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StalnlesssteclsareoneorLhemostpromisingmaterialsasbipolarplatesro√POlym erelectrolytemembrane

RJeLcells(pEFCs)･lnuseorstainless.モteclbipolarplates,ho､vever,corrosionandcorTOSioninduced
degradationorceHpcrrormanccareantlCIPated･lnthepresentS【udy,corTOSIOnbehavlOrOrSUS304and
3)OSstainlesssleclswasinvesllgaLedthroughpolarizBLtiontestsintheslmulaledPEFC envtronment

(0.05MNa2SO4(PH23)+2ppmドsolutionat353K),contactresistanceTTleaSuremenlbchveensteeLsand

carbondiffusionlayerandcelloperation.東psanalysiswasalsocaJTicdouHocomparethesteelsurraces

anerpolarizationmeasurementsandcelloperation.TllereSuIISindicatedlhalpassivecurrenldensltylbr
SUS3lOSsLainLcsssleeHntheslmulatedPEFCenvirol1mentSWaslowcrthanthatfTorSUS304stainless

steel,asexpccLed什omhlgherCrcontent.LongerpohrlZBLionorthesesteclsdecreasedthepassivecurTenL

dens)tybutincreasedcontactresIStanCeduetothlCkenlngOrthepasslverHTTl.TheCCLIvoltagedropsaRer

3.6xlO6らoperat.on､vere14mV Forgraph'Le,22mV norSUS310Sand46mV ForSUS304stec)I

ApparenLcorrosion､vasrecogMZedrbrSUS304 stalnlesssteclscTVedTorcathode.

Kcy､voTds･blPOlarplate,PEFC,stalnlesssteelcorrosion

IlNTRODUCTlON

PolymerelectrolylcmembmTleruelceHs(PEFCs.also
rcrerredtoasprotoneXCbngemelrlbranefuclcells.
PEN)arconeorlhcideELIpowergeneratlngSystemsin
termsorcleaJlHnCSSandenergyerFTIClenCytl】PEFCs
arepnncIPallyconlPOSedorastackormeTTlbTlne
elecLrOdeasseTTlbly(MEA)andbiFX)Jarp181eS.Bipolar
platesgLYCPathwaystogaLSCSandwaterthroughout
electrodesand c)cctronic connections10 elecLrode

materhlsthroughgasdlmsionlayersThereforebLPOLar
phtesarcmadeorelcctr∝ollduc一ivcTTlaLerialsstJChas

皇raPhiteormetals. MctaLsall:LessbrillLe,less
gas-Pcrmeableandmoremachinablethangmphlteor
carbonbasedcornpositcmalenalsl2]Severa一audlOrS
haveproposedlhcuseorstainlesssICClsasbipoLarplates
l3-日1.However.chemlCalstab111LyOrmetalsdepends
stronglyon一hcirenvimnrncnts.Com)sionormeuMc
bIPOLarpblCSdctenom Les ccll叩rrOTTmnCebccausc

coTTOSion products increase the contactTeSisldnCe
betweentheplalCSanddiffusionlayer.FurtherTnOrC
dISSOIved 171et州ICionsareknownLOdegmdc the
perrorTTlaJICCOrmembranel12].TllCrerOreCOrTqSionor
meLalllCblPOlarplateisthecnLICalissuelnOrderLO
reaLi2X:lessexFXnSiveandmorerelhbLestack.lnLhc
prcsenlSttldy.thecorl.OSionbchav1-ororSUS304and
310SstamlesssleclswaslnVCS一lgaLedthroughcell
operationupLO IOOOh ElectrochemlCallesLs lna
simulaLedl〉EFCenvironmcnlWCrCalsoearnedout10

coT叩arCthesurfacestates.

2.EXPER_lMENTAL
2IMaLenals

TwotypesornustenitcsILIintcsssleCIswlthdifTercnt
conlcnLsorchrom)um(18mass%forSUS304and25%
forSUS310S)atldnlCkel(9%rorSUS304and)9% ror

SUS310S)werecolrlParedlnthlSSludy･ThesesLalnless
steclsplaleS(2rnmLhICk)weremachinedirHOaSquare
(20x20rnrn)andmountedIntoePOXyrCSlnTor
polan2DLIOntests Thesurfaceswerefinisheduslng
diamond paste pOlisheT Or 6 pm aJld clcaned
ultJnSOnlCa‖ylnhexaneTorI5mlnULCS.

22PolaTjzaLlOntests
PohnpzjlLiontestswcrccamedoutlnaPTFEllned

ccll､vhkhwasnlledwith200cmユoro.05M Na2SO4
(pH2.3)+2pprnFIsolul10nS仙 raledw一山eitherargon
orairillOrderLoSimulatethePEFCenvl'ronmenLSonle
tests were made Ln SduLiorlS With dilfTcrent

concentTalionsornuoride.ArereTCTICCel∝ lTOdc(SCE)
wasplaccdoutOr一hewaterbathwhlChkeptthe
tcrnpc柑 tuTCOrthecell353K.PoLentialsareindlCatedas
mcasurd againstLJltSSCEwithoutanyCOrrCCLl0nro√
thetherma)JU∫-CLionpoLential･TestSPeCllTlenSWere

polan比dt0-500mV(SCE)rtrsH 0 TernOVeair-formed
fTllmsal1dtherLintheanodJCdirecL10nby)mVs･l
SpcclmCnSWCTtalsopolaJuCdatconstantpOlenll'aLsor
-loomVand+600rTN toro)lowthecurTenLuptO29ks

23ContactresistanceTTICaSuLementS
Conti)CtreSisLanccwasevaluatedaSaLTunc一ionor

appllCdforceaccordingtotherouT-1e-malmethod
betweenthespcclmenandcarbonlibercloLhwhlCh
worksasadLrruSionlayerForreactaJILgases.

2.4LliFX)JarplaleS
A plaleOrSLmnlesssleel(80冗80i6TTlm)was

machinedIntoablpOlarplaLeWllhSerPCntincnowrleld
accordi鳩 LOtheNEDO reportbyJARll13】.The
ekctrodcareawas50x50mm.ThesurfaceWZIS

pollShcddownLo2000 gm anddegTeaSCd.Nohlrthcr
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pretreatmenlwasmadefTorthebipolarplatesl

2.5CCHoperation
A sing一ecellwasassembled From stainlesssteel

cbipmo諾resp,liaJceS,.arncdea.Fcて;omAr慧 aTVhai.as?Leg.T慧 ,wwiiI:
operatedaL348Kunderambientpressure.ThereaCtanl
gaseswerefullyhumjdinedaL343K.Theuri地alion

cwSe7n?dO:onsR?tr;thy:S怒.e51AgacSm(-T.2)and40% Torair'Thc

2.6XpSanalysts
A爪crpolarizaLJ'ontestsorceHopcralion,thesurfaces

of the staintcss steels were analyzed by XPS

(ULVACIPHl5600)A

3.RESULTSANDDISCUSS10N
3.1Polari乙alioncurves

fig.Ishowsthepolarizationcu･rvesTorl､vokindsor
slajnlesssteelsinthesjmulatedPEFCenvironment,i.e.
0.05M Na2SO4(PH2.3)+2ppm Fーso]ufionat353K.
SUS304 stainlesssleetshowedalittlehighercurrent
denstty LhaJISUS310Sbutthedifferencedidnotseem
criticalsincebothstee一saLisriedthegeneralJyrequired
corrosionrateor<16pAcm-2[2].lnordertodlStinguisll

thesuperiontyoFSUS310Sstainlesssteel,polaTi-LaLion

tests were conducled in solutions with higher

concentrationornuorjde.Fig.2 (a)showsthecurTenl

density-LimecurvesrOrSUS304stainlessstceJat+600

mVasaFunctionorconcentTation ornuoride.Fig.2(b)

revealstheresultsorthe sam e tcsLs ror SUS 3lOS

stainlesssteeLCriticaldifference w as round w hen 山 e

concentrationornuoridewas 500 ppm . The current

densitySlatledincreasingaller )0 ks ror SUS304

Stain一esssteelwhileilCOntinued LO decrease up lo 29 ks

forSUS310Sstain一essstee一.The resultsorsim ilartests

at･100mVareshowninFig.3.The dirrerence in anodic
cuJTenLdensitybetweenSUS304 a11dSUS310S
stainlesssteelsbecamemorepronouncedinthesolution
withLOOOppmornuoride.BuHhecurrcnLdensitiesdid
notturnincreaslr唱uPtO29ksaHhispolentiaL
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Fig.)AnodicpolaTizaLioncurvesTorSUS304and310S
stainlesssteelsinadeaeratcd0.05M Na2SO4(PH2,3)+
2ppmrsoluLionat353K"

3.2Contactresistance

Fig.4Showsthecontactresistancebetweenbipolar
p)atematCrjalsandcarbonfiberclothasaruncLionor
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Fig.2ErfecLOrCOnCentration ornuoridc on lhc lime

variationoranodiccurrentdensityaL+600 mV ror(a)

SUS 304 and (b)SUS 310S stainlcss stccls in aerated

0.05M Na2SOJ(PH2_3)solutionsaL353 K･
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Fig.3ErFeclorconcentration ornuorideon Lhe 【imc

variationoranodiccurrentdcnsily at1600 mV ro√(a)

SUS304and(b)SUS310S stainlessstcclsindeaeraled

0.05MNa2SO4(PH 2.3)solutiorlSa1353K-
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appliedpressure･Therlgurealsoincludcstheresu一tFor
graphite.Asexpected.山eresistancerorgraphitewas
sITlalleI10し唱h＼vhiLestainlesssleelsshowaboulしentimes
largerva一ue.Stainlesssleelsaner29kspolariulional
-loomVshowedlilLLeincrcascincontaclresistancebul

thoseal+600mVshowedaboutlenlimesincrease.No

apparentdinTerenceWasroundbetweenSUS304and
SUS310SstainlessslcelsasTorthecontactresistance.
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Fig.4Contactresistancebetweenslainlesssteels
andcarbonnberc)olhanerpolarizationro√29ks
in0.05M NQ2SO4(PH2･3)+2ppmド-solutiona1353
K.
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Fig.5Initiali-Vcharaclerislicsofsinglecells
uslngdirrerenlmaterialsrorbipo暮arp)ares.

NoapparenldifferencewasroundbetweenSUS304arid
SUS310Sslain)esssleetsasrorthecontactresistance.

ThuslargepotentialdropwasanllCIPaLcdacross the

inlerTacebetweenstaintcssstee一bipolarplatesand gas

dimISionIayer.
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Fig.6ThecrFeclormaLerialsForbipotarplates
onthesLabitiLyOrCeltvoltage･Currentdenslly:
o･5Acm･2.Anodegasutility:70%,Cathodegas
uliHy:40%,
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Fig.7Surfaceappearancesortheribsurfacesof
stainlessstee=〉ipolarplatcsalter3･6xIO6sopcration･

3.3CeHperrbmaJICe
Thecurrent-vOhagecharacICrislicsalLhebcginnLng

oroperalionorthesinglecellsassemb一edwithdi恥renl
materialsorbipotarplaLesaresho､vninFig.5.The
voltagedropsForcel一swithstainlesssleetbipoI8rPlalCS
wasnotaslargeasanLic)paledfrom Fig.4.Theoxide
rllmsmaybemoreconductiveinawetCOndiLionasin
lllePEFCenvironmenLThecellsweresubjecled10

C.onstanLcYrreniIoad(0･5A cmー2)For3･6x106S･The
I)mevahatLOnSOrlhccellvoltagearcShowninFig･6.Ln
thecaseorgmphitebipolarp一ate,iJleVOItagedropaRcr
1000hoperationwasassmaHas 14mV.SUS310S
stainlesssleetbipoLarplaleCauseddropoL'22mVarldno
visib一etraceorcorrosionwasrecognized･lncaseoF
SUS304stainlesssteeいhevoltBgedrop､vasaslargeaS
46mV.lnFig.7､SEMpicLurCSOFtheribsurfacesorlhe
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Tab一e)Cr/Featomicratiointher‖ms

polarizationror2･9xlO3s cellopcralionFor3･6x】06S
SLaintesssteel aspolished

-loomV +600mV anode c81hode

SUS304 0.40 3.00 t.58 4.09 0.63
SUS3IOS 0.60 1.97 2.51 12.57 7.8]

bipolaTPlatesaRer3･6,t-06scellopcralionsareshown.
Apparenlcorrosion､vasrecognizedonJyonSUS304
stainlesssleelservedTorcathode.

3.4Surraceanalys)s
Fe2pspec的 forSUS304sLainlesssleetaner2･9ks

polari之aLionin0.05M Na2SO4(PH 2.3)+ 2ppm F~
solutiona1353Kand3･6xlO6ScelloperationareshowTl
inFigl8･ARer3･6xI06soperation,ulePeaka1707eV
disappeared both from cathode and anode sides,
indicatingthickeningorLheoxidelayerWithprogressor
celloperalion.ThesurfaceortheSUS304stain一esssleeL
bipobrplateusedforcathodesidewasalmostCOVCred
with iron oxide.ascanbeseenromlTableIwhich

SummarizedCr作c ratio withineachoxidelayer.The
results OrXl)S ana一ysis rorSUS304andSUS310S
stainlesssLeCIsaRerpolarizadonlesLShlLhesimulated
PEFC environments For2.9ksdidnotshow dislincl

dirrercncewhHethoseaRer3･6xlO6Scelloperation
indicatedthatsurfaceoxide一ayerbecamemoreenriched
withchromium ForSUS3lOSst(linlcssstee).
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Bindingenergy,eV
Fig.8Fe2pspectraoTSUS304slainlcsssleet
after2.9kspolariZB(ionin0.05M Na2SO4(pH2.3)+
2ppmFsolutionat353Kand3･6xl06scelloperalion･

4.Conclusions
TwolyPICalausteniticslailllesssleets,SUS304and

310Swereevaluatedascandidatematerialsforbipolar
platesOFPEFCs･TheresultsofsingleceHoperationup
103･6xIO6sreveakdthatSUS3)OSsICCl､VaschcmicaHy
stab一easabipoJarpJalewhi)eSUS304SteelsuITTered
Fromgenera一corrosiononI,hecathodeside. Sevcra】
electTOChemicaltestswerealsocarriedoutforfurLher

characleriZaLionorthesesteeLs.DynamicpolarizbLion

testsinthesimulaledPEFCenvironmentlVereefTeclive

rororderingormaterials:SUS310Sshowedlowcr
passivecurrenuhanSUS304steeLButonecouldhardly
co一-CIudefromonlypolari2alioncurvesirlhematerialis
chemicallyslableenoughornotduringlongopcmIionas
abipolaTPIaLe.ThencurrentdensILy-Limecurveswere
obtainedasarunclionorconcentrationornuoride.The

increaseincurTenldensityWithconcenlralionornuoride
wasmostremarkable forSUS 304 stainlcssstee一

polaTjzRdLO+600mVwhichisconsistentwiLhcorrosion
behaviororbjpolarp一atesLhalSUS304stainlesssleet
sufferedFrom corTOS)'ononthecathodeside. Anodic

polarizatjonortheseslaintessstce)sLo+600mVirtthe
simulaled PEFC environment caused unfavorable

increaseincontactresistanceagatnStCarbondiffusion
layer.ButcellvolLagewasnotI-nnuerLCedsomuchaS
alllicipaledFromconLaClrCSistAnCedata.PassiverHms
onstain一esssLeelsbipoLarplatesshowlnggoodcell
perrormancewcrchighlyenrichedwithchromiumwhile
ironrichsurfacewasrecognizedoncorrodedplate.
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