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ABSTRACT

BigＧdataanalysisofphaseＧformationrulesofhighＧentropyalloys(HEAs) wasconductedandaphaseforＧ
mationrulefromadynamicviewwasdeduced．Itwasindicatedinliteraturesthatcoolingratehasastrong
influenceonthephaseformationofHEAs．Highercoolingratemaypromotethegenerationofamorphous
phase,andaccordinglysuppresstheformationofintermetallics．Meanwhile,itwasalsoshownthatcoolＧ
ingratehadlittleimpactontheformationofsolidＧsolutionphase．Todemonstratethisrule,aseriesofFeＧ
CoNi(AlSiB)x HEAsribbonswerefabricatedbyameltＧspinningtechnique,andthemicrostructure, meＧ
chanical,andmagneticpropertieswerealsoinvestigated．TheresultsshowthatallribbonsexhibitdisorＧ
deredsolidＧsolutionstructure．Theadditionofboronchangesthealloyfromductilitytobrittleness, but
withoutevidentchangeofmagneticproperties．ThealloyinthenominalcompositionofFeCoNi(AlSi)０􀆰２

hasthebestcombinationofmechanicalandmagneticproperties．AdistinctfeatureofHEAsinmagnetizaＧ
tionwasnoticedandexplained．

１􀆰Introduction
　HighＧentropyalloys (HEAs) havebeen widely
investigatedduetoitsexceptionalmechanicalbeＧ
haviorssincetheconceptofHEAswasproposedby
Yehetal􀆰[１,２] ．Moreover, themagneticproperties
ofHEAshavearousedincreasinginterest[３Ｇ７] ．For
example, HEAswereconsideredasverypromising
candidatesforsoftmagnetsbecauseofitsuniquetoＧ
pologicalstructureandcomplexcomposition．HowＧ
ever,itisstillanurgentproblemtoefficientlypick
outtheappropriatecomponentsfromthousandsof
availablecombinationsofelementssatisfiedwiththe
HEAscriteriaduringHEAsdesignandpreparation
process．
　PhaseＧformationrulesarefrequentlyemployedin
thedesignprocessofHEAs．Todate, morethan
twentykindsofruleshavebeenproposedfordifferＧ
entconditions．However,therealfactisthatonlya
feweffectiveHEAssamplescanbefabricatedinthe
laboratoryenvironmentfortrialＧerrorexperimentaＧ
tion．Traditionally,thelengthytimeframeformaＧ
terialstomovefromdiscoverytomarketisduein
parttothecontinuedrelianceofmaterialsresearchand
developmentprogramsonscientificintuitionandtriＧ

alanderrorexperimentation, whichmeansnotonly
countlessmoney,intelligenceandlaborinput, but
alsolowefficiencyandlongwait．Thus,thereisanＧ
otherproblemonhowtochooseorproposeareaＧ
sonablephaseＧformationruleandthusfindoutthe
controllablepreparationmethodofHEAs．
　AlthoughtrialＧerrorandsummaryiscommonly
usedtofindoutthepotentiallaw,nowadays,dataＧ
drivenmethodistakinganimportantroleinthedeＧ
signandpreparationprocessforafloodofdataon
thetopicofHEAs, whichisexceedingtheprocessＧ
ingcapacityofconventionaldatabasesystems．BigＧ
dataistypicallybrokendownbythreecharacterisＧ
tics[８] : Volume—how muchdata, Velocity—how
fastthatdataareprocessed, Variety—thevarious
typesofdata．ThemainmethodsofbigＧdataanalyＧ
sisincludevisualizationanalysis, dataminingalgoＧ
rithm, predictiveanalysis, dataquality, datamanＧ
agement,andsemanticengine．UsuallytheworkＧ
flowofbigＧdataprocessingistocollectdata→imＧ
portdata/datatreatmentＧstatistics/analysis→data
mining．Thereisnodoubtthatresearchefficiency
andaccuracywillbegreatlyimprovedifthebigＧdata
arefullyanalyzed．Theresearch processcan be
greatlyacceleratedwiththecombinationoftheoretiＧ

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)３５８－３６５　　　　　　　　　　



calpredictionsandexperimentalverification．
　Sofar, bigＧdataanalysisofHEAspropertiesstarts
withalargelysilent,nonchallengedstep:thechoice
ofthedescriptiveparameterssetting．Inthispaper,
phaseＧformationrulesdevelopedwiththebigＧdataanalＧ
ysisweretakenasamainparameterwhichhadanimＧ
portantimpactontheHEAsmagneticproperties．

２．BigＧdataAnalysisofPhaseＧformationRules
　IthasbeenverifiedthatmultiＧcomponentHEAs
didnotalwaysformsolidＧsolution[９Ｇ１１] ．Intermetallic
compoundsandamorphousphasescanalsobeformed
inmanysituations．InordertoavoidthetrialＧerror
experimentin selecting disordered solidＧsolution
(DSS), manycalculatingparametershavebeendeＧ
ducedtopredictthephaseformationofHEAs．Zhang
etal􀆰[１２] proposedtheparametersΩ andδ (misＧ
matchdegree),regardingΔHmix(mixingenthalpy)
andΔSmix(mixingentropy)．
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where,Ωij(＝４ΔHmix
AB )istheregularsolutioninterＧ

actionparameterbetweentheithandjthelements;
ciandcj aretheatomicpercentageoftheithand
jthcomponents,respectively;riistheatomicradiＧ
usofithatom;ristheaverageradiusofithtonth
atoms; ΔHmix

AB istheenthalpyofmixingofbinary
liquidalloyslistedin Table１; R isthegasconＧ
stant,８􀆰３１４J􀅰K－１ 􀅰mol－１; and (Tm )iisthe
meltingpointoftheithcomponentofalloy．

Table１
ChemicalmixingenthalpyΔH AB

mixofdifferentelements
(kJ􀅰mol－１)

Element Fe Co Ni B Al Si

B －２６ －２４ ２４ ０ ０ －１４
Al －１１ －１９ －２２ ０ ０ －１９
Si －３５ －３８ －４０ －１４ －１９ ０

　Accordingtotheirresearchresults,Ω≥１􀆰１andδ≤
６􀆰６％shouldbethecriterionforformingsolidＧsoluＧ
tionphase．Fig􀆰１[１２] presentstherelationshipbeＧ
tweenΩandδ,inwhichthezonemarkedBmeans
thezonethat mainlyformsbulk metallicglasses
(BMGs),andthezonemarkedImainlyformsinＧ
termetalliccompounds．Thereisalsoatransition
zonewhichformsboththerandomsolidsolutions
andtheintermetalliccompounds．
　FollowingZhang′smethod,parameterswerecalＧ
culatedandpresentedinTable２below．Theresults
arealsoshowninFig􀆰１．
　Guoetal􀆰[１３] summarizedtherelationshipbeＧ
tweentheHEAsstructureandthevalenceelectron
concentration(VEC)．Theirworksuggestedusingthe

Fig􀆰１．　PhaseＧformationmapbasedonΩandδforHEAs．

Table２
δ, ΔHmix, ΔSmix,Ωparametersandvalenceelectronconcentration(VEC)forCoFeNi(AlBSi)xalloysystems

Alloy δ ΔHmix/(kJ􀅰mol－１) ΔSmix/(J􀅰K－１􀅰mol－１) Ω VEC

FeCoNi(AlSi)０􀆰２ ４􀆰３２５ －１２􀆰７５０ １１􀆰７５３ １􀆰５７９ ８􀆰３５１
FeCoNiSi０􀆰２Al０􀆰１B０􀆰１ ５􀆰１２５ －１１􀆰７５４ １２􀆰０７５ １􀆰８０７ ８􀆰３４８
FeCoNi(BSi)０􀆰２ ６􀆰１８９ －１０􀆰８７７ １１􀆰７５３ １􀆰９５７ ８􀆰３５１

VEC (VEC＝∑
n

i＝１
ci(VEC)i, where(VEC)iistheVEC

oftheithelement)topredicttheBCCorFCCstrucＧ
turesolidsolutionsof HEAs．Accordingtotheir
conclusion,singleFCCstructuresolidsolutionexＧ
istsatVEC≥８􀆰０, mixedFCCandBCCsolidsoluＧ
tioncoＧexistat６􀆰８７≤VEC＜８􀆰００, andsoleBCC
structuresolidsolutionexistsatVEC＜６􀆰８７．Fig􀆰２[１３]

presentstherelationshipbetweenthestructureand

VECandtheVECoftheCoFeNi(AlBSi)xseriesalＧ
loyswasalsocalculated, whichisshowninTable２
andmarkedinFig􀆰２[１３] ．
　ItisobviousthatthecalculatedparameterΩ,δ
andVECoftheCoFeNi(AlBSi)xseriesalloysagree
withtheseHEAssolidsolutionformationcriterion
aboveverywell, andthenitcanbeconcludedthat
CoFeNi(AlBSi)xseriesalloystendtoformsolidsoＧ
lutionwithmeltＧspinningmethod．However,thepaＧ
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