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Table 1 Mole content and mass fraction of Cu, and mass
fraction of other elements

Mole content Mass fraction Mass fraction of other

of Cu of Cu/% elements/%
0 0 20
0.5 9 18.2
1 16.67 16.67
1.5 23 15.4
2 28.5 14.3

Single 100% Fe

9% Cu and 18.2% other
elements in each atom

Bl1 SRH VCA J5 k@ ar sl & e
Fig.1 Model of high entropy alloy built by VCA
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Table 2 Lattice parameters and mass densities of the high

entropy alloys AICoCrCuxFeNi (x=0, 0.5, 1, 1.5, 2)

Mole content of Cu Lattice parameter/nm Mass density/g <m™

0 0.280 65 7.586
0.5 0.279 65 7.846
1 0.279 18 8.038
15 0.279 06 8.175
2 0.279 13 8.279
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Fig.2 Comparisons of the lattice parameters and mass densities
among the high entropy alloys AICoCrCuyFeNi with

different mole content of Cu
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Table 3 Elastic constants (Cjj) of the high entropy alloys
AICoCrCuyFeNi (x=0, 0.5, 1, 1.5, 2) (GPa)

Mole content of Cu Cu Ci Cas
0 214.32 600.42 129.74
0.5 131.42 627.29 289.34
1 -93.57 717.44 243.0
15 —49.16 671.48 317.3
2 -58.24 651.23 297.09
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Table 4 Young’s modulus (E), bulk modulus (K), and Poisson’s
ratios (v) of the high entropy alloys AICoCrCuxFeNi
(x=0,0.5,1, 1.5, 2)

Mole content Young’s Bulk modulus, Poisson’s
of Cu modulus, E/GPa K/GPa ratios, v
0 —670.64 471.72 0.7369
0.5 -905.85 462.0 0.8268
1 -1743.68 447.1 1.15
15 —1498.24 431.27 1.079
2 —1488.65 414.73 1.0982
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Fig.3 Relationships of Young’s modulus (E) and bulk modulus
(K) to the mole content of Cu for the high entropy alloys
AlICoCrCuxFeNi (x=0, 0.5, 1, 1.5 and 2)

#=5 XA VRHGAETESHEE AlICoCrCuyFeNi
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Table 5 Bulk modulus for the high entropy alloys AlCoCr-
CuyFeNi (x=0, 0.5, 1, 1.5, 2) by VRH approxima-

tions (GPa)
Mole content of Cu Kv Kr Kn
0 471.72 471.72 471.72
0.5 462.0 462.0 462.0
1 447.1 447.1 447.1
15 431.27 431.27 431.27
2 414.73 414.73 414.73

®6 XM VRHFETESMHEE AlCoCrCuxFeNi
(x=0,0.5,1, 1.5, 2) I{J]HE &
Table 6 Shear modulus for the high entropy alloys AICoCr-
CuxFeNi (x=0, 0.5, 1, 1.5, 2) by VRH approxima-

tions (GPa)
Mole content of Cu Gv Gr G
0 0.622 391.743 196.18
0.5 74.43 2172.34 1123.39
1 -16.39 674.47 329.03
1.5 46.25 1280.7 663.47
2 36.36 11211 578.73
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Table 7 Calculated Poisson’s ratios, ratios of shear modulus
to bulk modulus for the high entropy alloys AlCo-
CrCuxFeNi (x=0, 0.5, 1, 1.5, 2)

Mole content of Cu Poisson’s ratio, v G/K
0 0.7369 0.416

0.5 0.8268 2.43

1 1.15 0.736

15 1.079 1.54

2 1.0982 1.39
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Table 8 Heat of formation for high entropy alloys AICoCr-
Cu,FeNi (x=0, 0.5, 1, 1.5, 2) [eV {mol atom)™]

Heat of formation

Mole content of Cu

0 -93.4
0.5 -136.1
1 -175.4
1.5 -209.7
2 -241.3
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Fig.4 Relationship between the heat of formation for the high
entropy alloys AICoCrCuxFeNi (x=0, 0.5, 1, 1.5, 2)
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First-Principle Studies of AICoCrCu,FeNi High Entropy Alloys
with Different Mole Fractions of Cu

Wang Lanxin®, Yao Shan®, Wen Bin?
(1. Dalian University of Technology, Dalian 116024, China)
(2. State Key Laboratory of Metastable Materials Science and Technology, Yanshan University, Qinhuangdao 066004, China)

Abstract: The structural properties, elastic properties, and the heat of formations for the high entropy alloys (HEAs) AICoCrCuxFeNi were
studied by density functional theory and plane-wave pseudopotential technique with generalized gradient approximation (GGA). The
crystal structure was built with the Virtual Crystal Approximation (VCA). The calculated results indicate that the mass density of HEA
AICoCrCuxFeNi increases with the increasing mole fraction of Cu, and the lattice parameter is the smallest when the mole fraction of Cu is
1.5. The mechanical stability of the HEA AICoCrCuxFeNi is nothing to do with the mole fraction of Cu. The heat of formation decreases
with the increasing mole fraction of Cu, but the HEAs AICoCrCuFeNi are thermodynamically stable due to their negative heats of
formation.

Key words: high entropy alloy; crystal structure; heat of formation; density functional theory
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