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Fig. 1. Structural data of as-constructed models with different
cooling rates, including: (a) The normalized structural
factor S(Q); (b) the total pair distribution function, G(r).
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Fig. 2. Compressive stress-strain curves of Zr,CuyzAl;
amorphous alloy models prepared using different cooling

rates at the strain rate of 1 x 10% /s.
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Fig. 3. Distributions of atomic local shear strains of Zr;3CuusAl; amorphous alloy models at macrostrain of 20% during the com-
pressive deformation, including those prepared with different cooling rates: (a) 10'° K/s; (b) 10" K/s; (c) 10'2 K/s; (d) 10 K/s.
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Fig. 4. Distributions of major Voronoi clusters in (a) The
as-constructed models of Zr;sCuysAl; amorphous alloy with
different cooling rate (Note only Voronoi clusters possess-
ing a weight larger than 4% are selected), and (b) a liquid
model of Zr;sCuysAl; with a temperature of 2000 K (Note
only Voronoi clusters with highest fractions and relatively
higher five-fold symmetry are selected).
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Table 1. The atomic packing efficiencies, 7, in the as-

constructed models prepared by using different cooling

rates and a liquid model with a temperature of 2000 K.

100 K/s 101 K/s  102K/s 108K/s 2000 K

n/%  70.547 70.473 70.399 70.320 63.983
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Table 2. The total free volume and fraction of free volume in the as-constructed models prepared by using different cool-

ing rates and a liquid model with a temperature of 2000 K.

1010 K /s 10" K /s 1012 K /s 108 K /s 2000 K
AR ER/A 11117.05 11430.34 11758.24 12052.57 42825.75
A ARG /% 3.440 3.628 3.715 12.059
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Fig. 5. 3 D distributions of LFV atoms in (a) a liquid mod-
el at 2000 K, and those as-constructed models prepared by
using with cooling rates of (b) 10" K/s, (c) 10" K/s,
(d) 102 K/s, and (e) 10" K/s.

3 REREE SR LEV R T4
Table 3.  The number of LFV atoms in the as-con-
structed models prepared by using different cooling

rates.
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microstructures and deformation behaviors
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Abstract

Since the discovery of the first metallic glass (MG) in 1960, vast efforts have been devoted to the
understanding of the structural mechanisms of unique properties, in particular, mechanical properties in MGs,
which is helpful for the applications of such novel alloys. As is well known, the cooling rate during the
quenching as well as the sample size, significantly affects the mechanical properties in MGs. In order to study
the effect of cooling rate on microstructure and deformation behavior in MG by excluding the size effect,
Zr;sCuysAl; ternary composition with good glass-forming ability is selected as a research prototype in this work.
The classical molecular dynamics simulation is utilized to construct four structural MG models with the same
size under different cooling rates, and the uniaxial compressive deformation for each model is also simulated. It
is found that an MG model prepared at a lower cooling rate has a higher yield strength and is more likely to
form shear bands that lead the strain to be localized, resulting in a lower plasticity. The Voronoi tessellation,
together with atomic packing efficiency and free volume algorithms that have been designed by ourselves, is
used to analyze the four as-constructed models and high-temperature liquid model. It is found that the as-
constructed model, which is prepared by quenching metallic melt at a higher cooling rate, can preserve more
structural characteristics of the high-temperature liquid. In other words, the higher cooling rate leads to more
clusters with relatively low five-fold symmetry, loose atomic packing and large fraction of free volumes in MG.
By calculating the distribution of the free volumes, a new computational approach to detecting liquid-like
regions in MG models is adopted. It is found that there are more liquid-like regions in the as-constructed model
which is prepared by quenching metallic melt at a relatively high cooling rate. This should be the structural
origin of the effect of cooling rate on the deformation behavior, in particular, the yield strength and the
plasticity. This work provides an understanding of how the cooling rate during quenching affects the
microstructure and deformation behavior, and will shed light on the development of new MGs with relatively

large plasticity.

Keywords: amorphous alloy, cooling rates, microstructures and mechanical properties, molecular dynamics

simulation

PACS: 61.43.Bn, 61.43.Dq, 62.20.F—, 81.05.Kf DOI: 10.7498/aps.69.20191781

* Project supported by the National Natural Science Foundation of China (Grant Nos. U1332112, 51471088) and the
Fundamental Research Funds for the Central Universities of China (Grant No. NE2015004).

1 Corresponding author. E-mail: yangliang@nuaa.edu.cn

116101-9


http://doi.org/10.7498/aps.69.20191781
mailto:yangliang@nuaa.edu.cn
mailto:yangliang@nuaa.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

