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GrowthRate,MicrostructureandPhaseCompositionofOxideScalesfor
ThreeTypicalSteelsinSimulatedContinuousCastingProcess

NanWANG,　JianＧhongDONG,　WeiＧjunHUANG,　BoLI,　MinCHEN
(SchoolofMaterialsandMetallurgy,NortheasternUniversity,Shenyang１１０８１９,Liaoning,China)

Abstract:Growthrate,microstructureandphasecompositionofscalelayerformedduringoxidationin５６％H２OＧ
９％O２ＧN２andfollowingcontinuouscoolinginambientairwereexperimentallyinvestigatedbymeansofopticalmiＧ
croscopy,scanningelectronmicroscopy(SEM),energyＧdispersivespectroscopy(EDS)andXＧraydiffraction(XRD)
for４５,２０CrMnTiandTTS４４３Msteelsrespectively,toexaminetheeffectsofstrandsurfacetemperatureandsteel
compositiononthescaleformationinsimulatedcontinuouscastingprocess．ThegrowthrateswerefoundtobeapＧ
proximatelyparabolicandthecalculatedactivationenergyofTTS４４３Msteelismuchhigherthanthoseofthetwo
othersteels．For４５and２０CrMnTisteels,thescalelayerswerelooserandadistinctgapformedatthescaleＧsubＧ
strateinterfaceathigherstrandsurfacetemperature．Thedominantphaseswithinthescalewereironoxidesexceptfor
FeO􀅰Cr２O３phasesimultaneouslyexistingintheoxidescaleof２０CrMnTisteel．Ontheotherhand,thescalelayer
formedonTTS４４３Msteelwascompactandtightlyattachedtothesteelsurface．Atbothlowerandhigherstrand
surfacetemperature,ironoxidewasmainphaseinexternallayerofthescale,whilechromiawasdominantininner
layerwithanappreciableCrenrichment．
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　　Scaleformationontheslabsurfaceasaresultof
steeloxidationbelowthemoldisasignificantdisＧ
turbancefactorduringcontinuouscastingprocess．
Firstofall,theyieldlossofironisconsiderabledue
toscaleformationanddescalingincontinuouscastＧ
ingandthederivedlossofironmassisabout０􀆰７to
７kg/m２,whichisparticularlypronouncedinthe
thinslabcastingforthelargerspecificsurface[１]．
Secondly,thesurfacequalityisfrequentlyimpaired,
suchasscalepits,scaleadherenceandsurfacehot
shortnesscausedbysubscaleenrichmentofresidual
elements[２－４]．Additionally,lowerthermalconducＧ
tivityofscalelayerisassumedtochangetheheat
transferbetweenstrandsurfaceandenvironment
withinsecondary cooling and aircooling zones,
whichincreasesthedifficultyofaccuratedeterminaＧ
tionofsecondarycoolingintensityandsurfacetemＧ
peratureoftheslab[５－８]．
　　Inthepreviousstudies,moreinvestigationson

thescaleformationanddescalingduringreheating
andhotrollingofhotrolledsteelproductshavebeen
carriedout,includingtheeffectsofheatingandrollＧ
ingtemperatureonthethicknessandmicrostructure
ofscalelayer,theeffectsofheatingtime,furnace
atmosphere,coolingmode,andsteelcompositionon
thescaleformation[９－１５],andthus moreeffective
measuresandtechnologyhavebeenadoptedtoconＧ
trolthescaleofhotrolledsteel．Ontheotherhand,
verylessresearchworkregardingthescaleformaＧ
tionincontinuouscastingwasdoneandsystematic
investigationsarelacking．HardlyanyspecificefＧ
fortsandcountermeasuresaretakenasyet．
　　Incontinuouscasting,oxidescaleisformedat
highertemperaturein moistair withinsecondary
coolingzoneandconsecutivelyatlowertemperature
inambientairwithinaircoolingzone．Besidesthe
effectsofdifferentatmosphericconditionsintheareＧ
asofsecondarycoolingandstranddischargerespecＧ



tively,thescaleformationisassumedtomainlydeＧ
pendonvariationsinstrandsurfacetemperatureand
thecorrespondingholdingtime．Accordingly,scale
growthandits microstructureatdifferentstrand
surfacetemperaturesareimportantissuestoreveala
clearfeatureofoxidescaleformedincontinuous
casting,andfurthermore,scalecompositionisalso
desiredtoimproveawarenessoftheinterrelationship
betweenscaleformationandheattransferinsecondＧ
arycoolingandaircoolingzones[１６－２０]．
　　Inthepresentwork,growthrate,microstrucＧ
tureandphasecompositionoftheoxidescaleformed
duringoxidationwith moistairandfollowingconＧ
tinuouscoolinginambientair,i􀆰e􀆰,undertheconＧ
ditionofsimulatedcontinuouscastingprocess,were
investigatedexperimentallyforthreetypicalsteels,
attemptingtoexaminetheeffectsofstrandsurface
temperatureandsteelcompositiononthescaleforＧ
mationincontinuouscasting．

１　Experimental
　　ThreetypicalsteelswiththechemicalcomposiＧ
tionslistedin Table１,i􀆰e􀆰,４５ carbon steel,
２０CrMnTigearsteel,andTTS４４３MferriticstainＧ
lesssteel,wereusedtostudythescaleformationin
simulatedcontinuouscastingprocess．４５and２０CrMnTi
steelswereselectedtocomparethedifferenceofmiＧ
crostructureandphasecompositionofoxidescale
between unalloyed andlowＧalloyed steels,while
TTS４４３M wasselectedtorevealtheinfluenceofCr
contentonthegrowthrateandphasecompositionof

scalelayer．Thewidesurfaceofslabcastwerefirstly
cutintopiecesinrectangularshapewiththedimenＧ
sionsof１０mm×１０mm×５mm,andtheoriginal
surfaceoxidescaleformedduringcastingprocess
wasremovedusingSiCabrasionpaperandcleaned
ultrasonicallyinethanol．Inordertoevaluatethe
effectsofdifferentstrandsurfacetemperaturesin
secondarycoolingzoneonscaleformation,theoxiＧ
dationexperimentwasdesignedtobecomposedof
initialoxidationinmoistairforspecifictemperature
andtime,andfollowingcontinuouscoolinginambiＧ
entair．Theinitialoxidationinmoistairwascarried
outinsideahorizontaltubefurnace．Thespecimen
wasfirstlyputintoacrucibleboatwhichwasplaced
inthethermalstabilityzoneofthetubefurnace,and
thenwasoxidizedatthedesiredtemperaturefora
certaintimeunderthegasconditionof５６％H２OＧ
９％ O２ＧN２．Subsequently,thesample wasrapidly
takenoutofthefurnaceandcontinuouslycooledin
ambientair．TheflowratesofO２andN２ wereboth
controlledbythe massflowcontrollerwhile H２O
vaporwasgeneratedbybubbling O２ＧN２ gas mixＧ
turesthroughadistilledwaterbathmaintainedat８５℃．
Theexperimentconditionsareshownin Table２．
Threeinitialoxidation temperaturesrepresenting
differentstrandsurfacetemperaturesaretypifiedby
１２００,１１００and１０００℃respectively,andtheholdＧ
ingtimewaschosentoobtainacertainthicknessof
scalelayertoensureahigherqualityofmicrostrucＧ
tureillustration．
　　Thegrowthkineticsofthescalesformedunder

　　　　　　Table１　Chemicalcompositionofsteelsusedintheexperiment　　　　　　　　　mass％

Steel C Si Mn P S Ni Cr Ti Al Cu

４５ ０􀆰４５ ０􀆰２２ ０􀆰５７ ０􀆰０１８ ０􀆰００８ ０􀆰０４ ０􀆰０８ ０􀆰００３ ０􀆰０１２ ０􀆰０２
２０CrMnTi ０􀆰１８ ０􀆰２６ ０􀆰８８ ０􀆰０１４ ０􀆰００５ ０􀆰０４ １􀆰１２ ０􀆰０４０ ０􀆰０１５ ０􀆰１０
TTS４４３M ０􀆰００７５ ０􀆰３９ ０􀆰０７ ０􀆰０１２ ０􀆰００１ ０􀆰１１ ２０􀆰６１ ０􀆰２２０ ０􀆰０２６ －

Table２　Experimentalconditionforscaleformation

Oxidationstep Temperature/℃ Atmosphere Time/s

Initialoxidation １０００－１２００ ５６％H２OＧ９％O２ＧN２ ９００－３６００
Consecutivelycontinuouscooling Roomtemperature Ambientair －

differentoxidationconditions wereestablished by
measuringthethicknessofscalelayerversustimeby
usingtheoptical microscopy．The microstructure
andcompositionofscalelayer wereexaminedby
scanningelectronmicroscopy(SEM)andenergyＧdisＧ
persivespectroscopy(EDS)alongthecrosssection
ofscalelayer．Insomecases,XＧraypowderdiffracＧ

tion(XRD)analysiswasusedtoconfirmthephase
identificationinoxidescalesuggestedbytheEDS
analysis．

２　ResultsandDiscussion
２􀆰１　Growthrateofoxidescale
　　Figs􀆰１,２and３illustratethegrowthratesofoxide
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