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[ Abstract] Nanoscale a( Al) phase with a size of 15nm was precipitated from AlgoNigY gCosCuz amorphous ribbons after
annealing. The microhardness increases with increasing the crystallization volume fraction of nanoscale a( Al) phase. The

combination effect of alloy strengthening and dispersion strengthening is main reason for the increase of microhardness.

T he formation of intermetallic compound ( Al3Ni) with a small volume fraction leads to the decrease of microhardness re-

sulting from the depletion of the solute elements in the residual amorphous matrix and the weakening of alloy strengthen-

ing. With increasing the volume fraction of intermetallic compound, microhardness increases again due to dispersion

strengthening of nanoscale intermetallic compound.
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1 INTRODUCTION

Nanocrystalline AFrich glass alloys have attract-
ed great attention as a new material due to its much
higher specific strength than the highest strength of
conventional crystalline AFbased alloys!'!. Refs. [ 2,
3] reported that the fracture strength is above 1000
GPa for Akrich amorphous alloys by dispersion of
nanoscale a( Al) particles. So, it is very important to
develop new AFbased alloy systems with large glass

ability or strong tendency to form
[4.5]

formation
nanocrystalline materials . In this paper, AlgoNig
Y3Co4Cuz alloy is designed and its amorphous ribbons
is prepared, the aims are to investigate the precipita
tion process and the growth mechanism of a(Al) par
ticles and to discuss dependence of mechanical proper
ties on the crystallization volume fraction of nanoscale

a(Al) particles.
2 EXPERIMENTAL

AlFbased alloys with a nominal composition of
AlgoNigY gCo4Cus ( mole fraction, %) were prepared
by arc melting a mixture of appropriate amounts of
pure metals including A1(99.999%), Ni(99.99%),
Y(99.99%), Co(99.99% ) and Cu(99.99%) under
pure argon atmosphere together. The master ingots
were surface polished, broken into small pieces and
put into quartz tubes and then melted by induction
under argon atmosphere. The melt was used to pro-
duce amorphous ribbons with a width of 3. 0 mm and
thickness of 20~ 30 Hm by the single-roller melt spin-
ning technique ( the diameter of copper roller is 200
mm) . The amorphous ribbons were annealed isother

mally under pure argon atmosphere. X-ray diffraction
(CuKq) was used to identify precipitated phases.
Thermal stability associated with glass transition and
suppercooled liquid region was examined by differen-
tial scanning calorimeter ( DSC). The microstructure
of samples was observed by transmition electron mi
croscope (TEM).
trolytically by jet polishing at 250 K in a solution of
33% (volume fraction) nitric acid and 67% ( volume
fraction) methanol, And the microhardness of Algg

TEM samples were thinned elec

NigY3CosCuy alloy annealed at different states was
measured by using Nanoindenter.

3 RESULTS AND ANALYSES

Fig. 1 shows X-ray diffraction patterns of Algy
NigY gCosCuy alloy annealed at different states. It can
be noticed that nanoscale a( Al) precipitates from the
amorphous matrix after isothermal annealing for
10 min and 20min at 573 K. DSC curves of Algy
NigY3CosCuy alloy at different annealing conditions
are shown in Fig. 2. The continuous decrease of first
crystallization peak implies that the first peak corre-
sponds to the crystallization of nanoscale a(Al)
phase. Fig. 3 shows TEM bright-field image of Algy
NigY gCosCuy alloy after annealing for 10 min at 573
K. It can be seen that a( Al) particles with a size of
less than 15 nm disperse on the amorphous matrix.

Fig. 4 is the isothermal DSC curve of AlgoNig
Y3CosCuz alloy for the first transformation. It is no-
ticed specially that no incubation stage for the precipi-
tation of a( Al) phase is observed in the curve, which
implies that the precipitation of a(Al) phase takes
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Fig.1 X-ray diffraction patterns of AlgoN is
Y3Co4Cus alloy annealed for different times at 573 K
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Fig. 2 DSC curves of AlgNigYgCosCuy
alloy annealed for different times at 573K

place by the growth process of pre-existent a( Al) nu-
clei without nucleation stage in the present alloy.
This result is consistent with the data reported by
Calin et al'® in AENTY alloy systems, Clavaguere et
al' in AFNFNdCu alloy systems and Tsai et al'® in
AENTCe alloy systems.

Fig. 5 shows the dependence of the crystalliza-
tion volume fraction of the primary a(Al) phase on
the isothermal annealing time. It can be seen that the
crystallization volume fraction of the primary a( Al)
phase increases rapidly in the initial stage of crystal-
lization. Fig. 6 shows the microhardness of AlgoNig
YgCosCuy alloy after different annealing treatments.
The microhardness increases with increasing the an-
nealing time, it is about 2. 55 GPa for as cast amor-
phous alloy and increases significantly in the partially
crystallized states, i.e., 3.02GPa at %= 20%,
3.24GPaat ®uy= 52%, 3.28 GPa at %uy= 77%,
3.31GPa at %uys= 97.6%. It is obviously observed
that the value of microhardness increases slowly when
the crystallized volume fraction of a(Al) phase is

Fig.3 TEM bright-field image and electron
diffraction pattern of AlgyNigYgCosCus alloy

after annealed for 20 min at 573 K
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Fig. 4 Isothermal DSC curve of AlgyNigYs CosCuy
alloy at 573K

more than 50% and close to a constant value in the
end.

Fig. 7 shows X-ray diffraction patterns of Algy
NigY gCosCuy alloy annealed for different times at 623
K. After isothermally annealing for Smin, only
a(Al) phase precipitates from the amorphous matrix.
However, intermetallic compound begin to precipitate

DSC curves of Algy
NigYgCosCuy alloy after different annealing treat-

after annealing for 10min.

ments are shown in Fig. 8. In the curves, the intensr
ty of the first peak reduces for samples annealed for 3
min at 623 K (Fig. 8(b)), which means that only

a( Al) phase precipitates in this case. It is consistent
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Fig. 5 Dependence of crystallization volume
fraction of primary a(Al) phase on
isothermal annealing time
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Fig. 6 Microhardness of AlgoNigY gCosCur
alloy annealed for different times at 573 K
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Fig. 7 X-ray diffraction patterns of AlgyNisY 3CosCun
alloy annealed for different times at 623 K

with the result of X-ray patterns. From Fig. 8(c), it
is specially noticed that the first peak disappears and

Fig. 8 DSC curves of AlgoNigYsCosCuz

alloy annealed for different annealing times at 623 K
(R= 20K/ min)
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Fig. 9 Microhardness of AlgoNigY gCosCuz
alloy annealed for different time at 623 K

the second peak also reduces, which means that the
first transformation ( the precipitation of the primary
a( Al) phase) has finished and intermetallic com-
pound AINi phase begins to precipitate from the
residual amorphous matrix. Nanoscale phase with a
size of 30 nm disperses to the residual matrix. Fig. 9
is the microhardness of Algy NigYsCosCuy alloy an-
nealed for different times at 623 K. After annealing
for short time, the microhardness increases
gradually, but after annealing for 10 min, the micro-
hardness decreases slightly, which suggests that the
precipitation of intermetallic compound has effect on
the microhardness of the alloy. With increasing the
annealing time ( above 12min), the microhardness in-

creases again.

4 DISCUSSION

From Fig. 6, the microhardness of AlgoNigY g
Co4Cuy amorphous alloy increases with increasing

isothermally annealing time at 573K. Tsai et al'® re-
ported that the primary a(Al) particles, precipitated
by isothermal annealing, have a much lower concen-
tration of the solute element than the residual amor-
phous matrix in Alg7NijoCes alloy. It implies that the
solute elements ( Ni, Ce element) are rejected from
a(Al) phase and diffuse into the residual amorphous
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matrix. In the present alloy, this case also takes
place. The solute element (Ni, Co, Cu, Y elements)
are also rejected from growing the primary Al phase,
which forms the enrichment of the solute elements in
the growing front of crystals resulting from their low-
er diffusivity. So, it is reasonable to infer that the in-
crease of the microhardness is due to the combination
role of alloy strengthening and dispersion strengthen-
ing resulting from a(Al) particles dispersed on the
amorphous matrix. Inoue et al'” reported that dis-
persion strengthening of nanoscale a( Al) phase re
sults from its perfect structure and not containing dis-
location or other defects. Zhong et al''"'"! studied the
compositional variation of the residual amorphous ma-
trix after the precipitation of a( Al) particles and
made a conclusion that the increase of Vicker’ s hard-
ness in AFNTY alloy is due to alloy strengthening ef-
fect of the residual amorphous matrix.

In order to investigate the effect of alloy
strengthening on the mechanical properties, the pre-
sent amorphous ribbons were annealed for different
times at 623 K. The anomalous variation of micro-
hardness can be observed in Fig.9. As shown in
Fig. 9, the precipitation of intermetallic compound
leads to the decrease of microhardness at first. After
annealing for 3min and Smin at 623 K, respectively,
only a( Al) particles precipitate and microhardness in-
creases with increasing isothermal time. After anneal-
ing for 7min and 10min at 623K, the microhardness
starts to decrease gradually. The main reason for it is
that the concentration of the solute elements in the
residual amorphous matrix decreases due to the pre
cipitation of intermetallic compound. The depletion of
the solute elements in the residual amorphous matrix
leads to weak bonding among continent element and
the softening of the residual amorphous matrix! >
So, it is not difficult to understand that the micro-
hardness decreases after the formation of intermetallic
compound from the residual amorphous matrix. With
further increasing annealing time, the dispersion
strengthening of nanoscale intermetallic compound
compensates for the reduction of microhardness re-
sulting from the depletion of the solute element. So,
the microhardness of the alloy increases again.
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