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CorrelationbetweenPrimaryandSecondaryRecrystallizationTexture
ComponentsinLowＧtemperatureReheatedGrainＧorientedSiliconSteel

GongＧtaoLIU,　ZhiＧqiaoLIU,　PingYANG,　WeiＧminMAO
(SchoolofMaterialsScienceandEngineering,UniversityofScienceandTechnologyBeijing,Beijing１０００８３,China)

Abstract:LowＧtemperatureslabＧreheatedgrainＧorientedsiliconsteelischaracterizedbyasharp{４１１}＜１４８＞primaＧ
ryrecrystallizationtexture．Todate,theinfluenceofthistextureonsecondaryrecrystallizationisnotclear．MicroＧ
texturesinprimaryandsecondaryrecrystallizedsheetsoflowＧtemperaturereheatedgrainＧorientedsiliconsteelwere
examinedusingelectronbackscatterdiffraction．Bycomparingthetexturesandmicrostructuresofspecificprimary
recrystallizedgrainsneighboringsecondarygrainswiththoseofotherprimarygrains,theinfluencesofprimaryreＧ
crystallizationtexturesandmicrostructuresontheorientationsofsecondarygrainswereinvestigated．Resultsshow
thatforlowＧtemperaturereheatedgrainＧorientedsiliconsteel,theprimaryrecrystallizationsheetcomprises{４１１}＜１４８＞,
{１１１}＜１１２＞,and{００１}＜１２０＞texturecomponents．Duringsecondaryrecrystallization,the{１１１}＜１１２＞primaＧ
ryrecrystallizedgrainswereeasilyconsumedbyabnormallygrownGoss,deviatedGoss,Brass,or{２１０}＜００１＞
grains;the{４１１}＜１４８＞ primaryrecrystallizedgrainsweremoreresistanttobeingswallowed;andthe{００１}＜１２０＞
grainswerethemostresistanttobeingconsumed．Foraparticularprimarygrain,thedistributionofitssurrounding
grainboundariesdeterminedhoweasilyitisconsumedduringsecondaryrecrystallization．Primarygrainssurrounded
by２０°－４５°grainboundarieswereconsumedmuchearlierthanthosehavinggrainboundariesabove４５°,whichisin
accordancewithhighＧenergygrainboundarytheory．Inaddition,specialΣ９boundariesbetween{４１１}＜１４８＞ and
GossgrainsmovemoreslowlythanΣ９boundariesbetween{１１１}＜１１２＞andGossgrains,whichisattributedtothe
differentpositionsof＜１１０＞rotationaxiswithrespecttothenormalsofgrainboundaries．
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　　ThemostadvancedlowＧtemperatureslabＧreheaＧ
tingtechnology ofgrainＧoriented silicon steelis
characterizedbylowenergycostandhighcoldrollＧ
ingreduction[１]．Asiswellknown,thekeyrequireＧ
mentforobtainingsuperiormagneticpropertiesand
asharpGosstextureisrelatedtothesecondaryreＧ
crystallizationbehavior,whichissignificantlyafＧ
fectedbytheprimaryrecrystallizationtexture[２Ｇ４]．In
contrasttothestrong{１１１}＜１１２＞primaryrecrysＧ
tallizationtextureinHiＧBsteel[５,６],majorprimary
recrystallizationtexturecomponentsinlowＧtemperaＧ
turereheatedsiliconsteelarestrong{４１１}＜１４８＞
andweak{１１１}＜１１２＞[７]．Todate,mostresearchＧ
ersbelievethatthe{１１１}＜１１２＞textureisbenefiＧ
cialfortheabnormalgrowthofGossgrainsowingto
itsspecialgrainboundaries,ie,Σ９(３９°＜１１０＞)

orhighＧenergyboundaries(２０°－４５°)withhighmiＧ
grationrates．InmaterialsexhibitingpinningbysecＧ
ondaryＧphaseparticles[８Ｇ１０],thesespecialboundaries
willunpinfirst．Therefore,secondaryrecrystallizaＧ
tionisinducedbyspecialgrainboundariesbetween
{１１１}＜１１２＞ and Gossgrains．Incontrast,the
effectsof{４１１}＜１４８＞ grainsonsecondaryrecrysＧ
tallizationbehaviorarenotclear,especiallyinlowＧ
temperaturereheatedgrainＧorientedsiliconsteel．
　　Yoshitomietal[１１]reportedthatboth{４１１}＜１４８＞
and{１１１}＜１１２＞grainshaveΣ９misorientationreＧ
lationshipswith{１１０}＜００１＞grains．Bothtypesof
primarygrainspromotetheabnormalgrowth of
Gossgrains;thus,sharpGosstexturescanbeobＧ
tainedduringsecondaryrecrystallization．Kumanoet
al[１２]foundthatthe{４１１}＜１４８＞primaryrecrystalＧ



lizationtextureincreasedthefrequencyofΣ９boundaＧ
riesrelativeto Gossgrains．Therefore,thefinal
magneticpermeabilitywasimprovedbystrengtheＧ
ningthe{４１１}＜１４８＞texture．Bothstudiesfocused
ontheΣ９ misorientationbetween {４１１}＜１４８＞
grainsandGossgrainsbutignoredthespatialdistriＧ
butionandevolutionofGossgrainsduringdeformaＧ
tionandrecrystallization．Therefore,itwasassumed
thatalthough {４１１}＜１４８＞ and {１１１}＜１１２＞
grainscouldbeswallowedbyGossgrains,resulting
insharpGosstexturesinthefinalproducts,itcould
notbeconcludedthatthegrainboundariesbetween
theGossgrainsandthegrainswiththeothertwo
typesoforientationsmigratewiththesameratedurＧ
ingsecondaryrecrystallization．Inotherwords,itis
notclearwhethertheeffectof{４１１}＜１４８＞primaＧ
rygrainsonsecondaryrecrystallizationisthesame
asthatof{１１１}＜１１２＞primarygrains．
　　Additionally,deviatedGoss({１１０}＜２２７＞),
Brass({１１０}＜１１２＞),and{２１０}＜００１＞grainscould
showabnormalgraingrowthandcompetewithGoss
grains．ToobtainamorecomprehensiveunderstandＧ
ingoftheeffectsofprimaryrecrystallizationtextures
onsecondaryrecrystallizationbehavior,observation
andanalysisoftheeffectsof{１１１}＜１１２＞,{４１１}
＜１４８＞,and {００１}＜１２０＞ primaryrecrystallizaＧ
tiongrainsontheabnormalgraingrowth (AGG)
behaviorofGoss,deviatedGoss,Brass,and{２１０}
＜００１＞ grainsarenecessary．Accordingly,suchan
investigationisessentialforobtainingsuperiormagＧ
neticpropertiesingrainＧorientedsiliconsteel．

１　Experimental
　 　 Theinitial materialconsisted ofhotＧrolled
bandsof２３mmthicklowＧtemperatureslabＧreheaＧ
tedgrainＧorientedsiliconsteel(C００５２,Si３１２,
Mn００９１,P００１１,S０００７２,Als００２８,N０００８６,
Sn００５２,Cu００２,Cr００２andFebalance,mass％)．
Afterbeingsubjectedtonormalizationat９５０℃for
２min,thespecimenswerecoldrolledto０２３mm
withareductionof９０％ byaoneＧstagecoldＧrolling
method．Afterwards,decarburizationannealingat
８５０℃for３min,６min,and９minrespectivelyina
wethydrogenatmospherewascarriedouttoobtaina
primary recrystallized microstructure．Allofthe
specimenswerethennitridedat７５０℃inaNH３ＧH２Ｇ
N２atmospheretoacquireabout２×１０－４ mass％ofniＧ
tridecontent．ThesecondaryrecrystallizationanneaＧ
lingwascarriedoutinaN２ＧH２atmospherewitha
heatingrateof１５ ℃/h．Inordertoanalyzethe
processofAGG,secondaryrecrystallizationanneaＧ

lingwasinterrupted,andsomespecimenswereexＧ
tractedat１０５０℃．
　　Theprimaryrecrystallizationspecimenswere
observedfromtheNDＧRD (normaldirectionＧrolling
direction)sectionusingaZEISSUltra５５scanning
electronmicroscopeequippedwithaChannel５elecＧ
tronbackscatterdiffraction(EBSD)system．TheinＧ
terruptedＧannealingspecimenswerepolishedtothe
centrallayer．Atleastfourlargeareaviewswere
measuredbyEBSDforeachsecondaryrecrystallized
grain．Theorientationdistributionfunctions(ODFs)
werecalculatedbysummingGaussianspreadsmethod．

２　ResultsandDiscussion
２１　Primaryrecrystallizationmicrostructureandtexture
　 　Fig１showstheorientationimage mapsand
ODFsofprimaryrecrystallizedspecimensafteranＧ
nealingfor３min,６min,and９min,respectively．
ThetypicalprimaryrecrystallizationtexturecompoＧ
nentsare{１１１}＜１１２＞,{４１１}＜１４８＞,and{１００}
＜０２１＞．Withincreasingannealingtime,theintenＧ
sityofthe{４１１}＜１４８＞texturecomponentcontinＧ
uouslyincreasedwiththegrowthoftherecrystalＧ
lizedgrains．Fig２showstheaveragediametersand
areafractionsofgrainswithdifferentorientations．
Theaveragediameterofthe{４１１}＜１４８＞ grainsis
alwayslargerthanthatofthe{１１１}＜１１２＞ grains．
The{４１１}＜１４８＞ grainsarelargerduetotheir
higher growth rate during recrystallization．AlＧ
thoughtheareafractionof{１１１}＜１１２＞ grainsis
higherthanthatof{４１１}＜１４８＞ grains,itdecreaＧ
sesastheareafractionof{４１１}＜１４８＞ grainsinＧ
creasesduringgraingrowth．ThisphenomenonsugＧ
geststhatthestrong{４１１}＜１４８＞textureresults
fromthestrongerabilityof{４１１}＜１４８＞ grainsto
grownormally,despitetheirnucleationabilitybeing
lowerthanthatof{１１１}＜１１２＞ grainsduringpriＧ
maryrecrystallization．
　　Hommaetal[１３]reportedthat{４１１}＜１４８＞
grainsnucleatedatgrainboundariespiledwithirregＧ
ularstrainafterheavydeformationinBCCsteel．
Suchgrainswillgrowquickly,relyingonthefast
migrationofthelargemisorientationanglesbetween
{４１１}＜１４８＞ nucleiandastrongαＧfiberdeformaＧ
tion matrix．Otherresearchers have stated that
strong{４１１}＜１４８＞textureformsfromdeformaＧ
tionbandsorshearbandsofrotatedcubegrains[１４]．
Inthisstudy,the{４１１}＜１４８＞ grainsnucleatedat
an αＧfiber deformation matrix．Thefinalstrong
{４１１}＜１４８＞texturecomponentresultedfromthe
highergrowingrateof{４１１}＜１４８＞grains．Thehigher
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