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Abstract:Deformation behaviorsand mechanismsunderdifferenttemperaturesforcolumnarＧgrained FeＧ６􀆰５Si
(mass％)alloysfabricatedbydirectionalsolidificationandequiaxedＧgrainedFeＧ６􀆰５Sialloyfabricatedbyforgingwere
comparativelyinvestigated．Theresultsshowedthat,withincreasingthedeformationtemperaturefrom３００ ℃ to
５００℃,theelongationincreasedfrom２􀆰９％to３０􀆰１％fortheequiaxedＧgrainedFeＧ６􀆰５Sialloy,whilefrom６􀆰６％to
about５１％forthecolumnarＧgrainedFeＧ６􀆰５Sialloy．ThedeformationmodeofequiaxedＧgrainedFeＧ６􀆰５SialloytransＧ
ferredfromnearlynegligibleplasticdeformationtolargeplasticdeformationdominatedbydislocationslipping．ComＧ
paratively,thedeformationmodeofthecolumnarＧgrainedalloytransferredfromnearlynegligibleplasticdeformation
toplasticdeformationdominatedbythetwining,andfinallytoplasticdeformationdominatedbydislocationslipping．
Meanwhile,comparedwiththealloywithequiaxedgrains,itwasfoundthatultimatetensilestrengthandelongation
couldbeincreasedsimultaneously,whichwasascribedforthetwinningdeformationincolumnarＧgrainedFeＧ６􀆰５SialＧ
loy．ThisworkwouldassistustofurtherunderstandtheplasticdeformationmechanismofFeＧ６􀆰５SialloyandproＧ
videmorecluesforhighＧefficiencyproductionofthealloy．
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　　Comparedwiththecommonelectricalsteels,
FeＧ６􀆰５Si(mass％)alloyexhibitsexcellentsoftmagＧ
neticproperties[１Ｇ３],whichhasa wideapplication
prospectsinhighfrequencyelectromagneticfields[４,５]．
However,itisdifficulttofabricatesheetsusing
conventionalcastingＧrolling process dueto their
longＧlastingbrittlenessand hardＧprocessing probＧ
lems,whichseriouslyimpedesthedevelopmentof
thealloy[６,７]．Therefore,itisurgenttoimprovethe
plasticdeformationpropertiesoftheFeＧ６􀆰５Sialloy．
　　Itiswidelyacknowledgedthatthekeyfactors
dominatingtheplasticdeformation behaviorsand
mechanisms of metals were deformation condiＧ
tions[８,９]andinitialmicrostructures[１０,１１]．ForexamＧ
ple,Qinetal􀆰[８]foundthatthemaindeformation
mechanism switchedfrom twinningtodislocation
slippinginFeＧMnＧAlＧCalloyasthetemperatureinＧ

creasedfrom －６０℃to６００℃,duetotheincreasＧ
ingstackingfaultenergywiththeriseofdeformaＧ
tiontemperature．Peakscanbeobservedintensile
strengthandelongation whenthedeformationis
processedat３００℃．Zhaoetal􀆰[１０]foundthattheinＧ
itialmicrostructuredramaticallyinfluencedthewarm
deformationbehaviorofthe４５steel．Theflowstress
ofthequenchedspecimenswithmartensitewashigher
thanthatoftheannealedoneswithferriteandpearlＧ
iteat５５０ ℃,whileat６００ ℃to７００ ℃thewhole
flowcurvesofquenchedspecimenswerebelowthose
ofannealedones．FurthermicrostructureexaminaＧ
tionprovedthatthetemperinganddynamicrecrysＧ
tallizationeasily occurredinthespecimens with
martensiteduringdeformation．
　　Therefore,tounderstandtheplasticdeformaＧ
tionmechanismofFeＧ６􀆰５Sialloyandprovidemore



cluesforhighＧefficiencyproductionofthealloy,the
effectsofdeformationtemperatureandinitialmicroＧ
structureonplasticdeformationbehaviorsofFeＧ６􀆰５Si
alloyswerecomparativelyinvestigatedinthisstudy．

１　MaterialsandMethods
　　AFeＧ６􀆰５Sialloywiththecompositions(mass％)
ofC０􀆰００３２,Si６􀆰４２,Mn０􀆰０２８,S０􀆰００２４,P
０􀆰００８１,Al０􀆰００５,B０􀆰０４８,andthebalanceofFewas
firstinduction meltedandcastedinavacuumfurＧ
nace．TheasＧcastingotswerethenhomogenizedand
forgedatthetemperaturerangingfrom８５０to１０００℃．
TheFeＧ６􀆰５Sialloyrodscutfromtheforgedingot
weredirectionallysolidified withthesolidification
rateof１mm/min[１２]toobtaincolumnargrainswith
＜１００＞orientation,denotedasthe“columnarＧgrained
(CG)alloy”．Theforgedspecimensweredenotedas

the“equiaxedＧgrained(EG)alloy”．
　　ThemicrostructureandcrystallographicorienＧ
tationofthespecimensweredetectedbyopticalmiＧ
croscope(OM)andelectronbackscattereddiffracＧ
tion (EBSD)detectorequippedonaZeissAuriga
scanningelectronicmicroscope(SEM),respectively．
SpecimensforEBSDwereelectrolyticallypolishedat
avoltageof２０ Vintheelectrolyteof２５vol􀆰％
HClO４and７５vol􀆰％ C２H５OHfor１０s．Fig􀆰１shows
themicrostructureandgrainorientationoftheEG
andCGalloys．ManyequiaxedgrainswiththeaverＧ
agesizeof３００－５００μmandrandomgrainorientaＧ
tioncanbeobservedintheEGalloyasshownin
Fig􀆰１(a);whileintheCGalloy,columnargrainsare
distributedhomogeneouslywiththewidthof５００－
８００μmwithparalleledstraightgrainboundaries,as
showninFig􀆰１(b)．

Fig􀆰１　Microstructure,grainorientationandgrainboundarymisorientationofEG(a)andCG(b)alloys

　　Thespecimenswereheattreatedat９００℃for
１h[１３]followedbyoilquenching,andtensiletestsof
theFeＧ６􀆰５Sialloyspecimenswereconductedalong
thesolidificationdirectionofthespecimensatthe
stressrateof０􀆰５mm/minandthedeformationtemＧ
peraturerangeof３００－５００℃byaMTSexperiment
machine．ThespecimensfortensiletestsweredogＧ
boneＧshapedwiththegaugediameterof４mmand
lengthof１０mm．Nolessthanthreespecimenswere
testedforeachexperimentalconditionwithgoodreＧ
production．Detailed microstructural observations
wereperformedbyaJEOL２０１０highresolution
transmissionelectronmicroscope(TEM)．

２　Results

２􀆰１　EffectofdeformationtemperatureontensiledeＧ
formationbehaviorofEGalloy
　　Fig􀆰２depictsthetypicaltensileloadＧdisplaceＧ
mentcurvesofEGalloysat３００℃,４００℃and５００℃,
respectively．Whenthedeformationtemperatureis
３００ ℃,thealloyfracturedwithnegligibleelongaＧ
tion．Asthedeformationtemperatureincreasedto
４００℃,theplasticdeformationimprovedobviously．
At５００℃,longerneckingsectionwasobserved,indiＧ
catingitsmoreobviouslylocaldeformation．Fig􀆰２(b)
showsthetensilepropertiesatvariousdeformation
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