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ABSTRACT

ThestatisticalanddynamicbehaviorsofthedisplacementＧloadcurvesofahighＧentropyalloy, Al０􀆰５CoCrＧ
CuFeNi, wereanalyzedforthenanoindentationperformedattwotemperatures．CriticalbehaviorofserraＧ
tionsatroomtemperatureandchaoticflowsat２００°Cweredetected．TheseresultsareattributedtotheinＧ
teractionamongalargenumberofslipbands．Forthenanoindentationatroomtemperature,recurrent
partialeventsbetweenslipbandsintroduceahierarchyoflengthscales,leadingtoacriticalstate．Forthe
nanoindentationat２００°C,thereisnospatialinterferencebetweentwoslipbands, whichiscorresponding
totheevolutionofseparatedtrajectoryofchaoticbehavior．

１􀆰Introduction
　Serratedflow, associated withcyclicsoftening
andhardeningofmaterials,duringplasticdeformaＧ
tion,hasbeenstudiedextensivelysincethediscovＧ
eryofthePortevinＧLeChatelier(PLC)effect[１] ．It
isoneofthefewprominentexamplesofthecomＧ
plexityofthespatiotemporaldynamicsarisingfrom
thecollectivebehaviorofdefectpopulations[２] ．The
discontinuousserratedflowindicatesthatthemateＧ
rialrespondsinajerkywaywithstressdrops,reＧ
flectingsuddenＧlocalsofteninginthematerial．UnＧ
derstandingtheintriguingspatioＧtemporalinstability
anditsinfluenceonthemechanicalpropertiesofvaＧ
riousmaterialshasdrawngreatattentions,theresults
onnanometerＧsizedsinglecrystals[３,４] , microcrysＧ
tals[５Ｇ７] andbulkmetallicglasses[８Ｇ１２]canbefound．
　Asanewclassofmaterials, highＧentropyalloys
(HEAs) foundin１９９０′shavebeencontinuously
studied[１３Ｇ３２] ．Forslowcompressionortensionatcertain
temperaturesand (small) strainrates, HEAsdeform

viasuddenslipsthatareassociatedwiththestressdrops
instressＧstraincurves[１７Ｇ２２] ．Zhangetal􀆰[１７] pointedout
thattheserrationsofHEAsduringthecompression
testsatthestrainrateof１０－３s－１seemtobegreater
thanthoseatthestrainrateof１０s－１．Carrolletal􀆰[２２]

foundthatatastrainrateof１０－４s－１,theserrated
stressＧstraincurvesoftheCoCrFeMnNiHEA move
fromtypeＧAtoBtoCPLCＧbandwithincreasing
temperaturefrom２００to６２０°C．Recently, Chenet
al􀆰[２３] firstinvestigatedtheserrationbehaviorofa
highＧentropyalloyAl０􀆰５CoCrCuFeNiinnanoindentＧ
ationtestatholdingtimeof５,１０,and２０s(when
theloadreachesthe maximum valueof１００ mN,
thenmaintainedat１００mNfordifferenttimeof５,
１０,and２０s)．Theydividedserratedflowintothree
stages:loadingstage, holdingstageandunloading
stage;thentheyfoundthedisplacementsequenceat
holdingstagemanifestsachaoticbehavior．Naturally,
anewquestionarises: whetherthedynamicbehavＧ
ioratloadingstageisalsochaoticornotandwhatis
theunderlying mechanism oftheserratedflow at
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loadingstage．Motivatedbythese,herenanoindentＧ
ationwasusedtostudythedisplacementburstat
loadingstageoftheAl０􀆰５CoCrCuFeNiHEAatroom
temperaturesand２００°C．Thedynamicalanalysis
andstatisticalanalysisareconductedforplasticdyＧ
namicsattwotemperatures．

２．Experimental
　TheAl０􀆰５CoCrCuFeNi(molarratio) HEAinthe
shapeofcylindricalrodwasfabricatedbyarcＧmeltＧ
ingthemixedprincipalelementswithhighpurity
(purityexceeding９９􀆰９wt􀆰％)inawaterＧcooledcopper
mold．Repeatedmeltingforatleastfivetimeswas
carriedouttoimprovethehomogeneityofthemateＧ
rial．The moltenalloy wasdropＧcastintocopper
moldswith２mmindiameter．Diskscutfromthe
asＧcastAl０􀆰５CoCrCuFeNiHEArodsweremechaniＧ
callygroundandpolishedtoobtaintwoparallelsurＧ
facesofamirrorqualitytoavoidsurfaceeffects．
　Thenanoindentationtestswerecarriedoutusing
aNanoTestVantage(MicroMaterials)．Adiamond
Berkevichindenterwithanominaltipradiusofabout
５０nmwasused．ThemachinecompliancewascaliＧ
bratedtobe０􀆰３０nm/mN．Thenanoindentationtest
wasperformedunderthemodeofloadcontrolwith
thepeakloadof１００mN．Boththeloadingrateand

unloadingratewere１０􀆰００mN/s．Indentationtests
wereperformedattwotemperatures(roomtemperＧ
atureand２００°C)．Foreachindentationcondition,at
least３indents wereperformed．Theindentation
depthandindentationloadwereusedtoanalyzethe
nearＧsurfacemechanicalbehavioroftheAl０􀆰５CoCrＧ
CuFeNiHEA．

３．ResultsandDiscussion
　Fig􀆰１(a)showstypicalindentationloadＧdisplaceＧ
ment (σＧh) curvesatdifferenttemperatures．The
loadＧdisplacementcurvesseemtoberegularinthe
loadingstage,andtherearenoobviousshearsteps．
Theamplificationofthecurvesintheloadingstages
revealsthepresenceofthedisplacementＧdropevents,
asshowninFig􀆰１(b)．ItneedstoeliminatetheinＧ
fluencefromtheindentationdepthincreaseinorder
toanalyzetheseevents[３３] ．A polynomialfunction
(y＝A＋B１x＋B２x２) wasusedtoestablishabaseＧ
line byfitting theindentation displacementＧload
curvesintheloadingstage．Usingthebaseline,the
variationofthenormalizedserrationwiththeindenＧ
tationloadisinsertedinFig􀆰１(b)．
　Theserratedflowpresentedintheindentationsat
roomtemperatureand２００°CcanthenbedeterＧ
mined,asshowninFig􀆰２(a)．Introducingavariable

Fig􀆰１．　LoadＧdisplacementcurvesduringnanoindentationatroomtemperatureand２００°CofhighＧentropyalloyAl０􀆰５CoCrCuＧ
FeNi(a)andpolynomialfunctionfittingcurveofdisplacementＧload(theinsetshowstheserrationevents) (b)．

Fig􀆰２．　SerrationeventsonhighＧentropyalloyAl０􀆰５CoCrCuFeNiatroomtemperatureand２００°C (a)anddisplacementburstsize
distributionasafunctionofdepthattwotemperatures(b)．
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