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ABSTRACT

Thestaticrecrystallizationbehaviorof２５CrMo４mirrorplatesteelhasbeendeterminedbyhotcompresＧ
siontestingonaGleeble１５００thermalmechanicalsimulationtester．Compressiontestswereperformedusing
doublehitschedulesattemperaturesof９５０－１１５０°C,strainratesof０􀆰０１－０􀆰５s－１,andrecrystallization
timeof１－１００s．ResultsshowthatthekineticsofstaticrecrystallizationandthemicrostructuralevoluＧ
tionweregreatlyinfluencedbythedeformationparameters(deformationtemperature,strainrateandpreＧ
strain)andtheinitialaustenitegrainsize．Basedontheexperimentalresults,thekineticsmodelofstatic
recrystallizationhasbeengeneratedandthecomparisonbetweentheexperimentalresultsandthepredicＧ
tedresultshasbeencarriedout．ItisshownthatthepredictedresultswereingoodagreementwiththeexＧ
perimentalresults．

１．Introduction
　Industrialhotformingprocessconsistsofseveral
successivedeformationsandinterＧpasstimebetween
deformations．DuringtheinterＧpasstime,thestatic
recrystallization (SRX), which occurs whenthe
straininthelastdeformationpassislessthanthe
criticalstrainofthedynamicrecrystallization, is
oneofthemostimportantmetallurgicaleventsgovＧ
erningtheflowstrengthandtheresulting microＧ
structure[１Ｇ３] ．ItisessentialtosystematicallyinvesＧ
tigatethebehavioroftheSRXfortheprocessflow
formulationandthecontrolofthefinalgrainsize．
Aspointedoutpreviously,thebehaviorofSRXis
affectedbythetemperature,strainrate, preＧstrain
andtheinitialaustenitegrainsizeandtheSRXbeＧ
haviorofanumberofmetalsandalloyshasbeeninＧ
vestigated[４Ｇ１０] ．LinandChen[４]studiedtheeffectsof
formingtemperature, strainrate, deformationdeＧ
gree,andinitialaustenitegrainsizeonthemicroＧ
structuralevolutionduringstaticrecrystallizationin
hotdeformed４２CrMosteelandthekineticsmodel
wasdeterminedbasedontheexperimentalresults．
Zahirietal􀆰[６] investigatedthebehaviorofSRXin
twointerstitialfreesteelsandpointedoutthatthe
strainratehadastrongeffectonthetimeforstrain

independentsoftening．Furthermore,theresultsalＧ
sorevealedthatSRX wasdelayedowingtothe
phosphorousandboronalloyingelements．
　The２５CrMo４(Germanygrade)steeldiscussedin
thisresearchisusedintheproductionof mirror
plateoflargehydrogeneratorforitsgoodhardenaＧ
bility, weldabilityandcoldplasticity．Inthepast
years, manyinvestigationshavebeenimplemented
onthebehaviorof２５CrMo４．KhanafiＧBenghalemet
al􀆰[１１] studiedtheprocessofplasticdeformationand
thewearrateof２５CrMo４inlubricatedslidingagainst
cementedtungstencarbide．Huoetal􀆰[１２]investigaＧ
tedthegraingrowth/refinementruleanddamage
featuresof２５CrMo４inhotforming．Luoetal􀆰[１３]

studiedthehighＧtemperaturemechanicalproperties
of２５CrMo４．NopublicresearchwasfoundontheSRX
behaviorof２５CrMo４steelduringhotdeformation．
　Inthisresearch,theSRXbehaviorof２５CrMo４
steelduringhotdeformationhasbeeninvestigated
bydoubleＧhitcompressiontestsonaGleeble１５００
thermalmechanicalsimulationtester．Theeffectsof
temperature,strainrate, preＧstrainandtheinitial
austenitegrainsizeonthekineticsofSRXandthe
microstructure were discussed．Additionally, the
comparisonbetweentheexperimentalresultsand
thepredictedresultswasimplemented．
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２．ExperimentalMaterialandProcedures

２􀆰１．Materialandexperimentalschedules

　The２５CrMo４steelusedinthisresearchwasdiＧ
rectlysampledfrom wroughtbilletofmirrorplate
withacompositionofC０􀆰２７, Si０􀆰３, Mn０􀆰７, Cr
１􀆰０, Mo０􀆰２,P０􀆰０２,S０􀆰０２andFeforbalancein
wt􀆰％．Compressionspecimensof１２mminlength
and８ mmindiameterwere machined．DoubleＧhit
compression tests were performed by using a
GleebleＧ１５００thermalmechanicalsimulationtester．
InordertoreducefrictionaleffectsduringcompresＧ
sionandavoidthestickingprobleminquenching,
theTapieceswithathicknessof０􀆰５mmwereposiＧ
tionedbetweentheanvilsandthespecimens．
　AsshowninFig􀆰１(a),thespecimenswereaustenＧ
itizedat１２００°Cfor５minandthencooledtothetest
temperatureatastrainrateof１０°C/s．Afterholdingat
thetesttemperaturefor１ min,thefirstdeformation
wasappliedandinterruptedatastrainbelowthecritiＧ
calstrainfornucleationofdynamicrecrystallization．
Afterunloading,thespecimenwasheldatthetest
temperaturefor１to１００stoenabletheoccurrence

ofSRX．Aseconddeformation wasappliedunder
thesamedeformationconditionsasthatinthefirst
passtomeasuretheamountofsoftening,andthen
thespecimenwasquenchedinwater．Testingwas
conductedattemperaturesof９５０to１１５０°C,strain
ratesof０􀆰０１to０􀆰５０s－１andpreＧstrainsof０􀆰１０,
０􀆰１５and０􀆰２０(curve１inFig􀆰１(a))．Additionally,
thespecimenwasdirectlyquenchedinwaterafter
theSRXintheinterＧpasstimetoinvestigatethemiＧ
crostructure(curve２inFig􀆰１(a))．
　InordertoinvestigatetheeffectoftheinitialausＧ
tenitegrainsizeonthe microstructuralevolution
duringSRX, thespecimenswereheatedto１０５０,
１１５０and１２００°C,respectively,andheldfor５min．
Then, somespecimensweredirectlyquenchedin
waterandtheobtainedinitialgrainsizesare５７􀆰６,
１４１􀆰３and２６６􀆰１μm,respectively．TheotherspeciＧ
mensweredeformedat１０５０°Cand０􀆰１s－１toapreＧ
strainof０􀆰１followedbyunloadingtimeof１,５,１０,
２０,５０and１００stoallowtheoccurrenceofSRX．Then,
somespecimenswerequenchedinwatertoevaluatethe
microstructure(curve１inFig􀆰１(b))andotherswere
furtherdeformedtoastrainof０􀆰２(curve２inFig􀆰１
(b))toinvestigatethesofteningfraction．

(a) DoubleＧhitdeformationunderdifferentdeformationconditions; 　 (b) Consideringtheeffectofinitialaustenitegrainsizeon
thesofteningandmicrostructure．

Fig􀆰１．　Schematicillustrationofexperimentalprocedures．

　ThedeformedsampleswereslicedalongthecomＧ
pressionaxissection．After mechanicalpolishing,
thespecimenswereetchedwithasaturationpicric
for７minwaterbathheatingat７０°C．OpticalmetalＧ
lographobservationwascarriedouttorevealthemiＧ
crostructureofdeformedspecimens．

２􀆰２．Quantifyingsoftening

　Theinterruptedmethodisbasedontheprinciple
thattheyieldstressathightemperatureisasensiＧ
tivemeasureofthestructuralchange．Thesoftening
fractionresultingfromtheSRXisusuallyevaluated
bythe０􀆰２％offsetyieldstressmethod[３] ,themean

stressmethod[１４] andstrainrecoverymethod[１５] ．In
thisstudy,the０􀆰２％offsetyieldstrengthwasused
todeterminethesofteningfractionresultingfrom
SRX．Thesofteningfraction,X,ismeasuredby:

　　　　X＝
σm－σ２

σm－σ１
(１)

where,σmistheflowstressattheinterruption;and
σ１,σ２aretheoffsetstresses(０􀆰２％)duetothefirst
hitandsecondhit,respectively．

３．ResultsandDiscussion
３􀆰１．Flowcurves
　InterruptedcompressionstressＧstraincurvesvarＧ
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