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MicroＧalloyingEffectsofYttriumonRecrystallizationBehaviorof
anAluminaＧformingAusteniticStainlessSteel
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Beijing１０００８３,China)

Abstract:MicroＧalloyingeffectsofyttriumontherecrystallizationbehaviorofanaluminaＧformingaustenitic(AFA)
stainlesssteelwereinvestigated．Itwasfoundthatthegraingrowthkineticsofthesteelsdopedwithdifferentamountsof
yttrium (ie,０,００５and０１０mass％ Y)couldbedescribedbyanArrheniustypeempiricalequation．AddedY
couldinteractwithcarbonandinfluencethemorphologyofcarbidesbothinsidegrainsandonthegrainboundaries,
thusalteringthegrainboundarymobilityandgraingrowth．Thesteeldopedwith００５mass％ yttriumshowedthe
highestactivationenergyofgraingrowthandthemostretardedrecrystallizationbehavior,which mainlyresulted
fromthehighdensityoffinecarbidesbothinsidegrainsandonthegrainboundaries．However,excessadditionof
０１０mass％ Yinducedcoarseningandthenlowereddensityofcarbides,whichalleviatedtheyttriumeffects．Theresults
alsomanifestthatmicroＧalloyingofrareＧearthelementssuchasyttriumisaneffectivewayforcontrollinggrain
growthbehaviorduringrecrystallizationofAFAsteels,whichmayhavegreatimplicationsonengineeringapplications．
Keywords:aluminaＧformingausteniticstainlesssteel;yttrium;recrystallization;grainboundarymigration;carbide
precipitation

　 　 DevelopmentofhighＧperformancestructural
materialsforimprovingenergyefficiencyisurgent
duetotheenergycrisisandenvironmentalconservaＧ
tion．Inparticular,thermalpowerplantsaredemanＧ
dingadvancedsteelscapableforservingathigher
operatingtemperaturesandsteampressurethancurＧ
rentlyavailablesteels[１]．Austeniticstainlesssteels
arewidelyusedinsteam turbines,highpressure
steam boilersandpipes．However,theprotective
Cr２O３Ｇbasedfilmformedonconventionalaustenitic
stainlesssteelsbecomesunstableattemperaturesabove
９２３K[２],especiallyinwatervapor,duetoformation
ofvolatileCroxyＧhydroxides,whichleadstoaccelＧ
eratedoxidation．Recently,afamily ofaluminaＧ
formingaustenitic (AFA)stainlesssteels which
formanAl２O３Ｇbasedcompactprotectivefilmathigh
temperatures wasdeveloped[３Ｇ５],andthesenewly

developedsteelsshowedsuperiorhighＧtemperature
oxidationandcreepresistancecomparedwiththose
ofconventionalcounterparts．Researchonthenew
AFAstainlesssteelshasbeen mainlyfocusedon
compositionoptimization,creepresistance,andoxiＧ
dationbehavior[５Ｇ９]．Forengineeringapplicationsat
elevatedtemperatures,nevertheless,high microＧ
structuralstabilityisalsoakeyaspect[１０,１１],anda
propergrainsizeisrequiredtoensuresuperiorcrack
growthresistanceandcreeprupturelife[１２]．Hence,
graingrowthbehaviorduringrecrystallizationofthe
AFAsteelshastobecarefullycontrolledtoachievedeＧ
sirableoverallproperties[１３]．
　　Yttriumdopantshavebeenappliedinsteelsto
improveoxidationresistance,tensilestrengthandrupＧ
turelifeatelevatedtemperatures[６,１４],andthereleＧ
vanteffectsareassociatedwithrefinementofgrain



sizeandpurificationofgrainboundaries[１５Ｇ１７]．NeverＧ
theless,effectsofyttriumonthegraingrowthbeＧ
havioroftheAFAsteelshavenotbeenwelladdressed．
Inthecurrentwork,effectsofyttriumadditiononreＧ
crystallizationkineticsofatypicalAFAstainlesssteel
wereinvestigated,andthehintstoachieveacontrolＧ
lableandhomogenousmicrostructurewerederived．

１　Experimental
　　IngotswithdifferentamountsofyttriumaddiＧ
tion(ie,０,００５and０１０mass％)basedonthe
FeＧ２５NiＧ１８CrＧ３Alalloy(seedetailedcompositionsin
Table１)werepreparedbyarcＧmeltingwithanonＧconＧ
sumabletungstenelectrodeinahighＧpurityargon
atmosphereusingcommerciallypureelements(purity
above９９ mass％)．TheingotswerereＧmeltedfor
１０timestoensurechemicalhomogeneity,andthen
dropＧcastintoa１５mm×１５mm×１００mmcopper
mold．TheasＧcastbarswerehomogenizedat１５６３K

for２４ h,４５％ coldＧrolledandthenannealedat
１４７３,１５０３,１５３３and１５６３Kfor０５,１,２and４h,
respectively,toobtainavarietyofgrainsizes,and
subsequentlywaterＧquenchedtoroomtemperature．To
clearlyrevealtheaustenitegrainboundary,thespecＧ
imenswithadimensionof１０mm×５mm×１５mm
werefirstagedat１０２３ Kfor１０h,mechanically
polishedandthenelectrochemicallyetchedat３３３K
and２４Vinanelectrolytecontaining６０vol％ phosＧ
phoricacid,１５vol％ sulfuricacidanddeionized
water．Grainsizesofthealloyswereexaminedbya
４XCEopticalmicroscope(OM)andestimatedfrom
micrographsusingtheconventionalmeanＧlinearＧinＧ
terceptmethod．Atleastthreehundredgrainswere
measuredforeachgrainsizevalue．Microstructures
wereexaminedbySUPRAＧ５５scanningelectronmiＧ
croscope(SEM),TecnaiF３０transmissionelectron
microscope(TEM)andRigakuDmaxＧRBXＧraydifＧ
fraction(XRD)withCuKαradiation．

　　　　　Table１　Nominalcompositionsofrepresentativealloysinvestigated　　　　　　　mass％

Alloy Ni Cr Al Si Nb Mo C B P Y Fe

０Y ２５ １８ ３０ ０１５ １０ １５ ０１ ００１ ００４ ０ Balance
００５Y ２５ １８ ３０ ０１５ １０ １５ ０１ ００１ ００４ ００５ Balance
０１０Y ２５ １８ ３０ ０１５ １０ １５ ０１ ００１ ００４ ０１０ Balance

２　ResultsandDiscussion
２１　Graingrowthbehaviorduringrecrystallization
ofsteelswithandwithoutyttriumadditions
　　Allthesteelsaddedwithadifferentamountof
Ywerefirstcoldrolledandtypicalmicrostructureof
theasＧrolledAFAsteelwith０１０mass％ Yisshown
inFig１(a)．Austenitegrainswereelongatedalong
therolling direction and numerous deformation
bandswereformedinsidethegrains．Subsequently,
allthespecimenswererecrystallizedatdifferenttemperＧ
aturesforvariousholdingtimespans．AsanexamＧ
ple,microstructuralevolutionoftheAFAspecimen
microＧalloyedwith０１０mass％ Yannealedat１５３３K
fordifferentannealingtimeperiodsisshownin
Figs１(b)－１(d)．Ascanbeseen,thelargeelongaＧ
tedgrainstransformedtosmallequiaxedgrains,
andthedeformationbandsdisappearedintheseanＧ
nealedspecimens．ThegrainsizeincreasedwithinＧ
creasingannealingtimeperiod,indicatingtheoccurＧ
renceofrecrystallization．
　　Representativemorphologyofthealloysdoped
withadifferentamountofyttrium (ie,０Y,００５Y
and０１０Y)annealedat１４７３Kfor０５hisshownin
Fig２．Atthegiventemperatureandtime,allthe

YＧcontainingalloyshaveasmallergrainsizethan
thebasealloywithnoyttriumaddition,whilethe
００５Yalloyhasthesmallestgrainsize,indicating
distincteffectsofyttriumonrecrystallizationofthe
AFAsteels．Itisclearthatadditionof００５mass％
yttriumismosteffectiveinslowingdowngraingrowth
duringrecrystallizationofthecurrentAFAsteel．

２２　Kineticsofgraingrowthduringrecrystallization
ofAFAsteels
　　ToquantitativelyevaluatethegraingrowthkiＧ
neticsduringrecrystallizationofthecurrentAFA
steels,averagegrainsizeofallthreesteelsannealed
underdifferentconditionswasexaminedbytheconＧ
ventionalmeanＧlinearＧinterceptmethodandthereＧ
sultsareshowninFig３．Interestingly,atanygiven
annealingtemperatureandtime,alloy００５Y alＧ
waysexhibitsthesmallestaveragegrainsize．Itwas
foundthatthekineticsofisothermalgraingrowthof
austenitegrainsinthecurrentsteelscouldbedeＧ
scribedbytheempiricalequation[１３]:
　　　d－d０＝Ktm (１)
where,disthemomentaryaveragegrainsize;d０is
theinitialgrainsize;tistheholdingtime;andmis
atimeexponentduringgraingrowthprocessdepenＧ
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