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Abstract: Zr-based bulk metallic glass possesses the high-
est potential as a structural material among metallic
glasses. However, the production conditions have a great
effect on its glass-forming ability (GFA) and mechanical
characteristics. In this paper, an attempt was made to
find the effect of a hereditary structure on the GFA and
mechanical properties of a solid Zr,, Cu,, Ni Al Y, bulk
metallic glass in order to evaluate a novel process of
using binary alloys as precursors, which have a heredi-
tary relation to the aim metallic glass (MGs). When the
quenching temperature is below the threshold overheat-
ing temperature, the hereditary process can improve the
GFA and compressive strength obviously. At a quenching
temperature of 1523 K, the hereditary process can improve
the supercooled liquid region AT, from 33 K to 55 Kand the
compressive strength from 1555 MPa to 1652 MPa.

Keywords: bulk metallic glass; compressive strength;
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1 Introduction

The discovery of bulk metallic glasses has stimulated
widespread research enthusiasm because of their tech-
nological promise for practical applications and scien-
tific importance in understanding glass formation and
glass phenomena [1-4]. Specifically, bulk metallic glasses
exhibit a rare and tantalizing combination of traits of
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higher fracture strength, fracture toughness and elas-
ticity, than their crystalline counterparts, which makes
them one of the strongest engineering materials known,
and because they can occupy a peculiar thermodynamic
middle ground between solid and liquid, they can be
processed like plastics into nanoscale textures, seamless
hollow containers, and other shapes that are impossible
to make with traditional metals [3, 4]. However, the major
limitation of their commercial use is high cost and process
requirements [4].

As a consequence, only a minute fraction of poten-
tial bulk metallic glass properties have been explored
thus far. To improve the potential properties, more effi-
cient techniques and methods are required [5-8]. In the
last decade, most researches has focused on utilizing
unique combinations of elements to improve the glass-
forming ability (GFA) and mechanical properties of metal-
lic glass. However, the properties of metallic glasses are
closely related to the microstructure of metallic liquids. It
is known that the non-crystalline structure is expected to
be retained if the liquids can be quenched at a sufficiently
high cooling rate to suppress the formation of equilib-
rium crystalline phases. So, the change of metallic liquid
is made in the search for better properties of metallic
glasses. And the studies have been focusing on the discus-
sions about the microheterogeneity from different master
alloys, its relations with macro-properties [9-12].

In this paper, we focus on exploring a hereditary
process of preparing a Zr,, Cu, Ni Al Y bulk metallic
glass using binary precursors. The selected binary pre-
cursors at deep eutectic points can effectively reduce the
smelting temperature, and the precursors can lower the
smelting temperature of the aim product. The short and
middle range order in precursors can be inherited by the
metallic liquid and glass under a certain temperature. In
addition, the GFA and mechanical properties of aim bulk
metallic glasses prepared by the hereditary process and
conventional process are evaluated and contrasted. This
work demonstrates that preparing a Zr,, Cu, Ni Al Y,
bulk metallic glass from binary precursors can be effective
in improving the GFA and mechanical properties.
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2 Materials and methods

The Zr,, Cu,, Ni Al Y metallic glass was selected as the objective in
the current study. According to the principle of deep eutectic point,
the Zr, Cu, Zr  Ni, ,, Zr Al and Al, Y binary alloys were selected

36.5 63.5° 38.8" 61.2°
as the precursors to smelt Zr,, ,Cu,, Ni, Al, Y, metallic glass. The melt-
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ing points and smelting terri;eratgures of binary alloys are shown in
Table 1. The smelting temperatures are selected at 100 K above the
melting points, which are also much lower than the conventional
metallic glass smelting temperatures. All alloys were smelted with a
mixture of pure metals by using the medium-frequency induction
furnace, and die casted into a copper mold with 3 mm thickness. The
hereditary and conventional processes of preparing metallic glass were
both used and their respective GFA and flexure strength were analyzed
and contrasted. The high purity metals are suppled by Boyu nonfer-
rous metal Co., Ltd., Shenyang, China. And the device is suppled by
Jinzhou Hangxing Vacuum Equipment Co., Ltd., Jinzhou, China.

The hereditary process of preparing metallic glass is shown
in Figure 1. High purity Zr (99.0 wt.%), Cu (99.99 wt.%), Ni (99.99
wt.%), Al (99.99 wt.%), Y (99.0 wt.%) metal were mixed according
to the binary alloy (ZrMCuSQ, Zr, Ni,, Zr_Al, and Al,Y, ) components
ratio and smelted by using the medium-frequency induction furnace;
they were then die casted into a copper mold. Next, the binary alloys
obtained from quenching were mixed and smelted again as precur-
sors to prepare the aim metallic glass. The solid binary alloys have a

Table 1: The melting points and smelting temperatures of binary
alloys.

Binary alloy Zr,, Cu, . Zr Ni , ZrAl AL, Y. .
Melting point (K) 1343 1158 1261 1233
Smelting temperature (K) 1443 1258 1361 1333
High purity Zr, Cu, Ni, Al, Y metal
Vacuum induction smelting
Pouring into a copper mold
Zry Cuyy,  Zry Nig, Zr,Al Al (Yo,
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'

Vacuum induction smelting

'

Die casting into a copper mold
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Figure 1: The hereditary process of preparing Zr, Cu,  Ni Al Y
bulk metallic glass using precursor.
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hereditary relation to the formation of an amorphous structure. The
conventional process of preparing metallic glass was mixing the five
kinds of purity metals and smelting them directly.

The specimens prepared were analyzed by X-ray diffraction
(XRD) (X’Pert Pro, PANalytical Corporation, the Netherlands) with Cu
Ko radiation. Differential scanning calorimetry (DSC) was performed
using a TG-DSC (SDTQ600, TA Instruments, USA) in an argon atmos-
phere with heating rates of 20 K/s and the sample mass of 20+1 mg.
The flexure strength was measured by using an all-powerful material
test machine (AG-X 100kN, Shimadzu Corporation, Japan).

3 Results and discussion

Figure 2 shows the XRD patterns of samples cast at different
quenching temperatures by using two types of processes.
It can be seen that all of the XRD patterns mainly consist
of two broad diffuse peaks between diffraction angles
30°-45° and 55°-75°, respectively. There is no apparent
crystalline phase corresponding to the sharp crystalliza-
tion peak, indicating that this sample is in the amorphous
structure. When the quenching temperature is controlled
at 1523 K, although its pattern shows broad diffuse back-
grounds, but the amorphous diffuse peak are shape, the
amorphous diffuse peak of 1523 K is sharper than that of
1523 K, showing that it has the trend of further crystalli-
zation, and the trend of further crystallization of 1523 K is
more obvious. Thus, the threshold overheating tempera-
ture for a fully amorphous structure of Zr,, Cu, Ni, Al Y,
bulk metallic glass is at least 1623 K, below which it may
have an intersection with the crystallization position.

The DSC curves of Zr,, Cu, Ni Al Y bulk metallic
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glass prepared by two processes are shown in Figure 3. All
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Figure 2: X-ray diffraction patterns of metallic glasses quenching at
different temperatures and processes.
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samples show an endothermic event, which is characteris-
tic of glass transition. For the purpose of comparison, the
specific temperatures of the six kinds of alloys quenching
at different temperatures and processes are listed in Table 2.

The specific temperature T and AT, of the samples
with lower quenching temperature clearly decline, which
means that the short-term thermal stability of these
samples is improved by using the hereditary process. The
hereditary process in the content range investigated does
not evidently influence the basic form of the DSC curves at
different quenching temperatures, however, the specific
temperature T and AT of the samples at a high quenching
temperature evidently rises, which means that the short-
term thermal stability of the metallic glass is enhanced by
overheating [13, 14].

Figure 4 shows the compressive fracture strength
dependence of quenching temperatures for 5 mm diameter
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Figure 3: Differential scanning calorimetry (DSC) curves of metallic
glasses quenching at different temperatures and processes.

Table 2: Thermodynamic parameters of metallic glasses quenching
at different temperatures and processes.

Sample no. Process Temperature (K) T _(K) T (K) AT (K)
1 Conventional 1523 703 736 33
2 Conventional 1623 704 783 79
3 Conventional 1723 703 785 82
4 Hereditary 1523 703 758 55
5 Hereditary 1623 704 784 80
6 Hereditary 1723 703 786 83
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Figure 4: The compressive fracture strength dependence of

quenching temperatures for Zr,, .Cu,, Ni AL Y, samples.

Zr, Cu, Ni Al Y, samples. It is found that the compres-
sive strength increases with the increasing quenching
temperature. When the quenching temperature is above
the threshold overheating temperature (around 1623 K),
there is no obvious change in the compressive strength.
When the quenching temperature is 1523 K and below
the threshold overheating temperature, the hereditary
process can obviously improve the compressive strength
from 1555 MPa to 1652 MPa. The compressive strength can
reach 1796 MPa at a quenching temperature of 1723 K.

The typical fracture morphology of full bulk amor-
phous alloy is shown in Figure 5A and B; this is a typical
characteristic of fracture feature with well-developed
vein-like patterns. It can be seen in Figure 5B that the frac-
ture surface is relatively flat and displays a typical shear
fracture feature; such a surface has been widely observed
for many other metallic glass samples [15-18]. Further
observations show that the typical feature of the frac-
ture surfaces is a vein-like structure, as shown in Figure
5C-F. This vein-like structure spreads over the whole frac-
ture surface and extends along a uniform direction, as
marked by arrows in Figure 5C. It is noted that the uniform
arrangement of the veins exactly corresponds to the prop-
agation direction of the shear band, which is confirmed
by Figure 5E and F. The vein-like structure was attributed
to local melting within the main shear bang induced by
the high elastic energy in instantaneous fracture [17, 19].
Due to the melting of metallic glass within the main shear
bang, the molten metallic glass easily flows and appears
in a vein-like structure feature, as clearly shown in Figure
5D and F. For all metallic glasses, their compressive frac-
ture surfaces nearly show the same features, a vein-like
structure [20-25]. These veins on the fractography clearly
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Figure 5: Scanning electron microscopy (SEM) micrographs revealing the compressive fracture of Zr, .Cu,  Ni, Al Y,
(A) Low magnification, (B) high magnification, (C) magnified picture of local area in (A), (D) magnified picture of local area in (C), (E) magni-
fied picture of local area in (A) and (F) magnified picture of local area in (E).

demonstrate a pure shear fracture process of the different certain temperature range. Because the mechanical prop-
metallic glasses. erties of metallic glass are mainly determined by composi-

Based on the aforementioned results, it is clear that tion and microstructure, which to a large extent is related
the hereditary process can improve mechanical properties  to liquid structure, even a tiny change in the free volume
of Zr,, Cu, Ni Al Y metallic glass obviously within a could induce a dramatic effect on material behavior.
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4 Conclusions

The hereditary process can improve the GFA and com-
pressive strength at a low temperature, which would
be significant for us to obtain high GFA and mechani-
cal properties of metallic glass without high tempera-
ture melting. At a quenching temperature of 1523 K, the
hereditary process can improve the supercooled liquid
region AT from 33 K to 55 K and the compressive strength
from 1555 MPa to 1652 MPa. The compressive strength can
reach 1796 MPa at a quenching temperature of 1723 K.
The improvement of the GFA and mechanical properties
of metallic glass is attributed to the smaller short-range
order in the liquid inherited from the finer microstructure
through the binary precursors. This give the hereditary
process advantages of lower energy consumption and
equipment requirements, which leads to outstanding
application potentials.
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