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Abstract:TheAl０５CoCrCuFeNihighＧentropyalloypowderswithsimplefaceＧcenteredＧcubic(FCC)solidsolution
structurewereintroducedintothesurfacelayerofalowcarbonsteelduringlasersurfacealloying．AhighperformＧ
ancesurfacelayerwithextremelyfinemartensiteasthedominantphasewasobtained,resultinginagreatimproveＧ
mentinmicrohardness,wearresistance,andcorrosionresistance．Thegreatenhancementofmicrohardnessandwear
resistanceofthelaseralloyedlayerismainlyduetotheformationofextremelyfinemartensitehardphase,thesolid
solutionstrengtheningofthealloyingelementsinsupersaturatedαＧFesolidsolution,andtheexistenceofsizeeffect
andstraineffectunderrapidsolidification．TheenhancementofcorrosionresistanceisduetothealloyingofAl,Co,
Ni,CrandCuinthelaseralloyedlayer．
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　　Inmaterialsengineeringapplications,surfacepropＧ
ertieslikewearandcorrosionresistanceareusually
requiredespeciallyunderharshserviceconditions．
Thus,thesurfacemodificationofexistingmaterials
toenhancecertainpropertiesatthesurfacewhilenot
affectingthepropertiesinthesubＧsurfaceregion
wouldbemoreeconomicalthanfabricatingthebulk
materials．
　　HighＧentropyalloys (HEAs)havepromising
propertiesincludinghighhardness,aswellasoutＧ
standingwear,corrosionandoxidationresistance,
andarethoughttohavegreatpotentialsforhardfaＧ
cingapplications[１Ｇ７]．Inthisstudy,HEA surface
layershavebeenfabricatedontraditionalalloysby
varioussurfacetechnologies,suchaslasercladding,
lasersurfacealloying,tungsteninertgasprocess
and plasma transferred arc cladding process,
etc[８Ｇ１１]．PreviousstudiesontheproductionofHEＧ
Aslayersonthesubstratebylasercladding(LC)or
lasersurfacealloying(LSA)approachesusedmixed
pureelementalpowders[１２,１３]．Uptonow,noLSA

studiesusing HEApowdersasthealloyingagents
havebeenreported．Inthisstudy,theAl０５CoCrＧ
CuFeNiHEApowderswereemployedasthealloＧ
yingmaterialinanefforttoevaluatethepossibility
ofproducinghighhardness,aswellashigh wear
andcorrosionresistancelayeronalowcarbonsteel
byincorporatingmultipleelementsinaformofsimＧ
plesolidsolutionintothesubstrateduring LSA．
The microstructure,phaseconstitution,hardness
profile,andtribologicalandcorrosionbehaviorof
thelaseralloyedzonehavebeeninvestigated．

１　Experimental
　　Acommerciallowcarbonsteelwithachemical
compositionofC０１７－０２４,Si０１７－０３７,P≤
００３５,S≤００３５,Ni≤０２５,Cr≤０２５,Cu≤０２５
in mass％ andbalancedFewasusedasthesubＧ
strate．TheAl０５CoCrCuFeNiHEApowdersusedin
thisstudyweresynthesizedusingAl,Co,Cr,Cu,
FeandNielementalpowders(purityofmorethan
９９５％andparticlesizeoflessthan４５μm)bymeＧ



chanicalalloyingapproach．Before LSA,thelow
carbonsteelplankswithsizesof４０mm×１５mm×
１０mm werepolishedtoobtainuniformroughness
and ultrasonically cleanedin acetone．The HEA
powders were uniformly mixed with an organic
binderintoaviscousslurryandthenappliedonto
thesurfaceofthelowcarbonsteelplanks．ThecoatＧ
ingsweredriedinairfor２dandthengroundtoa
thicknessof０５mmby１０００gritSiCpaperunder
drycondition．
　　A Nd:YAGpulsedsolidlaseroperatingata
wavelengthof１０６４nm wasusedtoproducelinear
reＧmeltingtracksonthepreＧcoatedsubstrateswhich
werecooledwithwatertoevaporatetheheatproＧ
ducedbythelaserheating．AnXＧYtablewithcomＧ
puternumericalcontrolmovedthesamplesataconＧ
stantrateunderthestationarylaserbeam．Argon
gasof３０L/minblowingthroughaϕ４mmjetand
coaxialwiththelaserbeam wasusedtoshieldthe
meltpoolfromoxidationandprotectthelaseroptics
fromfumesandspatteredparticles．Afteraseriesof
optimizations,thecurrent,scanningspeedandthe
defocusforLSAprocessinthispaperweredeterＧ
minedas２７５A,３mm/sand－１４mm,respectively．
FormultiＧtracksreＧmelting,a４０％overlapbetween
trackswasused．
　　XＧraydiffraction(XRD)wasusedfortheidenＧ
tificationofthecrystalstructureoftheprecursor
powdersandthelaseralloyedlayerafterLSA,and
thescanningwasperformedata２θrangeof２０°－
１００°．ThemicrostructureswereobservedusingscanＧ
ningelectron microscopy (SEM)andthechemical
compositionsweredeterminedbyenergydispersive
spectrometer(EDS)equippedwithSEM．
　　Themicrohardnessprofilesfromthelasertrack
regionstothesubstrateweremeasuredusingamiＧ
crohardnesstesterunderaloadof０４９Nwithdwell
timeof１０s．Theadhesivewearbehaviorsofthe
substrateandthelaseralloyedlayerwereevaluated
underdryslidingconditionsat５００ ℃ byusingan
MTＧ２０００testerwithaloadof１００Nafter４０００roＧ
tations．Themorphologiesofthewornsurfaceswere
examinedbySEM．
　　Theelectrochemicalmeasurementswerecarried
outinCHI６６０Cpotentiostat．Thesubstrateandthe
laser alloyed layer were degreased in benzene,
cleanedultrasonicallyandsubsequentlywashedwith
distilledwaterpriortoelectrochemicaltests．Their
corrosionbehaviorswereexaminedwithanexposed
workingelectrodeareaof１cm２in３５vol％ NaCl
solutionat(２３±１)℃opentoairandrepeatedsevＧ

eraltimestoensurethereproducibilityofthedata．
DC１０５corrosionsoftwarewasusedtoanalyzethe
Tafelregion,whilepotentiodynamicpolarizationexＧ
perimentswereperformedatascanrateof１mV/s．

２　ResultsandDiscussion
　　Fig１showstheXRDpatternoftheAl０５CoCrＧ
CuFeNiprecursorpowders．OnlyfaceＧcenteredＧcubic
(FCC)solidsolutionphasewasdetectedunderthe
resolutionofXRDanalysis．Theaveragesizeofthe
powdersisabout３０μmandthepowderhasahomoＧ
geneouscomposition．TheactualchemicalcomposiＧ
tion,asindicatedinFig１(b),ismultiＧcomponents
andveryclosetothedesignedone．Thedifferential
scanningcalorimetry (DSC)analysisindicatesthat
themeltingpointoftheHEApowdersis１３８１℃．

Fig１　XRDpatternofHEApowdersbymechanical
alloying;morphologyofHEApowders(a)and

crossＧsectionalmicrographofanHEApowder(b)

　　AfterLSA,thestructurefromthesurfaceto
thesubstratecouldbeseparatedintothreecharacＧ
teristiczones:thelaseralloyedlayer,theheatＧafＧ
fectedzone(HAZ)ofthesubstrateandthenonＧafＧ
fectedsubstrate．AtypicaltransversesectionofalaＧ
sersurfacedalloyedspecimenisshowninFig２(a)．
ThethicknessofthelaseralloyedlayerandtheHAZ
areabout３００μmand１００μm,respectively．Figs２
(b)and２(c)representhighＧmagnificationSEM miＧ
crographsofthelaseralloyedlayerandtheHAZas
indicatedinFig２(a),respectively．ThemicrostrucＧ
tureofthelaseralloyedlayermainlyconsistsofexＧ
tremelyfinemartensites(Fig２(b))andtheHAZ
observedbelowthelaseralloyedlayerresultsina
duplex microstructurecomposedofretainedferrite
matrixandmartensiteislands(Fig２(c))．ThebotＧ
tomofFig２(c)showsthemicrostructureofthesubＧ
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