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Abstract:MicrostructureandmechanicalpropertiesoftwokindsofnonＧmagnetichighmanganesesteelswithand
withoutNbadditionwhichexperiencedthesamerollingandheatingtreatmentwereinvestigatedbymeansofscanＧ
ningelectronmicroscopy,electronbackＧscattereddiffraction,transmissionelectronmicroscopy,XＧraydiffraction
andtensiletest．ItwasfoundthatthemicrostructureofthehighmanganesesteelwasrefinedbytheNbaddition．
Moreover,steelwithNbadditionhasahigherstackingfaultenergywhichfavorsthedeformationtwinning．TwinＧ
ningisthemostimportantdeformationmechanismintheNbＧbearingsteel．Therefore,steelwithNbadditionhas
muchhigherstrengthandhigherplasticity．Theproductoftensilestrengthandtotalelongationexceeds６１􀆰８GPa􀅰％．In
addition,steelwithNbadditionalsohasexcellentnonＧmagneticproperty．
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　　IthasbeenwellknownthatthenonＧmagnetic
steelhasbeenwidelyusedtoavoidtheenergylossin
manyfields,suchasthestrongmagneticproducts
manufacturingandthetransportindustry．Withthe
developmentofmodernindustry,thedemandfor
highhardness,highstrengthandexcellentformＧ
abilityofthenonＧmagneticsteelishighlyincreasing．
Therefore,manyresearchersfocusonthenonＧmagＧ
neticsteeltheseyears．Allainetal􀆰[１]investigated
themodelingofmechanicaltwinninginhighmangaＧ
neseausteniticsteel．SomeotherresearchersanaＧ
lyzedtheinfluenceofalloyingelementssuch as
Al[２,３],CrandCrＧN[４]onthehotworkingoftwinＧ
ninginducedplasticity (TWIP)steels．Lietal􀆰[５]

designedthe３０Mn２６Al４VnonＧmagnetichighmanＧ
ganesesteel．
　　 Moreover,the mechanicalpropertiesofhigh
manganeseausteniticTWIPsteelresultfromdifferＧ
entdeformationmechanisms:crystallographicslip,
possible martensitictransformation andtwinning
effect[６]．SuchmechanismsarerelatedtodifferentstacＧ

kingfaultenergy(SFE)values[７],whichstronglydeＧ
pendonMn,Al,SiandCcontents,aswellastemＧ
perature[８,９]．TheSFEcanbedecreasedbytheSiadＧ
ditionandenhancedbytheAladdition[１０,１１]．AndalＧ
loyswithhighSFEtendtoformmechanicaltwininＧ
steadofphasetransformation[１１,１２]．ThetwinboundＧ
ariesactasstrongbarrierstodislocation motion
whichleads to theincrease of ultimate tensile
strength[１１,１３]．Furthermore,the mechanicaltwins
changethecrystallographicorientationandincrease
themotionprobabilityofsomesuppressedslipsysＧ
temsaccordingly．TheincrementofplasticdeformaＧ
tionmechanismbythestraininducedtwinsplaysan
importantroleintheelongationimprovement[１３]．
Thetwinscanproducethedeformation morethan
４０％,andthevaluewillbefurtherenhancedwhen
thesecondarytwinisformed[１４]．
　　However,thereisstillaproblemthattheforging
processingpropertyofthehighmanganeseaustenitic
steelissopoorthatitishardtobemachined．How
totakefulladvantageoftheexistingequipmentsand



improvethecomprehensivemechanicalpropertiesof
thesteelhasbeenmoreandmoreimportant．
　　Inthiswork,the microstructureandrelated
mechanicalpropertiesinthehotrolledhighmangaＧ
nesesteels withand withoutadditionofniobium
(Nb)wereinvestigated．Inparticular,theeffectsof
Nbon mechanicalproperties,microstructuresand
magneticpermeabilitywerediscussed．

１　ExperimentalScheme
　　Table１showsthechemicalcompositionofthe
designedsteelusedinthepresentwork．Thesteels
underinvestigationweremeltedinavacuuminducＧ
tionfurnaceandcastasingots．Thenthecastingots
wereforgedtotheplateof４０mm×９５mm×１１５mm．
Thesampleswerehomogenizedinanairfurnaceat
１２００℃for１h,thenhotrolledto７mmthickplate
at１１００℃byfivepasses(Thefinishingtemperature
wasabout９００ ℃)．Aftertherollingprocess,the
rolledplatewasreheatedto１０００℃for１５minand
thenrapidlycooledinwaterwhichnamedthewater
tougheningprocess．

Table１　Chemicalcompositionofexperimentalsteels
mass％　

Steel C Si Mn P S Nb

No􀆰１ ０􀆰８６ ０􀆰４２ １４􀆰４ ０􀆰００８ ０􀆰００５５ －
No􀆰２ ０􀆰９５ ０􀆰３８ １４􀆰９ ０􀆰００７ ０􀆰００４７ ０􀆰０１２

　　Thetensilesampleswerecutfromtherolledplates
ofbothsteelsandeachgroupincludedthreesamples．
TensiletestswereperformedbytheMTS８１０type
universalmaterialtestingmachineatroomtemperaＧ
ture．Atlast,thetensilepropertiescouldbecalculated
byaveragingthetestvaluesofthethreesamples．
Themicrostructuresofthesteelsandmorphologyof
precipitateswereanalyzedbyusinganopticalmicroscope
(OM),aZEISSSUPRA５５typescanningelectron
microscope (SEM)andan HITACHI HＧ８００type
transmissionelectron microscope (TEM)．Thehigh
anglegrainboundarywasanalyzedbyelectronbackＧ
scattereddiffraction(EBSD)．ThemagneticpermeaＧ
bilitywasmeasuredbythePMSＧ９system．

２　ResultsandDiscussion
２􀆰１　Microstructuresafterwatertoughening
　　Fig􀆰１showsthemicrostructuresoftheexperiＧ
mentalsteelsafterthe watertougheningprocess．
Figs􀆰１(a)and１(b)showthemicrostructureofthe
highmanganesesteelwithoutandwithNbaddition,
respectively．Itcanbeseenthatbothofthetwo
steelshaveequiaxed austenite grains．Moreover,
therearesomeannealingtwinswithstraightboundＧ
aryintheaustenitegrains．Inaddition,itisobvious
thattheaustenitegrainsofsteelwithNbaddition
arefinerthanthosewithoutNbaddition．ItisconsidＧ
eredtoberelatedtotheprecipitationoftheNbＧbearing

(a)No􀆰１steelwithoutNb;　 (b)No􀆰２steelwithNb．
Fig􀆰１　Microstructureofexperimentalsteelsafterwatertoughening

steelduringthehotrollingandheattreatmentprocesses．
　　InordertoverifytheeffectofNbonthesteel,
TEM analysesofthe NbＧbearinghigh manganese
steelispresentedinFig􀆰２．From Fig􀆰２(a),the
nanoＧsizedprecipitatemarkedbythearrowcanbe
seenclearly,whichpresentsspheralityorgranulate
type．Theenergyspectrumoftheprecipitateswas

alsoanalyzedanditsresultisshowninFig􀆰２(b)．
BoththeNbandCpeakscanbeseenintheenergy
spectrum,whichimpliesthattheprecipitatesofthe
NbＧbearinghigh manganesesteelareNbC．ThereＧ
fore,itcanbeeasilyunderstoodthatthegrainsof
theNbＧbearingsteelaremuchfinerbecauseofthereＧ
tardingeffectofprecipitatesonthegrainboundaries．
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