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InfluenceofInitialMicrostructureonWarmDeformationProcessability
andMicrostructureofanUltrahighCarbonSteel

TaoWU,　YuＧweiGAO,　MingＧzhiWANG,　XiaoＧpuLI,　YuＧchengZHAO,　QinZOU
(StateKeyLaboratoryofMetastableMaterialsScienceandTechnology,YanshanUniversity,
Qinhuangdao０６６００４,Hebei,China)

Abstract:Variousisothermalcompressiontestsarecarriedoutonanultrahighcarbonsteel(１􀆰２％ Cinmasspercent),
initiallyquenchedorspheroidized,usingaGleebleＧ３５００system．ThetruestressisobservedtodecreasewithincreasＧ
ingtemperatureanddecreasingstrainrate．ThetruestressoftheinitiallyquenchedsteelislowerthanthatoftheiniＧ
tiallyspheroidizedsteelathighdeformationtemperature(７００℃)andlowdeformationstrainrate(０􀆰００１s－１)．The
valueofthedeformationactivationenergy(Q)oftheinitiallyquenchedsteel(３３１􀆰５６kJ/mol)ishigherthanthatof
theinitiallyspheroidizedsteel(２９７􀆰９４kJ/mol)．Theinitiallyquenchedsteelhaslowerefficiencyofpowerdissipation
andbetterprocessabilitythantheinitiallyspheroidizedsteel．Thewarmcompressionpromotesthefragmentationand
thespheroidizationoflamellarcementitesintheinitiallyquenchedsteel．Thefragmentationoflamellarcementitesis
thespheroidizingmechanismofthecementitesintheinitiallyquenchedsteel．ResultsoftransmissionelectronmicroＧ
scopeinvestigationshowedthatfinegrainswithhighangleboundariesareobtainedbydeformationoftheinitially
quenchedsteel．
Keywords:ultrahighcarbonsteel;initiallyquenchedsteel;initiallyspheroidizedsteel;deformationactivationenerＧ
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　　Ultrahighcarbonsteels(１􀆰０％－２􀆰１％ Cinmass
percent)arehypereutectoidsteels,andtheirhighcarbon
contentleadstothesegregationofcarbonandthe
occurrenceofcoarsecarbidenetworkinthetradiＧ
tionalprocessingandcasting．Thus,ultrahighcarＧ
bonsteelsareconsideredtohavesuchhighbrittleＧ
nessatroomtemperaturethattheyhaveverylimitＧ
edapplicationsinthepast．Itwasfirstfoundby
Sherby[１－３]inthe１９７０sthatultrahighcarbonsteels
containfineequiaxedferritegrainsanduniformly
distributedspheroidized cementites afterthermoＧ
mechanicalprocessing,whichhaveexcellentsuperＧ
plasticity．
　　Accordingtorecentresearch,processeswithsevere
plasticdeformation(SPD)aredefinedasmetalＧforming
processesinwhichanultralargeplasticstrainisinＧ
troducedintoabulk metaltocreateanultraＧfine
grainedmetal[４－８]．However,thesevereplasticdeＧ

formationofultrahighcarbonsteelsatmediumtemＧ
peraturehasnotbeenstudiedsystematically．This
paperinvestigatedthebehaviorandtheprocessabiliＧ
tyofanultrahighcarbonsteel(UHCS,１􀆰２％ Cin
masspercent),whichwasinitiallyquenchedorspheＧ
roidized,underwarmdeformationcompression．

１　Experimental
　　Theultrahighcarbonsteelsstudiedinthiswork
hadthefollowingchemicalcomposition(masspercent,
％):C１􀆰２６,Si０􀆰２３,Mn０􀆰２２,P０􀆰０１２,S０􀆰０１２
andFebalance．BecauseofthehypereutectoidcomＧ
ponents,hightemperature(＞Ac１)quenchingcausedan
increaseintheresidualausteniteandadecreasein
hardness．Thus,aftermachiningcylindricalsamples
withsizeofϕ８ mm×１２ mm,theobtainedspeciＧ
menswereaustenitizedat７８０ ℃ for３０ minand
thenquenchedinbrine．TheinitialquenchedmicroＧ



structurewasplatemartensite,withlittleresidual
austenite,andundissolvedcementiteparticles．OthＧ
ersampleswereisothermallyandspheroidallyanＧ
nealedatan “oscillating”temperaturebetweenapＧ
proximately６８０and７６０ ℃ toobtainferriteand
granularcementites．Theinitial microstructureis
showninFig􀆰１．
　　Thesampleswereheatedto５５０,６００,６５０,and
７００℃atarateof１０℃/sandwerecompressedby
５０％atastrainrateof１０－４－１s－１ withaGleebleＧ

３５００thermalsimulationtestingmachine．Tantalum
platewasplacedbetweenthepressureheadandthe
sample．MoS２ wassmearedontheendfaceofthe
samplesforlubrication．
　　ThemicrostructuresofthesamplesbeforedeformaＧ
tionwerestudiedonanAxiovert２００ MAT metalloＧ
graphicmicroscope．Changesinthecementitesand
grainsduringwarmdeformationwereexaminedusing
aKYKYＧ２８００typescanningelectronmicroscope(SEM)
operatedat２０kVandaJEMＧ２０１０typetransmission

(a)Initiallyquenched;　 (b)Initiallyspheroidized．
Fig􀆰１　Opticalmicrographsofinitialmicrostructureof１􀆰２％ C(masspercent)steel

electronmicroscope(TEM)operatedat２００kV．

２　ResultsandDiscussion
２􀆰１　Influenceonwarmdeformationmechanism
　　TheeffectofinitialstructureonwarmtemperaＧ
turedeformationhasbeenfrequentlyomittedinthe
literature．ThiseffectwastestedforultrahighcarＧ
bon(１􀆰２％ Cin masspercent)steelshavingdisＧ
tinctlydifferentiatedstructures,fromaverystable
structure(spheroidized)tothemostunstable,the
structureobtainedafterquenching．
　　Fig􀆰２showsthetruestrainＧtruestresscurves
ofinitiallyquenchedandinitiallyspheroidizedsteel
(１􀆰２％ Cinmasspercent)duringwarmcompression
deformationattemperaturesof５５０,６００,６５０,and
７００℃forstrainratesof１０－３,１０－２,０􀆰１,and１s－１．
　　Ascanbeseen,thetruestressincreasedwith
decreasingtemperatureatagivenstrainrateandwith
increasingstrainrateatagiventemperature．Thetrue
strainＧtruestresscurvesoftheinitiallyquenched
steelreachedapeakstressandthendecreasedtoa
steadyvaluewithincreasingstrain,whilethecurves
oftheinitiallyspheroidizedsteelreachedapeak
stressandthenkeptsteadyeven withincreasing

strain．Asreportedintheliterature[９,１０],theflow
stresscurvesoftheinitiallyquenchedsteelwere
workhardening,dynamicrecoveryandrecrystallizaＧ
tioncurves,whiletheflowstresscurvesoftheiniＧ
tially spheroidized steel were dynamic recovery
curves．Moreover,anintersectionpointwaspresent
betweenthe flow stress curves oftheinitially
quenchedandinitiallyspheroidizedsteels．Itshould
benotedthatatadeformationtemperatureof７００ ℃
andastrainrateof０􀆰００１s－１,theflowstressofthe
initiallyquenchedsample wasalwayslowerthan
thatoftheinitiallyspheroidizedsample．
　　Therelationshipbetweenthetemperatureandthe
strainratecouldbeexplainedusingconstitutiveequaＧ
tionsderivedbyZener,Tegart[１１]andHollomon[１２]．
　　̇ε＝A[sinh(ασ)]nexp[－Q/(RT)] (１)
where,α,nandAareconstants;Qistheactivation
energyofdeformation;Risthegasconstant;̇εis
thestrainrate;TistheabsolutetemperatureofdeＧ
formation;andσisthepeakstress．
　 　Eq􀆰(１)couldbeconvenientlyexpressedin
termsofatemperatureＧcompensatedstrainratepaＧ
rameter,theZenerＧHollomonparameter(Z),

　　Z＝̇εexp[Q/(RT)] (２)
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