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ABSTRACT

AgrainＧorientedsiliconsteelstripwithAlNasmaininhibitorwasproducedbythinslabcastingand
rolling(TSCR)process．Themicrostructure,textureandprecipitatesofthehotＧrolledstripwere
investigatedbyuseofopticalmicroscope(OM), XＧraydiffractometer,transmissionelectronmicroＧ
scope(TEM)andenergydispersivespectroscope(EDS)．Theresultshowsthatthemicrostructureand
textureexhibitathroughＧthicknessgradientsimilartothatofthehotＧrolledstripproducedbyconＧ
ventionalhighＧtemperatureslabＧreheatingprocess;thepreferredorientationvariesfrom {１１０}＜００１＞in
thesurfacelayerto{００１}＜１１０＞inthecenterlayer,andtheGosstexturewithamaximumintenＧ
sitymainlyconcentratesonthesurfacelayer．Inaddition,someothertexturecomponents,forexＧ
amplerotatedGosstexture,forminthe１/４thicknesslayer, whicharenotobservedinthehotＧ
rolledstripproducedbyconventionalhighＧtemperatureslabＧreheatingprocess．Theprecipitatesin
thehotＧrolledstriparemainly(Mn,Cu)SandAlNcompoundparticleswithdimensionof１００－２００nm,
andthefineprecipitatesaresignificantlylessthanthatinthehotＧrolledstripproducedbyconvenＧ
tionalhighＧtemperatureslabＧreheatingprocess．Moreover,thearealdensityofthefineprecipitates
inthecenterlayerismorethanthatinthesurfacelayer．

１．Introduction
　GrainＧorientedsiliconsteelcontainingabout３wt％
SiiswidelyusedasthecorematerialoftransformＧ
ersandgeneratorsforitshighpermeabilityandlow
corelossalongtherolling direction[１,２] , andits
magneticpropertiesarecloselyrelatedtothesharpＧ
nessofGosstexture({１１０}＜００１＞) whichisevolved
bysecondaryrecrystallization．Itiswellknownthat
thefinelyＧdispersedsecondaryphaseparticlessuch
asMnSandAlNinFeＧ３wt％ Sisteel, whichcalled
inhibitors,playanimportantroleincontrollingthe
developmentofGosstextureduringsecondaryreＧ
crystallization．Inordertoimprovethesharpnessof
Gossorientation, acomplicated manufacturing methＧ
od,includingcontinuouscasting,reheating,rough
rolling, finishrolling, normalization, coldrolling
andannealing,isadoptedinconventionalhighＧtemＧ
peratureslabＧreheatingprocess,duringwhichslabs

arealwaysreheatedoverthesolutiontemperatureof
theinhibitorsubstances (above１３５０°C) andheld
forsufficienttimetomaketheinhibitorsubstances
completelysoluteandthenfinelyprecipitateduring
hotrollingorcoolingprocess[３,４] ．However,theapＧ
plicationofconventionalhighＧtemperatureslabＧreＧ
heatingprocessresultsinhighenergyconsumption
andhighmanufacturingcost．Hence,substantialefＧ
fortshavebeenmadetoreduceslabＧreheatingtemＧ
perature, andseverallowＧtemperatureslabＧreheaＧ
ting methods have been developed alloverthe
world[５Ｇ９] ．Inprinciple,itisknownthatthinslab
castingandrolling (TSCR) processisespecially
suitableforproducinggrainＧorientedsiliconsteel
duetocombininglowＧtemperatureslabＧreheating
techniquewithcompactprocess．
　However,therearealotofdifferencesbetween
TSCRprocessandconventionalprocessinslabcastＧ
ing, reheatingschedule, rollingprocess, delivery
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speedontherunouttableandsoon．Itwasreported
thatforlowＧcarbonsteels, someimportantdifferＧ
encesexistinmicrostructure, precipitatesandmeＧ
chanicalpropertiesbetweentheTSCRproductsand
conventionalones[１０Ｇ１２] ．Asisknowntoall,itiscruＧ
cialtoobtainthesuitableprimaryGossgrainsasthe
nucleiforsecondaryrecrystallizationandpreparefor
favorablesurroundingsforgrowthduringhotrollＧ
ingstage[１３] ．Therefore, howthesedifferencesbeＧ
tweenTSCRprocessandconventionalhighＧtemperＧ
atureslabＧreheating processinfluencethe microＧ
structure,textureandprecipitatesofthehotＧrolled
stripisofgreatconcern．Inthiswork,agrainＧorienＧ
tedsiliconsteelstrip with AlNas maininhibitor
wasproducedbyTSCRprocess．Themicrostructure,
textureandprecipitatesofthehotＧrolledstripwere
characterizedandinvestigated．Thedifferencesin
textureandprecipitationsbetween TSCR process
and conventional highＧtemperature slabＧreheating
processwerealsodiscussed．

２．Experimental

２１．Material

　AgrainＧorientedsiliconsteelstripwith AlNas
maininhibitorwasproducedbyTSCRprocess．The
chemicalcomposition (in wt％) ofthespecimens
usedisC００５,Si３４７,P０００９,Al００２７,N０００６,
S０００９, Cu００３５, Mn００９６,andSn００４８．The
processwasasfollows:smeltingina１７０tconverter→
ladlefurnace(LF)refining→compactstripproduction
(CSP)casting→reheating→hotrolling→cooling→
coiling．Theliquidsteelaftersteelmakingwasteemed
intothetundishofthecontinuouscastingmachine,and
wascastintoslabwiththicknessof５５mmvialiquid
corereduction．Then,theslabwastransportedtothe
tunnelfurnaceatabout９００°Candsoakedat１１５０°C
for３０ minbeforehotrolling．Subsequently, the
slabwashotrolledto２５mminthicknessby７rolling
passes,andfinishingrollingtemperatureandcoiling
temperaturewere８８０°Cand６５０°C,respectively．

２２．Characterizationof microstructure,texture
andprecipitates

　MetallographicspecimensofthehotＧrolledstrip
weremachined, polishedandetchedwith４vol％
nital．The microstructuresalongthelongitudinal
section(RDＧND) andcrosssection (TDＧND) were
observedwithanopticalmicroscope (RD: rolling
direction; ND: normaldirection; TD: transverse
direction)．TheaverageferritegrainsizeofthehotＧ
rolledstrip wasmeasuredusingthelineintercept
method．Thetextureintensitiesweremeasuredbya
RIGAKUD/MAXＧ２５００XＧraydiffractometeracross
thesamplethickness．Tothispurpose, normalizaＧ
tionthicknesslayersS＝０,０５,１０wereregarded．

Here,thethicknesslayerisdefinedastheparameＧ
terS＝２a/d, wherearepresentsthedistanceaway
fromthecenterlayeranddisthethicknessofthe
hotＧrolledstrip．TheorientationdistributionfuncＧ
tions(ODFs) werecalculatedfromthreeincomplete
polefigures{２００}, {１１０} and {１１２} bytheseries
expansionmethod(Imax＝２２)．InordertocharacterＧ
izetheprecipitatesofthehotＧrolledstrip, carbon
extractionreplicasofdifferentthicknesslayerswere
prepared,andthemorphologicalobservationaswell
asthechemicalanalysisoftheprecipitateswereperＧ
formedbyusingaJEMＧ２１００Ftransmissionelectron
microscope(TEM)equippedwithanenergydisperＧ
sivespectrometer(EDS)．

３．ResultsandDiscussion

３１．MicrostructureandtextureofhotＧrolledstrip

　Accordingtothethermodynamiccalculationsfor
theinvestigatedgradeofsteel,itconsistsofferrite
andasmallamountofausteniteathightemperaＧ
ture,andthisindicatesthatthehotrollingoccursin
twoＧphaseregion whichis dominated byferrite
phase．Theoptical micrographsofthehotＧrolled
stripintheRDＧNDplaneandtheTDＧNDplaneare
showninFig１．ItcanbeseenthatthemicrostrucＧ
tureconsistsofferriteandasmallamountofpearlite,
andtheferritegrainsareinhomogeneousthrough
thethickness．Atbothsurfaceregions,themicrostrucＧ
tureischaracterizedbyfineequiaxedgrainswithan
averagegrainsizeof５０μm, whereasthecoarseand
ribbonＧlikegrains whichareelongatedalongthe
rollingdirectionexistinthecenterregions．Itis
knownthatthestackingＧfaultenergy (SFE) ofthe
ferriteisveryhigh, whichisdifficulttogetalmost
recrystallized structure after hot rolling．The
grainsinthesurfaceregionsaresubjectedtostrong
sheardeformation, whichleadstoahighdislocation
densityandahighstoredenergy,andthusrecrysＧ
tallizationoccurs, resultinginveryfineequiaxed
grainsinthesurfaceregions．Ontheotherhand,
thegrainsinthecenterregionsaredominatedby
planecompressiondeformationandexperiencemuch
lesssheardeformation, whichcannotleadtoenough
storedenergyforrecrystallization．Asaresult,the
grainsinthecenterregionstypicallyshowanelonＧ
gatedpancakeＧtypemorphology[１４,１５] ．
　DuetothethroughＧthicknessmicrostructureinＧ
homogeneity,athroughＧthicknesstexturegradient
wasalsoobserved．ODFsatφ２＝０°andφ２＝４５°secＧ
tionsofthehotＧrolledstriparegiveninFig２．AcＧ
cordingtotheODFsectionsshowninFig２,itis
foundthatthetexturealongthethicknessdirection
inthehotＧrolledstripchangesobviously．TheGoss
texture, {１１０}＜００１＞component,distributesprefＧ
erentiallyinthesurfacelayer(S＝１),togetherwith
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