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ABSTRACT

FeCoCrNiAlBx(x＝０, ０􀆰２５, ０􀆰５０, ０􀆰７５) coatingswerepreparedbylasercladdingtostudythe
effectsofborononthestructureandpropertiesofhighＧentropyalloyscoatings．Themicrostructure,
microhardness,andwearresistancepropertiesofthesampleswereinvestigatedbyscanningelectron
microscopy, XＧraydiffraction, metallographicmicroＧhardnesstest, andfrictionＧweartest,respecＧ
tively,andthemechanismofthewearbehaviorwasalsoanalyzed．TheresultsshowedthatthehighＧ
entropyalloysconsistedofBCCphaseandeutecticstructure, whichcontainedFCCphaseandM２B．
Withboronaddition,thecontentofBCCphaseincreasedwhilethatofeutecticstructuredecreased．
ThewearresistanceofthehighＧentropycoatingswasconsiderablyimprovedwithincreasingaddition
ofboron,andaccordingly,theFeCoCrNiAlB０􀆰７５coatingshowedthebestwearresistance．

１．Introduction
　Accordingtosometraditionalviews, variousinＧ
termetalliccompoundsandothercomplicatedphases
wouldexistinonealloysystemifitcontainsmany
kindsofcomponents, whichnotonlydecreasesthe
propertiesofthealloy,butalsomakesitdifficultto
analyze[１Ｇ３] ．Yehetal􀆰[４Ｇ６] proposedanewroutefor
alloydesign, makingabreakthroughfromthetradiＧ
tionalway．AkindofhighＧentropyalloysconsistsof
atleastfiveprincipalcomponentsandtheatomicraＧ
tioofeachcomponentshouldbe５％－３５％．Thus,
thepropertiesofthehighＧentropyalloys, which
weremadebythem withmultipleprincipalcompoＧ
nents, dependonthepropertiesofthenewalloy
systemcomposedofthosecomponents．Itwasfound
thatasolidsolutionwithhighstabilityagainstheatＧ
ing,nanostructures,andevennonＧcrystallinestrucＧ
ture,canbegainedinhighＧentropyalloysbecause
ofthehighentropyandthecharacteristicofrestricＧ
tingatomicdiffusion．NonＧcrystallinematerialhas
manyexcellentpropertiessuchaswearresistance,
corrosion resistance, and high microhardness,
whichhave madeitafocusofresearchsincethe
１９８０s．Tosomeextent, highＧentropyalloysshow
almostthesamepropertiesasnonＧcrystallinemateＧ

rial[７] ．Lietal􀆰[８]foundthattheadditionofAlcould
causeatransformationfromanFCCstructureintoa
BCCstructureofthehighＧentropyalloys, whichimＧ
provedthecorrosionresistanceofFeCoNiCrCu０􀆰５Alx

alloyafterelectricarc melting．Itwasalsofound
thattheNiadditionwouldaffectthethicknessand
ductilityofanAl２CrFeCoCuTiNix highＧentropyalＧ
loyscoatingproducedbylasercladding[９] ．Besides,
similarstudiesshowedthattheadditionofboron
couldincreasethehardnessandwearresistanceof
CuCoNiCrAl０􀆰５Fe[１０] ．However, highＧentropyalloys
arestillunderinvestigationandmanyprecisemeasＧ
urementsarerequiredtoexplainthelatticedistorＧ
tioneffect．ThepropertiesofhighＧentropyalloysare
superiortothoseoftraditionalalloyinmanyways,
suchashardness, thermalstability, wearresistＧ
ance,andselfＧhealingabilityunderirradiation[１１Ｇ１３] ,
andthoseexcellentpropertiesmeanthatwideappliＧ
cationshavebeenproposedforhighＧentropyalloys
inthefieldofengineeringmaterials, especiallyfor
producinghighＧperformanceantiＧwearcoatings[１４] ．
　Lasercladdinghasmanyadvantages,suchashigh
velocityofheatingandcooling, strongadhesion
withthesubstrate,asmallheataffectedzone,very
littlechangeofshape,andthicknessofcoatingsthat
reaches millimeterlevel．Thefastsolidificationof
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lasercladdingcancauseaneffectofsolutetrapping,
whichhelpsavoidcompositionsegregationandinＧ
creasesthesolidsolubilityofcoatings[１５] ．Ocelíket
al􀆰[１６]foundthatthesolidificationrateplaysanimＧ
portantroleinthecompositionanddistributionof
phasesinalloyduringtheprocedureofcompositing
FeCoCrNiAlusinglasercladding．AhighsolidificaＧ
tionratecanincreasethecontentofBCCphase,
whichchangesthehardness．Inconclusion,deposiＧ
tinghighＧentropyalloyscoatingswithlasercladding
couldgivethemexcellentmechanicalproperties．
　Inthisstudy,lasercladdingwasusedtodeposit
FeCoCrNiAlBx(x meansthemolarratioofboron,
whichshouldbetakenas１unlessotherwisespeciＧ
fied) highＧentropyalloyscoatingson Q２３５steel,
andtheeffectofboronadditionon microstructure
andwearresistanceofFeCoCrNiAlBx highＧentropy
alloyswasdiscussed．

２．Experimental
　HighpurityFe, Co, Cr, Ni, Al,andboronpowＧ
ders, whichweremixedaccordingtothemolarratio
ofFeCoCrNiAlBx(x＝０,０􀆰２５,０􀆰５０,０􀆰７５)andwith
averageparticlesizeof５０μm, werechosenforlaser
cladding, and Q２３５steelcleanedbyacetone was
chosenasthesubstrate．Thepowdermixturewas
putinaplanetaryballmillandmixedforabout１０h,
andthenspreadonthesurfaceofQ２３５substrate
withathicknessof１􀆰５mm．TheoperationparameＧ
terswereasfollows: powerP＝５００ W, scanning
velocityv＝３mm/s,andspotdiameterD＝４mm．
ThemicrostructureofthehighＧentropyalloyswas
observedbyscanningelectronmicroscopy (S３４００,
Hitachi,Japan) andthecoatingcomponentswere
analyzedusingXＧraydiffraction (XRD, Shimadzu
７０００,Japan) withCuKα(λ＝０􀆰１５４nm)radiationata
stepof０􀆰０２°．Themicrohardnesswastestedusinga
Vickershardnesstester(HVSＧ５) withaloadof０􀆰２N
andloadingtimeof１０s;tenpointsweremeasured
andthentheaveragehardnesswascalculated．The
wearresistance wastestedonapinＧonＧdisk wear
testingmachine (MMWＧ１UniversalWearTesting
Machine) withadisk madeofCr１２MoV asthe
counterpart．Theweartestlastedfor１５minwitha
loadof１００Nandarotationspeedof１００r/min．

３．ResultsandDiscussion

３􀆰１．MacroＧmorphology

　 The macroＧmorphology of FeCoCrNiAlBx is
showninFig􀆰１．Theadditionofboronshowedno
significanteffectonthemacroＧmorphologyofcladＧ
dinglayers．Itcanbeseenthatnocracksorpores
existinthecladdinglayer．Table１showstheeleＧ
mentalanalysisofthecladdinglayersurface．TheFe
contentwasalittlehigherthanthoseofotherelements

Fig􀆰１．　MacroＧmorphologyofthecladdinglayer．

Table１
Elementalanalysisofthecladdinglayersurface

Fe Co Cr Ni Al B

３６􀆰０４ １５􀆰０５ ２０􀆰２６ １４􀆰６７ ９􀆰４７ ４􀆰５１

becausetheQ２３５steelwasusedasthesubstrateof
thecladdinglayer,andFewasmixedintothelayer
duringthecladdingprocedure．

３􀆰２．XＧraydiffraction

　Fig􀆰２showsthediffractionpeaksofcoatingswith
differentcompositions, whichindicatedthattheFeＧ
CoCrNiAlBxhighＧentropyalloysconsistofBCCand
FCC (mostlyFe)structuresandM２B (Mismainly
representedbyFe, Co, Cr, andNi)．Therewere
onlyafewkindsofintermetalliccompoundsexisting
intheFeCoCrNiAlBxhighＧentropyalloysduetothe
inhibitingeffectofthehighentropy[１７] ．

Fig􀆰２．　XRDresultsforcladdingcoatings．

　TheGibbsfreeenergyofmixingwasdefinedas
follows:
　　ΔGmix＝ΔHmix－TΔSmix (１)
　ThisformuladescribestherelationshipofGibbs
freeenergy(ΔGmix),enthalpy(ΔHmix),andmixing
entropy (ΔSmix) ofthedisorderedsolidsolution．
Themixingenthalpyofthesystemcanbeexpressed
bytheBoltzmannapproximationasfollows:
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