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ABSTRACT

MicrostructureandpropertyofbearingsteelwithandwithoutnitrogenadditionwereinvestigatedbymiＧ
crostructuralobservationandhardnessmeasurementafterdifferentheattreatmentprocessing．Basedon
themicrostructuralobservationofboth９Cr１８steelandX９０Nsteel,itwasfoundthatnitrogenaddition
couldeffectivelyreducetheamountandsizeofcoarsecarbidesandalsorefinetheoriginalaustenitegrain
size．Duetoadditionofnitrogen, moreaustenitephasewasfoundinX９０Nsteelthanin９Cr１８steel．The
retainedausteniteofX９０Nsteelafterquenchingat１０５０°Ccouldbereducedfromabout６０％toabout７％
bycoldtreatmentat－７３°Candsubsequenttempering,andthusfinallyincreasedthehardnessupto６０
HRCafterlowtemperaturetemperingandto６３HRCafterhightemperaturetempering．Furthermore,
boththewearandcorrosionresistanceofX９０Nsteelwerefoundmuchmoresuperiorthanthoseof９Cr１８
steel, whichwasattributedtotheadditionofnitrogen．Itwasproposedatlastthatnitrogenalloyinginto
thehighchromiumbearingsteelwasapromisingwaynotonlytorefinethesizeofbothcarbidesandausＧ
tenite,butalsotoachievehighhardness, highwearpropertyandimprovedcorrosionresistanceofthe
stainlessbearingsteel．

１．Introduction
　Thehighchromium martensiticstainlesssteel
９Cr１８(AISI４４０)iswidelyusedforbearingmanuＧ
factureofpetrochemicalengineering, shippinginＧ
dustry,andinstrumentprocessunderconditionof
eitherhighorlowtemperature, whichcanachieve
highstrengthＧhardness,excellentwearandcorrosion
resistancethroughquenchingＧtemperingprocess．Itwas
revealedthatdifferenttypesofcarbidesinfluenced
the microstructure and mechanicalproperties of
martensiticstainlesssteel[１Ｇ４] ,suchasthecoarseeuＧ
tecticcarbides(typeofM７C３)in９Cr１８steel, which
couldinducelocallystressconcentrationpointand
crackinitiationofcontactfatigueandcorrosion[５Ｇ８] ．
　Inordertorefinethesizeofcarbidesinthehigh
chromiumstainlessbearingsteel, manyworkshave
beendoneanddemonstratedinliteratures[９Ｇ１１] ．It
wasrevealedthatadding nitrogeninto stainless
bearingsteelusuallyresultedinafineandhomogeＧ
neousmicrostructure,suchasthecronidur３０steel
withabout０４wt％ Nand０３wt％C,inwhichno

carbideswithsizelargerthan５μmcouldbefound
andthesefinecarbidesandcarbonitridesuniformly
distributedinthematrix．DuetoeliminationorreＧ
ductionofthecoarsecarbidesandformationofthe
fineＧdispersecarbontrides, moreexcellentcombinaＧ
tionof mechanicalandelectrochemicalproperties
wasobtainedinthenitrogenＧalloyedsteelthanin
theconventional９Cr１８(AISI４４０)steelafterappropriＧ
ateheattreatment[１２,１３] ．Pickering[１４] reportedthatniＧ
trogenadditionledtocarbidestransformationfrominiＧ
tialM７C３toM２(C,N),andtheamountofM２(C,N)
precipitationincreasedaftertemperingprocess．Ngo
etal[１５] foundthatthenitrogenadditionincreased
thehardnessof martensiticstainlesssteeldueto
precipitationoffineCrNphaseduringtempering．
　Inthisstudy,themicrostructuralevolutionand
propertiesofthe９Cr１８ (AISI４４０) steelwithand
withoutnitrogenadditionwerestudied, aimingto
examinethepossibilityofaddingnitrogenintothe
highchromiumstainlessbearingsteeltorefinethe
sizeofcarbidesandimprovepropertiessuchashardＧ
ness, wearpropertyandcorrosionresistance．
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２．ExperimentalProcedure
　Thechemicalcompositionofexperimentalsteels,
whichweredesignedandpreparedinavacuuminＧ
ductionfurnace,ispresentedinTable１．Theingots
werehomogenizedat９００°Cfor１h,thenincreased
to１１５０°Cby１００°C/sandhomogenizedfor１h,forged
between８５０－１１５０°Cintobarswithdiameterof６５mm,

andfinallyslowlycooledtoroomtemperature．The
phasediagramsofstudiedsteels werecalculated
basedonThermoＧCalcsoftwareandarepresentedin
Fig１, which wasusefultodetermineheattreatＧ
mentparameters．Theexperimentalspecimenscut
fromforgedbarswereprocessedbyspheroidizing
annealingandthenprocessedasdescribedinTable２．
　Microstructuresandaustenitefractionofspecimens

Table１
Chemicalcompositionofexperimentalsteels(wt．％)

Steel C Cr N Mo Mn Si P S

X９０N １０５ １６３９ ０１８ ０５２ ０５８ ０５３ ０００６０ ０００４８
９Cr１８ １００ １７６２ － － ０６８ ０６４ ０００８０ ０００５０

(a) X９０N; 　 (b)９Cr１８．
Fig１．　DiagramsofexperimentalsteelscalculatedbasedonThermalＧCalc．

Table２
Heattreatmentparametersappliedinthisstudy

Heattreatment TAandtA TCTandtCT TTeandtTe

１ ９５０°C×３０min(OQ) －７３°C×２h(AC) １８０°C×２h(AC),２×５００°C×２h(AC)

２ １０００°C×３０min(OQ) －７３°C×２h(AC) １８０°C×２h(AC),２×５００°C×２h(AC)

３ １０５０°C×３０min(OQ) －７３°C×２h(AC) １８０°C×２h(AC),２×５００°C×２h(AC)

４ １１００°C×３０min(OQ) －７３°C×２h(AC) １８０°C×２h(AC),２×５００°C×２h(AC)

　　Note:TA—Austenizationtemperature;tA—Austenizationholdingtime;TCT—Coldtreatmenttemperature;
tCT—Coldtreatmenttime;TTe—Temperingtemperature;tTe—Temperingtime．

wereexaminedbyscanningelectronmicroscopy(SEM)
andXＧraydiffractometry (XRD) usingCoKαradiation．
SpecimensforSEMandXRD measurementsweremeＧ
chanicallygroundandpolished,thenetchedin２vol％
Kallingsolution (１５gCuCl２＋３３mLHCl＋３３mL
ethanol＋３３mL H２O) andelectrolyticallyetchedina
solutionof１０vol％chromicacid．Retainedaustenite
fractionwascalculatedbasedonintegratedintensiＧ
tiesof(２００)α, (２１１)α, (２００)γ, (２２０)γand (３１１)γ

diffractionpeaks[１６] ．TenmetallographicphotosoforigＧ
inalaustenitewerecollectedusingan OlympusinＧ

vertedopticalmicroscope,andgrainsizeoforiginal
austenitewasmeasuredbythestraightlinecutＧoffpoint．
　Theroomtemperaturehardnesswasmeasuredby
usingaTIMETH３００Rockwellhardnesstesterwith
１４７０Nload．Fivehardnesspointsweremeasuredto
obtaintheaveragehardness．ThewearresistancespeciＧ
menswerepreparedascylinderwithdiameterof４mm
andlengthof２５mm,andprocessedbyheattreatmentＧ
３．ThewearresistancetestwascarriedoutonaMLＧ１０
abrasiveweartestingmachinewith１４７Nloadand１８０
gritSiC waterproofabrasiveinaweardistanceof
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