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EffectofScaleFormationonCopperEnrichmentBehaviorin
ContinuouslyCastSlab
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Abstract:Copperenrichmentbehaviorincontinuouslycastslabinducedbyscaleformationduringcontinuouscooling
wasexperimentallyinvestigated,andtheeffectsofinitialslabsurfacetemperatureandoxygenpotentialinatmosＧ
pherewerediscussed．TheresultsshowedthataloosescaleadheredtothesubstratewasformedinH２OＧN２atmosＧ
phereathigherslabsurfacetemperaturecomparedtoagapformedbetweenthescaleandthesteelsubstrateafter
continuouscoolinginH２OＧO２ＧN２atmosphere．UndertheconditionofcontinuouscoolinginH２OＧN２atmosphere,
thecopperenrichmentoccurredbothwithintheloosescaleandatthescale/steelinterfacewithsimultaneousNienＧ
richmentneartheinterfaceathigherslabsurfacetemperature．ThecombinedeffectsoftheloosescaleandnickelenＧ
richmentwerethoughttopromotethebackＧmigrationofCuＧrichphasefromtheinterfaceandocclusionwithinthe
scalelayer．WhileinH２OＧO２ＧN２atmosphere,theCuenrichmentwasfoundonthesteelsideandtheformedgappreＧ
ventedthemigrationofCutothescale．
Keywords:copperenrichmentbehavior;slabsurfacetemperature;oxygenpotential;atmosphere;scale;nickelenＧ
richment

　　Theuseofscrapinsteelmaking,especiallyinelecＧ
tricarcsteelmaking,inducesinevitableresidualeleＧ
mentsproblem．TheresidualelementssuchascopＧ
per,tinandarsenicwhichhaveoxidationpotential
lessthaniron,areretainedinthesteelbecausethey
aredifficulttoberemovedinsteelmakingprocess[１]．
Duringsubsequentprocessing operationssuch as
continuouscastingand hotrolling,residualeleＧ
mentstendtoconcentrateonthesteel/scaleinterＧ
faceasthesurfaceofsteelisoxidizedandfurther
penetratealongthegrainboundary．Thispromotes
crackingknownassurfacehotshortnesscausedby
thepenetrationoftheCuＧrichphasesintothegrain
boundaries[２Ｇ４]．Inthepast,enrichmentofresidual
elementsduringhotrollinganditsinfluenceonthe
surfacequalityofhotrolledplatehavebeenextenＧ
sivelystudied[５Ｇ８]．
　　Ontheotherhand,significantresidualbuildＧup
hasalsobeendetectedatthescale/steelinterfacein
continuouslycastproductsduringcontinuouscasting．

TheextentofresidualbuildＧupmaydependonthese
factorssuchastherateofscaleformation,theocＧ
clusionextentoftheresidualelementsintothescale
andthediffusionratesoftheelementsfromthesurＧ
facetothesteelmatrix[９]．Additionally,different
fromthesituationofthesteelstockreheating,this
residualelementenrichmentduringcontinuouscastＧ
ingprocesshasbeenrelatedtotherapidoxidationof
theslabsurfacewithheatreleaseinthesecondary
coolingzone．Thus,historyofscaleformationwould
havean effectonthecopperenrichmentbehavＧ
iour[１０Ｇ１２]．
　　Inthepresentwork,alaboratoryexperiment
wasconductedinvolvingtheheatedspecimensofthe
commercialcontinuouslycastslabwhichwereconＧ
tinuouslycooledinH２OＧO２ＧN２andH２OＧN２atmosＧ
phererespectivelytoinvestigatethecopperenrichＧ
ment behaviorinduced by the scale formation,
mainlytheeffectsofinitialslabsurfacetemperature
andoxygenpotentialinatmosphereduringcontinuＧ



ouscoolingprocess．

１　Experimental
　 　AtypeofCuＧbearingcontinuouslycastslab
withthechemicalcompositionlistedinTable１was
used．Thecontentsofcopperandnickelintheslab
were０􀆰５２and０􀆰４２２mass％,respectively．Sample
preparationofcontinuouslycastslabwassimilarto
thatinthepreviouswork[１３]．ToensurethattheoxiＧ
dizingsurfaceofslabsamplewasthechilledlayer
composedoffineequiaxedgrain,theupperlayerof
commercialcontinuouslycastslabwasfirstlytaken
downandcutintorectangularsampleswithdimenＧ
sionsof１０mm×１０mm×５mm．Then,theoriginal
scaleand moldfluxadheredtothetopsurfaceof
slabsamplewereremovedbySiCabrasionpaperand
cleanedultrasonicallyinethanol．
　　Inthelaboratoryexperiment,thepreparedslab
sampleswerefirstlyheatedtothedesiredtemperaＧ
ture(１１５０℃or１２５０℃)inahorizontaltubefurnace
andheldatthetemperaturefor５mininnitrogengas
flow．AfterthesamplesurfacetemperaturesreacＧ

hingthedesiredones,theslabsampleswerethen
rapidlytakenoutoftheheatingfurnaceandputinto
anotherhorizontalatmosphereＧcontrolledfurnace,
allowingcontinuouscoolingto８００ ℃in６３vol􀆰％
H２OＧN２or６３vol􀆰％ H２OＧ８vol􀆰％ O２ＧN２oxidizing
atmosphere,respectively．Ofthetwocontinuous
coolingcasesfrom１１５０ ℃/１２５０ ℃to８００ ℃,the
durationtimewasabout１８－２２ min．Finally,the
samplewasremovedfromtheatmosphereＧcontrolled
furnacetocoolconsecutivelytoroomtemperaturein
air．Thewholeexperimentalprocesswasdesignedto
investigatethescaleformationaswellastheinduced
copperenrichmentbehaviourduringthesimulated
continuouscoolingprocessinthesecondaryandair
coolingzones．Theexperimentalconditionsareshown
inTable２．
　　Afteroxidationexperiment,thecrossＧsectionof
thescalelayerwasobservedtoinvestigatethemiＧ
crostructurebyscanningelectronmicroscopy (SEM),
andelementdistributionsinsidethescalelayerand
thesteelsubstratewererespectivelyanalyzedbyenＧ
ergydispersiveXＧrayspectrametry(EDS)．

　　Table１　ChemicalcompositionofCuＧbearingcontinuouslycastslab　　　　mass％

C Si Mn P S Ni Cr Al Cu

０􀆰０８０ ０􀆰２７７ ０􀆰８９ ０􀆰０９４ ０􀆰００２ ０􀆰４２２ ０􀆰４２５ ０􀆰０６３５ ０􀆰５２

Table２　ExperimentalconditionofscaleformationandCuenrichmentbehaviour

Initialslabsurfacetemperature Continuouscoolingcondition

１１５０℃,１２５０℃
１１５０℃or１２５０℃→８００℃in６３vol􀆰％ H２OＧN２or６３vol􀆰％ H２OＧ８vol􀆰％ O２ＧN２→
Roomtemperatureinair

２　ResultsandDiscussion
２􀆰１　Microstructureandadhesionstatus
　　Figs􀆰１(a)and１(b)showthescalemicrostrucＧ
turesandadhesionstatustothesteelsubstrateafter
continuouscoolingfromthedifferentinitialslabsurface
temperatures(１１５０℃and１２５０℃)to８００℃in６３
vol􀆰％ H２OＧN２atmosphere,andthenconsecutively
coolingtoroomtemperatureinair．Itcanbenoted
thatthescalesformedunderthecontinuouscooling
conditionin６３vol􀆰％ H２OＧN２atmosphereshowa
relativelytightadhesiontothesubstrateirrespective
ofthedifferentinitialslabsurfacetemperatures,
whilealoosemicrostructurewithsomemicrocracks
insidethescalelayerisobservedatthehigherslab
surfacetemperatureof１２５０℃．Incontrast,forthe
caseofcontinuouscoolingin６３vol􀆰％ H２OＧ８vol􀆰％
O２ＧN２atmosphere,theadhesionbetweenthescale

andsubstrateispoorforboththespecimenswith
thedifferentinitialslabsurfacetemperaturesof
１１５０℃and１２５０℃respectively,andadistinctgap
isformedatthescale/steelinterface,asshownin
Figs􀆰２(a)and２(b)．Thispooradhesionbetween
steelmatrixandscalecanbeexplainedasthatfor
thecontinuouscoolingcasein６３vol􀆰％ H２OＧ８
vol􀆰％ O２ＧN２atmosphere,theoxidationrateofthe
slabsurfaceishigherthanthatin６３vol􀆰％ H２OＧ
N２atmosphereandthemovementofironionsfrom
thesteelmatrixtothereactionsitecancauselossof
thescaleadhesionandthusinduceagapattheinterＧ
face,especiallyforthemorerapidoxidationcasein
H２OＧO２ＧN２atmosphere[１４]．Additionally,theloose
scale microstructure with some microcracks is
thoughttobecausedbythevolumeexpansionstress
duetothephasetransformationfromwustite(faceＧ
centeredcubiclatticecrystallinewithcrystalaxisof
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