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Abstract:Theabrasivewearbehaviorofhighchromiumcastiron(containing１２９mass％chromium)austenitizedat
１０５０℃for２handaustemperedinsaltbathat３２０℃for４hwasevaluated．Abrasivewearwasperformedusingalumina
abrasiveunderfourdifferentloads,namely５０,１００,１５０,and２００N,for３６０００cycles．Thewornsurfacesandwear
debriswereanalyzedbyscanningelectronmicroscopy,laserconfocalmicroscopyandXＧraydiffraction．MicroＧhardＧ
nessprofileswerealsoobtainedinordertoanalyzethestrainＧhardeningeffectsbeneaththecontactsurfaces．Results
indicatethattheretainedausteniteinhighchromiumcastironhasexperiencedinducedmartensitictransformationafＧ
tertests,forsmallamountsofretainedaustenitecouldbedetectedbyXＧraydiffraction．Inaddition,thereisaclose
relationshipbetweenwearmechanismandtestload．Undertheconditionoflowertestload,thewearmechanismis
anuninterruptedandrepeatedprocess,duringwhichmatrixiscutatfirstandthenfinecarbidesflakeoff．AstohighＧ
ertestload,scratchingandspallinginducedbycleavagefractureofblockycarbidearethewearmechanism．
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　　Highchromiumcastirons(HCCIs)arewidely
usedinvariousindustrialprocesses,suchasmining,
milling,earthＧhandling,andmanufacturing,which
requirematerialspossessinghighresistancetowear
andcorrosion[１]．Forinstance,HCCIsareextensiveＧ
lyusedasgrindingballs[２]．ThatisduetothemultiＧ
pleadvantagessuchashighlevelsofstrengthwith
goodductilityandfracturetoughness,higherfatigue
strengthandwearresistance[３－５]．ThewearresistＧ
anceofHCCIsismainlyattributedtoitshighvolＧ
umefractionofchromiumcarbides[６－８]．Meanwhile,
thetoughnessofthematrixalsocontributestothe
wearresistance．Besides,thehighconcentrationof
chromiumhelpstopreventtheformationofgraphite
andstabilizethecarbides[９]．
　　Abrasivewearisaproblem whichpresentsexＧ
tensivelyin miningand mineralprocessing,metal
working industries and other application fields．
Nowadays,numerousstudieshavebeenperformed
on microstructures and mechanicalproperties of
HCCIs[１,３,５]．Meanwhile,somestudies havealso
beenperformedonabrasivewearbehaviorofHCCIs．
Atabakietal[１０]researchedthewearpropertiesof
twodifferentcrushersusedforgrindingrawmateriＧ
alsofcementindustrybypinＧonＧdiskweartest(aluＧ

minapowdersof１and１/４μm wereused)．ThereＧ
sultsshowedthatabrasivewearofhighchromium
castironislowerduetothepresenceofM７C３carＧ
bidesonthematrix．ÍzcilerandÇelik[２]examinedthe
abrasivewearperformanceofdifferentheatＧtreated
boronalloyedhighchromiumcastironoregrinding
balls．８０gritAl２O３andSiCabrasivepapers,and６０
gritAl２O３andSiCabrasiveparticleswereused．The
resultsshowedthatoilＧcooledspecimenshad masＧ
siveand muchlargereutecticcarbides．FanＧcooled
andwaterＧcooledspecimenscontainedpetalＧlikeeuＧ
tecticcarbides．TheoilＧcooledspecimensshowedthe
bestwearresistance．Pintaudeetal[１１]assessedthe
influenceofabrasiveparticlesizeonthewearbehavＧ
iorof martensitichighchromium whitecastiron
millballsbygranitegrindingtests．Resultsshowed
thattherelationshipbetweengrindingbodysizeand
ground materialparticlesizeisimportanttothe
wearofgrindingbody．
　　Inthisstudy,crudeabrasivewearbehaviorofa
kindofhighchromiumcastironhasbeeninvestigaＧ
ted(aluminaabrasiveof５－８mm wasused)．The
strainＧhardeningeffectsbeneaththecontactsurfaces
wereanalyzedby microＧhardnessprofiles,andthe
wornsurfaceswereanalyzedbyscanningelectronmiＧ



croscopy(SEM),laserconfocalmicroscopy (LSCM)
andXＧraydiffraction(XRD)．Themaingoalwasto
provideadeepunderstandingonthewearbehavior
andwearmechanismofHCCI．

１　Experimental
１１　Testmaterial
　 　The HCCIswithnominalchemicalcomposiＧ
tionsofchromium (１２９ mass％),silicon (２９７
mass％),manganese(２６７mass％),carbon(２８３
mass％),andiron,werecastintoa metalmold．
Theingotswereheattreatedat１０５０℃for４hand
cooleddownto５００ ℃immediatelyinsaltＧmixture
bath(withmassratioofpotassiumnitratetopotasＧ
siumchlorideof１∶３),andthenaustemperedin
saltbath (with massratioofpotassium nitrateto
potassiumchlorideof１∶１)maintainedat３２０℃for
４h．Finally,theywerecutintospecimenswiththe
samedimensionsofϕ６０mm×３０ mmforabrasive
weartests．

１２　Abrasiveweartest
　　ThewearresistanceatabrasivewearwasdeterＧ
minedbyusingaselfＧdesignedexperimentaltester
(Fig１)againsttheAl２O３particleswiththeMoh＇s
hardnessof９ Hfor３６０００cycles．Thespecimens
werefixedonfixture,drivenbyaDCmotorwitha
normalrotationspeedof３００r/min．Fourdifferent
loadsof５０,１００,１５０,and２００N wereappliedon
thetestspecimensagainsttheabrasive．Therequired
loadwasprovidedbymeansofaddingandsubtracＧ
tingweight．Thevalueofpressurewasmeasuredby
pressuresensor,anddisplayedbymatchingdisplay
screen．Masslosswasdeterminedasafunctionofload

Fig１　Designdrawingofabrasiveweartester

toaprecisionof００１g,andthenconvertedintothe
wearrate．

１３　Characterizationofspecimens
　　Thespecimenwithoutwear,wornsurfacesand
anychangeinthesubsurfaceregionwerestudiedby
usingaZEISSDV４opticalmicroscope,anLEXT
OLS４１００laserconfocal microscopeanda ZEISS
EVO１８scanning electron microscope．The worn
surfaceswereobservedimmediatelyafterthetest
withoutanycleaning,andcutintolongitudinalsecＧ
tioninordertostudythecharacteristicsofthesubＧ
surfaceregion．
　　TheXＧraydiffractionanalysiswasperformedusing
anXＧraydetectorwithmonochromaticCuKαradiaＧ
tion,inordertostudythecharacteristicsofworn
surfacesandthecompositionofweardebris．
　　TheVickershardnessvaluesofcast,heattreaＧ
tedandweartestspecimenswereobtainedfromthe
meanofatleastfivesuitablyspacedhardnessindenＧ
tationsusingaloadof５０g．ThesubsurfacemicroＧ
hardnesstestswereperformedonallthetestspeciＧ
mensuptoadepthof８０μmtostudytheextentof
whiteＧetchinglayer(WEL)andtransitionregion．

２　ResultsandDiscussion
２１　Microstructure
２１１　Heattreatmentmicrostructure
　　Fig２showsthemicrostructureofhighchromium
castironafterheattreatment．Martensite,retained
austenite,M７C３carbideandasmallamountofsecＧ
ondarycarbidesaredistributedinthematrix．The
microstructureisrelativelyuniform exceptblocky
M７C３carbide．

Fig２　SEMimageofhighchromiumcastiron

２１２　Microstructureoftestspecimens
　　Fig３presentsthecrosssectionSEMimageof
highchromiumcastironafterweartest．ItisobviＧ
ousthatthedegreeoffluctuationappearingatworn
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