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Abstract:Thegraingrowth(GG)behaviorofInconel６２５superalloywasstudiedinthetemperaturerangeof９００－
１２５０℃andholdingtimerangeof１０－８０min．MicrostructuresofthealloywerecharacterizedbyopticalmetallograＧ
phy,scanningelectronmicroscopy (SEM)andtransmissionelectronmicroscopy (TEM)．Grainsgrewobviously
witheitherincreasingtemperatureorextendingholdingtimeattemperaturesabove１０５０℃．However,attemperaＧ
tureslowerthan１０５０℃,theGGwassluggishduetothepinningeffectofcarbideparticlesongrainboundary(GB)．
Thresholdtemperaturefortransitionfrom mixedgrainstructuretouniformonewasconsideredtobearound１１００℃．
Oncethetemperaturessurpassed１２００℃,aninstantincreaseinthegrainsizeoccurredshowingnodependenceon
holdingtime．TEManalysisshowedthatthedominantsecondphaseformedheterogeneouslyontheGBwasM６C,
whichsignificantlyimpededgraingrowth．Onthebasisofexperimentaldata,themathematicalmodelofGGwasesＧ
tablished,whichcandescribeGGbehaviorofInconel６２５alloyduringsolutiontreatment(ST)at１１００－１２５０ ℃．
TheactivationenergyforGGofInconel６２５alloywas２０７􀆰３kJ,whichsuggestedthattheGGofInconel６２５alloy
wascontrolledbytheprocessofGBdiffusion．
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　　NickelＧbasedalloyInconel６２５isasolidsoluＧ
tion strengthening alloy with faceＧcenteredＧcubic
structure,whichhashightensile,creepandrupture
strengthaswellasoutstandingfatigueandthermal
fatiguestrength,oxidationresistance,andexcellent
weldability[１,２]．Thealloyhasbeen widelyusedin
aerospace,marine,chemical,petrochemicalandnuＧ
clearindustries[３]．Highcontentsof molybdenum
and niobium,which providestiffening effecton
nickelＧchromium matrix,canpromotethestrength
ofInconel６２５alloysignificantly,andthusprecipitaＧ
tionstrengtheningtreatmentsarenotrequired．This
alloyismainlysuppliedundersolutionＧheatＧtreated
condition,while millannealingislesscommonly
used．The microstructuresofsolutionＧtreatedInＧ
conel６２５alloyaregenerallycomposedofprimary
carbidesdispersedinasinglephasematrix,withesＧ
sentiallycleangrainboundaries．Thisisusuallythe
optimumconditionforthebestelevatedtemperature
propertiesinserviceandroomtemperaturefabricaＧ

bility．Inconel６２５componentsmanufacturedbyhot
formingtechniquesshouldgenerallybesolutionheat
treated．Thisisbecausethealloywouldsubjectto
precipitationofsecondarycarbides(richinchromiＧ
umormolybdenum)onthegrainboundary (GB)
duringaircooling．Theformationofthesecarbides
mayresultinthedepletionofchromiumormolybＧ
denumnearGB,whichenhancesthesusceptibility
tointergranular attack．However,grain growth
(GG)inevitablyoccurswhenthealloyisexposedto
solutionannealingtemperatures[４]．Itiswellknown
thatgrainsizehassignificanteffecton mechanical
properties．Finegraincanresultinlargerstrength
andtoughnessofthealloy,whilecoarsegraincan
producebetterhightemperaturecreepresistance[５]．
Optimalgrainsizecanbeachievedifthesolution
treatment(ST)isperformedunderanappropriate
combination of heating temperature and holding
time．Thus,itisessentialtounderstandandpredict
thebehaviorofGGundertheconditionofST．InreＧ



centyears,thecorrosionresistance,hotworkability
andweldabilityofInconel６２５alloyhavebeeninvesＧ
tigatedextensively[６Ｇ１０],whiletheavailableinformaＧ
tiononGGbehaviorofInconel６２５islimitedinpulＧ
ishedliteratures．
　　Theaimofthepresentstudywastoexamine
thebehaviorofGG withrespecttotheinfluenceof
heatingtemperature,holdingtimeandprecipitates
onevolutionofgrain microstructure．The matheＧ
maticalmodelwhichrelatedgrainsizetotemperaＧ
tureandtimewasproposed．Parametersinvolvedin
thismodelweredeterminedbyregressionofexperiＧ
mentaldata．

１　ExperimentalProcedures
　　Chemicalcomposition (in mass％)ofInconel
６２５alloyinvestigatedisasfollows:C０􀆰０３７,Si０􀆰０２,
Mn０􀆰０１,Fe０􀆰１１,Ti０􀆰３２,Nb３􀆰６８,Cr２０􀆰５１,
Mo９􀆰６５,Al０􀆰１３,P０􀆰００１,S０􀆰００３,andNibalance．
Thesampleswithsizeof１０mm×１５mm×１０mm
weremachinedfromthehotＧrolledplateofInconel
６２５alloy．Thespecimensweresubsequentlytreated
inthetemperaturerangeof９００－１２５０ ℃fortime
rangingfrom１０to８０mininamufflefurnace,folＧ
lowedbywaterquenching．Thepolishedspecimens
foropticalmetallographywereetchedinthepotassiＧ
umpermanganatesolution(１gpotassiumpermanＧ
ganateand１０mLconcentratedsulfuricacidin９０mL
water)at５０℃for１２h．Averagegrainsizesofthe
alloyweremeasuredbyusingthemeanlinearinterＧ
ceptmethod．Theprecipitate morphologywasobＧ
servedbyscanningelectronmicroscopy(SEM,S４３００)．
Transmission electron microscopy (TEM,HＧ８００)
wasusedtocharacterizesecondphaseintheselected
samples,andthemethodtopreparethinfoilsforTEM
examinationwasdescribedindetailinpreviouswork[１１]．

２　ResultsandDiscussion
２􀆰１　EffectofholdingtimeongraingrowthofInconel
６２５alloy
　　Opticalimageobtainedfromthespecimenof
hotＧrolledplateofInconel６２５alloybeforeSTis
showninFig􀆰１．Microstructureobservationrevealed
thatthealloyunderwentfullrecrystallizationwith
finalaveragegrainsizeof７μmduringhotrolling．
Localmixedgrainswereobserved,whichmightbe
associatedwiththesecondaryrecrystallization．
　　ThemicrostructuresofthesamplesaftertherＧ
maltreatmentat１２００ ℃ forvariousholdingtime
areillustratedinFig􀆰２,showingtheevolutionofgrains
withholdingtime．ComparingwithFig􀆰１,original

Fig􀆰１　InitialmicrostructureofInconel６２５alloy

regionsoffinegrainalmostdisappeared,andmixed
grainmicrostructureswereeliminated．Itcanbefound
thatgrainsizeincreasedsignificantlywithholding
timewithin１０min,whileGGbecamesluggishwith
furtherextendingsoakingtime．Variationsofgrain
sizeandrateofGG withtimeatvarioustemperaＧ
turesareplottedinFig􀆰３．Thecurvesshowedthat
grainsizeincreasedwithholdingtime(Fig􀆰３(a)),
whileGGratedeclinedwithsoakingtime(Fig􀆰３(b))．
Inaddition,itcanbeseenthatthedifferencesin
grainsizeofthespecimensexposedfor２０－８０min
weresmall,indicatingthattheeffectofholdingtime
onGG wasweakened,which wasconsistentwith
theresultsofobservationofgrainmicrostructures．
ThisresultissimilartothatofsuperausteniticstainＧ
lesssteel６５４SMOreportedbyPuetal􀆰[１２]．Aswell
documented,areductioninGBenergyisthedriving
forcefortheGG[１３]．Theoreticalanalysisshowsthat
thefinergrainperunitofvolumeis,thelargertotal
GBareais,andthusthetotalGBenergyincreases,
whichindicatesthattheGGisassociatedwithadeＧ
creaseintheGBareaasaresultofanincreaseinthe
averagegrainsize．Therefore,sincethealloyconＧ
sistsofalargenumberoffinegrainsatinitialstage
ofheatpreservation,whichprovidesstrongdriving
forcefortheGG,thegrainevolveswithalarge
growthrate．Subsequently,grainsizeincreasesas
expenseoffinegrainswithprolongingholdingtime,
andtheGGrateisreduced．

２􀆰２　EffectoftemperatureongraingrowthofInconel
６２５alloy
　　ThemicrostructuresofInconel６２５alloysubＧ
jectedtoheattreatmentatdifferenttemperaturesfor
２０minareillustratedinFig􀆰４．Itcanbeseenthat
bothgrainmorphologyandgrainsizeofthealloyafＧ
terthermaltreatmentattemperaturesfrom９００to
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