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Abstract:AlＧSiＧFeＧCuＧMgalloywaspreparedbyspraydepositionandwasfurtherprocessedbyhotextrusionaswell
asT６heatＧtreatment．TheresultsindicatethatthemicrostructureofthedepositedalloyiscomposedofprimarySi
particleswithaveragesizeoflessthan５μm,αＧAl,Al２CuMg,βＧAl５FeSiandδＧAl４FeSi２(rectangularshape),andno
eutecticsiliconisfoundduetothespecialsolidificationbehavior．Theagehardeningcurvesrevealtwopeaks．The
uniformultimatetensilestrength(UTS)andtheelongationofthepeakＧagedAlＧSiＧFeＧCuＧMgalloyare４６８􀆰３MPa,
０􀆰６１％at２９８Kand２６７􀆰４MPa,６􀆰４２％at５７３K,respectively．ThefracturesurfacesdisplaybrittlefracturemorＧ
phologyat２９８K,whereasitvariestomixtureofbrittleandductilefailurewithincreasingthetemperature．
Keywords:spraydeposition;hypereutecticAlＧSialloy;microstructure;aging;mechanicalproperty

　 　 Hypereutectic AlＧSialloyspossessexcellent
physicalproperties,includinglowdensity,highspeＧ
cificstrength,highspecificstiffness,goodwearreＧ
sistanceandlowcoefficientofthermalexpansion,
whichmakethemnotonlyattractiveforapplications
inpiston,hydraulicpressaircompressor,andthe
slidingpartsbutalsoverysuitableforthemanufacＧ
turingofthehighＧspeedbrakepartsandthewearＧ
resistantparts[１Ｇ３]．IthasbeenproventhattheaddiＧ
tionofCuand MginhypereutecticAlＧSialloycan
increasetheroomtemperaturestrengthasaresultof
precipitationhardening．However,Yangetal􀆰[４]reＧ
portedthattheprecipitationhardeningphasesarenot
stableathightemperatures．Recently,alargeamountof
workhascertifiedthatFeisaneffectiveelementfor
improvinghightemperaturestrength[５]．NevertheＧ
less,duetotherelativelylowcoolingrate,thepriＧ
marySiphaseiscoarseandtheAlＧSiＧFeintermetalＧ
licphasesshowlongneedleＧlikemorphologyinconＧ
ventionalcastingalloy,whichdefinitelyleadtodeＧ

teriorationnotonlytothefracturetoughness,but
alsotothestabilityofthemicrostructure[６]．UnforＧ
tunately,thelargesize,theirregularshapeofthese
compounds,andthepoorinterfacialbondingbeＧ
tweenAlmatrixandintermetalliccompoundshinder
theapplicationofthesematerialsfabrocatedbyconＧ
ventionalcasting[７Ｇ９]．
　　Inordertosolvetheseproblemsmentionedabove,
spraydepositionprocesshasgainedfavorableattenＧ
tionduetoitshighcoolingrate[１０,１１]．AnumberofstudＧ
ieshavebeenreportedonmicrostructuresofAlＧSiＧFealＧ
loyfabricatedbyspraydeposition[１２Ｇ１４]．However,little
attentionhasbeendevotedtoinvestigatethemechanical
propertiesandfracturepatternsofthisalloy．
　　HypereutecticAlＧSiＧFeＧCuＧMgalloyisfabricated
byspraydepositionfollowedbyhotextrusion．Themain
purposeofthisworkistoinvestigatethemechanical
propertyofthisalloybothatroomandelevatedtemperＧ
atures．Furthermore,thecorrelationsbetween microＧ
structureandmechanicalpropertywerealsostudied．



１　Experimental
　　TheAlＧSiＧFeＧCuＧMgalloywasatomizedbynitroＧ
gengasat９３３KandwasspraydepositedonacylinＧ
dricalaluminum substrate．Thedistancebetween
theatomizingnozzleandthesubstratewaskeptconＧ
stantat４５０mmduringthedepositionprocess．The
atomizationpressurewassetas１􀆰５MPa．TheaccuＧ
ratechemicalcompositionsofthealloyinvestigated
areshowninTable１．Afterbeingcutintocylindrical
billets,thepreformwasextrudedatthetemperature
of(７３３±５)Kwithanextrusionratioof３６∶１．AfＧ
terextrusion,thespecimensweresolutiontreatedat
(７４３±２)Kfor１􀆰５h,followedbywaterquenching,
andfinallyagedat(３９３±１)Kfordifferenthours．
　　ThemicrostructuresofthesprayＧdepositedalloy
werecharacterizedwithscanningelectronmicroscopy
(SEM)．Thespecimenswerepreparedusingstandard
metallographictechniquesand wereetched using
Keller′sreagent．TheXＧraydiffraction (XRD)exＧ
perimentswereperformedonaJapanRigakudiffracＧ

Table１　ChemicalcompositionsofAlＧSiＧFeＧCuＧMgalloy
mass％　

Si Fe Cu Mg Al
２１􀆰４７０ ４􀆰７３０ ２􀆰５００ ０􀆰９００ Balance

tometerusingCuKαradiation．TheVickersmicroＧ
hardnessmeasurementsweredoneataloadof４􀆰９N
andtheloadingtimewas１０susinganHVＧ１０００ZＧ
typedigitalmicrohardnesstester．AtleastfivemeasＧ
urementswerecarriedoutandtheiraveragewastaken
astheacceptedvalue．Theroomtemperaturetensile
testswereperformedonanINSTRONＧ５５００Runiversal
testingmachineatacrossheadspeedof０􀆰２mm/min,
andtheelevatedtemperaturetensiletestswereconＧ
ducted with anINSTRONＧ５５６９ universaltesting
machineatacrossheadspeedof０􀆰５ mm/minand
temperaturerangingfrom４２３Kto５７３K．

２　ResultsandDiscussion
２􀆰１　Microstructuralinvestigation
　　Fig􀆰１showsthemicrostructuresoftheAlＧSiＧFeＧ
CuＧMgalloypreparedbydifferentmethods．Asshown
inFigs􀆰１(a)and１(b),themicrostructureconsists
oflamellarcoarseprimarySiphase(averagesize
about６６μm),longneedleＧlikeAlＧSiＧFeintermetallic
compound(averagesizeabove２００μm),AlＧSieutectic
andAlＧCuＧMgphase(arrowedinFig􀆰１(a))inthe
castingalloy．ThephasesintheasＧcastalloyareanaＧ
lyzedby meansofXRD,andtheexperimentalreＧ
sultsareshowninFig􀆰２(a)．Inadditiontothepeaksof
AlandSiphases,peakscorrespondingtoβＧAl４FeSi２,

(a),(b)Casting;　 (c),(d)Spraydeposition．
Fig􀆰１　MicrostructuresofAlＧSiＧFeＧCuＧMgalloypreparedbydifferentmethods

􀅰５１􀅰Issue１　MicrostructureEvolutionandMechanicalPropertiesofSprayＧdepositedAlＧ２１􀆰４７SiＧ４􀆰７３FeＧ２􀆰５CuＧ０􀆰９MgAlloy　
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