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Fig. 1. Lattices of Vy,Fey; »Zr (a) primitive cell and corres-
ponding to volumes expanded respectively from primitive
cell by (b) 2 times, (c) 4 times under a half of replacement
content. (d) Primitive cell structure of Sc,Y, ,Fe, alloys
system and (e)—(f) the 7 kinds of lattices with 4 times
volume of that of primitive one (red, green, yellow cyan and
purple sphere represent respectively V, Zr, Fe, Y and Sc

atom).
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Table 1.  Numbers of all nonequivalent structures from different lattices created by using SAGAR for the two kinds of alloy

system shown as Fig. 1.
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Fig. 2. Systems obtained according to the fitting results of Ising model: (a) Free energy signal; (c) heat capacity; (b), (d) phase
transition temperature.
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Fig. 3. (a) Free energy signal induced by temperature under different replacement concentration in Sc,Y; ,Fe, cubic structure. Free

energy versus temperature for different crystal structures at (b) 1/8 and (c) 5/8 replacement concentration, respectively. (d) Tem-
perature-concentration phase diagram of Sc,Y, ,Fe, alloy system.
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Fig. 4. (a) Phase diagram of temperature versus concentration in Vi Fey yZr system (concentration in Fig. 4 is devoted to z). Heat

capacities of (b) VsFe, 5Zr, (c) VFeZr and (d) V, sFeysZr components and their adjacent components.
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Abstract

Alloying is an important way to increase the diversity of material structure and properties. In this paper,
we start from Ising model considering nearest neighbor interaction, in which a ferromagnetic system corresponds
to a low temperature phase separation and high temperature solid solution of binary alloy, while antiferromagnetic
system corresponds to a low temperature ordered solid solution and a high temperature disorder. The high-
throughput first-principles calculation based on the structure recognition is realized by the program SAGAR
(structures of alloy generation and recognition) developed by our research group. By considering the
contribution of structural degeneracy to the partition function, theoretical prediction of alloy materials can be
carried out at finite temperature. Taking hydrogen storage alloy (Sc,Y; ,Fe, and V,,Fey_,Zr) for example, the
formation energy of ground state (at zero temperature) can be obtained by the first-principles calculations. It is
found that the formation energy of Sc,Y; ,Fe, is greater than zero, thereby inducing the phase separation at
low temperature. The free energy will decrease with the temperature and concentration increasing, where the
critical temperature of solid solution of alloy is determined according to the zero point of free energy. The
formation energies of Vy,Fey; ,Zr are all lower than zero, and the ordered phase occurs at low tempera-
ture. The order-disorder transition temperature of VsFe; sZr and V; sFejsZr are both about 100 K, while the
transition temperature of VFeZr is nearly 50 K. The calculation process will effectively improve the high
throughput screening efficiency of alloy, and also provide relevant theoretical reference for experimental
research.
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