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Abstract:Theinfluenceofagingtemperatureonphasetransformationandmechanicalpropertiesofweldmetalof
maragingsteel(gradeC３００)wasstudied．Microstructurewasanalyzedbymeansofopticalmicroscopy,transmissioneＧ
lectronmicroscopy,scanningelectronmicroscopyandenergydispersivespectrumanalysis．GibbsfreeenergyofNi３Ti
andFe２MoatdifferenttemperaturewascalculatedbyThermalＧcalcsoftware．ThemicrostructureofweldmetalinasＧ
weldedstateismartensite．Theyieldstrengthofweldmetalafter４３０ ℃ agingprocessmayincreaseto１５６１ MPa
from８９０MPainasＧweldedstate,whichisascribedtotheformationofspinodalconstituteandGPzones．After４８０℃
agingprocess,therearegreatdealofNi３Tiprecipitatesinthemartensitematrixand１０％revertedaustenitephasein
thecellulargrainboundary,andtheyieldstrengthincreasesto１８０１MPa．Afteragingprocessat５８０℃,thereare
manyFe２Moprecipitatesinthemartensitematrixand３０％revertedaustenitephaseinthecellulargrainboundary,
andtheyieldstrengthis１３２９MPa,whichisthelowestamongthethreecases．Thephasetransformationmayalso
influencethetoughness．Itisfoundthatprecipitatesmakethetoughnessdecreaseandrevertedausteniteincreasesit．
Themechanismofphasetransformationonstrengthandtoughnessisdiscussed．
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　　Maragingsteels,whicharetheagingstrengthＧ
enedmartensitesteels,canreachultrahighstrength
andremaingoodfracturetoughness．ThegoodcomＧ
prehensivemechanicalpropertiesmakethemoptimal
candidatestructuralmaterialsforaerospaceandveＧ
hicleindustry．Researchworkfocusingonphysical
metallurgy,agingtreatments,orientationrelationＧ
shipbetweenprecipitatedphaseand matrix,weldＧ
abilityandothercharacteristicsofthesteelshave
beenreported[１Ｇ１１]．C３００steels,amemberofmaragＧ
ingsteelfamily,havetheyieldstrengthofabout
２０００MPa．TheiruniquecharacteristicsofgoodweldＧ
abilityanddimensionalstabilityduringagingtreatＧ
mentsmakethesesteelsappealstoforfabricationof
largestructures．
　　Severalweldingtechniqueshavebeendeveloped
toweldmaragingsteels,wherehighjointcoefficient
canbeobtainedbyelectronbeamweldingwithlower
heatinginput[３]．Tungsteninertgas(TIG)welding

isthemostwidelyusedweldingmethodforjoining
largethinＧwalledpressurevesselsandvariousparts
andstructures,especiallyformaragingsteels,due
totheirhighjointqualityandrelativelylowcost[５Ｇ９]．
ThepropertiesofweldmetalofmaragingsteelsdeＧ
pendonweldingfillermetal,basemetalandaging
treatmentprocess[１０]．
　　Formaragingsteels,agingtemperatureinfluences
thephasetransformationandmechanicalproperties[１Ｇ４]．
Tewarietal􀆰[１２]foundthatthestrengtheningof
maragingC３５０steelatagingtemperature(＜４５０℃)is
relatedtoorderedandcoherentphasessuchasm,S
andXphases．Zhuetal􀆰[１３]pointedoutthatatpropＧ
eragingtemperatureconditions(４８０－５３０℃),the
mainstrengtheningprecipitationisultrafineneedle
shapedNi３Tiintermetallicphase,whichcaneffecＧ
tively resist coarsening．The spherically shaped
Fe２Mophase,whichformsunderoveragingcondiＧ
tionathighertemperature,hasalowercontribution



tostrengtheningthanNi３Ti．TheformationofreＧ
vertedausteniteneedshighertemperature．Whenthe
steelisagedattemperaturehigherthan５３０℃,reＧ
vertedausteniteappears．
　　Uptillnow,moststudiesareforsteelswithuniＧ
form microstructureandcomposition distribution．
Littlestudyispresentedforthecaseofweldmetal．
Formedby meltingoffillermetalandbase metal
andsubsequentfastcooling,weldmetaliscomposed
ofnonＧequilibrium structure,where composition
segregationexistsincolumnarcrystals．ThesecharＧ
actersmayaffectthemicrostructureandmechanical
propertiesofagedweldmetal．Inthispaper,theinＧ
fluenceofagingtemperatureonphasetransformaＧ
tionandmechanicalpropertiesofweldmetalofmarＧ
agingC３００steelwasstudied．

１　ExperimentalMaterialsandProcedures

　　Weld metalofC３００steelproducedbypulsed
TIGweldingmethodwasusedfortheexperiment．
Heatinputof１６kJ/cm wasadoptedandargongas
wasusedastheshieldgas．WeldingwirewiththediＧ
ameterof１􀆰２mmwasusedasfillermaterial．InterＧ
passtemperaturewas１００℃．Chemicalcompositions
ofweldmetalareshowninTable１．Theweldswere
treatedat８４０ ℃for１hforsolidsolutionandair
cooledtoroomtemperature．Thentheyweretreated
at４３０,４８０and５８０℃respectivelyfor４hforaging
andaircooledtoroomtemperature．Agedsamples
wereanalyzed by means of optical microscopy,

transmissionelectronmicroscopy,scanningelectron
microscopyandenergydispersivespectrumanalysis．
Thereagentfor metallographicetching was５％
CuCl２＋３５％HCl＋３５％H２O＋２５％C２H５OH．Foils
forTEM analysisweregroundto４０－５０μmin
thicknessandjetelectropolishedat－２５ ℃ using６％
perchloricacidsolutionofmethanolwith２５VvoltＧ
ageand６０ mA current．Mechanicalpropertiesof
weldmetalwereevaluatedwithtensileandCharpy
UＧnotchimpacttest．Thesizeofimpactspecimens
was５mm×１０mm×５５mm．

Table１　Chemicalcompositionsofweldmetal　　mass％

Ni Co Mo Ti Al Fe

１８􀆰８ ８􀆰１６ ４􀆰９９ ０􀆰４９ ０􀆰０９６ Balance

２　ResultsandDiscussion

２􀆰１　Microstructureofweldmetal
　　ThemicrostructureofweldmetalinasＧwelded
stateisshowninFig􀆰１．Theweld metalpresents
cellulargrainstructure,whichis martensite with
highdensitydislocationtanglesbutnoprecipitate．
Tensiletestindicatesthatitsyieldstrengthis８９０MPa
andtensilestrengthis１０２０MPa,muchlowerthan
thatofC３００steel．ToobtainultraＧhighstrength
compared with parent metal,aging treatment,
whichmayinduceprecipitationofsmallparticlesand
greatlyincreasestrength,isanecessaryprocessfor
weldmetal．

Fig􀆰１　MicrostructureofweldmetalinasＧweldedstate

　 　 Accordingtotheprecipitationstrengthening
mechanism,thestrengthincrementcausedbysecＧ
ondphaseinmetalmaterialisexpressedbyOrowanＧ
Ashbyequation[１４],asshowninEq􀆰(１)

　　　Δσp＝(０􀆰５３８Gb fv/x)􀅰ln(x/２b) (１)

where,Δσpistheyieldstrengthincrement;Gisthe
shearmodulus;bisBurgersvector;fvisvolume
fractionofprecipitates;andxisdiameterofprecipiＧ
tates．Itindicatesthatbothincreasingthevolume
fractionofprecipitationphaseanddecreasingthe
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