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Abstract:Themicrostructure,mechanicalpropertiesandwearresistanceofhighchromiumcaststeelcontainingboＧ
ronafterdifferentheattreatmentswerestudiedbymeansoftheopticalmicroscopy(OM),thescanningelectronmiＧ
croscopy(SEM),XＧraydiffraction(XRD),hardness,impacttoughness,tensileandpinＧonＧdiscabrasiontests．The
resultsshowthatasＧcastmicrostructuresofboronＧfreehighchromiumsteelconsistofmartensiteandafew (Cr,
Fe)７C３carbide,andthemacroＧhardnessofboronＧfreehighchromiumsteelis５５－５７HRC．After０５mass％ Bwas
addedintohighchromiumcaststeel,asＧcaststructuretransformsintoeutectic(Fe,Cr)２B,(Cr,Fe)７(C,B)３and
martensite,andthemacroＧhardnessreaches５８－６０HRC．Hightemperaturequenchingleadstothedisconnection
andisolateddistributionofboride,andtherearemany(Cr,Fe)２３(C,B)６precipitatedphasesinthequenchingstrucＧ
ture．Quenchingfrom１０５０℃,highchromiumsteelobtainedthehighesthardness,andthehardnessofhighchromiＧ
umcaststeelcontainingboronishigherthanthatofboronＧfreehighchromiumsteel．ThechangeofquenchingtemＧ
peraturehasnoobviouseffectonimpacttoughnessofhighchromiumsteel,andtheincreaseofquenchingtemperaＧ
tureleadstotensilestrengthhavinganincreasingtendency．Atthesamequenchingtemperature,thewearresistance
ofhighchromiumcaststeelcontainingboronismoreexcellentthanthatofboronＧfreehighchromiumsteel．High
chromiumcaststeelguidecontainingboronhasgoodperformancewhileusinginsteelbarmill．
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　　Whitecastironwithhighchromiumcontentis
widelyusedin wearapplications．However,white
castironhaslowtoughnessandisnotsafeinimpact
wearcondition．Manyattemptshavebeen madeto
improvethesetypesofmaterialsregardingtoughＧ
nessandwearresistancebyaddingdifferentalloying
elementslikevanadium,titanium,niobium,etc[１－４]．
ThemainobjectiveofaddingadditionalalloyingeleＧ
mentsistoalterthecarbidestructureofthemateriＧ
al．SizeandcompositionofthecarbidecanalsobealＧ
tered using differentsolidification rates or heat
treatments[５－７]．Manyinvestigations have shown
thatthedecreaseofcarboncontentisaneffective
measureforimprovingthetoughnessofhighchroＧ
miumcastiron．Onthebasisofthis,thematerials
scientistsdevelopedcasthighchromiumwearresistＧ
antsteel[８－１０]．Nevertheless,thevolumefractionof

carbideisthemostimportantparametertoobtain
wearresistance,althoughthecompositionofthe
surroundingmatrixalsocontributestothetotalmaＧ
terialproperties．Sohighchromiumcaststeelhaslower
wearresistancebecauseoflowercarboncontentand
smallercarbidevolumefraction．Steelsmicroalloyed
withboronhavehighhardenability[１１]．UsuallyboＧ
ronisaddedintothelowalloycaststeelintraces
like０００３－０００５ mass％．The microＧadditionof
boroncanimprovethehardenabilityandincreasethe
wearresistanceoflowalloycaststeel[１１,１２]．When
theboroncontentinlow alloycaststeelexceeds
０５％,highhardnessborideappearsintheasＧcast
structure,andthewearresistancecanbeobviously
increased[１３,１４]．Inthepresentstudy,akindofhigh
chromiumcaststeelcontainingboronwasdeveloped
whichhasbetter wearresistancethancasthigh



chromiumsteelandhigherstrengthandtoughness
thanhighchromium whitecastiron．Theaim of
presentstudyistoinvestigatetheeffectofquenchＧ
ingtreatmenton microstructure,mechanicalpropＧ
ertiesand wearresistanceofhighchromium cast
steelcontainingboron．Highchromium caststeel
containingboronhasbeensuccessfullyusedinthe
rollingmillguide．

１　ExperimentalProcedure

１１　Preparationofsample
　　ThesteelsweremeltedinamiddleＧfrequency
inductionfurnacewithamaximum meltingcapacity
of１５０kg．Afterbeingdeoxidizedwithaluminiumat
１６００－１６２０℃,themoltensteelwastransferredinＧ
toapreＧheatedladle．Aftertheremovalofdrossand
slag,themoltensteelwaspouredat１４８０ ℃into
themetalmoldstoproduceYＧblockingotaccording
toRefs[１５,１６]．Themetalmoldswerepreheated
beforecasting,andthepreheatingtemperaturewas
２４０℃,andthepreheatingtimewas３h．Moreover,
highchromium caststeelguidescontainingboron
werecastbythelostwaxcastingmethod．FinalchemiＧ
calcompositionofsamplesisshowninTable１．The
sampleswereheatＧtreatedat９００,９５０,１０００,１０５０,
and１１００ ℃ for２h,respectively,followedbyoil
coolingtotheroomtemperature．Then,thesamples
weretemperedat２００℃for６h,followedbycooling
totheroomtemperatureinstillair．Metallurgical
sampleswerecutdirectlyfrom １０ mm abovethe
bottomoftheYＧblockingot．TheshapeanddimenＧ
sionofYＧblockingotareshowninFig１．

Table１　Chemicalcompositionofspecimens　　mass％

Element C B Cr Si Mn Al Fe

BoronＧfree
highCrsteel

０３５ － １００６ ０４１０３２ － Balance

HighCrsteel
containingboron

０３４ ０４６ １００３ ０４００３５０３７ Balance

Fig１　ShapeanddimensionofYＧblockingot

１２　Microstructureexamination
　　TheinvestigationtechniquesusedforthemiＧ
crostructurecharacterizationofcasthighchromium
steelincludedXＧraydiffraction(XRD),opticalmiＧ
croscopy(OM),andscanningelectron microscopy
(SEM)．Thesampleswereetchedwith５％ nitalfor
opticalmicroscopyexamination,whileamixtureof
５mL HCl,４５mL４％ picraland５０mL５％ nital
wasusedasanetchantforSEManalysis．XRDwas
carried on an MXP２１VAHF diffractometer with
copperKαradiationat４０kVand２００mA．ThesamＧ
plewasscannedinthe２θrangeof２０°－８０°ina
stepＧscanmode(００２°perstep)．Themeasurement
ofvolumefractionofborideandborocarbidesuseda
Leicadigitalimagesanalyzeronthedeeplyetched
specimens．

１３　Mechanicalperformancetests
　　Thetensiletestswereperformedonauniversal
materialtestingmachine．ThedimensionsofspeciＧ
menswereϕ１０mm×１３０mm．ThreeidenticalspecＧ
imensweretested,andtheultimatetensilestrength
was determined from theloadＧdisplacement diaＧ
grams．TheaveragevaluesfromthreetestspeciＧ
menswerereportedhere．Charpyunnotchedimpact
testswereperformedatroomtemperatureusinga
３００Jcapacity machineforthespecimenswithdiＧ
mensionsof２０mm×２０mm×１１０mm．ImpacttoughＧ
nessvalueswerealsotheaverageofthreespecimens．
The macroＧhardnesstesting was done using an
MW３２ＧHRＧ１５０type hardnesstester．The microＧ
hardnesswasmeasuredbyusingaVickersmicroＧ
hardnesstesterataloadof０５N．AtleastseveninＧ
dentationsweremadeoneachsampleundereachexＧ
perimentalconditiontocheckreproducibilityofthe
hardnessdata．

１４　Slidingweartests
　　 Weartestswereconductedinan MLＧ１０type
pinabrasiontesting machineshownin Fig２[１７]．
Testloadwas４９N,themaximumslidingdistance
was１６４mandtheslidingspeedwas０１ms－１

forallthetests．Thediskdimensionwas２２０mmin
diameterand５mminthickness．Thesampleswere
abradedona２８０gritSiCwatersandpaper．Thesize
ofthespecimenswasϕ６ mm×２５ mm．Themass
lossesweremeasuredbyusingascalewith０１mg
resolution．Therelativewearresistance (β)isthe
ratioofthe wear masslossofcontrast material
(Cr１２MoVsteel)tothatofboronＧfreehighCrsteel
andhighCrsteelcontainingBrespectively．
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