsbeingprocessednearby.Thepurging operationwasfoundto enhancethe
concentrationsof speciesfound, which is to beexpected.

For the cableextrusionstudy the rangeandconcentrationsof speciesobserved
were both relatively small (Table 12). Although someprocessfume was apparent

- -
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Table 8. Emissionsdata obtained on polypropylene during a tape extrusion process using Teaax

Polypropylene—tapeextrusion
Adsorbent, Teaax; Melt temperature,240°C

Tube 1 static—background
Tube2 static—machine/operator(upwind side of die)
Tube 3 static—machine/operator (downwind side of die)
Tube I static—machine/operator(purging)
Tube 2 static—background (purging)

- Concentration
Tubel Tube2 Tube3 Tubel Tube2

(mgm3) (mgm3) (mgm3) (mgm3) (mgm3)
Compound (standard) (standard) (standard) (purge) (purge)

Hydrocarbon (—C5—C7) 0.48 0.22 1.65 0.27 0.23
Xylene 0.37 nd ad <0.1 <0.1
Hydrocarbon (—C6.-C3) 0.37 0.74 0.35 <0.1 <0.1
a-Methyl styrene 0.16 <0.1 nd 0.11 nd
Hydrocarbon(—C7--C9) 0.58 0.46 1.79 1.05 0.79
Hydrocarbon (—.C3—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 (ø~~C11_C13) 1.43 0.97 538 <0.1 0.87
Hydrocarbon(—C12—C14) 2.27 0.15 6.69 <0.1 0.23
Hydrocarbon (—~C,3—C15) 0.88 0.52 1.70 <0.1 <0.1

ad not detected.

Table 9. Emissionsdata obtained on polypropylene during a tape extrusion processusing Chromosorb

Polypropylene-tapeextrusion
Adsorbent,Chromosorb;Melt temperature,240°C

-Tulle 1 static—background
-Tube 2 static—.machine/operator (upwind side of die)
Tube 3 static—machine/operator (downwind side of die) .

Tube 1 static—machine/operator (purging)
Tube 2 static—background (purging) - -

Concentration
Tubel Tube2 Tube3 Tubel Tube2

(mgm3) (mgm3) (mgm3) (mgm~3) (mgm3)
Compound (standard) (standard) (standard) (purge) (purge)

Hydrocarbon(—C5—C,) <0.1 0.15 0.57 - <0.1 0.25
Hydrocarbon (—~C6—C8) <0.1 0.32 2.16 0.47 0.55
Hydrocarbon (-aC7—C9) - 0.17 0.58 0.92 <0.1 <0.1
Xylene 0.14 0.14 nd ad <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—C12) <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
Benzene,alkyl derivative <0.1 <0.1 ad ad - 0.40

ad= not detected.
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Table 10. Emissionsdata obtained on PVC during an injection moulding processusingTenax

PVC—injection moulding
Adsorbent, Tenax; Melt temperature, 180°C

Tube 1 static—operator
Tube2 static—machine
Tube3 static—background
Tube 4 static—machine(purge)
Tube S static—background (purge)

Concentration

Compound

Tubel
(mgm3)
(standard)

Tube2
(mgm3)
(standard)

Tube3
(mgm3)
(standard)

Tube4
(mgm3)
(purge)

TubeS
(mgm3)
(purge)

Dichloromethane 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 (—C6—C3) <0.1 <0.1 0.10 0.12 1.17
Toluene - <0.1 <0.1 <0.1 0.24 0.16
Benzeae,chloro- - 0.43- 0.42 0.55 0.24 0.11
Xy!ene <0.1 <0.1 cO.! 0.60 1.26
Cyclic alkene (C10~H15) <0.1 0.15 0.14 0.12 0.10
a-Methyl styrene nd ad ad 3.44 2.30
Benzene,alkyl derivative ad nd ad - nd 0.15
Hydrocarbon (—C~0--C12) 0.85 0.80 1.03 1.65 - 2.44
Benzeae,methyl, propyl isomer ad ad nd nd 0.51
Hydrocarbon(—C31--C13) <0.1 0.31 0.17 0.16 0.14

nd=not detected. .

4.; ~,

during the standard operatingconditions,asin the injection moulding study, the - . -

materialstill doesnotappearto havemadeasignificantimpacton thespeciesdetected ~-i~•~
in its immediatevicinity, similar databeingrecordedfor thebackground.It is only ~ ~

duringpurgingthat theconcentrationsofthespeciesdetectedrisemarkedlycompared
to thosein thebackground.This studyalsodemonstrated(asothersdid in this project) 43 t

howthepositionofamonitorin relationto aprocesscanhaveaprofoundeffecton the -

datacollected The Poropakadsorbentwas foundto give similar resultsto Tenaxon
this occasion. 3

No vmylchlondemonomerwasdetectedon eitheroccasionand this is thoughtto
bedueto its low residualconcentrationin theresins.

4~.
Dnennination of hydrogen chloride. The emissions present during the cable -

extrusionprocessingof plasticizedPVC were analysedfor hydrogenchloride usinga t 1:
Gastectube(detectionlimit 0.2ppm).Measurementsweretakenat 0.2and 0.04m -~ -~

from thedie with no hydrogenchloridebeingdetectedin eithercase.A furtherreading -

wastakenat 0.1 m abovethepurgewaste,in thefumethatwasgivenoff, butagainno
hydrogenchloridewasdetected 1

(7) Low densitypolyethyleneand a low densitypolyethylene—linearlow density -

polyethyleneblend :- -

The blownfilm processingof thesetwo materialswasstudiedin two quite different -

environments.The dataobtainedfor the LDPE—LLDPE blend using Tenax and 1
Chromosorbtubes(Tables13 and14) weremorecomplex,whichwasin partdueto the
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Table 11. Emissionsdata obtained on PVC during an injection moulding processusing Chromosorb

PVC—injecti on moulding
Adsorbent,Chromosorb;Melt temperature,180°C

Tube 1 static—operator
Tube 2 static—machine
Tube 3 static—background
Tube 4 static—machine(purge)
Tube S static—background (purge)

Tubel
(mgm3)

Tube2
(mgm3)

Concentration
Tube3

(mgm3)
Tube4

(mgm3)
Tube5

(mgm3)
Compound (standard) (standard) (standard) (purge) (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 ad nd
Methyl inethacrylate ad <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
Benzeae,chloro- 0.59 0.46 0.54 0.17 0.43
Xyleae nd <0.1 <0.1 ad 0.10
Cyclic hydrocarbon (alkene) C10~H16 0.79 0.52 0.37 <0.1 0.32
a-Methyl styrene <0.1 <0.1 ad 0.47 0.62
Hydrocarbon(—~C10—C12) 0.68 0.32 0.86 <0.1 0.65
Benzeae,butenyl isomer <0.1 <0.1 0.19 nd nd
Benzene,butenyl isomer ad rid 0.10 nd ad

ad= not detected.

fact that it wasbeingprocessedin amanufacturingenvironmentandnot, aswith the
LDPE (Table 15), in an experimentaltest site. With the blend, a larger range of
chemicalspeciesweredetectedandtheconcentrationsfoundwerehigher.Thepresence
ofcertainknownmonomericspecies(i.e.methyl methacrylateanda-methylstyrene)in
this datais surprisinggiventhatthetypesof polymersthat thesespeciesarenormally
associatedwith werenotobviouslyin evidenceat thesite,but-thecQncentrationsfound
arerelatively low andso they could originatefrom anothersource.

For LDPE, only Tenax tubeswere usedandrelatively low concentrationsof a
limited rangeof chemicalspecieswere observed.With this materialthe opportunity
wastakento obtainmorethanonebackgroundmeasurementin orderto obtainafuller
characterization.Unlike certainother situationspurgingwas not found to increase
significantly the concentrationsof species detected for this process.This was
corroboratedby the effect seenat the time where it was apparentthat little or no
enhancementeither in the amountof visual fume or in processodourresultedfrom
carryingout the purgeoperation.

Both of thesesituationsdemonstratedthat the relationshipbetweenthe species
detectedneartheprocessitself andthosefound in the backgroundis 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. Emissions data obtained on PVC during a cable extrusion pro~ssusing Tenax and Poropak

PVC—cable extrusion
Adsorbents,Tenax and Poropak

Melt temperature, 140°C(standard conditions), 180°C(purging)
Tube I static machine/operator (1)—Tenax
Tube 2 static machine/operator (2)—Tenax
Tube 3 static machine/operator’ (purging)—Tenax
Tube 4 static background—Tenax I
Tube 5 static background—Tenax 2
Tube 6 static machine/operator (2)—Poropak

Concentration
Tube I Tube 2 Tube 3 Tube 4 Tube 5 Tube 6

Compound (mg m3) (mg nf3) (rng nr3) (mg m3) (mg rn3) (mg m3)

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 0.0!
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 <0.0! <0.0! <0.0!
Hydrocarbon (—C9—C11) 0.43 0.17 1.00 0.28 0.44 0.64
Hydrocarbon (—‘C10—C12) 0.09 0.04 0.99 0.05 0.07 0.03
Hydrocarbon (—C11—C13) <0.1)1 <0.0! 0.96 0.04 <0.01 0.1)7

‘Different extrusion line.

.i.‘0
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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
Tube 2 static—operator
Tube 3 static—baclcround

Concentration

Compound
Tube I

(ing m3)
Tube 2

(mg m~)
Tube 3

(ing m3)

Hexane <0.1 nd 0.14
Hydrocarbon(-.~C6) <0.1 0.15 <0.1
Xylene isomer - <0.1 0.12 0.12
a-Methyl styrene 0.89 1.16 1.11
Benzene,trimethyl isomer 0.16 0.13 0.13
Hydrocarbon(—C10—C12) 3.93 2.16 3.14
Benzene,trimethyl isomer 0.31 <0.1 <0.1
Benzene,ethyl, dimethyl isomer <0.1 0.12 <0.1
Aliphatic aldebyde(—C10) 0.32 0.34 0.30
Benzene,dimethyl, pentyl isomer 0.12 <0.1 nd
Aliphatic aidehyde (-.~C11) 0.69 0.39 ad
Hydrocarbon(—C11—C13) 0.50 0.23 1.61
Aliphaticaldehyde(—~C12) 0.12 nd ad
Hydrocarbon(—C12—C14) 0.10 0.10 0.90

nd=not detected.

Table 14. Emissionsdataobtainedon a LDPE—LLDPE blendduring a
blown film processusingChromosorb

LDPE—LLDPE—blown film
Adsorbent,Chromosorb;Melt temperature,190°C

Tube I static—machine
Tube2 static—operator
Tube 3 static—background

Concentration
-

Compound
Tube 1

(mgm3)
Tube 2

(mgm3)
Tube 3

(mgm~)

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 rid
Xyleneisomer 0.14 0.38 od
Hydrocarbon(—~C9—C12) 2.31 2.10 <0.1
Benzaldehyde 0.21 0.47 ad
a-Methyl styrene 0.59 0.45 nd
Benzene,trimethyl isomer 0.17 nO ad
Acetophenone 0.59 1.02 nd
Benzene,methyl, propyl isomer 0.10 nO ad

nO = not detecced.



Table 15. Emissions data obtained on LOPE during a blown film process using Tenax

LOPE—blown film
Adsorbent, Tenax

Melt temperature, 180°C
Tube I operator—Tenax I .
Tube 2 operator—Tenax 2
Tube 3 static machine—Tenax I

.

Tube 4 static machine—Tenax 2
Tube 5 static background (1)—Tenax 1
Tube 6 static background (I)—Tenax 2
Tube 7 static background (2)—Tenax .

Tube 8 static machine (purging}—Tenax

Tube I
Concentration

Tube 2 Tube 3 Tube 4 Tube 5 Tube 6 Tube 7 Tube 8
Compound (mg m3) (mg m3) (mg m3) (mg m3) (mg m3) (mg m3) (mg m3) (rng m3)

Hydrocarbon (-~C5) 0.01 0.01 <0.01 nd nd 0.01 0.01 0.03
Trichloromethane 0.01 0.01 <0.01 <0.01 ml 0.01 0.01 0.0!
1,1,1 Trichloroethane 0.01 <0.01 <0.01 <0.01 ml <0.01 <0.01 <0.01
Hydrocarbon (-‘~C6—C8) 0.01 <0.01 <0.01 <0.01 nd <0.01 <0.0! <0.0!
Toluene 0.11 0.07 0.01 0.01 <0.01 0.01 0.0! 0.01
Hydrocarbon (—C9—C13 0.02 0.03 0.02 <0.01 <0.01 001 0.03 0.02
Xylene isomer 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hydrocarbon (‘—C10—C12) 0.01 0.01 <0.01 <0.01 <0.0! <0.01 0.01 0.02
Hydrocarbon (—~C11—C13) <0.01 0.02 <0.01 <0.01 <0.0! <0.0! <0.0! 0.0!

nd=not detected.

LA
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operatingconditionsandduring purging.The measurementsin standardconditions
weretaken in theregion thattheoperatoroccupied(approximately1.5—2 m from the
nozzle). During purgingmeasurementswere taken 10—15 cm abovethe purgewaste
andin thesameoperatorposition as that usedduring normal operation.In neither
instancewas it possibleto detecthydrogencyanideabove the detectionlimit of the
tubes(2 ppm).

Directanalysisby ionchromatographyofthecontentsofthesamplingbubblersdid
not result in any peaksbeing found at an elution time which correspondedto the
cyanideion.Nohydrogencyanidewasdetectableby thismethod,thedetectionlimit of
which wascalculatedasbeingapproximately0.5 ppm of theairbornespecies.

CONCLUSIONS
The conclusionsthat can be drawnfrom this study are:

(a) noneof thesituationsstudiedwere found to generatea high level of process
fume.MI theindividual chemicalspeciesdetected,werefoundto bepresentat
concentrationssignificantly below the correspondingpresentoccupational
exposurelimits (wheresuchlimits exist),evenduring purgingoperations.

(b) In general,ahigherlevel ofemissionsis generatedby extrusion-basedprocesses
thanby thoseinvolving injectionmoulding.

(c) Purging operationsresult in concentrationsof specieshigher than those
generatedin standardprocessingconditions and canalsoeffect 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 thosefound in monitoringpositionsvery closeto the process.-

(e) The use of thermaldesorptionwith gaschromatography—massspectrometry
- . (GC—MS) analysishasbeenshownto beaneffectivetechniquefor thestudyof

thermoplasticfume. Someadvantagesover solventdesorption,particularly
- with regardto sensitivity,havebeendemonstrated.
(f) Tenaxhasbeenshownto bea satisfactorygeneralpurposeadsorbentmaterial

for this type of study,with ChromosorbandPoropakpossiblyofferingsome
advantageswithin the low molecularweight—high volatility region (e.g. the
HIPS injection moulding data).

REFERENCES
Edgerley, P. G. (1980) Plastics and Rubber Institute, Health and Safety in the Plasticsand Rubber

Industries, Conference,Warwick, pp. 11.1—11.10.
Hoff, A. and Jacobsson,S. (1981)Thermo-oxidative degradation of low-density polyethylene close to

industrialprocessingconditions..1. App!. FolymerSd.26, 3409—3423.
Hoff, A., Jacobsson,S., Pfaffli, P., Zitting A. and Frostling, H. (1982)Degradation products of plastics—

polyethyleneandstyrenecontainingthermoplastics—~-analytical,occupationaland toxicological aspects.
Scand. J. H/k Environ. HUh 8, Supplement 2, 1—60.

HSE (1987) MDHS 60. Mixed hydrocarbons (C3 to C10) in air. Health and Safety Executive. HMSO,
London.

HSE (1989) MDHS 66. Mixed hydrocarbons (C5 to C,0) in air. Health and Safety Executive.HMSO,
London.

HSE (1992)MDHS 72.Volatile organic compoundsin air. Health and SafetyExecutive. HMSO, London.



- Emissionsfrom processingthermoplastics 53

Lenunen.T. H., Conroy,C. M. andBautista,P. A. (1989)OdorandPVC:Identification andquantification
of volatiles in clear polyvinvlchlorideprocessing.J. Viny! Technol.11, 133—136.

Lum. R. M. andKelleher,P. G. (1979) Folyrn. Preprinrs20, No.2,608—613.
Shaposhnikov,Yu. K., Kisarov, V. M., Saltanova,V. B., Novokovskaya,M. 1. and Kirillova, E. 1. (1975)

Determination of volatile products in processingof polypropylene.PVC and ABS plastics Plan.4VIassv.
No. 5,37—38.

Shmuilovich, S. M., Konstantinova, E. I. and Lazaris, A. Ya. (1981)Study of gaseousemissionsfrom PVC
resins. Plan. Massy.No.6, 48—49.

Vajniotalo, S. and Pfaffli, P. (1989)Measurementof depolymerisationproductsin thepolyacetal.polyamide
and polymethyl methacrylate industry. Am. md.Hyg. Ass.J. 50, 396—399.

Williamson, J. and Kavanagh, B. (1987)Vinyl chloride monomer and other contaminantsin PVC welding
fumes. Am. bid. Hyg. Ass.J.48, 432-436.

p~

•?~I



PLASTIC INJECTION MOLDING MACDINE - SEQUENCE OF OPERATION DIAGRAM

MOLD BEING
FILLED

A

IC

fig. 2-4 Sequenceof operationsfor areciprocatingscrewmachine.

Source: InjectionMoldingHandbook,3T~1Edition, 2000,Kiuwer AcademicPublishers.

MOLD STArING
TO OPEN

SCREW REVERSES
FOR ThE NEXT CYCLE



BEFORE THE ILLINOIS POLLUTION CONTROL

IN TilE MATTER OF: )
)

PROPOSEDAMENDMENTS TO )
EXEMPTIONS FROM STATE )
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

JUN 162005
STATE OF ILLINOIS

Pollution Control Board

My nameis PatriciaF. Sharkeyand I aman attorneywith thelaw firm of Mayer,

Brown Rowe& Maw representingthe ChemicalIndustry Council of Illinois in this

proceeding.I amtestifyingin this proceedingfor the limited purposeof providing theBoard

with publicly availableinformationderivedfrom our legal researchpertainingto otherstates’

permit exemptionsfor plasticinjection molding operations.

While wehavenot done an exhaustivesearchof all 50 state’sregulations,wecansay

thatplasticinjection moldingoperationsareexpresslyexemptedfrom stateair pollution

controlpermittingby anumberof states,includingMichigan,Ohio andTexas..

The amendatorylanguageproposedby CICI in this proceedingwasbasedon the

permitexemptionlanguagecontainedin theMichiganDepartmentof Environmental

Quality’s (“MDEQ”) regulationswhichstates:

“Rule 286.The requirementof R336.1201(1)to obtaina permit to
installdoesnot apply to any of thefollowing:

(b) Plasticinjection,compression,andtransfermoldingequipmentand
associatedplasticresin,handling,storage,anddryingequipment.”
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TheTexasAdministrativeCode,Title 30, PartI, Chap. 106,

SubchapterQ, Rule 106.394is evenbriefer,simplystating:

“Equipmentusedfor compressionmolding andinjection molding
of plasticsis permittedby rule.”

Ohio AdministrativeCode3745-31-03(A)(l)(k)createsa“permanent

exemption”from statepermitsto install for:

“Equipmentusedfor injectionmoldingofresinswhereno morethan
onemillion poundsof resins(thermoplasticorthermosetting)per
rolling twelve-monthperiodareusedin injectionmachinesat the
facility.”

The Ohio rulesalsoprovide for a discretionaryexemptionfor

equipmentusedfor injectionmoldingof resinwherethefacility doesnot

qualify for theexemptionunderparagraph(A)(1)(k) and “the facility usesno

thermosetresinsandno morethansix million poundsof thermoplasticresins

(e.g.,polyethylene,polypropylene, polycarbonate, and polyvinyl chloride,

etc.)perrolling twelve-monthperiodin injectionmachinesat thefacility.”

Copiesof theMichigan, Ohio, andTexasregulationsare attachedheretoasExhibits 1

through3 respectively.Iowa is alsoconsideringsuchan exemption.Seeattached

announcement.Exhibit 4.

PilvI operationsarealsoeffectivelyexemptedin manyotherstatesby virtue ofthe

factthat thelevel of emissionsattributableto PIM operationsand/orPIM facilitiesfall

beneathde minimisemissionexemptionlevelscontainedin thosestatesregulationsand such

exemptionsarenot limitedemissionunitsat otherwisepermitted facilities. Examplesof
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stateswith suchdeminimisexemptionsincludetheotherRegion5 U.S. EPA states:

Wisconsin,Indiana,andMinnesota.

Indianaemploys a tiered systemin which only emissionsunits with a potential to

emit (PTE) of 25 tons per yearare required to obtain full stateconstructionandoperating

permits.Units with aPTE of 10 to 25 tons arerequiredto be registeredwith IDEM, but do

not require permits.

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)10tons per year of PMIO, S02,NOx or VOC,

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
control equipmentto comply with theapplicableVOC provisions;

3) 25 tonsof CO;

4)2/lOthsofatonoflead; and

5) 1 ton of anyhazardousair pollutant (HAP).

Chapter 7007 of the Minnesota Pollution Control Agency’s (MPCA) regulations

governsair permittingin Minnesota..Under Part7007.1300(3)(I)emission units with a PTE

of less than the following levels qualify as “insignificant activities” andareexemptfrom

permit requirements:

1) 2 tonsperyearofCO. and

2) 1 ton per year of NOx, S02, PM, PM-b, VOC (including hazardousair
pollutant-containingVOC5).

Wisconsin

In Wisconsin, Section406.03(1) of the WisconsinDepartment of Natural Resources’

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,activities andoperaltions.Section406.03(2)states

that, in addition to the categorical exemptions,no constructionpermit is required if the

maximum theoreticalemissionsfrom the source, meaningthe facility as a whole, do not

exceedany of the following levels:

1) 9.0 lbs perhourfor SO2 andCO ( which translatesto —40 tons peryear);

2) 5.7 lbs perhour for PM, NOx orVOC (which translatesto —25 tonsper
year);

3) 3.4 lbs perhourfor PM1O ( which translatesto —15 tonsperyear);

4) 0.13 lbs perhour for lead( which translatesto —1 ton peryear);and

5) variousemissionrateslisted for specifiedhazardousair contaminants.

Our point in referencingtheseotherstatesregulationsis to providetheBoar&with

someperspectiveon theexemptionCICI is proposingin this proceeding.NM machines

with th~pOTeiitial totpuitiri therangeof 0.0022 to 0.22-tonsperyearof VOM, 0.00022and

0.18tonsperyearof HAPs and0.0088to 0.088 tonsof PM peryear,underconservative

assumptions,arevery minor emissionsources.In recognitionof this fact, statepermittingis

notrequiredfor thesemachinesin manyotherstates,including Illinois neighboringstatesin

U.S. EPA Region5.

While CICI hasprovidedtestimonyon the level of emissionsgeneratedby PIM

processes,it is importantthat theBoardrecognizethatthis proposalwill notresultin any

increasein emissionsto theenvironment.If exempted,NM processes,like everyother

categoryof emissionsourcesexemptedunder35 Ill. Adm. Code201.146, will remain

subjectto all applicableregulations,asexpresslystatedin thatsection:

“...Thepermittingexemptionsin this Sectiondo not relievetheowner
or operatorof anysourcefrom anyobligationto complywith any
otherapplicablerequirements,includingtheobligation to obtaina
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permitpursuantto Sections9.1(d)and39.5oftheAct, Sections165,
173,and 502oftheCleanAir Act oranyotherapplicablepermitor
registrationrequirements.”

On behalf of CICI, I would like to thank theBoard for its considerationof this

testimonyandthis proposedexemptionand wouldbe happyto respondto anyquestionsthe

Boardor othermembersof the interestedpublic mayhave.

Re~etfplly submitted,

Patri~iaF. Sharkey
On Behalf of the
Chemical Industry Council ofIllinois
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Exhibit 1

MICHIGAN DEQ

R 336.1286Permitto install exemptions;plastic processingequipment.

Rule 286. The requirement of R 336.1201(1)to obtain a permit to install does not
apply to any of the following:

(a) Plastic extrusion, rotocasting, and pultrusion equipment and associatedplastic
resin handling, storage,and drying equipment.

(b) Plastic injection, compression,and transfer molding equipment and associated
plastic resin handling, storage,and drying equipment.

(c) Plasticblow moldingequipmentand associatedplastic resinhandling,storage,
and drying equipment if the blowing gasis 1 or more of the following gasses:

(i) Air.

(ii) Nitrogen.

(iii) Oxygen.

(iv) Carbondioxide.

(v-)--Helium --

(vi) Neon.

(vii) Argon.

(viii) Krypton.

(ix) Xenon.
(d) Plastic thermoforming equipment.

(e) Reaction injection molding (open or closed mold) and slabstock/casting
equipment.

History: 1993 MR 11, Eff. Nov. 18, 1993; 1995 MR 7, Eff. July26, 1995; 1997 MRS. EM. June

15, 1997.
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Exhibit 2

OHIO EPA

3745-31-03Permitto install exemptions.
(A) A permitto install asrequiredby rule 3745-31-02of theAdministrativeCodemust
be obtained for the installation or modification of a new air contaminantsource
unlessexemptedfrom therequirementsas follows:
(1) Permanentexemptions:
The following exemptionsdo not apply to a combination of commonemissions
units that are a major stationary sourceor major modification, or to emissions
units that the National EmissionsStandards for Hazardous Air Pollutants applies
(exceptfor 40 CFRPart6b, subpart M, asbestosremoval activities), or to
emissionsunits that theMaximum Achievable Control Technologystandard
applies, or to emissionsunits that the “New SourcePerformance Standards”
applies (exceptfor 40CFRPart60, subpart AAA, residential wood heaters).

(k) Equipment usedfor injection molding of resins whereno more than one
million pounds of resins (thermoplastic or thermosetting) per rolling twelvemonth
period areusedin injection machinesat thefacility.

(m) Compressionmolding pressesusedfor the curing of plastic products that
qualify for the de minimis exemption under rule 3745-15-05ofthe
Administrative Code.This typeof pressusesa thermosetting resin and
involves a chemical reaction,usually involving heat,that converts the
material (e.g.,polyesters,polyurethanes,epoxyresins,etc.) to a solid,
insoluble stateusinga hardening or curing operation.

(4)Permit-by-rule exemptions
The following air contaminantsourcesareexemptfrom therequirementto
obtain a permit to install. Theseexemptionsare valid only as long as the owner
or operatorcollectsand maintains the records describedfor eachair contaminant
sourceexemptedunder this rule and theserecords are retained in theowner or
operator’s files for a period of not lessthan five years and are madeavailable to
the director or any authorized representativeof the director for reviewduring
normal businesshours:

(b) Equipment usedfor injection and compressionmolding of resins where:
(i) The facility doesnot qualify for the exemption under paragraph
(A)(1)(k) or (A)(1)(m) of rule 3745-31-03of the Administrative Code;
and
(ii) The facility usesno more than 1000pounds of volatile organic
compound in external mold releaseagentsand flatting spray per rolling
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twelve-month period; and
(a)The facility usesno thermosetresinsandno morethansix million
poundsof thermoplasticresins(e.g.,polyethylene,polypropylene,
polycarbonate, and polyvinyl chloride, etc.) per rolling twelvemonth
period in injection machinesat the facility (this type of
molding operation involvesmaterials that soften and melt upon
heating or pressurization heating with no chemical changeand no
permanent changein physical properties. It doesnot involve
curing, thermosetting or cross-linking.); or
(b) The facility usesno thermoplastic resins and no more than five
hundred thousand pounds ofthermoset resins (e.g.,polyesters,
polyurethanes,epoxy resins, etc.)per rolling twelve-monthperiod
in injection and compressionmolding machinesat the facility
(thesetypesof moldingoperationsuseathermosetresinand
involve achemicalreaction,usuallyinvolving heat,that converts
the material (e.g.,polyesters,polyurethanes,epoxy resins, etc.) to a
solid, insoluble stateusing a hardening or curing operation.); or
(iii) No morethanthreetonsperyearof volatile organiccompoundsare
emitted, including volatile organic compoundsfrom external mold
releaseagentsand flatting spray, per rolling twelve-month period from
injection and compressionmolding machines at the facility calculated
by usingemissionfactorsapprovedby theOhio EPA; and
(iv) The facility maintains monthly records that contain the rolling twelvemonth
usageofthermoplastic resins, thermosetting resins and volatile
organic compoundsin external mold releaseagentsand flatting spray
usedin all injection and compressionmolding machinesat the facility,
and theOhio EPA approved emissionfactors usedto calculatethe
emissions.
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TITLE 30

PART 1

CHAPTER 106

SUBCHAPTERQ
RULE §106.394

ENVIRONMENTAL QUALITY
TEXAS COMMISSIONON ENVIRONMENTAL QUALITY
PERMITS BY RULE
PLASTICSAND RUBBER
Plastic Compressionand Injection Molding

Equipmentusedfor compressionmoldingandinjectionmoldingof plasticsis permittedby rule.

SourceNote:The provisionsof this §106.394adoptedto be effectiveMarch 14, 1997,22 TexReg
2439;amendedto be effectiveSeptember4, 2000, 25 TexReg 8653
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Update on “Indoor Sources” and “Permit it or Exempt it” statement
January 18, 2005

The Iowa DepartmentofNaturalResources(IDNR) is formallywithdrawingthe“Permit
it or Exemptit” statement(“Requirementsfor SmallSourcePermittingandExemptions,”
revisiondateAugust5, 2004).IDNR will resume its past practice ofonly requiring
permits for indoor sourceswhen neededto limit the facility’s potential emissionsto
reduceits regulatory burden (when thoseunits wererequired to be permitted due to major
sourcepermittingrequirements),or if theIDNR believesthat thefacility is trying to
circumventpermittingrequirements.

IDNR, companyrepresentatives,theIowaDepartmentof EconomicDevelopment
(IDED), Universityof Northem Iowa (UNI) EmissionsAssistanceProgram,and theU.S.
EnvironmentalProtectionAgencyRegion7, met in a Work Group on January10 to 12,
2005,to developa newplanfor addressingair pollution sourceswhoseemissionsarenot
directly ventedto the outside(alsoknownas “indoor” sources).Thisnew planincludes:

1. Withdrawingthe“Permit it or Exemptit” statementandits February28, 2005
implementationdeadlineandin it’s placeresumingtheDepartment’spastpractice
for theregulatory treatment ofthesesources,

2. PursuingEPA approvalfor DNR’s pastpracticeof only requiringpermitsfor
indoorsourceswhenas mentionedabovethis is neededto either limit a facility’s
potentialemissionsto reduceits regulatoryburden,or if theDepartmentbelieves
a facility is trying to circumventpermitting requirements,

3. Allowing the useof exemptionscurrentlyin DNR administrativerule to be
availablefor sourceswhich arecoveredunderaMACT, NESHAPSorNSPSor
otherapplicablefederalstandard,

4. Adoptinga list of “trivial” activitiesnot needingapermit into DNR’s
administrativerules,and

5. Developingamoreextensivelist of exemptionsfrom therequirementto get
constructionpermits. Theseexemptionswill beproposedin two rulemakings.

TheWork Groupis completingdevelopmentof draftadministrativerulesto exempt11
activitiesor equipmenttypesfrom air constructionpermitting.Theseexemptionswill
havethresholdsnecessaryto assureprotectionof air quality. The first setof exemptions
will be introducedto theEnvironmentalProtectionCommission(EPC) in March2005.
DNR will also includea list of “Trivial Activities” for which permitsarenot required.
To provideindustryandthepublic with an opportunityto help developtheserules,a first
draftof the ruleswill be postedon theDNR website(www.iowacleanair.com),and
distributedthroughthe “Air-tech” list serverFebruary

17
th, 2005.



The WorkGroupwill considercommentssentto theDepartmentbeforethe rule is taken
backto the EPC on April 2005 for formal consideration and public comment. Final
action on the rule is expectedin July, 2005. Each ofthe activities listed below will be
addressedin the first rulemaking. However, theseexemptionswill not apply to all sizes
and typesofthis equipment, exceptto the extent that an adequatejustification for
rulemakingcanbe developed.Thoseunderdevelopmentinclude:

1. Welding andbrazing,
2. Storage& mixing offlammablematerials,
3. Powdercoatingoperations,
4. Conveyingofwet grain,
5. Researchanddevelopment,
6. SawDustwith pollution control,
7. Spray aerosols,
8. Directfired heating,
9. Phosphatizing,
10. Pressurizedstoragetanks,and
11. Refrigeration systems.

“Trivial Activities” includethe following:

1. Cafeterias,kitchens,andotherfacilities usedfor preparingfood orbeverages
primarily for consumptionat the source.

2. Consumeruseof office equipmentandproducts,not includingprintersor
businessesprimarily involvedin photographicreproduction.

3. Janitorialservicesandconsumeruseofjanitorialproducts.
4. Internalcombustionenginesusedfor lawn care,landscaping,andgrounds-

keepingpurposes.
5. Laundryactivities,not includingdry-cleaningandsteamboilers.
6. Bathroomventemissions,including toiletventemissions.
7. Blacksmithforges.
8. Plantmaintenanceandupkeepactivities,andrepairormaintenanceshop

activities(e.g.,grounds-keeping,generalrepairs,cleaning,painting,welding,
plumbing,re-tarringroofs,installinginsulation,andpavingparkinglots)
providedtheseactivitiesarenot conductedaspart of a manufacturingprocess,
arenot relatedto thesource’sprimarybusinessactivity, andnot otherwise
triggeringa permitmodification.Cleaningandpaintingactivitiesquali~if
they arenot subjectto VOC orHAP control requirements.

9. Air compressorsand vacuumpumps, including hand tools.
10. Batteriesandbatterychargingstations,exceptatbatterymanufacturingplants.
11. Storagetanks,reservoirs,pumpingandhandlingequipmentof any size,and

equipmentusedto mix and packagesoaps,detergents,surfactants, waxes,
glycerin, vegetableoils, greases,animalfats,sweetener,cornsyrup,and
aqueoussalt or causticsolutions,providedappropriatelids andcoversare
utilized andno organicsolventhasbeenmixedwith suchmaterials.
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12. Equipmentusedexclusivelyto slaughteranimals,but not includingother
equipmentat slaughterhouses,suchasrenderingcookers,boilers,heating
plants, incinerators,andelectricalpowergeneratingequipment.

13. Ventsfrom continuousemissionsmonitorsandotheranalyzers.
14. Naturalgaspressureregulatorvents,excludingventing at oil andgas

productionfacilities.
15. Equipmentusedfor surfacecoatingby brushorroller, painting,and dipping

operations,exceptthosethat will emit VOC or HAP.
16. Hydraulicandhydrostatictestingequipment.
17. EnvironmentalchambersnotusingHAP gasses.
18. Shockchambersandhumidity chambers,andsolarsimulators.
19. Fugitive dust emissionsrelatedto movementofpassengervehicleson

unpavedroadsurfaces,providedthe emissionsarenot countedfor
applicabilitypurposesandany fugitive dust controlplanor its equivalentis
submittedasrequiredby thedepartment.

20. Processwaterfiltration systemsanddemineralizers,demineralizedwater
tanks,anddemineralizervents.

21. Boiler watertreatmentoperations,not includingcooling towers.
22. Oxygenscavenging(de-aeration)of water.
23. Fire suppressionsystems.
24. Emergencyroadflares.
25. Steamventsandsafetyreliefvalves,steamleaks,andsteamsterilizers.
26. Steamsterilizers.
27. Recyclingcenters.

Theworkgroupwill meetagainin July 2005to preparetechnicaljustificationsto support
asecondexemptionrulemaking. The following equipment,activities,andprocesseshave
beensuggestedto be consideredfor thesecondexemptionrulemaking:

Productlabeling,coatingoperations,aqueouscleaningsystems,smallparts
washers,steamcleaning,smallelectricheattransferfurnaces,laser,electric,
plasma,andgaseousfuel cutting, dry cleaners,cooling towers,polymermixing,
plasticj~jectionmolders,sprayapplicationof waterbasedglue,handheld
applicatorsfor hot metaladhesive,equipmentfor usedfor surfacecoating,ozone
generators,saltbaths,drophammers,extruders,wet grainandcokeproducts
handling,sprayaerosolsandtriggersprayersusedfor cleaning,pressurized
refrigerantstoragetanks,pavedroads,andpossiblevehiclemaintenance
activities.

If you would like additional informationon thispleasecontactthe following individuals
attheDNR: Jim McGraw,Supervisor,Air Quality Bureauat 515/242-5167or
Christine Spackman,BusinessAssistanceCoordinatorat 515/281-7276.


