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Abstract:Grainrefinementefficiencyofelectropulsingtreatment(EPT)formetastableausteniticmanganesesteel
wasinvestigated．Themeangrainsizeoforiginalausteniteis３００μm．However,afterEPT,themicrostructureexＧ
hibitsabimodalgrainsizedistribution,andnearly７０vol％grainsarelessthan６０μm．Therefinedausteniteresults
inultrafinemartensiticmicrostructure．Thetensilestrengthsofrefinedausteniticandmartensiticmicrostructures
wereimprovedfrom４９５to６７０,and７９４to９００MParespectively．Thefinegrainedmaterialspossessbetterfracture
toughness．TheworkＧhardeningcapacityandwearresistanceoftherefinedausteniticmicrostructureareimproved．
ThereasonablemechanismofgrainrefinementisthecombinationofacceleratingnewphasenucleationandrestraiＧ
ningthegrowthofneonatalausteniticgrainduringreversetransformationandrapidrecrystallizationinducedbyelecＧ
tropulsing．
Keywords:electropulsing;grainrefinement;metastableausteniticmanganesesteel

　　Metastableausteniticmanganesesteel,develＧ
opedin１９６３,possesseshigherworkＧhardeningcaＧ
pacityandbetterwearresistanceunderlowstress
abrasive wearcondition,compared with Hadfield
steel[１]．BecauseofitslowerMncontent,thetoughＧ
nessandyieldstrengtharelower[２]．InordertoimＧ
proveitsstrengthandtoughness,manyinoculants
areusedtorefinethemicrostructureofmetastable
austeniticmanganesesteel．However,theresultsare
notverysatisfactory,andsomeoftheinoculants
materialsareexpensiveandraresuchasniobium,
vanadium andrareearths[３]．Furtherstudiesare
thereforenecessaryinordertodevelopamoreeffecＧ
tive,lowercostandresourceconservationtechnoloＧ
gytorefineitsmicrostructureandimproveitsmeＧ
chanicalproperties．
　　Electropulsingtreatment(EPT),asanimporＧ
tantinstantaneous high energyinput processing
technique,attractsalotofattentionfrom material
scientistsandengineersduetoitshighefficiencyin
refiningthemicrostructureandimprovingmechaniＧ
calpropertiesofcoldworkedalloys[４,５]．Zhaoetal[６]

reportedthatthemartensiticlathsofcoldＧrolledboＧ

ronsteelsheetwasrefinedfrom４００to１５０nmby
EPT．Huetal[５]foundthatthegrainsizeofcold
rolledsiliconsteelstripscompletelyrecrystallizedby
EPTwasreducedfrom２－６μmto０５－２０μm．
Wangetal[７]successfullyappliedelectropulsingto
refinethemicrostructureofCuＧAlＧNishapememory
alloys．ElectropulsingcanenhancetherecrystallizaＧ
tionrateofcoldworked metalsandretardsubseＧ
quentgraingrowth,resultinginthegrainsizereＧ
duction and enhancement of mechanical properＧ
ties[８]．Lietal[９]studiedtheaccelerateddecomposiＧ
tionofcementiteandsizereduction ofneonatal
graphiteinsphericalgraphiteironinducedbyelecＧ
tropulsing．However,fewattemptshavebeenmade
tostudytheeffectsofelectropulsingonsteelnonＧ
subjectedtocoldworking．ThisstudyaimsatinvesＧ
tigatingthepotencyofEPTforrefiningthemicroＧ
structureandimprovingthestrengthandwearreＧ
sistanceofcastmetastableausteniticmanganesesteel．

１　ExperimentalProcedures
　　ThetestedFeＧ０８CＧ８Mnsteel(C０８１,Mn７８５,
Si０４０,S００１３,P００４４,andFebalanceinmass％)



wasmadefromhighcarbonferromanganese,medium
carbonferromanganeseandmediumcarbonsteel．The
moltensteel,preparedina５kgmediumＧfrequency
inductionfurnace,waspouredintothesandmold．Then,
thecaststeelwasaustenitizedat１３２３Kfor２hto
producesingleＧphaseausteniticstructurefollowedby
waterquenching．
　　Sampleswithdimensionsof４０mm×１０mm×２mm
forEPT weresectionedfromthemiddleportionof
theaustenitizedmaterial,andthendeeplycryogenic
treated(７７K)formartensitictransition．Attheend
ofthedischargingduration,thesamplewasquenched
bywatersprayingimmediately．Electropulsingwas
performed underambientcondition by selfＧmade
electropulsinggenerator,whichcan generate AC
pulsecurrentwithfrequencyof５０Hz．ThedischarＧ
gingdurationanddensityofthepulsecurrentwere
determinedbyacontrollableprogramonacomputＧ
er．Thetemperatureofthespecimenwasmeasured
bythethermocouplewhichwasweldedonthesurＧ
faceofspecimen．Fig１showstheschematicillusＧ
trationoftheelectropulsingsystem．Inthisstudy,
thecurrentdensityjwasoptimizedto４７０×１０６ A/m２

withthedurationof２４０ms,wheretheamplitudeof
thecurrentdensitywasabout６２０×１０６A/m２．Fig２
showstheschematicillustrationofEPT process．
Timevstemperaturecurverecordingrapidheating
andcoolingisshowninFig３．Inordertoobtainthe
refinedmartensiticmicrostructure,thesampleneeds
tobefurthercooledbyliquidnitrogenformartensitＧ
ictransitionafterEPT．
　　Afterpolishing,thesampleswereetchedwith
theethanol＋４vol％ nitricacidsolutionformicroＧ
structureobservation．ThemartensiticplatewasobＧ
servedusingaJEMＧ２１００FtransmissionelectronmiＧ
croscope(TEM)．ThephasecomponentswereanaＧ
lyzedbyXＧraydiffraction(XRD)．Theabrasivewear
wastestedunderaloadof３８Nusingan MLＧ１００
pinＧonＧdiscapparatus．Boththeoriginalausteniticand

Fig１　Schematicillustrationofelectropulsingapparatus

Fig２　Schematicillustrationofsolutionheat
treatmentandEPTprocess

Fig３　Timevs．temperaturecurverecordingof
rapidheatingandcooling

therefinedausteniticsteelcutintobulkspecimens
withthesizesof１０mm×４mm×４mmwereloaded
againstadischavingcontactareaof１６ mm２ and
usedaspin materials,whileSiCabrasivepaperof
３６０gritwasusedasthecounterface．EverymechanＧ
icalpropertyvalueisthemeanofthreetestedsamＧ
pleswithcorrespondingtreatment．

２　Results

２１　Microstructurerefinement
　　XRDpatternsofthesamplesareshowninFig４．
ThesolutionheattreatedsampleconsistsofsingleＧ
phaseaustenite．After deep cryogenictreatment
(DCT),thesampleconsistsofmartensiteandreＧ
tainedaustenite．Theelectropulsingtreatedsample
consistsofsingleＧphaseausteniteagain,indicating
thatthemartensitephasewastransformedtoaustenite
completely,andtherewasnooccurrenceofphase
transformationandprecipitationonrapidcooling．
Microstructureofsolutionheattreatedsampleis
shownin Fig５(a)．The meangrainsizeofthe
coarseausteniteisabout３００μm．AccordingtoemＧ
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