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Fig. 1. Atomic evolution morphology of NigAly,Vyy middle entropy alloy during precipitation at 1050 K: (a) ¢ = 1000; (b) ¢ = 3000;

(c) ¢ = 9000; (d) t = 40000; (e) ¢ = 80000; (f) t = 500000.

140201-3


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

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 14 (2020) 140201

B 2 Ll L1y Fil DOy i = 2N — Y455 25 F 7 K
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Fig. 2. Structural sketches of L1, L1, and DOyy: (a) Lly; (b) Lly; (¢) DOsyy.
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Fig. 3. Atom evolution morphology in NiysAl; 5V, 5 alloy precipitated at 1050 K: (a) ¢t = 6000; (b) ¢ = 8000; (c) ¢ = 16000.
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Microscopic phase-field simulation for precipitation process of
NigyAl,yV,o medium entropy alloy”
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(School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)
( Received 22 January 2020; revised manuscript received 21 April 2020 )

Abstract

Medium entropy alloys have attracted much attention because of their excellent physical and chemical
properties. Nano-scaled L1, structure ordered phase plays an important role in strengthening the mechanical
properties of medium entropy alloys, and its local atomic arrangement plays a decisive role in yield strength of
medium entropy alloys. In this paper, the microscopic mechanism of the precipitation process of NigyAly,Voy
medium entropy alloy is studied by using the micro diffusion phase field dynamics model, in which the
probability of atoms to occupy the lattice position is taken as a field variable to describe the configuration of
atoms and the morphology of precipitates. In this model, the shape and concentration of precipitate phase, the
position and appearance of new phase cannot be set in advance. Combined with the inversion algorithm, the
precipitation mechanism of ordered phases of 7' (L1,-NizAl) and 6 (DO,-NizV) is discussed by analyzing the
evolution of atomic images, the change of order parameters and volume fraction. The result shows that two
kinds of ordered phases are precipitated in the kinetical process of disordered phase ordering into NigyAlyyVyg
medium entropy alloys, which are of 4’ phase with L1, structure and of ¢ phase with DO, structure.The two
ordered phases constitute a pseudo binary system. The L1, phase precipitates at the same time as DO, and
the L1, phase gradually transforms into the L1,7' phase, while the traditional Ni;;Al;;V75 alloy first
precipitates L1, phase, and then the DO,y phase precipitates at the boundary of anti-phase domain of L1,
phase. In the transition from L1, to L1,, o position of fcc lattice is occupied by Ni atom, and the [ position is
occupied by Al atom and V atom. The congruent ordering of atoms results in the formation of € single-phase
ordered domain of DO,, structure, followed by spinodal decomposition; the non-classical nucleation of L1,
structure gradually transforms into L1,-7' phase and spinodal decomposition. The interaction potential between
the first-nearest-neighbor atoms of Ni-Al increases linearly with temperature, and increases gradually with the
increase of long range order parameters. The incubation period of NigyAly)Vy, medium entropy alloy lengthens

with temperature increasing. This study can be applied to the design of Ni-Al-V medium entropy alloy.

Keywords: microscopic phase-field model, NigyAly)Vyy medium entropy alloy, ordered phase precipitation

mechanism, first neighbor interatomic potential
PACS: 02.30.Zz, 34.20.—b, 64.60.Cn DOI: 10.7498/aps.69.20200154

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51774254, 51774253, 51701187,
51674226, 51804279, 51801189), the Platform Foundation and Talent Project of Shanxi Province, China (Grant No.
201805D211036), the Special Funds Project for Guiding Local Science and Technology Development by the Central
Government, China (Grant No. YDZX20191400002796), and the Special Project for Guiding the transformation of Scientific
and Technological Achievements of Shanxi Province, China (Grant No. 201804D131039).

1 Corresponding author. E-mail: zhaoyuhong@nuc.edu.cn

140201-10


http://doi.org/10.7498/aps.69.20200154
http://doi.org/10.7498/aps.69.20200154
mailto:zhaoyuhong@nuc.edu.cn
mailto:zhaoyuhong@nuc.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

