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ABSTRACT

Anovel２２MnMoBhotstampingsteelwasdesigned．Thecontinuouscoolingtransformation
(CCT) measurementofthe２２MnMoBsteelshowedthattheferriteＧbainitemicrostructurecould
beobtainedatcoolingrateslowerthan２５°C/s,andthecompletemartensitestructurerequired
thecoolingratehigherthan３０°C/s．TheexperimentswithnonＧuniformdietemperatureswere
carriedouttoobtaintailoredproperties．Theresultsshowedthatstrengthof１４１１MPaandelonＧ
gationof６％couldbeobtainedinthehardzone,andstrengthof９１６MPaandelongationof９％
couldbeobtainedinthesoftzone, whichcanberealizedbycontrollingthedietemperatureat
４００°C．ThetransitionzonewasfoundsmoothandcouldbebeneficialtoreducethestressconcenＧ
trationandthereforeimprovetheperformanceofcomponents．

１．Introduction
　Hotstampingcomponentshavebeenwidelyused
inautomobileasstructuralandsafetyparts,dueto
theirultraＧhightensilestrength．AsthemostpopuＧ
larhotstampingsteel,the２２MnB５steelhasbeen
deeplystudiedtheoreticallyandpratically[１Ｇ８] ．High
tensilestrengthofabout１５００MPaandVickershardＧ
nessofabout４２５HVaregenerallydesiredforhot
stampingcomponents[９] ,andacoolingrateofover
３０°C/sisneededduringthehotstampingprocessto
obtaincompletemartensitemicrostructure[１０,１１] ．
　Hotstamped２２MnB５componentisfavorablefor
theantiＧintrusionvehiclestructureduringatraffic
accident．However,itsenergymanagementcapability
islimitedduetoitspoorductility[１２] ．Tosatisfymore
strictsafetyandlightＧweightingrequirements,taiＧ
loredhotstampinghasbeendeveloped．Tailored
properties,namelyhighstrengthathardzoneand
highductilityatsoftzoneinapressＧhardenedpart,
wereobtainedtosatisfytherequirementsofboth
antiＧintrusionandenergyabsorption[１３] ．Generally,
thetailoredpropertiescanberealizedbythreetechＧ
niques:tailoredcooling,tailoredwelding,ormultiＧ
stageheating[１４Ｇ１６] ．Amongthem,thetailoredcooling
techniqueisthemostpopularone;inthisway,the

hotＧstampedpartwascooledindiebycontrolling
differentcoolingratesatdifferentdielocations,to
obtainthehardzonewithhighstrengthandsoftzone
withhighductility (i􀆰e􀆰,totalelongationofabout
１０％)simultaneously[１７] ．Forthe２２MnB５steel,long
holdingtimeisnecessaryinordertoformsoftzone
withmicrostructureconsistingofferriteandbainite
andtensilestrengthof７１４MPa[１８,１９] , whichreduces
theefficiencyandconsequentlyincreasesthecostcomＧ
paredtotheconventionalhotstampingprocess．
　Inthispaper,anovellowalloysteelwasdesigned
andproposedtorealizethetailoredpropertieswith
reducedholdingtime．

２．MaterialandExperimentalProcedures

２􀆰１．Alloydesign

　Inordertoimprovetheductilityofsoftzonein
tailoredcomponent, thetransformationfrom ausＧ
teniteintoferriteorbainiteduringhotstampingis
necessary．Inthepresentpaper,thetransformation
fromausteniteintocompletebainitemicrostructure
wasrealizedinsteadofthetransformationfromausＧ
tenitetoferriteinconventional２２MnB５steel．The
reasonsaregivenasfollows: (１)occurrenceofferrite
isharmfultotheultimatetensilestrength (UTS) of
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martensiticsteel; (２)thetransformationfromausＧ
teniteintoferriteconsumesmoretimebecauseofits
diffusivetransformationnature, whilethetransforＧ
mationfromausteniteintobainiteismainlydisplacＧ
ivetransformation, whichcanbefinishedquickly; (３)
carbideprecipitationisnotnecessaryinlowerbainite．
　Fromaboveideas,thedesignedalloyshouldbe
flexiblycontrolledtoform martensiteorbainiteduring
thehotstampingprocess．Molybdenumisthemost
effectivealloyingelementtosuppressthenucleation
andgrowthofferriteandpearlite,butthemolybdeＧ
numadditionof０􀆰４wt􀆰％ couldhardlyinfluence
thebainitictransformationstarttemperature (Bs)
oftheFeＧ０􀆰２２CＧ０􀆰２SiＧ０􀆰３MnＧ０􀆰２CrＧ０/０􀆰４Moalloy[６] ．
Moreover, manganeseadditionof０􀆰９wt􀆰％ledtoa
４１°CdroppinginBsoftheFeＧ０􀆰２２CＧ０􀆰２SiＧ０􀆰２CrＧ
０􀆰３/１􀆰２Mnalloy, whichmeansthatthemanganese
elementinhibitsthebainitictransformationseriously．
Thus,theMoＧadded(replacingapartofMn)alloy
hassufficienthardenabilityagainsttheformationof
ferriteandcontributestoawideselectablerangeof
coolingratetocontroltheformationofcompletemarＧ
tensiteorcompletebainitemicrostructure．Droppingin
BsoftheFeＧ０􀆰２２CＧ０􀆰２SiＧ０􀆰２CrＧ０􀆰３/１􀆰２Mnalloy,
which meansthatthe manganeseelementinhibits
thebainitictransformationseriously．
　Anovelhotstampingsteelof２２MnMoBwasthen
designed,anda３０kgingotwasmeltedinavacuum
inductionfurnace．Theingotwasreheatedto１２００°C
andheldfor１２０min,andthenforgedintoabillet
withdimensionsof６０mm×６０mm×１０００mm．AfＧ
terbeingreheatedto１２００°Cforabout２h,thebilＧ
letwashotrolledintoaplatewiththesectiondiＧ
mensionof４mm×１５０mminatemperaturerange
from１１００to９００°C,andaircooledtoroomtemperＧ
ature,finallycoldrolledtothethicknessof１􀆰８mmafＧ
teracidpickling．ThechemicalcompositionsofexperiＧ
mental２２MnMoBsteelandthetraditional２２MnB５
steelaregiveninTable１．

Table１
Chemicalcompositionsofexperimentalsteels(wt􀆰％)

Alloy C Si Mn Mo Cr Ti B Fe

２２MnMoB ０􀆰２２ ０􀆰２１ ０􀆰２９ ０􀆰３９ ０􀆰２ ０􀆰０３ ０􀆰００２２ Balance
２２MnB５ ０􀆰２２ ０􀆰２０ １􀆰２０ － ０􀆰２ ０􀆰０３ ０􀆰００２０ Balance

２􀆰２．Experimentalprocedures

　Thecontinuouscoolingtransformation (CCT)
curvesofthe２２MnMoBsteelweremeasuredusinga
dilatometer (FormastorＧFII)．ThecylinderspeciＧ
menswithsizeofϕ３mm×１０mm weremachined
fromthehotＧrolledplate．ThespecimenswereheatＧ
edto９００°Candheldfor３minforcompleteausteniＧ
zationandthencontinuouslycooleddowntoambiＧ
enttemperatureataseriesofcoolingratesranging

from５to５０°C/sforCCTmeasurement．
　Hotstampingexperimentswerecarriedoutina
triallinewithpressureof５０MPaandflatdies．The
blankswithsizeof１３０􀆰０mm×２１０􀆰０mm×１􀆰８mm
werecutfromthecoldＧrolledsheetforhotstamping．
Theblankswereaustenitizedbysoakingat９１０°C
for３mininamufflefurnaceprotectedbyargonatＧ
mosphere,transferredintodiesandfinallyquenchedin
diestoambienttemperature．ThecoolingrateisdeＧ
terminedbycontrollingdietemperaturesunderthe
pressureof１０ MPa．Toevaluatetheeffectofdie
temperature onthe microstructureand mechanical
properties,fivedietemperatures,suchasambienttemＧ
perature(T１),３６０°C (T２),３８０°C (T３), ４００°C
(T４) and４２０°C (T５), wereappliedinthehot
stampingexperiment,respectively．
　ForthemicrostructureobservationbyscanningelecＧ
tronmicroscopy (SEM),samplesweregroundand
polishedmechanically,andthenetchedby２vol􀆰％
nitalfor３０s．TheVickershardnesswasmeasured
under２００N withaloadingtimeof２０s．Tensile
testswerecarriedoutatastrainrateof２×１０－３s－１,
andthedogＧboneＧshapedtensileblankswithagauge
lengthof５０mmandgaugewidthof１２􀆰５mmwere
machinedaccordingto ASTM ３７０standard．The
tensiletestofeachexperimentwasrepeatedtwice
forreliability．

３．ResultsandDiscussion

３􀆰１．CCTdiagramandmicrostructureatdifferent
coolingrates

　TheCCTcurvesof２２MnMoBand２２MnB５steelsare
showninFig􀆰１．The２２MnMoBsteelexhibitsadifferent
CCTcurve (Fig􀆰１(a)) comparedto２２MnB５steel
(Fig􀆰１(b)[１５Ｇ１７] )．Whenthecoolingrateishigher
than３０°C/s, bothsteelscanobtaincompletemarＧ
tensitemicrostructure．Whenthecoolingrateranges
from２５to５°C/s,the２２MnMoBsteelobtainsmixＧ
turemicrostructureofferriteandbainite．Whilefor
the２２MnB５steel, whenthecoolingrateranges
from２５to１０°C/s,itobtainsmixturemicrostrucＧ
tureofbainiteandmartensite,orthatofferrite,bainite
andmartensite．Whenthecoolingrateis５°C/s,the
microstructureofferriteandpearliteisobtained．The
microstructuresof２２MnMoBand２２MnB５steelsatdifＧ
ferentcoolingratesareshowninFig􀆰２and Vickers
hardnessvaluesareshowninTable２．

３􀆰２．Hotstampingof２２MnMoBsteelatdifferent
dietemperatures

３􀆰２􀆰１．Coolingprocedureanalysis
　HotstampingtestswereconductedatdietemperＧ
aturesof１００and４００°Crespectively,andthetemＧ
peratureＧtimecurvesofblankanddiesarepresented
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