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ABSTRACT

ThemicrostructureandmechanicalpropertiesofdissimilarjointsofAISI３１６Lausteniticstainlesssteel
andAPIX７０highＧstrengthlowＧalloysteelwereinvestigated．Forthispurpose,gastungstenarcwelding
(GTAW) wasusedinthreedifferentheatinputs,including０７３,０８４,and０９７kJ/mm．ThemicroＧ
structuralinvestigationsofdifferentzonesincludingbasemetals, weldmetal,heatＧaffectedzonesandinＧ
terfaceswereperformedbyopticalmicroscopyandscanningelectronmicroscopy．ThemechanicalproperＧ
tiesweremeasuredbymicrohardness,tensileandimpacttests．ItwasfoundthatwithincreasingheatinＧ
put,thedendritesizeandinterＧdendriticspacingintheweldmetalincreased．Also,theamountofdelta
ferriteintheweldmetalwasreduced．Therefore,tensilestrengthandhardnesswerereducedandimpact
testenergywasincreased．TheinvestigationoftheinterfacebetweenAISI３１６LbasemetalandER３１６L
fillermetalshowedthatincreasingtheheatinputincreasesthesizeofaustenitegrainsinthefusionboundＧ
ary．AtransitionregionwasformedattheinterfacebetweenAPIX７０steelandfillermetals．

１．Introduction
　Stainlesssteelsareamongthemostextensively
usedspecialalloysthathavebeendevelopedagainst
corrosion．Austeniticstainlesssteelsarethebiggest
groupofstainlesssteels, andgradesofAISI３１６
andAISI３０４steelarethemostcommonlyusedausＧ
teniticstainlesssteels．Thesesteelsaregenerally
consideredtobeveryweldable．Ontheotherhand,
problemssuchashotcrackingandsensitizationpheＧ
nomenaoccurinthesesteels′weldmetalandheatＧ
affectedzone．Inordertosolvetheseproblems, a
verylowcarbongradelike３１６Land３０４LhascomＧ
monlybeenused[１,２] ．
　HighＧstrengthlowＧalloy (HSLA)steelsareused
extensivelyinoilandgaspipelines．Achievinghigh
transmissionefficiency becomespossiblebyconＧ
structingtransmissionpipelinesusinghighＧstrength
steels, whichallowforhighoperatingpressuresand
highratesoftransmission．Owingtotheeconomic
benefitsaswellasthefulladvantageoftheoutstandＧ
ingperformanceoftwometals, suchasstrengthand
corrosionresistance, dissimilarweldingisusedexＧ
tensivelyintheoilandgasindustries[３,４] ．
　Someresearchershavefocusedontheproperties

ofdissimilarwelding, andasignificantamountof
researchworkhasbeencarriedoutonthewelding
behaviorand mechanicalproperties ofdissimilar
weldingjoints[５Ｇ７] ．Generally,thejoiningofdissimiＧ
larsteelsismorechallengingthanthatofsimilar
steelsonaccountofseveralfactors, suchasthe
differencesinchemicalcompositionsandthermal
expansioncoefficients, whichleadtodifferentresidＧ
ualstresssituationsacrossthedifferentregionsof
weldmentsaswellasthemigrationofcarboneleＧ
mentsfromthesteelwithhighercarboncontentto
thesteelwithrelativelylowercarboncontent[８Ｇ１２] ．
Gastungstenarcwelding (GTAW)iswidelyemＧ
ployedinjoiningprocesses,especiallyinthosedealＧ
ingwithstructuralandpipingapplications．
　LinandHsieh[１３] studiedtheeffectofSicontent
for３０９Lfillermetalonthedissimilarweldingof
AISI１０１７andAISI３０４Lsteels．Theresultshowed
thatSicanincreasetheformationofδＧferriteand
thesigmaphaseintheweldmetal．
　Arivazhaganetal[１４] investigatedtheeffectof
heatinputonthe microstructureand mechanical
propertiesofdissimilar weldingof３０４austenitic
stainlesssteeland４１４０lowalloysteel．Itwasfound
thatasheatinputincreases,themicroＧsegregation
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ofalloyingelementsincreases, andalsocreatesa
chromiumdepletionzoneinthegrainboundaries;
therefore, the mechanicalpropertiesofthejoints
aredeterminate．
　Sadeghianetal[１５]studiedtheeffectofheatinput
onthemicrostructureandmechanicalpropertiesofa
dissimilar weldingjointofsuperＧduplexstainless
steelandhighＧstrengthlowＧalloysteelbygastungＧ
stenarcwelding．Resultsindicatedthatanincrease
inheatinputleadstoadecreaseinferritepercentＧ
age．Besides,therewerenoharmfulsecondaryphaＧ
ses, neithercarbidesnornitrides．Italsoindicated
thebainiteandferritephasesformedintheheatＧafＧ
fectedzoneofHSLAbasemetalinlowheatinput．
However,inhighheatinput, pearliteandferrite
phasesformed．
　Ramkumaretal[１６] investigatedthemicrostrucＧ
tureand mechanicalpropertiesofdissimilar UNS
３２７５０/AISI３１６Lweldedjoint．Theyreportedthat
microstructurestudiesrevealedthepresenceofferＧ
riteattheheatＧaffectedzoneofAISI３１６Landthe
fusionzoneobviatedthehotcrackingtendency．AlＧ
so,tensilestudiesshowedthatthestrengthofjoint
wassufficientlygreaterthanthatofparentmetals
andtheimpacttoughnesswasslightlypoor,dueto
thepresenceoflargeplateletsofWidmanstattenferrite

inthefusionzone．
　ThepresentworkevaluatestheeffectofheatinＧ
putonthemicrostructuraldevelopmentandthemeＧ
chanicalproperties ofdissimilar AISI３１６L/API
X７０steeljointspreparedbyGTAW．

２．ExperimentalProcedure
　AISI３１６LausteniticstainlesssteelandAPIX７０
highＧstrengthlowＧalloysteelwereweldedtogether
indimensionsof１００mm×７０mm×１０mm (Fig１)
byGTAW．A７０ＧdegreesingleVgrooveedgewith
arootfacegapof２mmwasemployedbeforeweldＧ
ing．Also, anER３１６L weldingrodwasusedand
theweldingwascarriedoutinfivepassestojoin
AISI３１６LtoAPIX７０ HSLAsteel．Thechemical
compositionsofbase metalsandfiller metalare
showninTable１,andweldingparametersareshown
inTable２．

Fig１．　Designofweldment．

Table１
Chemicalcompositionsofbasemetalsandfillermetals(wt．％)

Component C Si Mn P S Ni Cr Cu Mo Ti Nb Al

APIX７０ ００９ ０４５ ０９０ ００４ ≤００２０ ０４ ０２５ － ００８ ００１０ ００５０ ００３００
AISI３１６L ００６ ０４７ １３８ ００１ ≤０００５ １３０ １７００ ００５８ ２００ ０００２ ０００９ ０００３６
ER３１６L ００３ ０９０ １７３ ００３ ≤００３０ １１５ １９３０ ０７００ ２５０ － － －

Table２
Weldingparameters

Current/
A

Voltage/
V

Speed/
(mms－１)

Heatinput/
(kJmm－１)

１６０ １３ １６９ ０７３
１８０ １４ １７８ ０８４
２００ １５ １８５ ０９７

　Ferritenumbermeasurementwasalsocarriedout
byusingFerritescopeFMP３０producedin Russia．
TheresultsoftheFerritescopearelistedinTable３．
　Inordertoevaluatethemechanicalproperties,tensile
testaccordingtoASTM E８standard,impacttestacＧ
cordingtoASTME２３standardandmicrohardnesstest

Table３
ResultofFerritescope

Heatinput/(kJmm－１) Ferrite/％ Austenite/％

０７３ ５２ ９４８
０８４ ３３ ９６７
０９７ ２１ ９７９

accordingto ASTM E３８４ wereperformed．Afterthe
tensiletestandimpacttest,allthefracturesurfacesof
thespecimenswereexaminedbyusingafieldemisＧ
sionscanningelectronmicroscope(FESEM)．A miＧ
crohardnesstestwithforceloadingof０９８Nfor１０s
wasconductedacrossthebasemetals, heatＧaffected
zonesandweldmetals．ThenotchimpacttestspeciＧ
menswithdimensionsof５５mm×１０mm×１０mm
and２ mm notcheswithanangleof４５°werepreＧ
pared,andthetestswereconductedatroomtemperＧ
atureand－５°C．Theweldmetalwasplacedatthe
centersofthespecimens．TheCharpyimpacttest
wasperformedonthespecimenatroomtemperature．
　 Metallographicobservation wascarried outto
studythemicrostructuresofbasemetals, weldmetal,
heatＧaffectedzonesandmicrostructuralchanges．The
specimensofAPIX７０steelwereetchedinnital(２
vol％ nitrateacidinalcohol)for２０s;specimensof
AISI３１６L austeniticstainlesssteelwereelectroＧ
etchedin６０vol％ nitricacidat５Vfor６０sand
specimensofausteniticstainlesssteelweld metal
wereetchedbyMarble′sreagent(１０gCuSO４＋５０mL
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