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Abstract:Correlationbetweenpittingcorrosionbehaviorandchi(χ)phaseformedafterashortＧtermaging(５,１０
and１５min)at８５０ ℃ of２２０５duplexstainlesssteel(DSS)wasinvestigatedusingpotentiodynamicpolarization
tests,opticalmicroscopy,andscanningelectronmicroscopyequippedwithenergyＧdispersivespectrumsystem．ReＧ
sultsshowedthatafteragingfor５min,theχphaseinitiallyprecipitatedatferritegrainboundaries,developedand
thenbecamelinkedwithprolongingagingtime．TheχphasewasrichinCrandMo,resultinginformationofdepleＧ
tedzonesnearby．TheχphasecouldreducecorrosionresistanceofDSSandslightlyinfluenceitsstability,butthe
specimensstilldisplayedthecapacityforrepassivation．Somelinesofevidenceshowedthatstablepittingcorrosion
initiatedattheboundariesofprecipitates．Theχphasewasselectivelycorrodedduringthefirststageofcorrosionand
thenthedepletedzonesnearbywereattacked．Inaddition,thegrainsizeandvolumeofprecipitatesalsoaffected
pitnucleationandprogress,andsuitablesizeanddistributionofχphasecouldaggravatepitinitiationatprecipiＧ
tateboundaries．Theχphasewithconsiderablylowvolumefractionandsmallsizewasnotsensitivepositionfor
pitinitiation．
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　　A２２０５duplexstainlesssteel(DSS)containsa
twoＧphasemicrostructurewithapproximatelyequal
amountofferriteandaustenite,showingattractive
mechanicalpropertiesandcorrosionresistance[１Ｇ４]．
However,someundesirablephasesareproneto
forminferritematrixandatferriteＧausteniteboundＧ
ariesif manufacturingprocessesarenotcarefully
controlled,severelyreducingthecorrosionresistＧ
ance of DSS[５,６]．Undesirable secondary phases,
suchasnitrides,carbides,chi(χ)phaseandsigma
(σ)phase,mainlyform andareclearlyseparated
fromeachotherwhenthetemperatureintervalisbeＧ
tween５５０and１０００℃[１,７Ｇ９],andsomeofthesephaＧ
sescanevenformwhenDSSisweldedorheattreaＧ

tedforashortperiodaccordingtothetimeＧtemperaＧ
tureＧprecipitationdiagramof２２０５DSS[１０]．
　　χphaseoccursonlyinternaryFeＧCrＧMo,quaＧ
ternaryFeＧCrＧNiＧMoandFeＧCrＧNiＧTisystemscomＧ
paredwithσphase,whichcanalsoprecipitateinbiＧ
naryFeＧCrsystem[１０Ｇ１２]．χphasecanprecipitateina
smallamountinDSSpriortoσphase;owingtoits
metaＧstableproperties,χphasewilltransforminto
σphaseafterprolongedaging[１３,１４]．Thepresenceof
σandχphases willleadtoCrＧand MoＧdepleted
zonesnearby,therebyconsiderablyreducingthecorＧ
rosionresistance[１５]．
　　Amongtheprecipitatephasesmentionedabove,
thecorrelationbetweenσphaseprecipitationand



corrosionresistanceofDSShasbeenwidelystudied
owingtoitshighvolumefractionaftererroneous
heattreatment．Somescholarshavealsoreported
thatthereductionincorrosionresistanceresults
fromtheprecipitatesthatformedaftershortＧterm
aging．DomínguezＧAguilarandNewman[１６]havefound
thatchloridepittingfavorsχphasesitesin２５Cr
DSS,andχphasedoesnotremarkablyinfluence
corrosionresistance．Santosetal􀆰[１７]havereported
thatσphasethatformedafter１,５and１０minofagＧ
ingtreatmentscarcelyinfluencesthepittingpotenＧ
tialof２２０５duplexstainlesssteel,andselectivecorＧ
rosiontakesplacemainlyonsigmaＧferriteinterfaces．
However,becausetheamountofχphaseisless
thanthatofσphase,lessattentionhasbeendevoted
ontherelationshipbetweendifferentvolumesofχ
phaseandcorrosionbehavior;moreover,χphaseis
possiblyneglectedintentionallyattimes[１８]．Infact,
thepresenceandvolumeofχphaseinfluencethe
complexpittingcorrosionbehavior,andtheelectroＧ
chemicalpropertiesofχphasedifferfromthoseofσ
phase,resultinginthediscrepancyintheircorrosion
behavior．Furthermore,moststudiesgenerallydeＧ
finedthetypeofcorrosioninneutralCl－ solutions
aspittingcorrosion,butselectivecorrosionwould
actuallyoccurbetweenintermetallicχphaseandmaＧ
trixphasebecauseofthedifferencesinelectrochemiＧ
calpropertiesamongphases．Besidesthat,fewartiＧ
cleshavecontrastedthemicrostructuresofthesame
areabeforeandafterelectrochemicalteststodistinＧ
guishwhichphaseshavebeenexactlycorrodedat
differentcorrosionstages．Thus,thisworkdetailed

thecorrelationbetweenpittingcorrosionbehavior
andprecipitatesthatformedat８５０℃afterashortＧ
termisothermalagingof２２０５DSS．Furthermore,
theorderofcorrosionofdifferentphasesandthereＧ
lationshipbetweenthesizeofχphaseandposition
ofpitinitiationwereinvestigated．

１　Experimental
１􀆰１　Materialpreparation
　　AhotＧrolled４mmＧthick２２０５DSSsheet(Taiyuan
Iron& Steel(Group)Co．,Ltd．)waschosenasthe
experimentalmaterial,anditschemicalcomposition
isshowninTable１．TheasＧreceivedsteelsheetwas
cutinto１４ mm×１４ mmspecimens．Allofthese
specimenswerehomogenizedbysolutiontreatmentat
１０５０℃for６０minfollowedbywaterquenching[１９,２０]．
ThesoＧcalledsolutionＧtreatedspecimensweresubＧ
sequentlyagedat８５０℃for５,１０,and１５min,reＧ
spectively．Anadditionalspecimenagedfor４hwas
alsopreparedtocomparetheprecipitatesandcorroＧ
sionresistanceofspecimenagedforshortandlong
periods．Eachsamplewasgroundto１２００gritSiC
abrasivepaperandthenpolished．Afterwards,they
wereetchedby modifiedBeharareagentconsisting
of１gK２S２O５,２０mLHCl,and８０mLdistilledwaＧ
terformetallographicobservation．OpticalmicrosＧ
copy(OM)andscanningelectronmicroscopy(SEM)
equipped withenergyＧdispersivespectrum (EDS)
system wereemployedtocharacterizethe microＧ
structuresofspecimensandtoanalyzetheirchemical
composition．ThesamemicrostructureswerecomＧ
paredbeforeandaftertheteststodeterminetheexＧ

　　　　　　Table１　Typicalchemicalcompositionof２２０５steel　　　　　　　mass％

Cr Ni Mo Mn Si N P S C Fe

２２􀆰７５ ５􀆰０４ ３􀆰１９ １􀆰４６ ０􀆰５６ ０􀆰１９ ０􀆰０２４ ＜０􀆰００１ ０􀆰０１９ Balance

actlocationofthepittingcorrosion．

１􀆰２　Polarizationtest
　 　Toassessthepittingcorrosionresistanceof
２２０５DSScontainingdifferentamountsofprecipiＧ
tates,potentiodynamicpolarizationtestswereperＧ
formedonCS３５０electrochemicalworkstation．AconＧ
ventionalthreeＧelectrodecellwasusedinthetests．ExＧ
actly１cm２ofthepolishedspecimens,whichservedas
workingelectrode,wasexposedto３􀆰５mass％ NaCl
aqueoussolution(pH＝７);Ptfoilservedascounter
electrodeandsaturatedcalomelelectrode(SCE)asreＧ

ferenceelectrodeatroomtemperature(approximately
２５ ℃)．Priorto polarization measurements,the
specimenswereimmersedinelectrolytefor３０ min
tostabilizetheopencircuitpotential(OCP)．Then,
thepotentiodynamicscanstartedatcathoderegionof
－２００mVbelowtheOCP,withelectrodepotential
continuouslyrisingatascanrateof０􀆰５mV/sand
endingatacurrentdensityofapproximately１０mA􀅰
cm－２ whenvisiblepittingcorrosionoccurred．ThepitＧ
tingpotentialcorrespondingtotherapidandstable
increaseinanodiccurrentdensitywasmeasured[２１]．
Eachelectrochemicaltestwasrepeatedfivetimes．
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