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ABSTRACT

Howtomanufacturethehigh magneticinductiongrainＧorientedsiliconsteel (HiＧBsteel) bythe
processfeaturedwiththeprimaryrecrystallizationannealingwasdemonstrated,duringwhichnitriＧ
dinganddecarburizingweresimultaneouslyrealizedinlaboratory．BythetechniquesofopticalmicroＧ
scope,scanningelectronicmicroscopeandelectronbackscattereddiffraction,boththemicrostructure
andthetextureinthesampleswerecharacterized．ThesampleshadbeensubjectedtonitridingtodifＧ
ferentnitrogencontentsattwospecifiedtemperaturesusingthetwodefinedmicrostructuralparameＧ
ters:thegrainsizeinhomogeneityfactorσ∗andthetexturefactorAR．Theformeristheratioofthe
meanvaluetostandarddeviationofgrainsizes;thelatteristheratioofthetotalvolumefractionof
theharmfultexturestothatofbeneficialtexturesincluding {１１０}＜００１＞．WhentheNcontentinＧ
creasedfrom０􀆰００５５％to０􀆰０３３０％aftertheannealingatboth８３５and８７５°C,theresultantrecrysＧ
tallizedgrainsizedecreasedbutσ∗ changedlittle; whilsttheriseofannealingtemperaturefrom８３５
to８７５°Cresultedintheincreaseinbothgrainsizeandσ∗ ．Moreover,eithertheinjectedNcontentor
temperaturehadinsignificantinfluenceonthecomponentsofprimaryrecrystallizationtexturedevelＧ
opedduringannealing．However,theincreaseoftemperatureledtothedecreasesinbothintensity
andvolumefractionof{００１}＜１２０＞and{１１０}＜００１＞texturesbutincreasesinthe{１１４}＜４８１＞and
γfibertexturesandtheresultantdecreaseofAR．

１．Introduction
　ComparedwithtraditionalhighＧtemperature(１３５０－
１４００°C)heatingmethod,thelowＧtemperatureand
mediumＧtemperaturereheatingmethodaredevelopＧ
mentdirectionofproducing HiＧBsteel[１Ｇ４] ．Inthis
technology, nitridingisakeyprocesstoform niＧ
trideasinhibitorsforthedevelopmentofsharpGoss
textureduringhightemperatureannealing[５Ｇ７] ．
　Thereareseveralnitridingtechnologiesdeveloped
forHiＧBsteelinthecommercialorthetrialindusＧ
trialproductionlines．Forexamples, Bao Steel,
WISCOandShougangGroupinChinaandNippon
SteelinJapanallemployedtheprocessofnitriding
afterdeccarburizationduringrecrystallizationanneaＧ
lingintheatmospherecontainingNH３

[４,７] ．However,
POSCOadoptedasimultaneousnitridinganddecarＧ
burizingprocessduringannealing．Incomparison
withthedecarburizationfollowedbynitriding,the

simultaneousnitridinganddecarburizinghassome
advantagessuchasthemorecompactprocessand
lowerproduction cost of nitriding etc􀆰[８,９] ．AlＧ
though there are somereports aboutinhibitors
formedduringthissimultaneousprocess[８Ｇ１０] , few
researchesareaboutthedependenceofprimaryreＧ
crystallized microstructureandtextureontheanＧ
nealingprocess．
　Inthispaper,theHiＧBsteelwasmanufactured
fromthethinslabcasting,thelowＧtemperaturereＧ
heating,rollingprocessandthesimultaneousnitriＧ
dinganddecarburizingannealingtothefinalhighＧ
temperature annealing．Both microstructure and
textureafterprimaryrecrystallizationwerecharacＧ
terizedandanalyzedusingthedefined microstrucＧ
turalparameters:thegrainsizeinhomogeneityfacＧ
torandthetexturefactor．Itwillprovidereferences
onresearching HiＧB steelby obtaininginhibitor
methodatlowＧtemperaturenitriding．
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２．ExperimentalMaterialsandMethods

２􀆰１．Preparationofexperimentalmaterials

　Thechemicalcomposition(wt􀆰％)ofstudiedsteelis
C０􀆰０４－０􀆰０６, Si２􀆰９０－３􀆰３０, Mn０􀆰２, Cu０􀆰０２, S
０􀆰００４７, Als０􀆰０２９, N０􀆰００５５,andP０􀆰０２．Itwas
melted by vacuum induction furnace and then
pouredintoawaterＧcooledcopperＧmademouldwith
thedimensionsof５０mm×１００mm×４００mm．Thecast
slabwasthentransferredfrom the mouldatthe
temperaturehigherthan９５０°Ctoaboxfurnace,in
whichitwasheatedat１１８０°Candheldfor３０min．
Later,itwashotrolledto２􀆰６mmＧthickstripand
thencoldrolledto０􀆰２７ mm bythesingleＧstage
coldＧrollingafterthetwoＧstepnormalization．SubseＧ
quently,thespecimenscutfromcoldrolledstrips
weresubjectedtothesimultaneousnitridingand
decarburizationannealingatboth８３５and８７５°C
for３mininthemixturegasofNH３＋H２＋N２,in
whichNH３is１􀆰２－７􀆰０vol􀆰％ andVH２/VN２is１/３
forachievingdifferentNcontentsinjectedintospecＧ
imens．Finally,thesespecimensunderwentthehigh
temperatureannealingduringwhichthesharpGoss
texturewasdeveloped．Themagneticpropertiesof
thesefinallyannealedspecimenswiththedimension
of３０ mm×１００ mm were measuredby MATSＧ
２０１０SAexchange magneticmeasuringinstrument．
TheaveragevaluesofB８andP１７/５０ magneticpropＧ
ertieswiththeprimaryrecrystallizationannealingat
８３５and８７５°C were measuredas１􀆰９２１ T/０􀆰９６８
W/kgand１􀆰９３５T/０􀆰９４５W/kg,respectively,and
thebestvaluesare１􀆰９６４T/０􀆰８５４W/kgand１􀆰９４５
T/０􀆰８７８W/kg,respectively．

２􀆰２．Observationandmeasurementofmicrostructure

　The microstructureofnitridingsheetthrough
thicknesswasobservedandcapturedbyZEISSＧAxio
ScopeA１opticalmicroscopeat１００magnifications．
AccordingtolineresectioninaveragegrainsizedeＧ
termination(GB/T６３９４Ｇ２００２) ofmetal,theaverＧ
agegrainsizeXofmicrostructureofnitridingsheets
wasmeasured．３－４fieldswererandomlyselected,
andthenumberofcutoffpointswasabout５００inorder
toobtainthereasonableandaccurateaveragevalues．
　Inaddition,theinhomogeneityofgrainsizeσ∗is
definedastheratioofthestandarddeviationtothe
meanvalueofgrainsize,asgivenasfollows．
　　　σ∗ ＝σ/μ (１)
where

　　　σ＝
１
N∑

N

i＝１
(Xi－μ)２ (２)

σisthestandarddeviationofgrainsize; N isthe
quantityofgrains; Xiisthesizeofsinglegrain,
μm;andμistheaveragesizeofallthegrainsintoＧ

talmicrostructure,μm．σisareflectionofdeviation
degreeofthesingle grain sizeintotalprimary
grains′microstructureawayfromμ．ThehighervalＧ
ueofσ∗ meansgreaterinhomogeneityofgrainsize
formedaftertherecrystallizationannealing．

２􀆰３．Examinationoftexture

　ThetexturesofsamplesafterrecrystallizationanＧ
nealingthroughthicknesswereexaminedbyfieldemisＧ
sionscanningelectron microscope, ZEISSSUPRA
５５VP, withelectronbackscattereddiffraction (EBSD)．
Atleast２regionsineachsamplewerescannedwith
thestepsizeof３μm．
　Thesoftwareoftexture, OIM Analysis６􀆰１, was
usedinanalyzingtheorientationdistributionfuncＧ
tion (ODF),thedistributionandquantitativestaＧ
tisticsofgrain withspecifiedorientation withthe
maximumdeviationangleof１０°．Atthesametime,
thegrainsizeswereanalyzedstatisticallytoobtain
thevaluesofμandσ．
　Thetexturefactor, AR (arearatio), wasdefined
toquantitativelycharacterizethetexturesafterthe
primaryrecrystallization．ARistheratioofthetotal
volumefractionoftheharmfultexturestothatof
beneficialtexturesincluding {１１０} ＜００１＞．The
lowervalueofAR meanslowerratioofthedisadＧ
vantagedtextureinprimaryrecrystallizationtexＧ
ture,andhigherpossibilityofabnormalgrowthof
Gossorientedgrain．
　Someresearchesshowthatthetextureslike{１１１}
＜１１２＞and{４１１}＜１４８＞favorthegrowthofGoss
grains[１１Ｇ１４] ; whilsttheαfibertextures,including
{１１０}＜１１２＞, {１１１}＜１１０＞ and {１１２}＜１１０＞
etc．aredeteriorating[１５Ｇ１８] ．Therefore, thetexture
factorARisdefinedasfollows:
　　　AR＝({hkl}＜１１０＞＋{１１０}＜１１２＞)/

({１１１}＜１１２＞＋{５５４}＜２２５＞＋
{１１４}＜４８１＞＋{１１０}＜００１＞) (３)

where, {hkl}＜１１０＞,theαfibertexture,isthe
totalfractionof {００１} ＜１１０＞, {１１４} ＜１１０＞,
{１１２}＜１１０＞, {１１１}＜１１０＞ and {１１０}＜１１０＞;
{１１１} ＜uvw ＞, theγfibertexture,isthetotal
fractionof{１１１}＜１１０＞, {１１１}＜１１２＞and {５５４}
＜２２５＞,andthelastoneisincludedsinceitisclose
to{１１１}＜１１２＞．

３．Results

３􀆰１．Microstructurecharacteristicofnitridingsheet

　ThesimultaneousnitridinganddecarburizinganＧ
nealingtemperaturesofthecoldrolledsheetsare
８３５and８７５°C．WhenthereislowscaleofNH３,the
steelcanreachenoughnitridingcontent．Thatistosay,
thenitrousinfiltrationbecomeseasy．Atthesametime,
residualcarboncontentinsteelremainslow (０􀆰０００８－
０􀆰００２７wt􀆰％),andthusthedecarburizingiseasy．The
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