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ABSTRACT

PreＧexisting(multiple)shearbandswereintroducedintotheductileZr５６Co２８Al１６andZr６５Ni１０Cu１５Al１０

bulkmetallicglasses(BMGs)throughthelateralＧdeformation,respectively．ItwasfoundthatthepreＧexiＧ
tingshearbandscanfurtherenhancethecompressiveplasticityofductileBMGs．AccordingtotheserraＧ
tionanalysisontheplasticdeformationoftheasＧcastandthepreＧdeformedsamples,theserrationevents
inthestressＧstraincurvesduringdeformationdisplayaselfＧorganizedcritical(SOC) behavior．Compared
withtheasＧcastBMGs,alargerpowerＧlawscalingexponentcalculatedbasedonserratedflowbehaviors
becomeslargerforthepreＧdeformedBMGs,implyingthattheshearbandingstabilityofBMGsiseffecＧ
tivelyenhanced．ThisshouldbecausedbythepronouncedinteractionsofshearbandsduringplasticdeＧ
formationforthepreＧdeformedBMGs．However,byintroducingalargeamountofmultipleshearbands
intotheglassymatrix,italsobecomeseasierforshearbandstopropagatealongthepreＧexistingshear
bands,leadingtoalowercutＧoffelasticenergydensityforthepreＧdeformedBMGs．Moremultipleshear
bandswithstrongerinteractionsforthepreＧdeformedBMGscouldprovidealargerchancetoactivatethe
shearＧbandcrackingbutlesslocalelasticenergiesareremainedforthesubsequentcrackＧlinking．

１Introduction
　Recently,thefabricationanddeformationofbulk
metallicglasses(BMGs)haveattractedmuchattenＧ
tionduetotheirexcellentmechanicalpropertiessuch
ashighhardness, highstrength, andlargeelastic
limit[１Ｇ５] ．Differentfrom the dislocationＧmediated
plasticityinmetalliccrystallinealloys, BMGstypiＧ
callydeforminhomogeneouslywithalimitedplastic
strainhighlylocalizedwithinshearbands[４,５] ,resulＧ
tingintheirintrinsicbrittlenessatroomtemperaＧ
ture．Therefore,itisalongＧtermtopictostudythe
deformationbehaviorsofBMGsinordertoenhance
theirroomＧtemperatureplasticity, whichstrongly
dependsonhowtoinducetheformationofmultiple
shearbandandinhibittherapid propagation of
shearbands[６] ．Duringdeformation,oncetheshear
bandingprocessistriggeredduetothelocalheatＧ
ing[７] ,sheardilation[８Ｇ１０] ,oracombinationofboth[１１] ,
afiercecatastrophicconsequencewouldbeinduced[１２,１３] ．
However,itwasalsofoundthattheshearbanding
processofsomeBMGsduringcompressionisusualＧ

lycarriedoutinastableandintermittentmanner,
whichisreflectedtobeaserratedflowbehaviorinthe
plasticregimeofcompressivestressＧstraincurves[１２,１３] ．
Untilnow,ithasbeendemonstratedthattheserraＧ
tedflowbehaviorsofBMGsduringdeformationdeＧ
pendonnotonlythematerialitself[１４,１５] butalsothe
loadingconditions (eg．compression, tension, or
bending)[４,６,１６] , temperature[１７,１８] , loadingrate[１９,２０] ,
samplesize[２１,２２] ,testingmachinestiffness[２３] , and
externalconstraint[２４] ．
　Earlystudies[２５Ｇ２７] haveshownthattheserrated
flowintheplasticregimeofcompressivestressＧ
straincurvesisattributedtothestickＧslipoperation
ofasingledominantshearband．Bycorrelatingthe
regularlyspacedstriationsontheshearsurfaceand
theserrationspacingrecordedintheloadＧdisplaceＧ
mentcurves, theserratedflow behaviorsduring
compressioncanbetreatedasaoneＧtoＧonecorreＧ
spondencebetweentheintermittentslidingofthe
singledominantshearbandandtheserratedevents[２５Ｇ２７] ．
Intherecentyears,ithasbeenfoundthattheplasＧ
ticdeformationduringcompressionforsomeductile
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BMGsproceeds viaasimultaneous operation of
multipleshearbands[２８,２９] ．BasedonthestatisticalaＧ
nalysisonserrationsintheplasticregimeofcomＧ
pressivestressＧstraincurves, thestickＧslipplastic
dynamicsofBMGsexhibitsachaoticbehaviorwhen
onesingledominantshearbandgovernstheplastic
deformation,leadingtoalowshearbandingstabiliＧ
ty[３０Ｇ３７] ．Whenshearbandsarehighlycorrelatedand
interactedinacomplexandscaleＧfreeprocess,theplasＧ
ticdynamicsofBMGsexhibitsaselfＧorganizedcritiＧ
cal(SOC) behavior,resultinginalargecompresＧ
siveplasticity[３０Ｇ３７] ．
　Therefore,theformationandpropagationofmulＧ
tipleshearbandsshouldbeveryvitalfortheenＧ
hancementoftheshearbandingstabilityduringdeＧ
formation．Recently, byintroducing preＧexisting
shearbandsintotheglassymatrixusingcoldrollＧ
ing,imprinting,shotpeeningmethodsandsoon,
theroomＧtemperaturecompressiveplasticityofBMGs
canbeeffectivelyenhancedandevenalittletensile
plasticitycanbereached[３８Ｇ４１] , whichshouldbeatＧ
tributedtotheincreaseoftheshearbandingstabiliＧ
tyofBMGsduringdeformation．However,statistiＧ
calstudiesofserrationsfortheBMGswiththepreＧ
existingshearbandsintheglassymatrixduringdeＧ
formationarestillrare．Inthiswork,twotypesof
ductileBMGs,ie．Zr５６Co２８Al１６andZr６５Ni１０Cu１５Al１０,
werechosentoinvestigatetheeffectofpreＧexisting
shearbands, whichwereintroducedbylateralＧdeＧ
formationontheirbothsides,ontheserratedflow
behaviorsofBMGsduringplasticdeformation．The
presentstudiescouldprovideacomplementalunderＧ
standingofhowtoimprovetheshearbandingstaＧ
bilityofBMGsduringdeformation．

２．Experimental
　Zr５６Co２８Al１６andZr６５Ni１０Cu１５Al１０(at％) masteralＧ
loyswerepreparedbyarcmeltingappropriateamounts
oftheconstitutingelements(＞９９９％purity)undera
TiＧgetteredargonatmosphere．Themasteralloyswere
remeltedatleastthreetimesinordertoachievechemical
homogeneitybeforecastingintorodswithadiameterof
about２mmandalengthof(４０±３５) mmusingacusＧ
tomＧmadesuctioncastingdeviceunderanargonatＧ

mosphere．Differentialscanningcalorimetry (DSC)
measurementswerecarriedoutusingaMETTLER
TOLEDOTGA/DSC１calorimeterunderaflowof
purifiedargonataheatingrateof２０ K/minto
measuretheglasstransitionandthecrystallization
temperaturesoftheinvestigatedsamples．Inorder
tointroducethepreＧexistingshearbandsinthe
glassymatrix,theasＧcastrodswerepreＧdeformed
ontheirbothsidesusinganelectronicuniversaltesＧ
tingmachine(NewSANS, MTS)ataninitialstrain
rateof５×１０－４ s－１．DuringpreＧdeformation, the
loadingdisplacementwassetupasabout０１０mm．
ThephaseanalysisoftheasＧcastBMGsandthepreＧ
deformedBMGswascarriedoutbyXＧraydiffraction
(XRD, RigakuD/maxＧrB) inreflectiongeometry
and scanning electron microscopy (SEM, Gemini
１５３０)．The mechanicalpropertiesofthesamples
weredeterminedusingananoindenter(AntonPaar
CSMＧNHT２) anda universal mechanicaltesting
machine(MTSCMT５３０５)．Themaximumapplied
forceinthenanoindentationtestswas５０mN,the
loadingratewas１００mN/min,andtheholdingtime
atthe maximum appliedforcewas１０s．Forthe
compressiontests,theinitialstrainratewas２５×
１０－４s－１,andthegeometricsizeofthecompression
sampleswasaboutϕ２mm×４mm．Thesurfaceand
fracturemorphologiesofthesamplesafterdeformaＧ
tionwereinvestigatedbySEM．

３．ResultsandDiscussion
　Fig１(a,b)showstheroomＧtemperaturecompresＧ
sivestrainＧstresscurvesfortheasＧcastZr５６Co２８Al１６

andZr６５Ni１０Cu１５Al１０ BMGs．Alltheinvestigated
BMGrodsshowahighyieldstrengthtogetherwith
anobviousplasticity．AslistedinTable１,theaverＧ
ageyieldstrengthandaverageplasticstrainofthe
asＧcastZr５６Co２８Al１６BMGsare(２０６０±７５) MPaand
(５３±１２) ％,respectively．TheasＧcastZr６５Ni１０Ｇ
Cu１５Al１０BMGsshowaloweraverageyieldstrength
of(１７３０±２２) MPaandalargeraverageplasticstrain
of(９１±２５) ％．Ithasbeendemonstratedthatthe
yieldstrength (σy)shouldbelinkedwiththeglass
transitiontemperature(Tg)ofBMGs, whichcanbe
describedbyauniversalscalinglaw[４２] :

Fig１．　CompressivestrainＧstresscurvesofasＧcastandpreＧdeformedZr５６Co２８Al１６ (a)andZr６５Ni１０Cu１５Al１０ (b) BMGs,and
DSCcurvesofasＧcastandpreＧdeformedBMGs(c)．
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