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Thermodynamic study of CoCrFeNiMn high-entropy alloy
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Abstract: Thermodynamic properties play an important role in the design of high-entropy alloys. It has
become an important and effective way to use reliable thermodynamic models for theoretical calculation to
obtain key thermodynamic data of alloys. In this paper, the existing binary thermodynamic data and the
modified M-MIVM are used to predict the Gibbs free energy of mixing, enthalpy of mixing, entropy of
mixing, excess Gibbs free energy and excess entropy of the CoCrFeNiMn high-entropy alloy solid
solution. At the same time, considering the difference of atomic size, the possibility of the formation of
the high-entropy alloy, phase stability and structural stability composition are evaluated from the
thermodynamic point of view. The results show that the CoCrFeNiMn system meets the thermodynamic
criteria of high-entropy alloy and is easy to form a five-element high-entropy alloy. Under the conditions of
low iron content, high nickel content and high manganese content, the Gibbs free energy of mixing of the
alloy system is more negative and the structure is more stable. Co,. 15Cro. 15 Feo 1 Nig s Mn, 5 is a better alloy
composition design scheme. At high temperature, the Gibbs free energy of mixing of the alloy system
decreases significantly and the stability of the alloy increases. This study can provide reliable
thermodynamic data and theoretical guidance for the design of CoCrFeNiMn high-entropy alloys.
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Table 1 The related parameters of some componentst'*

T i/ ,leO/ .Vm'/
(X107% em)  (em® * mol™ ') (em® * mol 1)
Co 1. 252 4. 950 6.55
Cr 1. 282 5.315 7.12
Fe 1. 274 5.216 7.12
Ni 1. 246 4. 880 6.55
Mn 1. 307 5.632 7.41
FiE v REALIG IR T BEER R AR s Vieio = Na (dn/3) (ri)%, Na J&
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Table 2 The values of A;, A;, B;, Bj and 7", 7 of the binary solid alloys i—j

R i—j T/K Ay Aji By Bj; v Y

% Co-Cr(FCC)[10] 1673 —1.7351 2.108 0 1.780 4 1.169 0 — —
Co-Fel10] 1650 0.052 1 0.060 3 0.959 6 0. 868 6 1. 293 1. 426
Co-Nijl10J 1 200 0.093 0 0.086 9 1.175 9 0.894 5 1.172 1. 145
Cr-Fel10] 1 600 0.217 5 —0.4050 0.927 8 0.488 0 2.197 1. 609

% Cr-Ni(FCC)[13] 1473 —3.932 5 1.720 8 0.126 0 1.376 2 — —
Fe-Nil10! 1273 —1.067 0 1.238 7 1.637 6 0.3214 0. 104 0. 649

* Co-Mn 1023 —2.699 0 —0.560 9 0.228 8 0.598 4 — —

* Cr-Mn 1473 —0.194 5 —0.688 1 0.816 2 0.524 3 — —
Fe-Mn 1 450 0.587 3 —0.340 5 0.693 4 1.117 9 1. 764 1. 542

* Ni-Mn 1213 —3.295 4 —1.565 4 1.033 9 0.951 9 — —
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Table 3 Predicted values of thermodynamic properties of CoCrFeNiMn high-entropy

alloy solid solution with different compositions at 1 000 C

2T X AGM/(k] « mol™!)  AHM/(kJ « mol™') ASM/(J+mol™ !« K™1) GE/(k] *mol™) SE/(J+mol™!«K™)
0. 05 —20. 460 3 —5.971 6 11.381 5 —4.458 1 —1.188 9
0.10 —20.710 7 —5.510 4 11.940 5 —4.110 9 —1.099 4
0.15 —20.738 1 —5.222 9 12.187 9 —3.843 0 —1.084 0
i=Co 0. 20 —20.614 4 —5.045 5 12.230 1 —3.6321 —1.110 3
0. 25 —20. 3657 —4.9330 12.123 1 —3.460 6 —1.156 6
0. 30 —20.002 2 —4.852 7 11. 900 6 —3.314 5 —1.208 3
0. 35 —19.527 7 —4.780 8 11.584 4 —3.182 2 —1.2557
0. 05 —19.779 9 —4.922 5 11.671 2 —3.830 4 —0.857 9
0. 10 —20.3918 —5.044 2 12.056 2 —3.8231 —0.959 3
0.15 —20.637 2 —5.084 0 12.217 8 —3.7559 —1.043 3
i=Cr 0. 20 —20.614 4 —5.045 5 12.230 1 —3.632 1 —1.110 3
0. 25 —20.370 7 —4.931 5 12.128 2 —3.454 7 —1.160 1
0. 30 —19.933 8 —4.744 2 11.932 1 —3.226 9 —1.1920
0. 35 —19.322 5 —4.485 3 11.655 3 —2.9517 —1.204 7
0. 05 —21.574 2 —6.870 0 11.550 8 —5.588 2 —1.006 9
0.10 —21.478 4 —6.221 6 11.984 9 —4.885 4 —1.049 7
0.15 —21.127 9 —5.616 3 12.185 0 —4.234 6 —1.0854
i=Fe 0. 20 —20.614 4 —5.045 5 12.230 1 —3.632 1 —1.110 3
0. 25 —19.979 8 —4.503 4 12.157 4 —3.075 3 —1.121 8
0. 30 —19.247 2 —3.986 4 11.988 0 —2.562 3 —1.118 7
0. 35 —18.430 8 —3.492 4 11. 734 8 —2.0918 —1.100 3
0. 05 —17.694 1 —3.4256 11. 208 5 —1.7250 —1.3359
0.10 —19.058 8 —4.090 8 11.758 1 —2.476 4 —1.268 2
0.15 —19.998 1 —4.626 7 12.074 9 —3.109 7 —1.191 6
i=Ni 0. 20 —20.614 4 —5.045 5 12.230 1 —3.632 1 —1.1103
0. 25 —20.958 9 —5.358 2 12.255 0 —4.050 0 —1.027 7
0. 30 —21.062 4 —5.574 6 12.166 4 —4.369 0 —0.947 0
0. 35 —20.945 7 —5.703 1 11.973 8 —4.594 6 —0.870 8
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T i AGM /(K] « mol™1)  AHM/(kJ »mol™1) ASM/(J+mol '+ K1) GE/(kJ*+mol™ ') SE/(J+mol!+«K)

0.05 —17.906 9 —3.423 6 11.377 3 —1.874 3 —1.217 1

0.10 —19.178 6 —4.055 4 11. 880 0 —2.5523 —1.180 8

0.15 —20.048 1 —4.594 9 12.139 2 —3.137 6 —1.144 8
i=Mn 0. 20 —20.614 4 —5.045 5 12.230 1 —3.632 1 —1.110 3

0.25 —20.9250 —5.409 5 12.188 1 —4.037 8 —1.077 6

0. 30 —21.007 6 —5.6886 12.033 8 —4.356 1 —1.046 8

0.35 —20.879 9 —5.8838 11.780 1 —4.588 4 —1.017 6
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