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ABSTRACT

ThemicrostructuresandmechanicalpropertiesofferriteＧbasedlightweightsteelwithdifferent
compositionswereinvestigatedbytensiletest,scanningelectronmicroscopy (SEM),transmisＧ
sionelectronmicroscopy(TEM), XＧraydiffraction (XRD)andthermodynamiccalculation (TC)．It
wasshownthattheferriteＧbasedlightweightsteelswith５wt􀆰％ or８wt􀆰％ Alwerebasically
composedofferrite,austeniteandκＧcarbide．Astheannealingtemperatureincreased,theconＧ
tentoftheausteniteinthesteelgraduallyincreased, whiletheκＧcarbidegraduallydecomposed
andfinallydisappeared．Themechanicalpropertiesofthesteelwith５wt􀆰％ Aland２wt􀆰％ Cr,
composedofferriteandCr７C３carbideatdifferentannealingtemperatures, weresignificantlyinＧ
feriortothoseofothers．Thesteelcontaining５wt􀆰％ Al,annealedat８２０°Cfor５０sthenrapidＧ
lycooledto４００°Candheldfor１８０s,canobtainthebestproductofstrengthandelongation
(PSE)of３１２４２MPa􀅰％．Theaustenitestabilityofthesteelisbetter,anditsPSEishigher．In
addition,thesteelwithhigherPSEhasamorestableinstantaneousstrainhardeningexponent
(nvalue), whichismainlycausedbytheeffectoftransformationinducedplasticity (TRIP)．
WhentheκＧcarbideorCr７C３carbideexistedinthemicrostructureofthesteel,therewasanobＧ
viousyieldplateauinthetensilecurve, whileitsPSEdecreasedsignificantly．

１．Introduction
　 Thedevelopmentoflightweightsteelismainly
drivenbythestrongneedintheautomotiveindustry
becausetheweightreductionoftransportvehicles
leadstotheimprovementoffuelefficiencyandthe
reductionofCO２ exhaust．Recently, ferriteＧbased
lightweightsteelwith Mncontentlessthan１０wt􀆰％
andAlcontentmorethan５wt􀆰％ hasbeennoted．
Increasein Alcontent, forexampleto６ wt􀆰％,
couldpossiblyleadtoareductionof１０wt􀆰％inauＧ
tomotivecomponents．Comparedwithconventional
highstrengthsteel,FeＧCＧMnＧAlferriteＧbasedlightＧ
weightsteelshaveexcellentcombinationsofspecific
strengthandductility．FrommeyerandBrüx[１] found
thattheferriteＧbasedlightweightsteelcanobtainexcelＧ
lentproperties,suchasastrengthofover７８０MPa
andan elongation ofover３０％, resultingfrom
transformationinduced plasticity (TRIP) effect．

However,Sohnetal􀆰[２] pointedoutthatinferriteＧ
basedlightweightsteel, higherAlcontentwould
causemoreformationofκＧcarbideandworse meＧ
chanicalproperties．Itwasnotedthatin medium
manganeselightweightsteel, anotherlightweight
elementCrisastrongcarbideＧformingelement,
whichwillpromotetheformationofchromiumcarＧ
bide,reducetheamountofκＧcarbideinthesteeland
havebenefitstomechanicalpropertiesofsteels[３] ．
　BasedontheaboveＧmentionedresults,inthiswork,
ferriteＧbasedlightweightsteelwithdifferentconＧ
tentsofAlandCrwereinvestigatedbytensiletest,
scanningelectronmicroscopy (SEM),transmission
electronmicroscopy(TEM),XＧraydiffraction(XRD),
inＧsituanalysisandthermodynamiccalculation (TC),
aimingtostudytheinteractionamongalloyingeleＧ
ments, microstructures, mechanicalproperties,and
heattreatmentsforferriteＧbasedlightweightsteel,
andtoprovidetheoreticalreferencefortheresearch
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anddevelopmentofhighＧperformanceferriteＧbased
lightweightsteel．

２．Experimental
　Thechemicalcompositionsofexperimentalsteels
arelistedinTable１．

Table１
Chemicalcompositionsofinvestigatedsteels(wt􀆰％)

Specimen C Mn Al Cr Fe

１ ０􀆰２４ ３􀆰５７ ４􀆰９９ － Balance
２ ０􀆰２８ ３􀆰６７ ７􀆰７０ － Balance
３ ０􀆰２４ ３􀆰４６ ５􀆰１７ ２􀆰０８ Balance

　Three１５０kgingotswiththedesignedcomposiＧ
tionwereproducedinavacuuminductionfurnace
filledwithargon,hotrolledto３􀆰５mm,andsubseＧ
quentlycoldrolledto１􀆰２mm．Theinvestigatedsteels
werecontinuouslyannealedinasaltbathfurnace,
andcorrespondingheattreatmentprocessesareshown
inFig􀆰１．

CA—Continuousannealing．
Fig􀆰１．　Schematicdiagramofheattreatmentprocesses．

　Thesteelspecimenswerepolishedandetchedina
４vol􀆰％ nitalsolution, andthemicrostructureswere
observedusinganopticalmicroscope(NikonMA１００)
andscanningelectronmicroscope (HitachiSＧ５７０)．
AD/MAXＧ２５００XＧraydiffractometer(CuKαradiaＧ
tion,scanrate２(°)/min,scanstepsize０􀆰０２°) opＧ
eratingat４０kVand４０mAwasusedtodetermine
thetypeofphases．
　ThecarboncontentwasmeasuredbyXRDusing
thefollowingequation[４] ．
　　αγ＝０􀆰３５７８＋０􀆰００３３XC＋０􀆰０００５６XAl＋

０􀆰００００９５XMn (１)
where,αγistheaustenitelatticeparameter, nm;and
XC,XMn,andXAlaretheconcentrationsofcarbon,
manganese,andaluminum,respectively, wt􀆰％．
　Themicrostructureandphasecompositionwere
analyzedwithatransmissionelectronmicroscope(JEMＧ
２０１０F)operatedatanaccelerationvoltageof２００kV．
ThinfoilsforTEM observation wereslicedfrom
bulkspecimensandgroundtoaround５０μmdiscs

withdiametersof３mm．ElectropolishingwasconＧ
ductedusing５vol􀆰％ perchloricacidinethanolat
－３０°Cinatwinjetelectropolisher, withtheelecＧ
tricalpotentialsetat４０V．
　CarbideparticlesinSteel３werechemicallyexＧ
tractedinphosphoricacid(２∶１)[５]atroomtemperＧ
atureandfilteredusingamicroＧporousmembrane
with２０nmapertureanddried．Thedriedpowderwas
analyzedbyXRDwithacceleratingvoltageof４０kV,
currentof４０mA,scanningrangeof４０°－９０°,and
scanrateof４(°)/min．TensilesamplesweredeＧ
signedaccordingtothestandardofGB/T２２８Ｇ２０１０,
withagaugelengthof３０mm．Thetensiletestwas
operatedona WANCE ETM５０４Ctesteratroom
temperatureandastrainrateof１×１０－３s－１．
　ThechangeofthevolumefractionofretainedaustenＧ
ite(VFＧRA)asafunctionoftensilestrainwasmeasＧ
uredusinganXＧraystressapparatus(XＧ３５０)aided
by a microＧelectronic universaltesting machine．
TensilespecimensinflatdogＧboneshapewithgauge
lengthof３０mmandgaugewidthof１􀆰２mm were
stretchedwithcrossheadspeedof０􀆰５mm/minby
usingamicroＧelectronicuniversaltestingmachine,
andVFＧRAinthetensilezoneofthespecimenwas
measuredwithintervalsofacertainstrainbyXＧray
stressapparatustoobservethechangeofVFＧRA
duringtensiletesting．

３．Results

３􀆰１．Microstructure

　Fig􀆰２showstheSEM micrographsofthethree
steelsafterdifferentheattreatmentprocesses．Itis
foundthatthesunkenanddarkgraystructureisferＧ
riteandthebrightgreyreliefstructureisaustenite
andcarbide．CombinedwiththeresultofXRDanalＧ
ysis(Fig􀆰３),themicrostructureofSteel１iscomＧ
posedofferrite, austeniteandκＧcarbidewhenthe
annealingtemperatureislowerthan７６０°C．Asthe
annealingtemperatureincreases,theκＧcarbidesdisＧ
solve,evendisappearat７９０°C．Themicrostructure
ofSteel２iscomposedofferriteandκＧcarbidewhen
theannealingtemperatureislowerthan８２０°C．When
theannealingtemperatureexceeds８２０°C,austenite
formsandκＧcarbidedissolves．WhenthetemperaＧ
tureincreasesto９１０°C, thesteeliscomposedof
ferriteandaustenite．ThemicrostructureofSteel３
iscomposedofferriteandCr７C３carbidewhenthe
annealingtemperatureislowerthan８２０°C．

３􀆰２．Mechanicalproperties

　ThestressＧstraincurvesandcomparisonofmeＧ
chanicalpropertiesofthreesteelsarepresentedin
Figs􀆰４and５,respectively．ForSteel１,thereisa
yieldplateauobservedonthecurveforthesample
heattreatedafterannealedbelow７９０°C．AstheanＧ
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