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ABSTRACT

TheeffectofdissolvedniobiumontheeutectoidtransformationbehaviorinnearＧeutectoidhighＧcarbon
steelshasbeenstudied．Dissolvedniobiumisimportantintheeutectoidtransformationbehavior．ItincreaＧ
sestheeutectoidcarboncontentsignificantly(by~００４７７％per０００００１％dissolvedniobium),increaＧ
sesthehardenabilityofsteelmarkedly, yieldsfiner, moreuniform, polygonalproeutectoidferrite,inＧ
ducesatransitioninmorphologyofeutectoidcementitefromlamellartosomewhatspheroidal,andincreaＧ
sesthemisorientationangleofpearlitecoloniesfrombeingfocusednear０°tonear６０°．

１Introduction
　Theeffectofniobium (Nb)asamicroalloyingelＧ
ementinlowＧcarbonsteels,suchastheabilitytoinＧ
hibitausteniticgraingrowthandretardrecrystalliＧ
zationofdeformedaustenite, andtheprecipitation
strengthening, hasbeenresearchedandusedsucＧ
cessfullyinthelasthalfＧcentury[１Ｇ５] ．InmediumＧand
highＧcarbonsteels,theeffectofNbhasnotattracＧ
tedextensiveattention．Accordingtothesolubility
productofNbC,theamountofdissolvedNbistoo
smalltobeofconcern．Recentresearch workhas
shownthatsmallamountsofdissolvedNbareimＧ
portantintermsofeutectoidtransformationcharacＧ
teristics, becausetheyinfluencethesteel microＧ
structureand mechanicalpropertiessignificantly．
ThepearlitestructureappearsseldominNbＧbearing
lowＧcarbonconstructionalsteelsbutitisthemain
microstructurein mediumＧandhighＧcarbon manuＧ
facturingsteels, sotheeffectofNboneutectoid
transformationsisimportant．MediumＧandhighＧ
carbonmanufacturingsteelshavebeenusedtoproＧ
ducemachinerycomponents,suchasgears,shafts,
springs, bearings, rails, andtools, whichareapＧ
pliedextensivelyinmachinery,automobiles, metalＧ
lurgicalengineering, chemicalengineering, shipＧ
ping,andtheaviationindustry[６Ｇ８] ．Developmentsin
thenationaleconomyofChinafrom fundamental
constructiontomanufacturing,especiallyatahigh

level,requiretherapiddevelopmentofmanufacturＧ
ingsteelsintheensuingdecades[９] ,andtheeffectof
Nbinthesesteelsmustbedetermined．
　NearＧeutectoidsteelswereusedtostudytheeffect
ofdissolvedNbontheeutectoidtransformationbeＧ
haviorandthemorphologyoftheeutectoidtransforＧ
mationby meansoftimeＧtemperatureＧtransformaＧ
tion(TTT)curves,andanobservationofthecritiＧ
calpointsofsteelsandthemicrostructure．Theamount
ofdissolvedNbinsteelswascalculatedtheoretically
toexplaintheroleofNbinhighＧcarbonsteelquantiＧ
tatively．

２．ExperimentalProcedure
　Thechemicalcompositionoftheexperimental
steelsislistedinTable１．Toavoidtheinfluencesof
otheralloyingelements,experimentalsteelswitha
nearＧeutectoidCcontentwereusedandthesedidnot
containotheralloyingelementsexceptforCandNb．
SteelCcontainsnoNb, whereasSteelsAandBconＧ
tain００４０mass％and００６４mass％ Nb,respectively．
Thesteelsweremeltedina２５kgvacuuminduction
furnace; theingots wereforgedto４０ mm bars
(heatingtemperatureof１２００°C, initialforging
temperatureof１１５０°C,andfinaltemperaturehighＧ
erthan９００°C;aircooledtoroomtemperature)and
rolledto１１mmbars(heatingtemperatureof１１００－
１１５０°C,initialrollingtemperatureof１０００－１０５０°C,
andfinaltemperatureof~７１０°C;aircooledtoroom
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Table１
Chemicalcompositionofexperimentalsteelsatcaststate(mass％)

　Steel C Nb S N Si P Mn Fe

　A (００４０Nb) ０７５ ００４０ ０００５２ ０００１９ ００５７ ０００７６ ＜０１ Balance
　B (００６４Nb) ０７８ ００６４ ０００５１ ０００１１ ００３０ ０００８０ ＜０１ Balance
　C (NbＧfree) ０７０ ０ ０００６１ ０００２８ ００７４ ０００７４ ＜０１ Balance

temperature)．SomeexperimentalbarshavebeenanＧ
nealedfullytoobservetheequilibrium microstructure,
andthefullannealingprocessisshowninFig１．
　Themetallographicsampleswereetchedwith２vol％
nitalsolution．Ametallographicmicroscopewasused
tostudythemicrostructure,andSISCIASV８０softＧ
warewasusedtodeterminethevolumefractionofthe
nonＧeutectoidstructure．The microhardnessofthe
nonＧeutectoidstructurewastestedwithloadof４９N．

Fig１．　Schematicoffullannealingprocess．

　Theannealedbarswerecutintocolumnsamples
withsizesof３mmindiameterand１０mminheight．
Ultrasonicwashingwasusedfordegreasing．AForＧ
mastorＧFIIdilatometerwasusedtotestthecritical
pointsofsteelswithaheatingrateforthereheating
transformationandacoolingrateforthecooling
transformationat２００°C/h．ForSteelC (noNb)and
SteelA (Nbcontentof００４０mass％),theequilibＧ
riumtransformationcurveshavebeentestedwithan
austenizationtemperatureof８００°Candbyholding
for５min．

３．ResultsandDiscussion

３１．TheoreticalcalculationforNbsolubility

　TheequilibriumdissolvedamountsofNb(we
Nb)and

C (we
C)forNbＧbearingsteelscanbecalculatedfrom

thesolubilityＧproductequationbyconsideringtheinＧ
fluencesofalloyingelements, andthestoichiometＧ
ricequationsareasfollows[５,７,１０] :
　log(we

Nbwe
C)γ＝３５５５－８８００/T＋(１３２０/T－

　　　　００４４)wC (１)

　
wNb－we

Nb

wC－we
C

＝
９２９０６４
１２０１１＝７７３５１ (２)

where,wNbandwCaretheNbandCcontentsinsteel,

respectively, mass％; (we
Nbwe

C)istheNbandC
solubilityinaustenite, mass％; andTisthetemＧ
perature, K．
　ForSteelsAandB, Eq(１) becomeslog(we

Nb
we

C)γ＝３５２２－７８１０/T (Ccontentof０７５mass％)
andlog(we

Nbwe
C)γ＝３５２１－７７７０/T (Ccontentof

０７８mass％),respectively．
　Atanannealingtemperatureof８００°C (１０７３K),
theequilibriumＧdissolvedNbquantitycanbecalcuＧ
latedfrom theaboveequationsas００００２３５％ or
００００２４６％, andthe massfractionofundissolved
NbCis００４５０２％or００７２００％ (fixedCquantityas
０００５１４％or０００８２４％)forSteelAorB,respecＧ
tively．

３２．Proeutectoidferritequantityandinfluenceof
NboneutectoidCcontent

　The metallographicphotographsoftheexperiＧ
mentalsteelsareshowninFig２,andthenonＧpearlＧ
itestructurecanbeobservedaswhiteparts．The
nonＧeutectoidstructurewasferriteasdeterminedby
microhardnessandXＧrayanalysis．ThevolumefracＧ
tionsofproeutectoidferriteinanannealedstateare
１０１０vol％,１５３vol％,and１２６vol％forthe
threesteels,respectively．
　Ifthesteelcontainsnoalloyingelements,theeuＧ
tectoidCcontentwouldbe０７７％．Thus,themass
fractionofproeutectoidferritewouldbe(０７７－０７０)/
(０７０－００２１８)＝９３６％forSteelCand (０７７－
０７５)/(０７５－００２１８)＝２６７％forSteelA, whereas
someproeutectoidcementiteratherthanproeutecＧ
toidferriteexistsforSteelB．BecausetheexperiＧ
mentalsteelscontainnootheralloyingelementsexＧ
ceptNb,itcanbesupposedthatthetraceofdisＧ
solvedNbwouldaffecttheeutectoidCcontent．The
calculatedeutectoid C content was０８８１５％ for
SteelAand０８８９３％ forSteelC．Thecalculated
massfractionofCthatwasfixedbyundissolved
NbCwas０００５％and０００８％forSteelsAandB,reＧ
spectively,at８００°C．BydeductingthefixedC,thecalＧ
culatedeutectoidCcontentwasfoundtobe０８８１０％
forSteelAand０８８８５％forSteelC．TheeutectoidC
contentincreased０１１１０％or０１１８５％bydissolving
００００２３５％ or００００２４６％ NbinSteelBorCreＧ
spectively, whichis~００４７７％ per０００００１％ disＧ
solvedNb．Thus,thetraceofdissolvedNbincreases
theeutectoidCcontentsignificantly．
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