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ABSTRACT

TheFePCＧbasedbulkmetallicglasses(BMGs)havebeendemonstratedtopossesshighplasticityand
goodsoftmagneticproperties．However,therelativelypoorglassformingability(GFA)andthermal
stabilitieslimitedtheirapplicationinindustries．TheeffectsofmicroalloyingwithBinFePCＧbased
BMGsontheGFAandthermalbehaviorsweresystematicallyinvestigated．Itwasfoundthatasmall
amountofBadditioncandramaticallyenhancetheGFAofFePCＧbasedBMGs, whichinturnleadsto
thecriticalmaximumdiameterupto２mmforfullglassformationevenusinglowcostrawmateriＧ
als．TheunderlyingmechanismoftheenhancementofGFAfromthecompetingcrystallinephase
withamorphousphase,theaveragethermalexpansioncoefficientanddynamicviscosityweredisＧ
cussedindetail．

１．Introduction
　Asadiversefamilyofnovelmaterials, bulkmeＧ
tallicglasses(BMGs)exhibitedastrongpromising
potentialforstructuralandfunctionalapplications
owingtotheirdisorderedstructureanduniqueperＧ
formances, suchasultrahighstrength,largeelasＧ
ticity, andexcellentcorrosionresistance[１Ｇ４] ．Inthe
earlystage, themajorityofBMGssynthesiswasfoＧ
cusedonthepreciousmetalsystems,suchasZrＧbased
andPdＧbasedones[３] ．However,thehighrawmateriＧ
alcostsseverelyrestrictedthedevelopmentandapＧ
plicationoftheseBMGs．UnlikeotherBMGsysＧ
tems,FeＧbasedBMGsusuallydisplayedmoreattractive
potentials because ofthe combination of ultrahigh
strength,excellentsoftmagneticproperties,goodcorＧ
rosionresistanceandrelativelylowmaterialcost[５Ｇ１０] ．
　Recently,theauthorsproposedthatmostofthe
FeＧbasedBMGscanbereasonablyclarifiedintothree
types:FeC(B)Ｇbased, FeBＧbased,andFeP(C)Ｇbased
BMGs[１１] anddemonstratedthatthedifferenttypes
ofBMGs werelinked withtheirdifferentglass
formingability (GFA), differentphysicalproperＧ
tiesanddifferentthermalbehaviors．Amongthe

threetypesofBMGs,theFeP(C)ＧbasedBMGsofＧ
tenpossessalowerglasstransitiontemperatureTg,
alowershearmodulusG,andahigherPoisson′sraＧ
tioυ,resultinginalowershearflowbarrieranda
higherductilityatroomtemperature．Inaddition,
theFeP(C)ＧbasedBMGsalsoexhibitedagoodcorＧ
rosionresistanceinHClsolutionsandsoftmagnetic
propertiesatroomtemperature[１２,１３] ．Therefore,the
FeP(C)ＧbasedBMGswereveryattractivematerials
forthepracticalindustryapplicationsinthefuture．
However, mostoftheFeP(C)ＧbasedBMGscurＧ
rentlystillhaveaverypoorGFA[１１] , whichhinders
theirwidespreaduseandmassproduction．Inorder
toenhancetheGFAofFeP(C)ＧbasedBMGs, high
purityrawmaterialsorfluxingmethodhavealways
beenintroduced[１４Ｇ１７] , whereasthehighＧcostmateriＧ
als and the criticalfabrication process directly
blockedtheirpracticalapplication．Therefore,imＧ
provingtheGFAofFeP(C)ＧbasedBMGsbyusing
lowpurityraw materialsandasimplepreparation
technology(suchascoppermouldcasting)hasbeen
adeservedissuetostudy[１８] ．
　Moreover,ithasbeenshownthatthreetypesof
FeＧbasedBMGswithdifferentGFAexhibiteddifferＧ
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entthermalproperties[１１,１９] ．Theauthorsproposed
thatalowglasstransitiontemperatureandalowacＧ
tivationenergyofglasstransitionweregenerallyasＧ
sociatedwithahighplasticityatroomtemperature[１９] ．
However,foraparticularFeP(C)ＧbasedBMGs, the
underlying mechanism ofthecorrelationbetweenthe
GFAandthethermalbehaviorsremainedpoorlyunderＧ
stood．Inthiswork,theeffectsofBadditiononthe
GFAandthermalpropertiesof(Fe７５Mo５P１３C７)１００－xBx

BMGswereinvestigated．Amongthesealloys,the
thermalproperties, suchasthethermalexpansion
behaviorandthedynamicviscosityoftheseFeP(C)Ｇ
basedBMGswerealsoinＧdepthstudied．

２．ExperimentalMethods
　Themasteralloyingotsof(Fe７５Mo５P１３C７)１００－xBx

(x＝０,０􀆰３,０􀆰５,１􀆰０,１􀆰５,２􀆰０at􀆰％) werepreＧ
paredbyarcＧmeltingthemixturesoflowpurityFe
(９９􀆰５％), Mo(９９􀆰９％),C (９９􀆰９％),B(９９􀆰５％),
andindustrialFeＧPalloy(７２􀆰６wt􀆰％ Fe,２５􀆰３wt􀆰％
Pandotherimpurities) underaTiＧgetteredargon
atmosphere[１９] ．Thespecimenrodswithadiameter
from１mmto３mmwerepreparedbycoppermould
suckcastingwithwatercooling．Themicrostructure
ofalloyswasidentifiedbyXＧraydiffraction (XRD,
SHIMADZUXRDＧ６１００) withCuKαradiationoperＧ
atedat４０kVand３０mAandscanspeedof４(°)/min,
andscanningelectronmicroscopy (SEM,JSMＧ６６１０),
respectively．Thethermalexpansionexperimentwas
carried outin a thermal expansion instrument
(NETZSCHDIL４０２C)underthehighpuritynitroＧ
genatmospherewithaflowrateof８０ mL/minat
theheatingrateof５K/min．Thespecimenrodwas
１􀆰５mmindiameterandapproximately９mminlength．
Thethermalpropertieswerealsostudiedbyusinga
thermalmechanicalanalyzer (TMA Q４００) under
flowingpurifiednitrogenwithflowrateof２０mL/
min．Inthistest,afixedcompressionloadof５０mN
wasappliedandthesamplerodwith１􀆰５mmindiＧ
ameterand０􀆰９mminlengthunderthecompression

modewasoperatedataheatingrateof１０K/min．

３．Results
　Fig􀆰１(a) showsthe XRD patternsofasＧcast
(Fe７５ＧMo５P１３C７)１００－xBx (x＝０􀆰３, ０􀆰５, １􀆰０, １􀆰５
and２􀆰０at􀆰％) alloyandthecorrespondingcritical
maximumdiameter(Dmax)forthefullglassformaＧ
tion．ItcanbeseenthatalltheXRDpatternsofthe
specimensrevealonlythebroadsmoothpeaks,and
nopeakscorrespondtothecrystallinephases,demＧ
onstratingtheamorphousnature．Obviously, the
GFAofFePCＧbasedalloyscanbeenhancedbytheB
addition, whichis consistent with previous reＧ
sults[１９] ．ThecorrespondingDmax ofFeMoPCBalＧ
loys(x＝１􀆰０andx＝１􀆰５)canbeachievedto２mm
eventheywereproducedbythelowpurityrawmaＧ
terials．However,anexcessiveadditionofBdegradＧ
edtheGFA．ThecriticalDmaxforx＝２alloywasdeＧ
creasedinto１􀆰５mmindiameter．Fig􀆰１(b) shows
theXRDpatternsof(Fe７５Mo５P１３C７)１００－xBx(x＝０,
０􀆰３,０􀆰５,１􀆰０,１􀆰５and２􀆰０at􀆰％)alloyswhenthe
samplerodsareabovetheircriticalDmax．SomeFe３C
phase,Fe３PphaseandαＧFephasewereclearlypreＧ
cipitatedintheBＧfreealloy,evenwhenthesample
rodwasreducedto１mmindiameter．TheFeMoPC
alloyexhibitedaverypoorGFA, whichwasvery
differentfromthepreviousreportforthatprepared
byfluxing method withhighpurity materials[２０] ．
Thisdemonstratedagainthatthepurityofraw maＧ
terialsandthepreparationmethodcouldaffectthe
GFAdramatically[２１] ．Moreover,theαＧFephasedisＧ
appearedfromtheXRDpatternsoftheBＧbearingalＧ
loys．Also,theprecipitationofFe３PphaseswasrelＧ
ativelydecreasedaftertheBaddition．Theseimplied
thatprecipitatedphaseswerechangedaftertheaddiＧ
tionofBintotheFeMoPCalloys．
　Forthe moredetailed microstructureofFePCＧ
basedalloys,Fig􀆰２showsthecrossＧsectionalmicroＧ
structureofasＧcastalloyswhenthesamplerodsare
overtheirmaximumdiameter．Allthesampleswere

Fig􀆰１．　XRDpatternsof(Fe７５Mo５P１３C７)１００－xBx(x＝０􀆰３,０􀆰５,１􀆰０,１􀆰５and２􀆰０at􀆰％) BMGswithcriticaldiameterforfull
glassformation(a)andalloyrodsovertheircorrespondingmaximumdiameter(b)．
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