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ABSTRACT

Theeffectsofdeformingtemperaturesonthetensilebehaviorsofquenchingandpartitioningtreated
steelswereinvestigated．Itwasfoundthattheultimatetensilestrengthofthesteeldecreasedwiththe
increasingtemperaturefrom２５to１００°C,reachedthemaximumvalueat３００°C,andthendeclined
byasignificantextentwhenthetemperaturefurtherreached４００°C．Thetotalelongationsat１００,
２００and３００°Careataboutthesamelevel．Thesteelachievedoptimalmechanicalpropertiesat３００°C
duetothepropertransformationbehaviorofretainedaustenitesincethestabilityofretainedaustenite
islargelydependentonthedeformingtemperature．Whentestedat１００and２００°C,theretainedausＧ
tenitewasreluctanttotransform, whileattheothertemperatures,about１０vol％ofretainedausＧ
tenitetransformedduringthetensiletests．Therelationshipbetweenthestabilityofretainedaustenite
andtheworkhardeningbehaviorofquenchingandpartitioningtreatedsteelsatdifferentdeforming
temperatureswasalsostudiedanddiscussedindetail．InordertoobtainexcellentmechanicalproperＧ
ties,thestabilityofretainedausteniteshouldbecarefullycontrolledsothattheeffectoftransformaＧ
tionＧinducedplasticitycouldtakeplacecontinuouslyduringplasticdeformation．

１．Introduction
　Inordertoimprovefuelefficiency,reduceemisＧ
sionsandensuresafetyfortheautomobileindustry,
tremendouseffortshavebeenspenttoinvestigate
anddevelopadvancedhighstrengthsteels(AHSS)
withmultiphasemicrostructures (atleasttwodifＧ
ferentconstituentssuchasaustenite,ferrite, marＧ
tensiteorbainite)[１Ｇ３] ．AmongtheAHSS,thequenchＧ
ingandpartitioning(Q&P)treatedsteelproposedby
Speeretal[４,５] hasdrawnmuchmoreattentionand
isexpectedtobeapromisingcandidateforthenew
generationofAHSS．ThroughquenchingandpartiＧ
tioningtreatment,thetypicalmicrostructureofthe
Q&Psteelcomprisesferrite, carbonＧdepletedlath
martensiteandsignificantamount(about１０vol％)of
retainedaustenite(RA)[６] ．
　TheQ&PsteelcanachieveanattractivemechaniＧ

calproperty with thecombination ofultraＧhigh
strengthandductilityduetotheausteniteＧtoＧmarＧ
tensite transformation during the deformation,
whichisthesoＧcalledtransformationＧinducedplasＧ
ticity (TRIP) effect．IthasbeenextensivelyexＧ
ploredwithrespecttothefactorsthatmayinfluence
thestabilityofaustenite, whichincludechemical
composition[７,８] ,austenitegrainsize[９,１０] ,aswellas
otherconstraints such as morphology, residual
stress[１１Ｇ１４] andsoon．Moreover,deformingtemperＧ
atureisalsoanimportantparameteraffectingthe
mechanicalpropertiesofthesteels．DeformingtemＧ
peraturehasasignificanteffectontheGibbsfree
energyofausteniteand martensiteanddetermines
thetransformation behaviorofretainedaustenite
duringtensiletest．Minetal[１５] reportedthemeＧ
chanicalstability andtransformation behaviorof
bothfilmandblockyRAatdifferenttemperatures．
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Furthermore, understandingtheeffectsofdeforＧ
mingtemperatureonthestabilityofRAandthe
tensilebehaviorsoftheQ&Psteelisdefinitelyvery
helpfulinthedesignofthefabricationprocedurefor
thiskindofsteel．However,asweknow,notmuch
workonthisresearchfieldcanbefoundfromliteraＧ
ture．Therefore,forthepresentproject,thestabiliＧ
tyofRAandthetensilebehaviorsoftheQ&Psteel
atvariousdeformingtemperaturesrangingfrom２５
to４００°C wereinvestigated．Moreover, thework
hardeningbehaviorsand microstructuralevolution
ofthissteelatdifferenttemperatureswerealsodisＧ
cussedindetail．

２．ExperimentalProcedure
　ThethinsheetsofthecommercialQ&Psteel
usedinthepresentstudyweresuppliedbyBaosteel．
ThenominalcompositionisFeＧ０２CＧ１４０SiＧ１８０Mn
(wt％)．Tensiletestswerecarriedoutonsamples
withstandarddimensions(５mminwidth,１６mmin
gaugelength, and１０ mminthickness, asseenin
Fig１)inaZwickZ１００universaltestingmachineat
aconstantstrainrateof５２×１０－４s－１．Thetesting
temperaturesinclude２５,１００,２００,３００and４００°C．
Forwarmdeformation,thetensilebarwasputinan
openairfurnaceat１００,２００,３００or４００°Candheld
therefor１０mintomakeithomogeneousatthedeＧ
siredtemperaturespriortotensiletest．Scanning
electronmicroscope(SEM)sampleswereetchedin
a４vol％nitalsolutionandobservedinaTESCAN
VEGA３SEMformicrostructuralanalysis．

Fig１．　Schematicdiagramofsamplefortensiletest．

　Inordertodeterminethevolumefractionandthe
averagecarboncontentof RA, XＧray diffraction
(XRD) experimentswereperformedwithascanＧ
ningspeed(２θ)of５(°)/mininaD/max２５５０XＧray
diffractionanalyzer．TheaveragecarbonconcentraＧ
tionofRA wasobtainedusingthefollowingequaＧ
tion[１６,１７] ．
　　aγ＝０３５５６＋０００４５３xC＋０００００９５xMn＋

００００５６xAl (１)
where,xC,xMnandxAlaretheconcentrations(wt％)
ofcarbon, manganese,andaluminuminRA,respecＧ
tively．
　ToevaluatethevolumefractionsofRAat２５°C,
aQuantum designphysicalproperty measurement

system (PPMSＧ９TEverCoolＧII) wasusedtomeasＧ
urethemagnetizationofthesamples．Thesample
sizeis２ mm×２ mm×１０ mm．A magneticfield
rangingfrom０to５Twasappliedontothesamples
byastepsizeof０２５T．ThevolumefractionofRA
(fγ) wascalculatedbythefollowingequation[１８] :

　　fγ＝１－β
Ms(c)
Ms(f) (２)

where, Ms(c)isthesaturationmagnetizationofthe
testedsample;andMs(f)isthesaturationmagnetiＧ
zationoftheausteniteＧfreesample．Ms(c)andMs(f)
wereobtainedbyfittingthemagnetizationcurves．β
istheratioofthesaturation magnetizationofthe
austeniteＧfreesampletothatofferriteandthispaＧ
rameterissetto０９８７forthepresentsteel．

３．ResultsandDiscussion

３１．Microstructure

　Fig２showstheSEM microstructureofasＧreＧ
ceivedQ&Psteel．TheQ&Psteelmainlyconsists
ofthreephases, ie．ferrite, martensiteand RA．
ThelathＧlike martensite washomogeneouslydisＧ
tributedintheferritematrix．TheRAparticlescan
beobservedindifferentregions,suchasintheferＧ
ritegrains, inthe martensiteoronthephaseor
grainboundaries．TheaveragesizeofRAis(１３３±
０３３)μm measuredbylinearinterceptmethod．

F—Ferrite; M—Martensite; RA—Retainedaustenite．
Fig２．　SEM microstructureofasＧreceivedQ&Psteel．

３２．Mechanicalproperties

　Fig３(a)showstheengineeringstressvs．strain
curvesofthesteelstestedatdifferenttemperatures．
Themechanicalproperties,includingtensilestrength,
totalelongation,andproductoftensilestrengthand
totalelongation(PSE)arepresentedinFig３(b)．It
canbeseenthatthetensilestrengthdecreaseswhen
thetemperatureincreasesfrom２５to１００°C．Then,
thetensilestrengthincreasestothe maximum at
３００°Canddeclinesbyasignificantextentwhenthe
temperaturefurtherreaches４００°C．ThetotalelonＧ
gations(around３２％) oftheQ&Psteelstestedat
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