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Abstract : In the present work, the formation of
amorphous phase as primary phase was found in
Zr.CuNi Al X (XP%Nb, Ti and Ta) glassy dloys.
Wedge shaped bulk samples, with thicknessform 2
mm up to 5mm, were prepared by copper mould cast-
ing technique. Ribbonsof the same composition, with
30 um thickness, were prepared by melt spinning tech-
nigue. Thetherma stability and structural properties
wereevaluated by differential scanning calorimetry
(DSC) and X-ray diffraction (XRD), respectively. The
effect of high temperature on theisotherma crystali-
zaionof Zr_Cu, Ni Al X_(XP%Nb, Ti and Ta) bulk

INTRODUCTION

Among the numbers of devel oped bulk metalic
glasses (BMGs) recently, Zr-based BM G was consid-
ered to beone of themost promising materidsand has
atracted much attention duetoitsexceptional proper-
tied*3, suchasahigh strength, highhardness highdastic
strain up to 2%, good wear resistances*®, and near

metdlic glassrod with adiameter of 2mmwasinves-
tigated by HTX-ray diffraction. It wasfound that the
crystallization behaviour of Zr.Cu, Ni Al X,
(XP%NDb, Ti and Ta) bulk metallic glassstrongly de-
pendsontheanneding temperature. Thedifferent crys-
tallization behaviour isbelieved to be dueto the dif-
ferent structuresthat the metallic glass possesses at

different temperatures.

K eywor ds: Bulk metalic glasses; Ribbons; DSC;
XRD method; HTX-ray diffraction; Crydtallization be-
havior.

perfect ascast surfaces, exceptiond glass-forming abil-
ity (GFA) withacritical coolingrateaslow as1K/s.
However, theseexce lent properties can bedteredwhen
the as-quenched structureis not fully amorphous and
theglassforming ability till remainsanimportant cher-
acterigticin order to produce such aclassof materias
inindustria environment. Crydtalization studiesof me-
tdlicglassssareinteresting from many pointsof viewis™,
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Theresultsof such studiesarehel pful in understanding
themechani sm and kineticsof phasetransformeationinto
theequilibrium state. Very recently, we havefound the
formation of anicosahedral phasein Zr-based alloys
containingV, Nband Td®. Theaim of the present work
is to study the behaviour of glass formation of the
Zr.Cu, Ni Al X_(XP%NDb, Ti and Ta) prepared by
the melt-spinning process, intheribbon shape, and then
injected into acopper mould to prepare alloy rods of
about 2mmin diameter.

Crystallization kinetics has been presented asfunc-
tion of annealing temperature of bulk metallic glasses
Zr Cu Ni Al  withand without Nb, Ti and Taaddi-
tion. Theisotherma crystalizationwasinvestigated by
ingtu hightemperature X-raysdiffraction.

EXPERIMENTAL

Ingotsof Zr_Cu,Ni Al X_ (XP% Nb, Ti and Ta)
master alloyswere prepared from commercial-grade
materia sby arc-meting furnace under Ar atmosphere.
Inorder to study the effect theNb, Ti and Taon GFA,
theliquid aloyswerequenched inacopper mold. Bulk
samples preparation has been performedinacommer-
cia casting machineused for thejewellery industry. It
consistsinan upper chamber, in which theinduction
coil andthecrucibleareplaced, and alower one, which
containsthe copper mold. Both chamberscan beevacu-
ated until 10 mbar and subsequently filled with pure
Ar. For comparison, ribbons of 5mmwidth and about
30 um thickness were prepared using asingle-roller
melt spinner at awhed speed of 24 m/s. All theribbons
and cylinderswereinvestigated by differential scanning
caorimetry (DSC) using aconstant heating rate of 10
°C/mn. Thestructural propertiesof the sampleswere
examined by X-ray diffraction (XRD) with CuKa (A=
1.54056 A) radiation.

RESULTSAND DISCUSSION

In order to confirm the glassy state of the samples,
further X-ray diffraction measurementswere performed.
Figure 1 shows XRD pattern of the cast Zr_Cu,Ni,
Al X, (XP%NDb, Ti and Ta) rodswith adiameter of 2
mm, together with the XRD pattern of the melt-spun
glassy aloy ribbons. Only abroad peak isseen around

adiffraction angle of 40°, 39° and 39°for the bulk
sample and ribbon for Zr,Nb_Cu Ni Al , Zr_Ti

10’ 59" '5

Cu,Ni Al jand ZrTa,Cu Ni Al  respectively, no
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Figurel: XRD pattern of thecast rod with adiameter of 2
mm, together with the XRD pattern of themelt-spun glassy
alloy ribbon, (a) Zr ,Nb_Cu,Ni Al  (b) Zr Ti.Cu Ni Al
(©zr TaCu Ni Al
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detectablesharp diffraction peak indicating crystdline
structure can be observed. Thesearetypical XRD pat-
terns of amorphous structures, confirming that both
sampl es possess amorphous structures.

Thecritical cooling ratefor glassformation, Rc, is
animportant characteristic parameter for predictingthe
easeor difficulty of glassformability. It isdefined asthe
minimum cooling rate necessary to keep themelt amor-
phouswithout detectable crystallization upon solidifi-
cation. A slower Reindicatesagreater glass-forming
ability of andloy system.

Figure 2 showsthe constant-rate heating (10°C/
mn) DSC curvesof Zr_Cu, Ni Al X (XP%Ta, Tiand
Nb) analysiswascarried out for melt-spun ribbonsand
as-cast cylinders. Inthetemperaturerangeinvestigated,
all the curves are characterized by two exothermic
peaks, revealing amulti-step crystallization path that
doesnot depend on theway of preparation. Theanady-
gsof thetherma stability data, summarizedin TABLE
1, reveal sstriking similarities between the as-cast cyl-
inders and the melt-spun ribbon.

TABLE 1: Thermal propertiesof as-cast rodsand ribbons
for Zr Cu Ni Al X_(XP%Ta, Ti and Nb) alloys (continu-

10° 5
ousheating at10 °C/mn).

Alloy & €& ¢& 6
ZrsoNbsCligNig Al (Ribbon) 337 386 479 49
ZresNbsCussNigA |0 (Rodd2mm) 336 385 478 49
ZrssTisCuysNig Al 1o (Ribbon) 363 405 451 42
ZrsgTisCugNig Alp (Rodd2mm) 362 403 453 41
ZrsgTasCusgNig Al 1 (Ribbon) 343 402 431 59
ZrsgTasCuigNig Al o (Rodd2mm) 342 400 430 58

The DSC curvesindicateasmall differencein
glasstransition temperature (Tg), crystallizationtem-
perature (T ), supercooled liquid region (AT =T —
T ) of the Zr_Cu,Ni Al X.(XP%Nb, Ti and Ta)
gfassy alloysthe melt-spun ribbon and as-cast cylin-
ders, for the as cast of 2 mm diameter cylinder and
theribbonsalloys presents no pronounced difference
in glasstransition temperature Tg, temperature crys-
tallization T  and T , for these alloys Zr ,Cu, Ni,
Al X, (XP%NDb, Ti and Ta).

During the heating the sampleloses energy, sound
volumejoined thecurveof the sate superfused towards,
then when temperaturerises, crystallization intervenes
anditjoined curveof thecrystallized state.
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Figure2: DSC curvesof thecast rod with adiameter of 2mm
and of themelt-spun glassy alloy ribbon. Tg, Tx, indicateto
glasstransition and temperatur es crystallization melting
respectively, (a) Zr Nb.Cu Ni Al (b) Zr Ti.Cu Ni Al
(©zr  Ta Cu Ni Al .
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Figure3: XRD scansof annealed sampleswith and without
addition Nb, Ti and Taindicating by (a) Zr ,Nb,Cu, Ni Al (b)
Zr Ti,Cu Ni Al (c)Zr Ta.Cu, Ni Al .

Thestructurd evolution during heating wasinvesti-
gated by XRD. Thediffraction patterns of rod form
with diameter of 2 mm at prepared through water-cool ed
copper mold casting heated to different temperatures
are shown in Figure 3 of Zr, Cu, Ni Al, X with or
without Nb, Ti and Taaddition at different annealing
temperature. The rod form with diameter of 2 mm
broad maximacharacteristic for anorphous materials
and notrace of crystalline phases, indicating that they
areinthe amorphous state for temperatures between
200°C and 350°C for Zr_,Cu,Ni Al X (XP%Ta, Ti
and Nb) Thephaseformationreflectsat the TP%350°C
and 400°C for Zr Nb.Cu, Ni Al , Zr,Ta Cu,Ni,
Al,, respectively and TP%370°C, 400°C for
Zr Ti.Cu, Ni Al . Obvioudly, thefirst step of devitri-
fication is mostly linked with the formation of
quasi crystaline phase, inthefigures 3(a, bandc). Con-
cerning XRD patterns of the bulk samples in
Zr Nb.Cu,Ni Al Figure3(a) at 450 °C are identi-
fiedthecrystaline phasesafter complete crystalization
of theas-cast 2mmincludeZr,Cuand Zr,Ni. Appeared
phasesare essentially cubic NiZr, tetragonal NiZr,
tetragonal CuZr,, and hexagona Al Zr, at 450 °C for
Zr,Ti.Cu Ni Al jinFigure3(b). Figure3(c) shows
the pattern revealstheformation of the Zr,Cu, Zr Ni
and Zr,Al phase at 450 °C for ZrTa,Cu Ni Al .
Further study showsthat thereissimilar tendency of
themicrostructure astheholding timeincreasesfrom 3

to9minat450C.
CONCLUSIONS

Inconclusion, aseriesof bulk metallic glasseswith
different compositionsof Zr_Cu, Ni Al X_(XP%Ta,
Ti and Nb) wereanned ed a varioustemperatureby in
Stu Hightemperature X -raysdiffraction havebeen stud-
ied. It can be seen that all sampleswere completely
crystallized at 450°C.
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