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Abstract:Theeffectsofshieldinggasandpostweldheattreatmentonthepittingresistance,stresscorrosioncrackＧ
ingandhydrogenembrittlementofsupermartensiticstainlesssteeldepositswerestudied．TwoallＧweldＧmetaltest
couponswerepreparedusingametalＧcoredwireunderAr＋５％HeandAr＋１８％CO２gasshieldingmixtures．SolubiＧ
lizingandsolubilizingplusdoubletemperingheattreatmentsweredonewiththeobjectiveofachievingdifferentmiＧ
crostructuralresults．ThesamplesweldedunderAr＋５％Heshowedhigherpittingcorrosionresistance,forallpost
weldheattreatments,thanthoseweldedunderAr＋１８％CO２．Thedifferentpostweldheattreatmentsgenerated
highersusceptibilitytothiscorrosionmechanism．Noneofthesamplespresentedsignsofstresscorrosioncracking,
butinthosesubjectedtotheheattreatment,grainboundaryselectiveattackwasobserved,onthesurfacesofallthe
samplesstudied．Thesampleswithhighesthardnesswerethemoresusceptibletohydrogendamage,therebyleading
toreducedtensilestrengthonthiscondition．
Keywords:supermartensiticstainlesssteel;shieldinggas;postweldheattreatment;corrosion;hydrogenembrittleＧ
ment

　　Supermartensiticstainlesssteels(SMSS)offer
goodcorrosionresistanceinsweetandslightlyacid
environmentsandhavebeendevelopedforOCTG
(oilcountrytubulargoods)applications[１]．Sincethe
middleofthe１９９０′s,weldingproceduresforSMSS
areavailableandtheirutilization,almostexclusively
inthe oiland gasindustry,has markedlyinＧ
creased[２]．Theyalsoofferhighstrengthandgood
toughnessatlowtemperaturethroughtheapplicaＧ
tionofpost weld heattreatments[３]．Inthelast
times,thedevelopmentofSMSSconsumableshas
beenfocused and severalresearch programs are
workingontounderstandtheirbehaviorindifferent
applications[４－５]．
　 　Itisknownthatpost weld heattreatment
(PWHT)at１０００ ℃ withdoubletemperingelimiＧ
natestheferrite,tempersmartensiteandmaximizes
thecontentofretainedausteniteinthemicrostrucＧ
tureatroom temperature[６]．Thecombinationof

thesefactorsisidealtomaximizethetoughnessof
theweldSMSSdeposits[６]．Themechanismthrough
whichaustenitebecomesstableafteradoubletemＧ
peringcanbeexplainedbythethermalinstabilityof
theaustenite generated during the firsttempeＧ
ring[３,７]．Theausteniteisstableatroomtemperature
duetotwocauses:thechemicalcompositionanda
structuralfactorassociated withahighdensityof
dislocationsinthesubstructure[３,７－８]．ThephenomeＧ
nonofsensitizationgeneratesareaswiththelower
chromiumcontent,duetotheprecipitationofcarＧ
bides/carbonitridesofCrintheheataffectedzone
(HAZ),particularlyaftertheheattreatmentused
togeneratethetemperingofmartensite;thesereＧ
gionsaremoresusceptibletothepittingcorrosion
(PC)[９]．Molybdenum,chromiumandcarbonconＧ
tentsalsoaffectsusceptibilitytothistypeofcorroＧ
sion[９]．Furthermore,althoughtheSMSShavegood
corrosionbehaviorinsweetmedia(CO２)andslightＧ



lysour(lowlevelsofH２S)environments,theocＧ
currenceofintergranularstresscorrosioncracking
(IGSCC)intheHAZofsupermartensiticsteelwelds
undercertainenvironmentalconditionshasbeenreＧ
ported[１０]．TheinitiationandpropagationofthisfailＧ
uremechanismisusuallyproducedbythedecrease
ofchromiumcontentintheadjacencyofthegrain
boundaryinthe HAZformedby welding[１,１０－１１]．
Otherresearchers[１２]justifythisbehaviorviaapheＧ
nomenonofsensitizationduetothereductionof
chromium content by carbides precipitation[１２]．
However,otherstudies[１]reportedthatthestress
corrosioncrackingbeginsintheareaswithdecreased
Crassociatedwithaphenomenonofoxidationduring
theweldingprocess．Inthisregard,aspectsrelated
totheweldingprocessasthetypeofshieldinggas
usedcangeneratevariationsinthechemicalcompoＧ
sitionofthedepositedmetal[１３],whichcanaffectits
mechanicalproperties[１３]anditscorrosionresistance．
Thementionedchemicalcompositionvariationscan
beaccompaniedbychangesinthephase′sdistribuＧ
tioninthemicrostructure[１４]．
　　InspiteofthefactthatstresscorrosioncrackＧ
ing (SCC)andhydrogenembrittlement (HE)in
weldedjointshavebeenfrequentlystudied,thereis
notenoughinformationabouttheseproblemsin
consumableallＧweldmetal[５,１５－１６]．
　　Theobjectiveofthisworkwastoevaluatethe
effectofshieldinggasandPWHTonthepittingcorＧ
rosionresistance(PCR),stresscorrosioncracking
andhydrogenembrittlementinSMSSallＧweldmetal
(AWM)obtainedusingametalcored(MC)wirefor
semiautomaticweldingprocessundergasshielding．

１　ExperimentalProcedure
　　TwoAWMtestcouponswereweldedaccording
tothestandardANSI/AWS A５􀆰２２Ｇ９５[１７],usinga
ϕ１􀆰２mmSMSSmetalＧcoredwireunderArＧ５％He
(Hsamples)andArＧ１８％CO２ (Csamples)shielＧ
dinggasmixtures,withagasflowof１８L/minand
stickＧoutof２０ mm,intheflatposition,withthe
similarheatinput,usingasemiautomaticwelding
process．Preheatingandinterpasstemperatureswere
１００℃．TheplateswerebutteredwiththeconsumaＧ
bleto betestedfollowingthe mentionedstandＧ
ard[１７]．Theweldingparametersused,inbothcases,
werevoltageof３０ V,currentof３００ A,welding
speedof５􀆰５mm/s,andheatinputof１􀆰６kJ/mm．
　　BothweldedcouponswereevaluatedbyradioＧ
graphictesting according to the standard ANSI
B３１􀆰３∶１９９６[１８]．Lowlevelofdefectswasfound．

　 　IntransversecrossＧsectionsofeachcoupon,
chemicalcompositionsofallweld metalweredeterＧ
minedbymeansofopticalemissionspectrometry(OES)
measurementsexceptC,N,OandScontentswhich
wereanalyzedviaLECOTM．MicrostructuralcharＧ
acterizationwasdoneusingbothopticalmicroscopy
(OM)scanningelectronmicroscopy(SEM)andXＧ
raydiffraction(XRD)．FerritecontentsweremeasＧ
uredfollowingthestandardASTM E５６２Ｇ９９[１９],by
quantitative metallographyandaustenitecontents
weredeterminedbymeansofthedirectpeakcomＧ
parisonmethod,basedonXRDpatterns[２０]．
　　Theobjectiveoftheseheattreatmentswasto
totallyeliminateferritefromtheAWM (productof
theincompleteferritetoaustenitetransformation)
andtomaximizeaustenitefraction．SolubilizingtemＧ
peraturesbetween９５０and１０５０℃assuresthedisＧ
solutionofferriteandaustenitephaseswithwhicha
１００％ martensitemicrostructurecanbeobtained[２１]．
Solubilizingtreatmentsat１０００℃for１h,followed
bythefirsttemperingat６５０℃for１５minandthe
secondat６００ ℃for１５min,havetheobjectiveof
completeeliminationofresidualferriteandobtaining
afinalmartensiticstructurewithahighcontentof
retainedaustenite[２１－２２]．
　　Tostudypittingcorrosionresistance,potentioＧ
dynamicpolarizationcurvesweredrawnwithsweep
rateof１ mV/s,andtensionrangefrom －０􀆰６to
０􀆰４V,ina２􀆰７mol/LNaClsolutiondeaeratedwith
N２beforeusing．Theelectrochemicalmeasurements
weredoneusingathree－electrodecell．Asaturated
calomelelectrodeandaPtsheetwereusedasthe
referenceandcounterelectrodes,respectively．The
workelectrodesweremadewithepoxyresinandwet
grounded with２４０and６００ＧgritSiC,rinsedand
dried．ResultswererecordedwithanEG&GPrinceＧ
tonAppliedResearchmodel２７３ApotentiostatＧgalＧ
vanostat,usingflatdiscsampleswithasurfacearea
of０􀆰７cm２approximately．DuetothestochasticnaＧ
tureofthepittingcorrosiontests[２３－２６],１０measureＧ
mentsofeachconditionwereperformedandaverＧ
aged．Aftertests,thesampleswereanalyzedbySEM．
　 　ForSCCdeterminations,threeＧpointbending
testsat１００℃inanaqueoussolutionof２􀆰７mol/L
NaClunder１ MPaCO２ wereperformed,following
theprocedureestablishedbythe methodBofthe
standardNACE TM０１７７Ｇ０５[２７],changingthetest
mediumandthecorrosivegas[２８]．LongitudinalsamＧ
pleswereextractedfromtheAWM．Thespecimens
weresubjectedto９０％ oftheyieldstress．Thetest
durationwas７２０h．Thesurfaceofthespecimensfor
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corrosiontestswasnotmachinedafterheattreatＧ
ment,justpolished．
　　ToevaluatesusceptibilitytoHE,thesamples
weretensileloadedatalowvelocitystrainrate(０􀆰１
mm/min)whilehydrogenwascathodicchargeddurＧ
ingthetest．Thecalibratedareaofthetestspecimen
wassubmergedintoa０􀆰５mol/LH２SO４solutionat
２０℃ withaconstantcurrentdensityof２０mA/cm２．

２　Results
２􀆰１　Chemicalcomposition,microstructureandmeＧ
chanicalproperties
　　Table１presentsthechemicalcompositionand
theferriteandaustenitecontentsofallweld metＧ
al[１９－２０]．Withthedoubletempering,aftersolubilizＧ
ing,theaustenitecontentwasincreaseduptotheinＧ

　　　Table１　Chemicalcompositionandferriteandaustenitecontentsofallweldmetal　　　 (masspercent,％)

Material C Cr Ni Mo Cu O N Ferrite Austenite

Haw ０􀆰０１２ １２􀆰１ ６􀆰２７ ２􀆰６９ ０􀆰４９ ０􀆰３９ ０􀆰００５ １０ ２０
H１０００ ０􀆰０１２ １２􀆰１ ６􀆰２７ ２􀆰６９ ０􀆰４９ ０􀆰３９ ０􀆰００５ ０ ０

H１０００＋６５０＋６００ ０􀆰０１２ １２􀆰１ ６􀆰２７ ２􀆰６９ ０􀆰４９ ０􀆰３９ ０􀆰００５ ０ ２１
Caw ０􀆰０２２ １１􀆰９ ５􀆰９８ ２􀆰５７ ０􀆰４３ ０􀆰６１ ０􀆰０２６ ６ １８

C１０００ ０􀆰０２２ １１􀆰９ ５􀆰９８ ２􀆰５７ ０􀆰４３ ０􀆰６１ ０􀆰０２６ ０ ０
C１０００＋６５０＋６００ ０􀆰０２２ １１􀆰９ ５􀆰９８ ２􀆰５７ ０􀆰４３ ０􀆰６１ ０􀆰０２６ ０ １９

　　　　Note:HawandCawareasweldedsamples;H１０００andC１０００arethoseonlysolubilizedat１０００℃;H１０００＋６５０＋６００and
C１０００＋６５０＋６００arethesamplesaftersolubilizingplustemperingat６５０℃×１５minplustemperingat６００℃×１５min．

itialvalue．ThefinalmicrostructureobtainedconsisＧ
tedoftempered martensitewithretainedaustenite
andwithoutferrite．Themechanismthroughwhich
austeniteincreasedwiththedoubletemperingcanbe
explainedbytheaustenitethermalinstabilitygeneraＧ
tedbythefirsttempering[３,７]．

２􀆰２　Pittingresistance
　　InFig􀆰１(a),thepittingpotentialvaluesforthe
differentsamplesarepresented．Itcanbeobserved
thatsamplesweldedunderAr＋５％HeshowedhighＧ

er pitting corrosion resistance． The different
PWHTsgeneratedhighersusceptibilitytothiscorＧ
rosionmechanismforbothshieldinggases．Although
thedifferencesobservedinthepittingpotential(Ep)
forthetwo weldedsamples weresmall,defined
tendencieswereobserved．Thesamplesweldedunder
Ar＋５％Hepresentedthebestresults．
　　Fig􀆰１ (b)showstherelationshipbetweenpitＧ
tingpotentialandaustenitecontentforthedifferent
conditionsstudiedinthispresentpaper．Nodirect
effectofaustenitecontentonEpwasfound．

Fig􀆰１　Epfordifferentspecimensstudied(a)andrelationshipofEptoaustenitecontent(b)

２􀆰３　SCCtests
　　TheresultsofSCCtestscanbeseeninTable２．
Noneoftheas－weldedsamplespresentedevidence
eitherofSCCorIGC;alltheheattreatedsamples
showednoSCCbutgrainboundaryattackassociated
withanintergranularcorrosionprocess．
　　Fig􀆰２showsimagesofIGCforthespecimens

weldedwithAr＋１８％CO２ withPWHT．ThisselecＧ
tiveattackmorphologywasobservedinallsamples
withPWHT butnotin AW ones．Theseresults
showthestrongeffectoftheseheattreatmentson
IGCsusceptibilityinthistypeofmaterials,inthe
mediumconditionsanalyzed．
　　Tounderstandthereasonforthistypeofcorrosion,
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Table２　ResultsofSCC,HEandmechanicalpropertytests

Material SCC IGC Hardness(HV１) ARair/％ UTSair/MPa ARH/％ UTSH/MPa HEI/％

Haw No No ３２４ ３２􀆰６ １０４８ ８􀆰８ ９８９ ７３
H１０００ No Yes ３１８ ３３􀆰１ ９８６ ９􀆰９ ９４５ ７０

H１０００＋６５０＋６００ No Yes ２９３ ４６􀆰７ ９４１ １８􀆰８ ８９０ ６０
Caw No No ３４８ ２４􀆰８ １１０７ ５􀆰７ １０３５ ７７

C１０００ No Yes ３３８ ２８􀆰３ １００８ ８􀆰２ ９７１ ７１
C１０００＋６５０＋６００ No Yes ３０４ ３４􀆰５ ９６３ １３􀆰５ ９１２ ６１

　　　Note:IGC—Intergranularcorrosioncracking;UTS—Ultimatetensilestrength;AR—Areareduction;HEI—hydrogenembrittlement
index;subscriptairandH meanstestinginairorunderhydrogencharging,respectively．

(a)C１０００;　 (b)C１０００＋６５０＋６００．
Fig􀆰２　IGCinspecimenswithPWHT

mappingsofchemicalcompositionweredoneinthe
surfaceexposedtocorrosiveenvironment,inorderto
demonstrate segregation ofcertain elements．Fig􀆰３
showsthemappingofchemicalcompositionmadein

theunmachinedsampleC１０００＋６５０＋６００．Alarge
segregationinprimaryausteniticgrainboundary,
essentiallyofCr,onthesurfaceexposedtocorroＧ
sioncanbeseen．

Fig􀆰３　MappingofchemicalcompositioninsurfaceexposedtocorrosionofunmachinedsampleC１０００＋６５０＋６００
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　 　Similarly,mappingofchemicalcomposition
wasperformedonthesamplesusedformicrostrucＧ
turalcharacterization,wheretheoutersurfaceafter
thepostweldheattreatmentwasremovedduring

samplepreparation．Fig􀆰４showsthe mappingof
chemicalcomposition performed on the sample
C１０００＋６５０＋６００,machined,wherethephenomeＧ
nonofsegregationwasnotobserved．

Fig􀆰４　MappingofchemicalcompositioninsurfaceofmachinedsampleC１０００＋６５０＋６００

２􀆰４　Hydrogenembrittlement
　　RegardingcathodechargeHEtests,thebehavＧ
iorsofbothsamplesweresimilar,thatistosaytenＧ
silestrengthdecreasedandareareductionincreased
withthedifferentPWHTs,inbothconditionsofhyＧ
drogenload．ThislastpropertywassensiblyaffectＧ
ed,accordingtoPBSrinivasanetal[５],butitwas
notpossibletodetectdifferencesinelongationvalＧ
uesthroughthemethodshereutilized．Thesamples
withhighesthardnessvalueswerethose moreafＧ
fectedinthistest,consistentlywithwhatwaspreviＧ
ouslymentioned[２９]．Fromthesetests,variationof
theareareductioncouldbequantified．ThepercentＧ
agevalueofductilitylossisusedasthehydrogen

embrittlementindex,HEI[３０]．Itisgivenby
　　HEI＝(ARair－ARH)/ARair×１００％ (１)
　　Table２presentsthetensilepropertyresultsinair
andunderhydrogencharging．ItcanbeobservedthatulＧ
timatetensilestrengthdecreasedunderhydrogencharＧ
ging．Thisfactshowstheroleplayedbyhydrogen
notonlyonductilitybutalsoonthisproperty[５]．
　　ItiswellＧknownthathardnessisoneofthevarＧ
iableswhichcontrolHE[２９]:thehigherthehardＧ
ness,thehigherthesusceptibilitytothisdegradaＧ
tion mechanism．Inthissense,the PWHTsdeＧ
creasedthesensibilitytoHEbecausetheydecreased
hardness(Table２)．
　　Fig􀆰５showsSEMimagesofthefracturesurface

(a)Haw;　 (b)H１０００;　 (c)H１０００＋６５０＋６００．
Fig􀆰５　SEMimagesoffracturesurfaceofsamplesweldedunderAr＋５％He,testedunderhydrogenconditions
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ofsamplesweldedunderAr＋５％He,testedunder
hydrogenconditions．ThebrittlelayerthicknessosＧ
cillatedbetween１００and２５０μm．

３　Discussion
　 　Thediscussionofthechemicalcomposition,
microstructural characterization and mechanical
propertiesofthesamplesanalyzedinthisstudyare
reportedinapreviouspaper[６]．

３􀆰１　PCresistance
　　Bothchemicalcompositionandmicrostructure
havestronginfluenceonthePCresistance[３１]．The
superficialpassivityofstainlesssteelsisassociated
withthepresenceofachromiumoxidelayer．Pitting
phenomenonisassociatedwiththelocalruptureof
thispassivelayerandthenahigherstabilityofthis
layerwillberelatedtoahigherEp,whichisstrongＧ
lyaffectedbythechromiumcontent．MoandCucan
alsoincreasethePCresistance,improvingthecatＧ
ionＧselectivepropertiesofthepassivefilmandhinＧ
deringthemigrationofaggressiveanions,suchas
chlorides,tothemetalsurfaceorreducingtheflux
ofcationvacanciesinthepassivefilm[３１];however,
theexactmechanismisnotclearyet．SampleswelＧ
dedundertheAr＋１８％CO２ mixturepresentedlowＧ
erCr,MoandCucontentswhichcouldexplainthe
lowerEp measured,duetoalowerrelativestability
ofthepassivefilm．
　　SeveralstudieshavedemonstratedthatthekiＧ
neticofdissolutionandtherepassivationareconＧ
trolledbyCr,NiandMocontentsinthemetalmaＧ
trix[２５]．Inthissense,theslightlyhighercontentsof
Cr,Niand MoobtainedinHspecimenscouldexＧ
plainthesomewhatbetterperformance ofthese
samples．
　　Localizedcorrosioninpassivemetalsisalmost
alwaysinitiatedatlocalinhomogeneitiesasincluＧ
sionsandprecipitatesorsecondphases,aswellasin
grainboundaries,dislocationsandmechanicaldamＧ
agedplaces[９]．Inthissense,itwasobservedthat
AWsampleprovidedastructurelesssusceptibleto
thistypeofcorrosion．ConsideringthePWHTs,the
solubilizingandsolubilizingplusdoubletempering
treatmentsgeneratedadecreaseinEpregardingthe
samplesjustAW,probablyduetothepresenceofa
sensitizationphenomenon,whichproducesCrdepleＧ
tedzones．
　　Forthesoft－martensiticsteel,itisreported
thatanincreaseofretainedausteniteincreasespitＧ
tingcorrosionresistance[２５]．Theexplanationforthis

observationisrelatedtothefactthatthisphaseproＧ
motesdissolutionofCandNand,inthisway,aＧ
voidsprecipitationoftheseelementswith Crand
Mo,generatingadiminutionofavailablesitesforpit
nucleation[９]．Nevertheless, Kimura reported no
effectofretainedausteniteonEp

[３２]．Inthiscase,no
directeffectofretainedaustenitewasfound[Fig􀆰１
(b)]．AWand１０００＋６５０＋６００samplespresented
approximatelythesameaustenitecontentanddifferＧ
entEp values．Ontheotherhand,Ep ofsamples
treatedat１０００℃,withnoferriteandnoaustenite,
wereinbetweenAWand１０００＋６５０＋６００samples．
　　Someauthors[３３]reportthatthepresenceofferＧ
riteincreasesthesusceptibilitytopittingthrough
promotionofthelowerchromiumcontentzoneforＧ
mationduetocarbideprecipitation．OthersusceptiＧ
blesitesforpittingpromotionaretheprimaryausＧ
tenitegrainborderorthetemperedmartensitemaＧ
trix,whereprecipitationofcarbideand/orcarboniＧ
tridescanoccur[９]．Inthiscase,apositiveeffectof
ferriteremovalonEpwasnotobserved．Takinginto
account１０００＋６５０＋６００samples,forbothshielＧ
dinggases,whereferritewaseliminatedandaustenＧ
itewasmaximized,itwasobservedthatEpvalues
werelowerthanthoseoftheAWspecimens．These
resultsshowthatthedeleteriouseffectofprecipitaＧ
tioncouldhavebeenmoresignificantthanthebeneＧ
ficialeffectofbothferriteremovalandausteniteinＧ
crease．

３􀆰２　SCCtests
　　AlthoughSMSSpresentgoodcorrosionresistＧ
ancebehaviorinsweet(CO２)orslightlysourenviＧ
ronments(low H２Sconcentrations),theoccurrence
ofIGSCCinHAZofSMSSweldments,undercerＧ
tain medium conditions,hasbeenreported[１０]．In
thiswork,IGSCC wasnotfoundbutthetreated
samplesshowedIGC．
　　Itwasreported[１２]thatIGSCCinSMSSweldsin
testconditionswassimilartothoseusedinthiswork．
Thejustificationofthismechanismofcorrosionis
associatedtoasensitizationphenomenongenerated
bythedecreaseofCrcontentduetothecarbides
precipitationinprimaryaustenitegrainboundaries．
Ontheotherhand,otherauthors[１,３４]suggestthat
the mechanism ofsensitizationisassociated with
chromiumoxideformationontheweldingsurface．
　　Duringthesolubilizingheattreatmentat１０００℃,
segregationofCrtotheexternalCroxidelayerand
tothegrainboundariesadjacenttothe mentioned
chromiumoxidelayer,wasproduced,generatingan
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impoverishedinchromiumareaadjacenttotheenＧ
richedinchromiumgrainboundaries．ThisimpoverＧ
ishedinchromiumareawasmoresensitivetocorroＧ
sionthanthematrix．Aschemeofthismechanism
canbeseeninFig􀆰６．

Fig􀆰６　SchemeofCrsegregationtoCroxideexternal
layerandtograinboundaries

３􀆰３　Hydrogenembrittlement
　　InFig􀆰７,HEIvshardnessvaluesareshown．In
thiscurve,itcanbeseenthatsusceptibilityofthis
materialwasstrongly dependenton hardness[２９]．
ThisrelationshipisaninterestingtechnologicalreＧ
sultbecauseitmakespossibletoestimatethelossof
ductilityundertheseconditions,knowinghardness
values．

Fig􀆰７　RelationshipbetweenHEIandhardness

　　OtherimportantfactorthatcontrolsHEisthe
oxygencontentoftheweldingdepositbecauseitis
knownthatinclusionsarenucleationsitesforhydroＧ
gencracks[３５]．Loweroxygencontentimplieslower
inclusioncontents,whichimplyhigherresistanceto
thisfailmechanism．
　　Thedifferencesintheretainedaustenitecontent
obtainedthroughthePWHTs,couldaffectHEbeＧ
causethisphaseisapotentialtrampforhydroＧ
gen[３６]．CGesnouinetal[３６]reportedthattheausteＧ
niticcontentcouldstronglyaffectthisdegradation
mechanismbecausethisphasetendstodecreasethe
hydrogenpermeationcoefficient．
　　Itisalsoreported[３６]thatforthistypeofsteels,
thegenerationofcarbidesand/orcarbonitrideshasa
stronginfluenceonhydrogendiffusion:thehigher
precipitatecontent,thelowerhydrogendiffusionin
thesteel．
　　Comparingthetwosamplesanalyzed,itwas

observedthatalittleaugmentationofC,NandO
contents,correspondingtosamples weldedunder
CO２containingprotectiongas,provokedaslightinＧ
creasein hydrogen susceptibility．The effect of
PWHTsonhydrogenembrittlementindexwasreＧ
latedto microstructuralconditions．Thatistosay
thataftersolubilizingat１０００ ℃,duringaircoolＧ
ing,acompletely martensiticstructure withcarＧ
bidesand/orcarbonitridesprecipitateswasachieved．
Itwasproducedbylowcoolingvelocity,withthe
eliminationoftheferriteandaustenitephasesfound
intheAW sample．Withtheposteriorsolubilizing
plusdoubletemperinginaircooling,atempered
martensiticstructurewithbothtypesofprecipitates
andhighaustenitecontentwasreached,increasing
inthiswaytheresistancetothistypeofdegradation．
　 　Thesamplestestedunderhydrogencondition
showedaflatfracturesurface[５] (Fig􀆰５)．Duetothe
factthathydrogenwasintroducedinthesampleby
itssurface,hydrogenconcentrationshouldbehigher
onit．Thatcouldexplainwhythecrackstartsatthe
surface,asisusuallyobservedinthesekindsof
tests[３０]andthefinalbreakinthecenterofthesamＧ
pleisductile．Thetestratedoesnotgivetimefor
theHE mechanismstodevelopand,asaconseＧ
quence,lastsectortobreak,breaksinaductile
mode[３０]．Thecrackstartwastransgranularandthe
propagationfolloweddifferent mechanismsdepenＧ
dingonthematerialcondition,withwhatinthepeＧ
ripheryofthefracturesurface,transgranularandinＧ
tergranularfractureswereevident[５,２９]．

４　Conclusions
　　１)Theincreaseofoxidationpotentialinthe
shieldinggasreducedresistancetoPCduetothe
variationsofchemicalcompositionintheallweld
metalandhadnoinfluenceontheSCC,intergranuＧ
larcorrosionorhydrogenembrittlementbehaviors．
　　２)Thepostweldheattreatmentsgeneratedan
increasedsusceptibilitytopittingcorrosionforboth
weldedsamples．TheasＧweldedspecimensprovided
alesssusceptiblemicrostructuretothismechanism
ofcorrosion．Theresultsobtainedinthisstudy
showednoeffectofthecontentofaustenite,since
theasＧweldedand１０００＋６５０＋６００treatedspeciＧ
mensshowedapproximatelythesamecontentofreＧ
tainedaustenite,butdifferentEp．Furthermore,
samplesheattreatedat１０００℃ (withoutausteniteor
ferrite)hadanintermediateEpunderbothconditions．
　　３)ThepostweldheattreatmentsdidnotinfluＧ
encetheSCCbehaviorsasitwasnotfoundinany
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sampleunderstudy．However,therewasevidence
ofIGCassociated withsegregation,essentiallyof
Cr,inprimaryaustenitegrainboundarygenerated
bysurfaceoxidationduringthermalcycling．
　　４)ThepostweldheattreatmentsproducedvarＧ
iationintheHEI．Ashardnessdecreased,reduction
ofareaincreasedforallconditionsunderhydrogen
charging．ThespecimenswithhigherhardnessvalＧ
ueswerethemostsusceptibletohydrogendamage．
TensilepropertydecreasedunderthehydrogenconＧ
dition．
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gases,tothe LATIN AMERICAN WELDING
FUNDATION,Argentina,forfacilitiesforweldＧ
ingandmechanicaltesting,totheScanningElecＧ
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