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Abstract:Shearbandsplayakeyroleintheplasticdeformationofmetallicglasses(MGs)．EventhoughthereareexＧ
tensivestudiesontheinitiationandpropagationofshearbands,theinteractionsamongthemhavenotbeensystematＧ
icallystudiedyet．Theinteractionsbetweentheprimaryshearbands(PSBs)andsecondaryshearbands(SSBs)ina
ductileZrＧbasedMGwerestudied．TheresidualstressnearPSBscandeflectthepropagationdirectionandreducethe
propagationvelocityofSSBs,whichcontributestotheplasticityandtoughnessoftheMG．Itwasdemonstratedthat
theprobabilityandstrengthoftheinteractionsbetweenPSBsandSSBswouldbecomestrongerforMGswithlarger
Young′smodulusandsmallershearmodulus,i􀆰e􀆰,largerPoisson′sratio．TheseresultsarevaluableinunderstandＧ
ingtheplasticdeformationofMGsandmaybehelpfulindesigningnew MGswithdesirablemechanicalproperties．
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　　Bulkmetallicglasses(BMGs)havepromising
applicationsasthestructuralmaterialsduetotheir
superiormechanicalproperties,e􀆰g􀆰,excellentelasＧ
ticity,highstrengthandhighhardness．However,
thelimitedductilityhasalwaysbeenaninherentobＧ
staclefortheirapplications,andextensiveefforts
havebeendevotedtodevelopingtheductileBMGs[１Ｇ３]．
IthasbeenwidelyrecognizedthattheirplasticdeＧ
formationsattemperaturesfarbelowtheglasstranＧ
sitiontemperatureusuallyoccurviatheformationof
shearbands (SBs)．Thenucleation[４Ｇ８],propagaＧ
tion[９Ｇ１４]andinteraction[１５,１６]arethreekeyprocesses
fortheSBoperation．ThenucleationofSBsderives
fromtheactivationandpercolationoftheflowunits,
alsocalledassheartransformationzones[１７,１８]．The
activationofflowunitsisathermallyactivatedpheＧ
nomenon,whoseactivationenergyisquitecloseto
thatofthesecondaryrelaxationsinBMGs[１９]．The
propagationspeedofSBscanbeashighasthesound
velocity[２０,２１],whichismuchfasterthantheslipveＧ

locityofthesampleonthetwosidesofaSB[１０]．The
propagationofSBsisastressＧcontrolledbehavior．
ForanasＧcastBMGsample,theSBpropagationis
usuallyabout４５°totheuniaxialcompressiondirecＧ
tion[２２]．WhenintroducingstresswithdirectionsdifＧ
ferentfromthatofthenaturalSBpropagation,they
willchangetheirpropagationdirections,alongthe
new maximum shear stress orientation．Various
methodshavebeentriedtointroducetheresidual
stresstochangethepropagationdirectionofSBs,
andhaveprovedtobeeffectiveinimprovingtheapＧ
parentplasticityofBMGs[１１,１３,１４,２３Ｇ２５]．Eventhough
therearemanyresearchesontheinitiationandpropＧ
agationofSBs,fewisknownabouthowtheyinterＧ
actwitheachotherandcontributetotheplasticity
duringdeformation[１２]．
　　Inthisstudy,theinteractionsofSBsinaducＧ
tileZrＧbasedBMGwitha１７％compressiveplasticity
wereinvestigated．Duringtheplasticdeformation,
plentyofSBswereformed,whichcorrespondtothe



serrations(stressdrops)inthestressＧstraincurve．
TheonesformedwithlargestressdropscanbedeＧ
finedasprimaryshearbands(PSBs),whiletheones
causingonlysmallstressdropscanbedefinedas
secondaryshearbands(SSBs)．ItwasshownthatSSBs
usuallyinitiatedfromaPSBandthattheirslidingdiＧ
rectionsusuallygotdeflectedwhenpropagatingin
thevicinityofaPSB．AqualitativemodelwasproＧ
posedtodemonstratetheinteractionsamongthe
SBsandtheirrelationswiththepropertiesofBMGs．

１　Experimental
　　Themasteralloywithnominalcompositionof
Zr５２Cu１８Ni１５Al１０Ti５ (at􀆰％)waspreparedbymeltＧ
inghighpurityelements(＞９９􀆰９mass％)usingthe
arcmeltingfurnaceundertheprotectionofAratＧ
mosphere．Then,themasteralloywasremeltedina
quartztubeusinganinductionfurnaceandsubseＧ
quentlyinjectedintoacoppermoldtoformtheBMG
rodswith２mmindiameter．Theamorphousnature
oftherodswasconfirmedbyXＧraydiffractionand
differentialscanningcalorimetry (datanotshown
here)．Samplesinthedimensionofϕ２mm×４mm
wereusedforquasiＧstaticcompressiontestswitha
strainrateof１０－４s－１．Thesurfacemorphologiesof
thesampleandSBdistributionswerestudiedusing
thescanningelectronmicroscope(SEM)．

２　ResultsandDiscussion
２􀆰１　SerrationbehaviorsoftheBMG
　　Fig􀆰１showsthenominalcompressivestressＧ
straincurveoftheBMG．After２􀆰１％ elasticdeＧ
formation,thesampleexhibits１７％ plasticitybeＧ
forefracture．TheplasticstraincurveattwodeＧ
formationstagesismagnifiedandshownintheinＧ
sets．Duringthesteadyplasticdeformation,multiple
stressdrops(seetheleftinsetinFig􀆰１)exist,which

Fig􀆰１　CompressivestressＧstraincurveofBMGat
strainrateof１０－４s－１

areattributedtotheformation of multiple new
SBs[７]．Inthissteadyserration,themaximumstress
drop(approximately０􀆰０３GPa)isabout１􀆰６％ of
theyieldstress(Re＝１􀆰９GPa)．Whenapproaching
thefracture,thestressdropsincreasetoashighas
３􀆰４％ oftheyieldstress,whicharenotstableand
attributedtothestickＧslipslidingmovementofPSＧ
Bs[２６,２７]．
　　Then,thestressdropsduringtheplasticdeＧ
formation are studied statistically,as shownin
Fig􀆰２．ThestressdropversusthecorrespondingfreＧ
quencycountisplottedinFig􀆰２(a),whichcanbe
wellfittedbyapowerlawrelation,y＝０􀆰０１４９x－１􀆰４１．
Thisdemonstratesthattheplasticdeformationin
thisalloyisaselfＧorganizedcritical(SOC)state,
whichisquiteconsistentwiththepreviouslyreporＧ
tedresultsinotherductileBMGs[７,２８]．TheemerＧ
genceoftheSOCstatealsoindicatesthattheeffect
ofshearbandinteractiononthedynamicbehaviors
duringthedeformationof MGs mustbeconsidＧ
ered[７]．The normalized cumulativecountversus
stressdropisshowninFig􀆰２(b)．Itcanbeseenthat

Fig􀆰２　Doublelogarithmicplotofstatisticalanalysisofstressdropdistributionatserrationplasticdeformation
range(a)andcumulativecountofstressdropsduringserrationplasticdeformation(b)
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