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ABSTRACT

Themorphology, microstructureanddecompositionbehaviorofM２Ccarbidesinhighspeedsteelswith
differentchemicalcompositionshavebeeninvestigatedbyscanningelectronmicroscopy,transmissionelectron
microscopy,electronbackscatterdiffractionandXＧraydiffraction．Theresultsshowthatthemorphology
andsubstructureofM２Ccarbidesareverysensitivetochemicalcompositionsofhighspeedsteels．M２C
carbidespresenttheplateＧlikeshapeintungstenＧmolybdenumsteelandpresentthepolycrystalorientation
intheeutecticcell．Incontrast,theyshowthefibrousshapeinmolybdenumＧbasesteelandexhibitthe
monocrystalorientation．PlateＧlikeandfibrousM２CcarbidesarebothmetastableanddecomposeintoM６C
togetherwithMCathightemperatures．MCnucleatesinsidetheplateＧlikeM２Cwhileitisformedatthe
fibrousM２C/matrixinterfaceduringthedecompositionprocess．Suchdifferencesareexpectedtoarise
fromdifferentcompositionsofplateＧlikeandfibrousM２Ccarbides．

１．Introduction
　HighspeedsteelsareferrousＧbasedalloysofFeＧ
CＧX multiＧcomponentsystem where Xrepresents
differentalloyingelements,suchasMo, W, V,and
Cr．Theyarecharacterizedbyhighhardnessandwear
resistancebothatroomandelevatedtemperatures,
andwidelyusedinhighＧtemperatureapplications．Their
excellentpropertiesareassociatedwiththecharacＧ
teristicmicrostructure,namelymartensitestrengthＧ
enedbyagreatquantityofalloyingcarbides．
　Itiswellknownthatthemechanicalpropertiesof
highspeedsteelstrongly depend onthecarbide
type,shape,sizeanddistribution, whichareclosely
relatedtotheasＧcaststructureofingots,especially
thoseeutecticcarbides[１Ｇ４] ．DifferenttypesofeutecＧ
ticcarbidescanbecreatedthroughtheeutecticreacＧ
tioninhighspeedsteel．Themajoreutecticcarbides
are M２C, M６Cand MC, dependingonthealloy
composition and cooling rate[５,６] ．Among them,
M２Ctypeisthemostpredominantoneandexistsin
almostallhighspeedsteels．
　PreviousstudieshaveshownthatthemorpholoＧ

giesofM２Ceutecticcarbidescanbeclassifiedinto
theplateＧliketypeandthefibrousone, depending
onalloycompositions[７] ．PlateＧlike M２Ccarbidesare
mostlycreatedintungstenＧmolybdenumsteels (e􀆰g􀆰,
M２)andpromotedbyincreasingcontentsofcarbonor
aluminum[８Ｇ１０] ．TheyaremetastableathightemperaＧ
turesanddecomposeintoamixtureofM６Cand MC
carbidesafterannealingabove１０００°C[１１Ｇ１４] ．FredriksＧ
sonetal􀆰[１４] havereportedthatthe matrixisinＧ
volvedinthedecompositionreactionandthedecomＧ
positionprocesscanbeclassifiedasaquasiＧperitectoid
reaction, M２C＋γＧaustenite→ M６C＋ MC．InconＧ
trast,fibrousM２Ccarbidesaregenerallyformedin
molybdenumＧbasesteels (e􀆰g􀆰, M４２) andfavored
byhighernitrogenorlowervanadiumcontents[１５,１６] ．
Theyalsodecomposeinto M６Cand MCatelevated
temperatures[１７] ．However,littlehasbeenknownabout
thedifferencesbetweenplateＧlikeandfibrousM２C
carbidesexceptformorphologies．
　Thepresentarticleisdesignedtoinvestigatethe
influenceofchemicalcompositionsonthe microＧ
structureanddecompositionbehaviorsofM２CeuＧ
tecticcarbidesinhighspeedsteels．Emphasishas
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beenplacedonclarifyingdifferentcharacteristicsof
plateＧlikeM２CinM２steelandfibrousM２CinM４２
steelduringthesolidificationandsubsequentheating
processtoprovidemoreinsightsintomicrostructure
transformaioninsuchacomplexsystem．

２．MaterialandMethods
　　MaterialsusedwereAISIM２andM４２, whichare

typicalgradesoftungstenＧmolybdenumand molybdeＧ
numＧbasehighspeedsteels,respectively．ThecomposiＧ
tionsofM２andM４２arelistedinTable１．Thesteel
wasremeltedandthencastinsandmoulds,thediＧ
mensionsofwhichwereϕ６０mm×１５０mm．
　Themorphologiesofcarbideswereobservedby
opticalmicroscopyusingMurakamietchant,inwhich
M２C (black)carbidesareselectivelyetchedbutnotthe

Table１
ChemicalcompositionsofM２andM４２steelsusedinthiswork(mass％)

Steel C Si Mn W Mo Cr V Co Fe
M２ ０􀆰８９ ０􀆰３５ ０􀆰２４ ５􀆰９３ ４􀆰８２ ３􀆰９５ ２􀆰０８ － Balance
M４２ １􀆰０５ ０􀆰５４ ０􀆰３８ １􀆰６０ ９􀆰４５ ３􀆰９０ １􀆰１５ ８􀆰３０ Balance

matrixandMCcarbides[１８] ．Thematrixwasdeeply
etchedtoobservethreeＧdimensionalmorphologiesof
carbidesbyscanningelectron microscopy (SEM, FEI
SirionＧ４００)．Thecarbidecompositionsweremeasuredby
Genesis６０Senergydispersivespectroscopy(EDS)．
　ThemicrostructureofeutecticcarbideswasinvesＧ
tigatedbyXＧraydiffraction(XRD),electronbackscatＧ
terdiffraction(EBSD)andtransmissionelectronmiＧ
croscopy (TEM)．Carbidepowderswereextracted
fromtheingotsandthenexaminedbyusingaBruker
D８ XＧray diffractometer．Thesamplesfor EBSD
werepreparedbymechanicallypolishingandelectroＧ
polishing．TheEBSDmeasurementswerecarriedout
usingtheEDAXdiffractionsystem．Thespecimens
forTEM werethinfoils, preparedby mechanical
polishingandtwinＧjetelectropolishing．Then, they
wereexaminedbyTecnaiG２ TEM．
　Samplesslicedfromingotswereheatedat１１００°Cfor
６０,１８０and３６０min,respectively．ThetransformaＧ
ionofcarbidesduringheating wasinvestigatedby
SEMandTEM．Carbidepowderswereextractedfrom
specimensheatedfor６０min,andthenexaminedby
XRD．Thecompositionmeasurementwasconducted
oncarbidesinspecimensafterheatingfor１８０min．

３．ResultsandDiscussion

３􀆰１．MorphologyofM２Ccarbides

　Fig􀆰１illustratestherepresentativeasＧcaststrucＧ
tureofhighspeedsteel,consistingofthematrixand
networksofeutecticcarbidesdistributedintheinterＧ
dendriticregions．ThoseeutecticcarbidescanbediＧ
videdintotwodifferenttypes, M２CandMC,distinＧ
guishedbytheMurakamietchant[１８] ．Amongthem,
M２Ccarbidesarethepredominanttype．ThemorＧ
phologiesofM２CareverysensitivetochemicalcomＧ
positionsofhighspeedsteel．TheyassumeaplateＧ
likeorneedleＧlikeshapeinM２whereastheyappear
inafibrousshapeinM４２．
　Fig􀆰２furthershowsthethreeＧdimensionalmorＧ
phologiesofplateＧlikeandfibrousM２Ccarbides．It
canbeseenthatM２Ccarbideshavequitedifferent
morphologicalcharacteristicsindifferenthighspeed
steels．Theyexhibitalamellarstructurewithflat
platesin M２, suggestingthatplateＧlikecarbides
growanisotropicallyand muchfasterindirections
paralleltosurfacesofplates．Incontrast,theydevelＧ
opintoafibrousstructurewithroundoutlinesinM４２．

(a) PlateＧlikeM２CcarbideinM２; 　 (b) FibrousM２CcarbideinM４２．
Fig􀆰１．　TypicalmorphologiesofM２CcarbidesafterselectivelyetchingwithMurakamietchant．
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