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ABSTRACT

Lotsofworkhasbeendonetoinvestigateslabsurfacemicrostructureevolutionduringcontinuous
castinginordertoimprovehotductilityandavoidtransversecracks．Theslabsurfacemicrostructure
aftercontinuouscastingwascharacterizedbyopticalmicroscopy,andtheprecipitationbehaviorwas
investigatedbytransmissionelectronmicroscopy．Atthesametime,themechanicalpropertiesofthe
slabsweremeasuredusingaGleeble１５００Dthermalsimulatorandthetransformationtemperatures
wereexaminedbymeansofathermaldilatometer．Theexperimentalresultsshowthathomogeneous
microstructurewithoutfilmＧlikeferritesandchainＧlikeprecipitatesatgrainboundarycanbeobtained
throughsurfaceintensivecoolingandtransversecracksdonotoccurontheslabsurface．FortheexＧ
perimentalsteel,fineferritecanformatslabsurfacewhenthewaterflowrateislargerthan１５６０L/min
atverticalsection．Asthedistancetosurfaceincreases, microstructureturnedtoferriteandpearlite．
Moreover,nanoＧsizecarbonitridesprecipitatedintheferritegrainandthesizewaslargeratthejuncＧ
tionofthedislocations．Themechanicalexperimentresultsshowthatthehotductilityofthesample
deformedat６５０°Cwasbetterthanthatofthesampledeformedat７５０°C．ThereasonisthatfilmＧ
likeferriteformedatthegrainboundaryinthesampledeformedat７５０°C．Thus,theslabmustbe
cooledquicklybelowAr３topreventtheoccurrenceoffilmＧlikeferriteandtransversecracksonthe
slabsurfaceduringcasting．

１．Introduction
　Itiswellknownthatsurfacetransversecracksare
pronetooccurduringslabcontinuouscastingatthe
secondarycoolingzoneforthemicroalloyedsteelbeＧ
causeoftheinducedstrainconcentrationatfilmＧlike
ferriteandchainＧlikeprecipitates[１Ｇ６] ．LotsofresearＧ
cheshavebeen donetoavoidtheoccurrenceof
transversecracksthrough surface microstructure
controlmethod[７,８] orchemicalcompositioncontrol
method[９Ｇ１３] ．TheresultsofKatoetal􀆰[１] proved
thattheslabsurface microstructurewithoutfilmＧ
likeferritecouldbecontrolledbyadoptingintensive
coolinguntillessthanA３transformationtemperaＧ
turejustbelowmoldandsubsequentlyreheatingup
to９７７°Cinsecondarycoolingforthelow alloy
bearingsteel[１] ．However, untilnow, transverse
crackproblemstillexistsforthemicroalloyedsteel
andlotsof materialsare wastedin many steel
plants．Thedifficultyisthatthecoolingrateishard
tocontrol．OwingtothelowcontentsofCandmiＧ
croalloyingelements,thecriticalcoolingrateislarge
andfilmＧlikeferriteispronetoformalongaustenite

grainboundaries．Thus,amethodtoavoidtheforＧ
mationoffilmＧlikeferriteandchainＧlikeprecipitates
shouldbeinvestigated．Moreover, thenucleation
mechanismoftheprecipitates mustbestudiedto
obtainnanoＧsizecarbonitridesuniformlydistributed
withinthegrain．
　TensiletesthasbeenfoundveryusefulinassessＧ
ingcrackingsusceptibilityofasteel．Uptonow,
tensiletestshavebeenadoptedbymanyresearchers
tosimulatecontinuouscastingprocess[１４] ．Inother
words, whethertransversecracksoccurintheslab
continuouscastingprocesscanbetestifiedthrough
hottensiletests．Meanwhile, differentmicrostrucＧ
turessusceptibilitytocrackingcanalsobeinvestigaＧ
ted[１５,１６] ．Particularly,tensiletestscanbeperformedon
thesamplewithdifferentmicrostructuresandatvaＧ
rioustemperaturestofindtheoptimumprocessing
parametersforcontinuouscasting．Thus, tensile
tests wereperformedtoinvestigatethecracking
susceptibilityofamicroalloyedsteelinthispaper．

２．Experimental
　Thechemicalcompositionsoftheexperimental
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microalloyedsteelareshowninTable１．Firstly,reＧ
finedmoltensteelwascastintoamoldtoproduceslab
withsectionsizeof３６０mm×２３５０mm．Whenreaching
themoldexit,theexperimentalslabwasintensively
cooledbywaterwithflowrateof１５６０L/minat
verticalsection．Thecoolingwatertemperaturewas
３０°Candtheexperimentalcastingspeedwas０􀆰６５
m/min．Finally, thesamplewasinterceptedfrom

thesurfaceandinterioroftheasＧcastslab．ThemiＧ
crostructuresofthesampleswereobservedbyoptiＧ
calmicroscopy(OM)andtransmissionelectronmiＧ
croscopy(TEM)toinvestigatethenucleationmechＧ
anismoftheferriteandprecipitationbehaviorunder
surfaceintensivecoolingconditions．Traditionalslab
cooledwithwaterflowrateof３７５L/minatvertical
sectionwasalsostudiedforcomparison．

Table１
Chemicalcompositionofexperimentalsteels(wt．％)

C Si Mn P S Nb Ti V Als Fe

０􀆰１６０ ０􀆰１７９ １􀆰４７１ ０􀆰０１５ ０􀆰００２ ０􀆰０１７ ０􀆰０１２ ０􀆰０５２ ０􀆰０３５ Balance

　Thetransformationtemperaturewasmeasuredby
meansofathermaldilatometer．Firstly,thesample
withsizeofϕ１０mm×１５mmwasheatedto１２５０°C
andheldfor１０min,thencooledto２５°Catdifferent
coolingratesfrom０􀆰２to２０°C/sandwaterquenched．
ThroughmeasuringtheinflectionpointoftheexperＧ
imentalcurves,thetransformationtemperaturecan
beidentified．
　TensiletestswereperformedonaGleeble１５００D
thermalsimulator．Thesampleswereinterceptedfrom
theasＧcastslabandmachinedtoϕ１０mm×１１０mm．
Inordertoobtaindifferentmicrostructures,thesamＧ
pleswereheatedto１３５０°C,heldfor１min,andthen
cooledto６００,６５０,７００,７５０,８００,８５０,９００,９５０,
and１０００°Crespectivelyatthecoolingrateof３°C/s．
Thehottensiletestswereperformedonthesamples
withdifferenttemperatureswiththestrainrateof１×
１０－３s－１．Thecrackingsusceptibilityofthesteelwas
evaluatedbythereductionofarea．

３．Results

３􀆰１．Microstructureobservation

　Inthisexperiment,themicrostructureoftheconＧ
tinuouslycastslabwhichwascooledwithintensive
coolingatverticalsectionduringthesecondarycoolＧ
ingwasobservedbyOM．InordertoknowthemiＧ
crostructurevariationsfromsurfacetointerior,the
slabmicrostructureswithdifferentdepthstotheslab
uppersurfacewerestudied (Fig􀆰１)．Thedepthwas
０, ２, ４, ６, ８, and１０ mm, respectively．Fig􀆰１
showsthatthemicrostructurewasfineferriteatthe
slabsurface．Theferritesizewasabout２μm．Asthe
distancetotheslabsurfaceincreased,theferritesize
becamelargeandlotsofpearliteformed．Owingto
thelargecoolingrate, therewerealmostnodenＧ
dritesformedattheslabsurface．However,inthe
slabcooledwithtraditionalcoolingatverticalsection

(a)０mm; 　 (b)２mm; 　 (c)４mm; 　 (d)６mm; 　 (e)８mm; 　 (f)１０mm．
Fig􀆰１．　OMphotographsofintensivelycooledsamplesatdifferentlocationsbeneathslabuppersurface．
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