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3M Center
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VIA FEDERAL EXPRESS

DocumentControl Office (DCO)
Office ofPollution PreventionandToxics(OPPT)
US EnvironmentalProtectionAgency
EPA East,Room6428
1201 ConstitutionAvenue,MW
WashingtonDC 20460

DearSir orMadam:

During theJuly 9, 2003meetingoftheFluoropolymersTechnicalWorkgrouptherewasa
requestfor informationon thephysical/chemicalpropertiesof PFOA. This informationis
attached.In addition,a summaryofenvironmentalfatestudy resultsis includedin the
attachmentto augmenttheunderstandingof environmentalbehaviorofthis substance.

This documentshouldbeconsideredan additionto theP-Chempropertiesfor fluoropolymers
datarequestmadein Item2 on page11 ofthePreliminaryFrameworkdocumentpublishedby
EPA onMay 20, 2003. A referenceofthis submittalshouldbeplacedin theElectronicDocket
OPPT-2003-0012.

Sincerely,

/~

.—‘cc: MaryDominiak—Room4410

Michael A. Santoro
DirectorofEnvironmental,Health
SafetyandRegulatoryAffairs
3M/Building 236-1B-lO
St. Paul,MN 55144
651-733-6374(phone)
651-733-1958(fax)

GeorgeH. Millet
Director - Quality, Environmental,
Health& Safety
DyneonLLC, 3M Company
674433rd StreetN.
St. Paul,MN 55128
651-733-5637(office)
651-737-9637(fax)

Attachment



PERFL UOROOCTANOICACID
PhysiochemicalProperties1andEnvironmentalFateData

PERFL UOROOCTANOICACID - PHYSICALAND CHEMICAL PROPERTIES’

ChemicalIdentity

ChemicalName:PerfluorooctanoicAcid
Molecularformula: C8 H F1502
Structuralfonnula:F-CF2-CF2-CF2-CF2-CF2-CF2-CF2-C(=O)-X,
Thefreeacid andsomecommonderivativeshavethefollowing CAS numbers:
Theperfluorooctanoateaniondoesnot haveaspecificCAS number.
FreeAcid (X = OM+; M = H) [335-67-1]
AmmoniurnSalt (X = OM+; M = NB4) [3825-26-1]
SodiumSalt(X = OM+; M = Na) [335-95-5]
PotassiumSalt (X = OM+; M = K) [2395-00-8]
Silver Salt (X = OM±;M = Ag) [335-93-3]
Acid Fluoride(X = F) [335-66-0]
MethylEster(X = CH3) [376-27-2]
Ethyl Ester(X = CH2-CH3) [3108-24-5]
Synonyms:1-Octanoic acid, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluoro-PFOA

Ammoniumperfluorooctanoate(APFO) is theFluorinatedPolymerizationAid (FPA) mostcommonly
usedin theproductionofmanyfluoropolymersandfluoroelastomers.APFOhasseveralsynonyms
including C-8 acid,FC 143, andperfluoro-ammoniumoctanoate.Thefreeacid,perfluorooctanoicacid,is
oftencalledPFOA. A morecompletedescriptionofphysicalandotherpropertiesofthisandother(FPA)smay
befoundin FluorinatedSurfactants2.

ThermalBehavior

Perfluorooctanoicacidhasafairly low meltpoint of45 — 50°C,with slightsublimationreportedto occurat40°
C ~. ThereportedvaporpressureofPFOA, 10 mm Hg, appearshigh for a low meltingsolidwhen
comparedto otherlow melting solids (chloroaceticacid: solid; MP 61 to 63 IC; BP = 189 IC; VP 0.1
kFa(0.75 mm Hg) @ 20 IC; NIOSH),but is consistentwith otherperfluorinatedcompoundswith
similarboiling points(perfluorobutanoicacidBP = 120 IC, VP 10 mm Hg @ 20 IC) ~. Thevapor
pressurewasmeasuredat an elevatedtemperature(inadvertentlyomittedfrom thereport).
Perfluorooctanoicacidis typically handledasa liquid at 65 /C ~.

While it maybe expectedthatconversionofthePFOAacidtoasalt shouldreduceits volatility, animonium
perfluorooctanoate,themostcommonlyusedsaltofPFOA,showsvolatility at fairly low temperatures.The
vaporpressureofammoniumperfluorooctanoate(APFO) wasreportedto beapproximately7 X 1 0~mm Hg at
20°C.6

A studyofweightlossbehaviorbythermogravimetricanalysisofvarioussaltsofperfluoroi ctanoicacid
illustratesthedifferenceshi thermalbehavior‘~. Forexample,theammoniumsaltbeganto show loss of sample
weightin the50-100°Crange(20%lossundertheconditionsusedat167°C),while thesodiumsaltdid not

showweightlossuntil aboutthe200-250°Crange(20%weightlossat298°C). Theammoniumsaltbeginsto



sublimateat 130°Cwith 20%of theweightofthesamplet lost by 169°C.Othersalts(Cs,K, Ag, Pb,Li)
do not demonstratesimilarweight loss until 237°Corhigher.8Decompositionofdifferent saltsproduces

perfluoroheptene(lossofmetalfluoride and carbondioxide).This occursat 320°Cfor thesodiumsalt
and at250-290/C for thesilver salt~.

Behaviorin Water

As expected,thesolubility ofperfluorooctanoicacidandothersaltsis complexandcaninvolve theformation
ofmicellarsolutionsandliquid crystalphases.Phasediagramshavebeenpublishedfor ammonium
perfluorooctanoate.8 Thefreeacidof PFOAis expectedto completelydissociatein water.In aqueous
solutions,individual moleculesofPFOAanion looselyassociateon thewatersurfaceandpartition
betweentheair / waterinterface. SeveralreportsnotethatPFOAsaltsself-associateatthesurface,but
with agitationtheydisperseandmicellesform at higherconcentrations9,10 & hI• Watersolubility has
beenreportedfor PFOA,but it is unclearwhetherthesevaluesarefor a microdispersionofmicelles,
ratherthantruesolubility.

Dueto thesesamesurface-activepropertiesofPFOA,andthetestprotocolfor theOECDshakeflask
method,PFOAis anticipatedto form multiple layersin octanol/waterTherefore,ann-octanol/water
partitioncoefficientcannotbe determined.

ThePFOAderivativehavingthegreatestuseis theammoniumsalt (APFO; CAS No. 3825-26-1).The
watersolubility ofAPFOhasbeeninconsistentlyreported.One3M studyreportedthewatersolubility
ofAPFOto be> 10%.It wasnotedin an earlierstudythat atconcentrationsof20 gIL, thesolution
“gelled” (3M, 1979).This latterresultseemssurprisinglow for a salt in light ofApollo Scientific
selling a 31% aqueoussolutionofAPFO. OneauthorreportedtheAPFOpartitioncoefficientlog P~,
5. AnotherauthorreportedanestimatedAPFOlog P~= -0.9. This valuemightnotbeaccuratedueto
theestimationmethodused12 Again, theanticipatedformationof anemulsifiedlayerbetweenthe
octanolandwater surfaceinterfacewould makedeterminationof log K0~impossible.

PhysicochemicalProperties

Theavailablephysicochemicalpropertiesfor thePFOAfreeacidare:
Molecularweight: 414~
Melting point: 45 — 50 IC~
Boiling point: 189 — 192 /C / 736 mm Hg5

Vaporpressure:10 mm Hg @ 25 /C (approx.)(Exfluor MSDS)
Watersolubility: 3.4g/L (telomeric[MP 34 /C ref. 0.01 - 0.02 mol/L ~4 - 8 g/L) (MSDS from
Merck, Fischer, and Chinameilan Internet sites)
pKa: 2.5 (USEPA AR226- 0473)
pH (lg/L): 2.6 (MSDSMerck)

Methanolsolubility: >10%by weight (3M Study2001)
Acetonesolubility: >10%by weight(3M Study2001)

ThephysicocheinicalpropertiesofPFOAandits commonderivativesaresummarizedin Table 1.



Table 1. ReportedPhysicochemicalProperties

Compound
~

CAS
REG#

MP BP VP SoL-
1120

Log
~*

R-C(=O)Cl 335-64-8 13 1°C
R-CO2H 335-67-1 55°C 189°C lOmmHg 3.4g/L
R-CO2-NF{4+ 3 825-26-1 130°C(sub) Sublirnes 1 x 1OE -

mmHg
20 g/L
gels

R-C(0)OMe 376-27-2 159°C
pH (I g freeacid/L water)= 1.5 — 2.5 FreeacidpKa is approximately0.6
Sodiumor Silver saltsof PFOAdecomposeabove250°Cto generateperfluoroolefins.

Surfactantstraditionallyemulsif~,ioctanol andwater

The environmentalfatestudyresultsare shownin Table2.

Table 2. PFOA Environmental FateData

Product Cation

%PFOA

product Parameter Resu’ts
.

Comments
Year

Tested

FC-143 NH4

Soil Sorption
(Brill sandy
loam soil)

K = 0.21,
Koc = 14 Highly mobile; 3M Study 1978

FC-143 NH4 97-100

30-day
photolysis
~xposure

No evidence of
degradation 3M Study 1979

FC-143 NH4

•

95.2

Direct and
indirect
photolysis

Minimum indirect
photolysis 1/2 life
dt 25°C= >349
days

No evidence of direct or indirect
oss of PFOA was observed; 3M
Study 2001

FC-143 NH4 95.2

Hydrolysis at
pH 1 .5, 5.0, 7.0,
9.0

hydrolytic 1/2 life
at 25°C= > 97

days
FFOA loss was pH independent;
3M Study 2001

FC-143 NH4 97-100 og Kow -0.9 Calculated; 3M Study 1981

FC-143 NH4 97-100

.

BCF - fathead
minnow 1.8

PFOA conc. was calculated from
otal F conc. After15-days

dupuration, fish tissue conc
lropped from 47 ppm to 8 ppm

(wet weight); 3M Study 1995

FC-143 NH4 97-100

Biodegradation
(ABS/LAS
shake culture)

No evidence of
biodegradation

2.5 month exposure. Inoculum
mixture of municipal and 3M
industrial activated sludge. 3M
Study 1978

:C..143 NH4 97-100

Ready
biodegradability
• CBOD-
20/COD Nil ~3MStudy 1980

FX-1 001 H 95-98

Ready
biodegradability
- CBOD-
~0/COD Nil ‘~MStudy 1985



Table 2. PFOA Environmental Fate Data (cont.)

Product Cation

%PFOA
in

product Parameter

I
Year

Results Comments Tested

FC-126 NH4 78-93

Ready
biodegradability
-CBOD-
20/COD 0.86 3M Study 1987

.

FC-143 NH4 95.2

18-Day aerobic
biodegradability
Nith measured
conc.

No evidence of
biodegradation 3M Study 2001



Informationtakenfrom theGuide to theSafeHandlingofFluoropolyinerDispersions,FluoropolymersManufactures

Group, Societyof PlasticsIndustry,WashingtonDC, October2001,andthePreliminaryRiskAssessmentofthe
DevelopmentalToxicityAssociatedwith Exposureto PeifluorooctanoicAcidand its Sa14US EPA, OPPT,Risk Assessment
Office, April 10,2003
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