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Abstract:ThestrengtheningmechanismsofhotＧrolledsteelsmicroＧalloyedwithTi(STＧTQ５００)andNbＧTi(NTＧ
TQ５００)wereinvestigatedbyexaminingthemicrostructuresofsteelsusingopticalmicroscope(OM),scanningelecＧ
tronmicroscope(SEM)andtransmissionelectronmicroscope(TEM)．Theresultsrevealedalmostnodifferencesin
thesolutesolutionstrengtheningandfineＧgrainedstrengtheningofthetwosteels,whereasthecontributionsofpreＧ
cipitationstrengtheninganddislocationstrengtheningweredifferentforSTＧTQ５００andNTＧTQ５００．Themeasured
precipitationstrengtheningeffectofSTＧTQ５００was８８MPahigherthanthatofNTＧTQ５００;thisdifferencewaspriＧ
marilyattributedtothestrongerprecipitationeffectofthe TiＧcontaining nanoscaleparticles．Thedislocation
strengtheningeffectofSTＧTQ５００wasapproximately８０MPalowerthanthatofNTＧTQ５００．Thisisthoughttobe
relatedtodifferencesindeformationbehaviorduringthefinishingrollingstage;theinhibitionofdynamicrecrystalliＧ
zationfrom NbinNTＧTQ５００(NbＧTi)mayleadtohigherdensityofdislocationsinthemicrostructure．
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　　ThestrengtheningofsteelhasbecomeimporＧ
tantintheautomotiveindustry,construction maＧ
chineryindustry,andotherindustriesbecauseitcan
reducethemassofequipmenttosaveenergyandreＧ
duceemissions[１Ｇ４]．MicroＧalloying[１Ｇ４]istheaddition
oftraceelements(suchasNb,TiandV)totradiＧ
tionalCＧMnsteelsorlowＧalloysteels．InthismanＧ
ner,microＧalloyedelementscombinedwiththetherＧ
malmechanicalcontrolprocess(TMCP)technology
cancontroltheprecipitationbehaviorofmicroＧalＧ
loyedsteels．Forexample,grainrefinementandpreＧ
cipitationstrengtheningcanbeusedtocontrolthe
size,morphology,anddistributionofcarbideand
nitrideatdifferenttemperaturesandtoimprovethe
strengthofsteelwithoutlossoftoughnessorformＧ
ability．
　　PreviousstudieshaveshownthatthestrengtheＧ
ningeffectisobviouswhentwoormoretypesofmiＧ
croＧalloyedelements(e􀆰g􀆰,NbＧTiandNbＧV)areadded

tosteels[１Ｇ４]．Atpresent,NbＧTiＧmicroＧalloyedsteel
iscommonly usedin construction machinery[５Ｇ８]．
However,steelproductioncostsareincreasingsigＧ
nificantlywiththerisingpricesoforeandrawmateＧ
rials．Nb,V,andTiarethethreemostcommonly
usedmicroＧalloyingelements．AmongthesethreeelＧ
ements,Tiistheleastcommonlyused;thus,the
production of highＧstrength steels microＧalloyed
withonlyTihasrecentlyattracted moreattention
fromresearchersandproducers[５Ｇ８]．Todate,highＧ
strengthsteelsmicroＧalloyedwithTiatlevelsof４５０－
６５０MPahavebeenproducedviacompactstripproＧ
duction(CSP)[５Ｇ７]．However,therearelackofsysＧ
tematicstudiesontheTiＧmicroＧalloyedsteelsusing
traditionalthickＧslabproductionprocesses,particuＧ
larlystudiesonthestrengtheningmechanismsofTiＧ
microＧalloyed highＧstrength steel．Consequently,
thisstudyfocusedonthestrengtheningmechanism
ofTiＧmicroＧalloyedhighＧstrengthsteelproducedby



thetraditional“thickslab＋hotrolling”hotＧstrip
process．Thepropertiesof TiＧmicroＧalloyed highＧ
strengthsteelwerecomparedwiththoseofNbＧTiＧ
microＧalloyedhighＧstrengthsteel．

１　Experimental
１􀆰１　Chemicalcompositionandproductionprocess
　　Theyieldstrengthlevelinthetwoexperimental
alloyswas５００MPa．ThesteelmicroＧalloyedwithTi
onlywaslabeledSTＧTQ５００,andthesteelmicroＧalＧ

loyedwithNbＧTiwaslabeledNTＧTQ５００．ThecorＧ
respondingchemicalcompositionsarelistedinTable１．
　　Theproductionroutewasasfollows:hotmetal
pretreatment→smelting→argontreatment→LFproＧ
cessing→continuouscasting→heating→descaling→
roughrolling→finishrolling→cooling→coiling．The
platethicknesswassetto１２mm．BothSTＧTQ５００
andNTＧTQ５００wereprocessedbythefollowingrollＧ
ingparameters:finishrollingtemperaturesof８５０－
９００℃andcoilingtemperaturesof５７０－５９０℃．

　　　　　Table１　ChemicalcompositionsoftheSTＧTQ５００andNTＧTQ５００steels　　　　mass％

Material C Si Mn P S Nb Ti Al N

STＧTQ５００ ０􀆰０７１ ０􀆰０７ １􀆰６８ ０􀆰０１ ０􀆰００５ ０ ０􀆰０８ ０􀆰０４ ０􀆰００４０
NTＧTQ５００ ０􀆰０７０ ０􀆰０７ １􀆰７１ ０􀆰０１ ０􀆰００５ ０􀆰０４ ０􀆰０４ ０􀆰０４ ０􀆰００４５

１􀆰２　Microstructureandmechanicaltesting
　　TensilespecimenswerepreparedwithrectanguＧ
larcrossＧsectiondimensionsof１２􀆰５mm×５６􀆰５mm
andweretestedatroomtemperatureunderastrain
rateof１×１０－４s－１．Samplesfortoughnesstesting
weremachinedintostandardCharpyVＧnotchspeciＧ
menswithdimensionsof１０mm×１０mm×５５mm．
Thetestingtemperaturewassetas－２０℃．
　　Microstructuralobservationwasperformedon
thelongitudinalsectionsofthesamplestakenfrom
thetailsofcoilsusingopticalmicroscopy (OM),
scanningelectronmicroscopy(SEM),andtransmisＧ
sionelectron microscopy (TEM)．ThemicrostrucＧ
turesofsamplescutfromthe１/２and１/４surfaces
ofthecastbilletwerealsoexamined．Samplesfor
TEM withdiametersof３mm werepreparedasfolＧ
lows:thesampleswereinitiallyabradedtothicknesＧ
sesof４０μm;thinfilmswerethenpreparedbyelecＧ

tropolishingwitha５vol􀆰％ perchloricacidＧglacial
aceticacidsolution．TEM wasperformedusingaJEMＧ
２１００microscope．

２　ResultsandDiscussion
２􀆰１　Microstructures
２􀆰１􀆰１　Opticalmicrostructures
　　Figs􀆰１(a)and１(b)showtheopticalmicroＧ
graphsofthe１/４longitudinalsurfacesofNTＧTQ５００
andSTＧTQ５００,respectively．Themicrostructureswere
mainlycomposedofquasiＧpolygonalferritewithanomaＧ
liesinthegrainboundaries,obviouslydifferentfrom
typicalpolygonalferrite,whichexhibitssmoothand
straightgrainboundaries．Smallamountsofcarbides
wereobservedinthegraininteriorsandboundaries
ofNTＧTQ５００andSTＧTQ５００．Themeangrainsize
offerriteinNTＧTQ５００wasmeasuredtobe３􀆰８μm,
closetothatofSTＧTQ５００(３􀆰９μm)．

Fig􀆰１　OpticalmicrographsoftheNTＧTQ５００(a)andSTＧTQ５００(b)samples

２􀆰１􀆰２　Submicroscaleprecipitates
　　Tofurtheranalyzethedifferencesbetweenthe

carbidesofNTＧTQ５００andSTＧTQ５００,energydisＧ
persivespectrometer (EDS)wasusedtocompare
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