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ABSTRACT

ThehotdeformationbehaviorofGH４９４５superalloywasinvestigatedbyisothermalcompressiontest
inthetemperaturerangeof１０００－１２００°Cwithstrainratesof０􀆰００１－１０􀆰０００s－１toatotalstrainof
０􀆰７．DynamicrecrystallizationistheprimarysofteningmechanismforGH４９４５superalloyduringhot
deformation．Theconstitutiveequationisestablished,andthecalculatedapparentactivationenergyis
４５８􀆰４４６kJ/mol．Theprocessingmapsattruestrainsof０􀆰２,０􀆰４and０􀆰６aregenerallysimilar,demＧ
onstratingthatstrainhaslittleinfluenceonprocessingmap．ThepowerdissipationefficiencyandinＧ
stabilityfactorsareremarkablyinfluencedbydeformationtemperatureandstrainrate．Theoptimal
hotworkingconditionsaredeterminedintemperaturerangeof１０８２－１１３１°Cwithstrainratesof
０􀆰００４－０􀆰０１８s－１．Anotherdomainof１１３４－１１５０°Cand０􀆰０１８－０􀆰２１３s－１canalsobeselectedas
theoptimalhotworkingconditions．Theinitialgrainsarereplacedbydynamicallyrecrystallizedones
inoptimaldomains．Theunsafedomainslocateinthezonewithstrainratesabove０􀆰２７４s－１, mainly
characterizedbyunevenmicrostructure．Hotworkingisnotrecommendedintheunsafedomains．

１．Introduction

　NickelＧbasedsuperalloy GH４９４５possessesperＧ
fectmatchingofhighstrengthandoutstandingcorＧ
rosionresistance, whichmakesitbroadlyappliedin
veryharshserviceenvironment,suchasoilandgas
industry．Thestructuralcomponentsusedinthese
conditionsaresubjectedtothecombinedattacks
from hightemperature, highstressandcorrosive
medium[１,２] ．SuperalloyusuallygainsdesiredmicroＧ
structureand necessary productperformancefor
specialusebyhotworking (forging/rolling) and
followingheattreatment．Recentresearchesabout
GH４９４５superalloymainlyconcerneditsmechanical
properties[３] ．Generally, theperformancestrongly
dependsonthemicrostructure, whichissignificantＧ
lyaffectedbyhotworkingconditions．Nevertheless,
theresearchonprocessingtechnologyforGH４９４５
superalloywasinvolvedlittle, particularlytheone
toobtainahomogeneousandfinemicrostructurein

ahotＧdeformedproducthadnotbeenfullyestabＧ
lished．Itisnecessarytoacquireaproofaboutthe
effectsofprocessingparameters,suchastemperaＧ
ture,strainrateandstrain,onmicrostructuralevoＧ
lutionduringhotdeformation．Inordertoobtain
GH４９４５superalloys withdesired microstructure,
thereisanurgentneedtogetacomprehensiveunＧ
derstandingofhotdeformationcharacteristics．
　Asisknowntoall,theflowstressisoftenused
toinvestigateplasticdeformationfeaturesofalloys
and metals, determiningtheloadandenergyreＧ
quiredduringdeformation[４] ．Ithasbeencommonly
believedthattheconstitutiveequationisaveryeffiＧ
cientwaytodepicttheplasticflowbehaviorofmetＧ
almaterialsfornumericalsimulations(i􀆰e􀆰,predicＧ
tionofflowstressduringhotworking), whichhas
acquiredgreatachievementswhenappliedtovarious
metalmaterialssuchasnickelＧbasedsuperalloy[５] ,
stainlesssteel[６] ,aluminumalloy[７] andmagnesiumalＧ
loy[８] ．Inthelastfewyears,theprocessingmap,a
significantmodeloriginatedfromdynamicmaterials
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model(DMM),hasbeenappliedextensivelyinopＧ
timizing workability ofalloyandcontrolling deＧ
formationmicrostructure[９,１０] ．OnthebasisofproＧ
cessingmaps,thedeformationbehaviorundervariＧ
ousconditionsduringhotworkingcanbeanalyzed．
Usually,theoptimalhotworkingparametersrefer
todeformationtemperatureandstrainratecorreＧ
spondingtoregionalpeakvalueofpowerdissipation
efficiency[１１,１２] ．
　Inthepresentstudy,thehotdeformationbehavＧ
iorofGH４９４５superalloywasstudiedoverwideand
practicabletemperaturesandstrainrangesbyisoＧ
thermalcompressiontests．TheconstitutiveequaＧ
tionbasedonexperimentalresultswasestablished
andexamined．Theprocessing maps wereestabＧ
lished, whichprovidedabasisforthehotworking
parametersoptimization．Themicrostructuresofthe
deformedspecimens wereobservedtoverifythe
processingmaps．

２．ExperimentalProcedures
　GH４９４５superalloyproducedbyvacuuminducＧ
tionmeltingwasusedforthisstudy,anditschemiＧ
calcompositionislistedin Table１．Compression
samplesof８mmindiameterand１２mminheight
werepreparedfromaforgedbarwithdiameterof１６
mm．TheisothermalcompressiontestswereconＧ
ducted using a GleebleＧ１５００ thermalＧmechanical
simulationtesting machineatthetemperaturesof
１０００, １０５０, １１００, １１５０and１２００°C withthe
strainratesof０􀆰００１,０􀆰０１,０􀆰１,１and１０s－１．In

ordertogetuniform microstructure, allsamples
wereheatedto１２００°Catarateof２０°C/spriorto
testing,thencooleddowntothespecifieddeformaＧ
tiontemperatureatarateof１０°C/sandheldfor３０
satthetemperaturetoobtainhomogenousdistribuＧ
tionofdeformationtemperature．Allsampleswere
subjectedto５０％ heightreductioncorrespondingto
truestrainof０􀆰７．TopreservethedeformedmicroＧ
structure,thesamplesafterhotdeformationwere
promptlyquenchedbywater．

Table１
ChemicalcompositionofGH４９４５superalloy(wt􀆰％)

C Cr Mo Cu Al Ti Nb Fe Ni

０􀆰０１６ ２０􀆰２３ ３􀆰３９ ２􀆰０１ ０􀆰２４ １􀆰５４ ３􀆰０２ ２０􀆰９３ Balance

　Themetallographicsampleswerecutparallelto
thecompressionaxis, andthemicrostructuralobＧ
servationwascarriedoutonanopticalmicroscope
(OM, OLYMPUSGX７１)．Thesamplepreparation
processincludes: mechanicalgrinding, polishing
andthenboilinginasolutionof２􀆰５gpotassium
permanganate,１０mLconcentratedsulfuricacidand
９０mLwater．
　AsshowninFig􀆰１(a),theinitialmicrostructure
ofGH４９４５superalloyafterhotforgingmainlyconＧ
sistsofequiaxedrecrystallizedgrains with mean
grainsizeofabout６５μm．GH４９４５superalloyhas
precipitatesofNi３ (Ti,Nb,Al)Ｇtypeγ′phaseand
Ni３(Nb,Ti,Al)Ｇtypeγ″phasewithsubＧmicronsizeemＧ

Fig􀆰１．　InitialopticalmicrostructureofGH４９４５superalloyafterhotforging(a)andmorphologyofprecipitates(b)．

beddedinadisorderedFCCγmatrix(Fig􀆰１(b))．

３．ResultsandDiscussion

３􀆰１．TruestressＧstraincurves

　Fig􀆰２illustratesthetruestressＧtruestraincurves
ofGH４９４５superalloycompressedatvarioustemＧ
peraturesandstrainrates．Similarcharacteristicscan
beobservedamongtheflowstresscurves:flowstress

decreaseswiththeincreaseoftemperatureanddecrease
ofstrainrate．Asinglepeakcanbeobservedwhen
thestraingetstoacriticalvalue．Afterthat,thesoＧ
called“strainＧsofteningstage” appearsinthecurve．
Hence,theflowstresscomestoasteadystateunder
theconditionofhighstrain．TheworkhardeningreＧ
sultsintheincreaseofstressintheearlystage,
whichisaconsequenceofpoorlydevelopedsubgrain
boundariesandtheincreaseddislocationdensity[１３] ．
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