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ConstitutiveModelingforThixoformingof９Cr１８SemiＧsolidAlloyand
３DForecastMapping
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Abstract:Thixotropiccompressiontestswerecarriedouton９Cr１８semiＧsolidalloythroughGleebleＧ１５００thermal
simulationmachine．Accordingtotheexperimentanalysis,macroseparationoccurredduringthixoforming．TheliqＧ
uidfilmwasextrudedoutsidetothesurfaceandsolidifiedtoformeutecticstructure．ThesolidparticleswereconＧ
nectedwitheachotherandunderwentplasticdeformation．AccordingtothecomparisonbetweenZhouＧGuanmodel
andmodifiedZhouＧGuanmodel,itcouldbeobservedthattheaddingofthixotropicfactorplayedanimportantrolein
theregressionandthelatteronewasmorecredible．ThemodifiedZhouＧGuanmodelcouldwelldescribethethixoＧ
formingbehavior．３Dforecastmappingwasbuiltfor９Cr１８semiＧsolidalloyinthixoformingtemperaturerange．It
wouldprovidevaluableinformationforselectingprocessparametersduringthixoforminginthemanufactureprocess．
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　　Overthelastfourdecades,semiＧsolidforming
(SSF)hasattractedincreasingresearchinterestdue
toitshigherperformanceascomparedwithconvenＧ
tionalcastingandforging[１,２]．Plentyofresearchers
arefocusingonsemiＧsolidformingduetoitsobvious
advantagessuchasnearＧnetＧshapeforming,fewer
formingstepsandsmallerresistance,etc．[３]．Asone
methodofSSF,threestepsarerequiredforthixoＧ
forming:semiＧsolid billet preparation,reheating
andforming[４]．
　　Thespecificmicrostructurecharacterizationof
semiＧsolidbilletthatspheroidalsolidparticlesare
suspendedintheliquidmatrixneedstobeclarified．
Anumberofresearchershavereportedonclarifying
thebehaviorofthesemiＧsolidmicrostructure．KoeＧ
uneandPonthot[５]proposedaonephasethermomeＧ
chanicalmodelforsimulationofsemiＧsolidthixoＧ
forming,consideringtheconceptcohesiondegreeof
solidparticles．Anadjustment microＧmacro model
waslaterproposedtoconsiderfreesolidsuspenＧ
sions[６]．QinandWallach[７]usedphasefieldtopreＧ
dictthenonＧdendriticstructure．Moumnietal􀆰[８]

discussedthephasetransformationbyphenomenoＧ
logicalmodeling．TheresearchesaimedatinvestigaＧ

tingthe material model．However,the material
modelshouldbetransformedintoconstitutivemodel
beforebeingusedfornumericalsimulation．Currently,
manyoftheconstitutivemodelsareproposedforhot
deformation behavior[９Ｇ１１]．Yangetal􀆰[１２] studied
constitutivemodelfor２５２４aluminumalloyincreep
ageforming．Renetal􀆰[１３]investigatedconstitutive
modelformartensiticstainlesssteelwhenconsiderＧ
ingthestraineffect．TherearefewresearchersatＧ
temptingtocombinesemiＧsolidpropertyandconstiＧ
tutivemodel,andthedeformationbehaviorduring
thixoformingneedstobeclarified[１４]．
　　ThepresentstudyaimedatproposingaconstiＧ
tutivemodelforthixoformingofsemiＧsolidalloy
andforecastingthedeformationbehaviorinthixoＧ
formingtemperaturerange．Thixotropic behavior
duringthixoformingwasconsideredandamodified
constitutivemodelwasproposedbasedonthixotropＧ
icbehavior．

１　ExperimentalProcedures
１􀆰１　Materials
　　Thefeedstock materialwas９Cr１８stainlesssteel
andthechemicalcompositionisshowninTable１．The



Table１　Compositionofexperimental９Cr１８stainlesssteel
mass％　

C Cr Si P S Al Ni Co Fe

０􀆰９７ １７􀆰３３ ０􀆰５２ ０􀆰０２ ０􀆰００５ ０􀆰１０ ０􀆰１６ ０􀆰１２ Balance

semiＧsolidbilletwaspreparedbywavelikesloping
plate method[１５]．The microstructureofsemiＧsolid
billetisdifferentfromthedendritestructureoftraＧ
ditionalcastingspecimen(Fig􀆰１(a))．Asshownin
Fig􀆰１(b),twophasescoexistinthespecimen:the
globularsolidgrainsaresuspendedinthesolidified
liquid matrix．Theaverageequivalentdiameterofthe

globularaustenitegrainsisabout(９４􀆰４±１０)μmand
theshapefactoroftheglobulargrainsisabout０􀆰８０．
AccordingtoXＧraydiffraction(XRD)resultinFig􀆰２,
themainphasesincludeausteniteandchromiumcarＧ
bide(Cr７C３),whichisdifferentfromthemartensite
structureofconventional９Cr１８steel[１６]．Previous
researchalsoreportedthatthealloyingelementsin
thesemiＧsolidrange wouldstabilizetheaustenite
duringcooling[１７]．ThesemiＧsolidtemperaturerange
isdeterminedbyusingdifferentialscanningcalorimＧ
etry(DSC)withaheatingrateof１０℃/minandthe
solidfractioncurveisshowninFig􀆰３[１８]．ThesoliＧ
dusandliquidustemperaturesof９Cr１８steelareapＧ

Fig􀆰１　Microstructureofcastingingot(a)andsemiＧsolidbillet(b)of９Cr１８steel

Fig􀆰２　XRDspectraof９Cr１８semiＧsolidbillet

proximately１２６３℃and１３８４℃,respectively[１８]．

１􀆰２　Thixotropiccompressiontests
　　Smallcylindricalcompressionsamplesof１５mmin
heightand８mmindiameterwerefabricatedfrom
thesemiＧsolidbillet．Thixotropiccompressiontests
wereconductedbyusingGleebleＧ１５００thermalsimuＧ
lationmachine．Inordertocarryoutexperimentsin
thesemiＧsolidtemperaturerange,twotantalumpieces
daubedwithlubricant(MoS２)wereplacedbetween
theindentersandsamplestoreducefrictionandavoid

Fig􀆰３　DSCresultsandsolidfractioncurvesof
９Cr１８semiＧsolidbillet

welding．Theheatingprocesswasdividedintotwo
stages．Thesampleswereheatedto１２００－１２５０ ℃
ataspeedof２０℃/s,thento１２５０℃,１２７５℃,and
１３００℃at２℃/s,respectively,andheldfor５sto
homogenizethetemperature．Accordingtoprevious
study,theholdingtimewasenoughtohomogenize
thetemperatureofthespecimen[１８]．Then,thecomＧ
pressiontestswereconductedundervariousstrain
ratesof０􀆰１,１􀆰０and５􀆰０s－１ withcompressionrate
of６０％．Finally,thesampleswerequenchedinwaＧ
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