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Abstract

The preparation of Mgy9Y15Cuse metallic glass powders was accomplished by mechanical alloying of pure Mg, Y, and Cu after 10 h of milling.
The thermal stability of these Mg4oY5Cu3s amorphous powders was investigated by differential scanning calorimeter (DSC). The Ty, T and AT
are 450, 492, and 42 K, respectively. The as-milled Mg,9Y5Cuzs powders were then consolidated by vacuum hot pressing into disc compacts
with a diameter and thickness of 10 and 1 mm, respectively. After vacuum hot pressing, bulk Mg, Y5Cus metallic glass with nanocrystalline
precipitates homogeneously embedded in a highly dense glassy matrix was obtained. The applied pressure during consolidation can enhance the
thermal stability and prolong the existence of amorphous phase inside MgoY 15Cuzs powders.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, new bulk metallic glass (BMG) with a wide super-
cooled liquid region exceeding 20 K have been prepared in a
number of Mg-based alloy systems [1-3]. These new alloys are
expected to expand the application fields of bulk metallic glasses
due to their high specific strength to weight ratio, good ductility
and relatively low cost. Mg-based BMG are generally prepared
by high-pressure die-casting or mold casting method. Mg mate-
rials must be melted before these processes. As melted Mg
reacts with oxygen violently, a complicated device is required
to control the atmosphere. In contrast, solid Mg does not react
as easily with oxygen as its liquid counterparts. Therefore, an
alternative way to prepare amorphous alloy is via solid-state
amorphization reaction (SSAR). The techniques to synthesize
amorphous alloys via SSAR include hydrogenation, multilayer
interdiffusion, and mechanical alloying (MA) [4]. As previous
investigations demonstrated, mechanical alloying has been used
successfully to synthesize amorphous alloy powders [5,6]. In
this paper, we report on the glass formability and thermal sta-
bility of mechanically alloyed Mg49Y 15Cu3z¢ powders prepared
by high-energy ball milling. The consolidation of Mg49Y 15Cus¢
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metallic glass powders into bulk form by a vacuum hot-pressing
method was also investigated in details.

2. Experimental procedure

Elemental powders of Mg (99.9%, <325 mesh), Y (99.8%, <325 mesh),
and Cu (99.5%, <100 mesh) were weighed to yield the desired composition
Mga9Y15Cuyg and then canned into a SKH 9 high speed steel vial together with
Cr steel balls under an argon-filled glove box, where a SPEX 8000D shaker
ball mill was employed for MA. General details of mechanical alloying process
are given elsewhere [S]. The as-milled powders were consolidated in a vac-
uum hot pressing machine to prepare bulk samples with a diameter of 10 and
1 mm in thickness. The hot pressing was performed at 473 K for 30 min under
a pressure of 0.72, 0.96 and 1.20 GPa, respectively. The structure of the as-
milled and bulk samples was analyzed by X-ray diffractometer (XRD, Siemens
D-5000 diffractometer) and scanning electron microscopy (SEM, Hitachi S-
4100 SEM). Thermal analysis was investigated using a Dupont 2000 differential
scanning calorimeter (DSC), where the sample was heated from room temper-
ature to 650 K under a purified argon atmosphere at constant heating rates of
40 K/min.

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns of the starting
and as-milled Mg49Y15Cu3¢ powders for different of milling
time. At the early stage of milling, crystalline Mg, Y, and
Cu peaks were observed. The peak intensities decreased with
increasing milling time. With further ball milling up to 7.5h,
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Fig. 1. X-ray diffraction patterns of mechanically alloyed Mga9Y 15Cuzs pow-
ders for various milling time.

a broad diffraction peak at 20=35-40° is the main feature
of this patterns, indicating that the as-milled powders are
predominantly amorphous. Fully amorphous powders were
successfully prepared after 10 h of milling.

The thermal stability of Mgs9Y15Cu3¢ amorphous powders
were investigated by differential scanning calorimetry and the
corresponding DSC scans are shown in Fig. 2. It can be seen
that the amorphous powders exhibits an endothermic heat event
due to the glass transition followed by a sharp exothermic peak
indicating the successive stepwise transformations from a super-
cooled liquid state to crystalline phases. The glass transition
temperature (T ) and the crystallization temperature (7x) are 450
and 492 K, respectively. The supercooled liquid region AT is
42 K. Based on the DSCresults, the 10 h as-milled Mg49 Y 15Cus¢
powders were consolidated into disk shape by vacuum hot press-
ing. The powders were hot pressed at 473 K under pressures of
0.72,0.96, and 1.20 GPa for 30 min, respectively. Fig. 3 shows a
typical consolidated sample of bulk metallic glass that exhibited
smooth outer surface and metallic luster. Its polished cross-
sectional view as examined by SEM is shown in Fig. 4. Because
neither pores or voids are seen, this indicates bulk Mg49Y 15Cus¢
with highly dense structure have been prepared successfully.
Fig. 5 displays the XRD traces and DSC scans of the as-milled
and bulk Mgs9Y5Cusg specimens. A broad halo with over-
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Fig. 2. DSC traces of mechanically alloyed Mga9Y 15Cu3s powders as a function
of milling time.

lapped sharp crystalline reflections is identifiable in the patterns
for bulk sample. The crystalline peaks could be indexed to be
Mg, Cu and Mg»4 Y5 phase. Though not shown here, TEM obser-
vation confirms that fine precipitates with a grain size less than
10 nm are homogeneously dispersed in the glassy matrix. For

Fig. 3. The outer morphology of the Mg49Y5Cu3s BMG after vacuum hot
pressing at 473 K with a pressure of 1.2 GPa.
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Fig. 4. Polished cross-sectional view of the Mga9Y15Cu36 disk specimen after
vacuum hot pressing at 473 K with a pressure of 1.2 GPa.

comparison purposes, the corresponding data for as-milled pow-
der isothermally annealed at 473 K for 30 min are also shown.
Although the annealing temperature and time is the same as that
of the hot-pressed sample, the XRD pattern is only consisting of
crystalline peaks belong to Mg, MgoCu and Mgy4Ys phase. The
broad halo pattern was not observed which indicated the amor-
phous phase was vanished during annealing. This can be further
confirmed by the absence of exothermic peak around 500 K on
the DSC scan. The major difference between heat-treated and
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Fig. 5. (a) XRD patterns and (b) DSC traces of annealed powders and bulk
Mg49Y15Cuse specimens.

hot-pressed specimens is the employment of high pressure. The
high pressure involved during consolidation can thus prolong the
existence of amorphous phase inside Mg49Y15Cu3e powders.
It also noticed that partial crystallization was occurred for the
samples hot-pressed at low pressure (0.72 GPa). However, with
increasing pressure, the amount of residual amorphous phase in
the hot-pressed samples increases, meaning that the crystalline
fraction decreases when the powder is hot-pressed at 473 K
under higher pressures. This result indicates that the consolida-
tion pressure suppressed the crystallization in the Mg49Y 15Cus¢
BMG. The crystallization behaviors of BMG under high pres-
sure have been studied extensively [7-9]. In general, applied
pressure on BMG might have three effects [10]. The first effect
is densification, which could favor the appearance of the clos-
est structure and favor the crystallization process. The second
effect is suppression of atomic mobility at high pressures, which
reduces the atomic diffusion in metallic glasses. The third effect
is due to changes in relative Gibbs free energies of the glassy
phase and crystalline phases by pressure. The effects can alter the
sequence or the relative volume fraction of crystalline phases in
the hot-pressed samples. For a certain amorphous phase, its crys-
tallization behavior under pressure may depend on which is the
dominating factor among the three effects. In the present study,
due to the first effect mentioned above, pressure can promote
the crystallization process at the lowest pressure of 0.72 GPa.
However, with increasing pressure to >0.96 GPa, the long-range
atomic diffusion in the BMGs becomes more difficult because
the diffusion barrier was elevated by the reduction of volume
and annihilation of excess free volume caused by high pres-
sure. This means the second effect of suppression of atomic
mobility at higher pressures becomes dominating factor, thus the
amount of amorphous phase in the hot-pressed samples increases
with increasing pressure. Similar results have also been found in
Alg4NijoCeq, Algy sNisYgCorZrp 5 [11] and ZrssAl1oNisCuszg
[12] BMGs.

4. Conclusion

We have studied the amorphization behavior of
Mgs9Y15Cu3¢ alloy powders synthesized by mechanical
alloying technique. The as-milled powders were mainly
amorphous after 10h of milling. The thermal stability of
Mga9Y 15Cuze¢ amorphous powders was investigated by differ-
ential scanning calorimeter. The T, Tx and AT are around 450,
492, and 42 K, respectively. Mg49Y15Cuse bulk metallic glass
with nanocrystalline precipitates homogeneously embedded
in a highly dense glassy matrix was successfully prepared by
vacuum hot pressing. It was found that the applied pressure
during consolidation could enhance the thermal stability and
prolong the existence of amorphous phase inside Mg49Y 15Cus¢
powders.

Acknowledgement
The authors are grateful for the financial support of this work

by the National Science Council of Republic of China under
Grant Nos. NSC 94-2218-E-110-0009.



PY. Lee et al. / Journal of Alloys and Compounds 434—435 (2007) 354-357 357

References

[1] A. Inoue, K. Ohtera, K. Kita, T. Masumoto, Jpn. J. Appl. Phys. 27 (1988)
1.2248-1.2251.

[2] A. Kato, H. Horikiri, A. Inoue, T. Masumoto, Mater. Sci. Eng. A 179/180
(1994) 707-711.

[3] K. Amiya, A. Inoue, Mater. Trans. JIM 41 (2000) 1460-1462.

[4] W.L. Johnson, Prog. Mater. Sci. 30 (1986) 81-134.

[5] C.K. Lin, S.W. Liu, PY. Lee, Metal Mater. Trans. A 32 (2001) 1777-
1786.

[6] J. Eckert, Mater. Sci. Forum 312/314 (1999) 3-12.

[71 W.H. Wang, D.W. He, D.Q. Zhao, Y.S. Yao, M. He, Appl. Phys. Lett. 75
(1999) 2770-2772.
[8] W.H. Wang, J. Met. Nano-Crys. Mater. 15/16 (2003) 73-81.
[9] J.Z.Jiang, Y.X. Zhuang, J. Saida, A. Inoue, Phys. Rev. B 64 (2001), 094208-
1-094208-10.
[10] J.Z.Jiang,J.S. Olsen, L. Gerward, S. Abdali, J. Eckert, N. Schlorke-de Boer,
L. Schultz, J. Truckenbrodt, P.X. Shi, J. Appl. Phys. 87 (2000) 2664-2666.
[11] X.J. Gu, HJ. Jin, H.-W. Zhang, J.Q. Wang, K. Lu, Scripta Mater. 45 (2001)
1091-1097.
[12] J.Zhang, K.Q. Qiu, A.M. Wang, H.F. Zhang, M.X. Quan, Z.Q. Hu, J. Mater.
Res. 17 (2002) 2935-2939.



	Consolidation of mechanically alloyed Mg49Y15Cu36 powders by vacuum hot pressing
	Introduction
	Experimental procedure
	Results and discussion
	Conclusion
	Acknowledgement
	References


