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The shear moduli and stacking fault energy were calculated with DFT. The order of magnitude

of the shear moduli is the same as found in literature, although the exact values are different. The

value for the stacking fault energy does not correspond with measurements, but this is attributed

to the method which was used to model the stacking faults.

I. INTRODUCTION

This paper is part of the Computational Material

Physics project. The goal of the project is to gain

hands-on experience in DFT calculations. In this

project, the high-entropy alloys (HEA) FeCoCrNi,

FeNiCoMn and NiCoCrMn are studied by using

the PBE exchange-correlation function and com-

pared to literature. Wu et al. [1] studied their

mechanical properties and Liu et al. [2] measured

the stacking fault energy (SFE). In this paper, the

shear moduli of the three HEA and the SFE of

FeCoCrNi are determined with DFT. The calcu-

lated shear moduli are compared with the results

of Wu et al. [1], and it is investigated if the ob-

tained SFE is in line with the experimental results

of Liu et al. [2].

II. DFT PREPARATION

A. Convergence testing

First of all, the unit cells were built according the

data in [1], figures are given in Appendix A. Once

constructed, the convergence was tested. The k-

mesh, and basis set sizes for the wavefunctions

(ecutwfc) and charge density (ecutrho) were var-

ied. For each variation, the value of the total en-

ergy was examined and compared with the previ-

ous results. Convergence was achieved for all three

alloys and the parameters are presented in Table

I.

Table I: Results from the convergence tests

Allloy k-mesh ecutwfc (Ry) ecutrho (Ry)

FeCoCrNi 5x5x5 60 180

FeNiCoMn 5x5x5 40 120

NiCoCrMn 5x5x5 50 150

Table II: The geometry optimised lattice

parameters

Alloy a (Å) b (Å) c (Å)

FeCoCrNi 3.400584 3.499175 3.592875

FeNiCoMn 3.423328 3.470615 3.554959

NiCoCrMn 3.421225 3.442322 3.642859

B. Geometry Optimisation

The goal of geometry optimization is to find the

volume and lattice parameters for which the total

energy is the lowest, i.e. the most stable geometry.

The results of this optimisation are presented in

Table II.

III. SHEAR MODULUS

The shear modulus G was modelled using the elas-

tic energy equation (Equation 1). The shear mod-

ulus, which is equal to C44 for cubic crystals, can

be fitted (Equation 2) by calculating the elastic

energy per volume for different shear deformations

εxy in the elastic range. The value for C44 can then
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Table III: Calculated shear moduli compared to

literature

Alloy G (calculated) (GPa) G (GPa) [1]

FeCoCrNi 95.7 84

NiCoCrMn 105.2 78

FeNiCoMn 74.4 77

be read from the equation of the parabola.
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The results and comparisons to [1] are presented

in Table III. First of all, the orders of magnitude

are very much in line with the expectations from

literature. The numeric values are slightly deviat-

ing but this is to be expected since real HEA have

much more disorder than can be modelled in a unit

cell. Therefore, modelled values can definitely not

be expected to be exactly the same as measured

values.

IV. STACKING FAULT ENERGY

Another property that was explored was the stack-

ing fault energy (SFE). An attempt was made

to model a stacking fault in the fcc lattice of

FeCoCrNi and then compare the value of the SFE

to the value found in [2]. The stacking fault was

introduced by first making a 1x1x2 supercell (i.e.

two unit cells stacked on top of each other) and

then shifting the upper cell relative to the lower.

Plots of the energy surplus due to this transla-

tion in both a and b directions are given in Figure

1. The maximum is reached when the upper cell

is shifted over one half of the lattice parameter.

As expected, the calculated values are much larger

Figure 1: Energy surplus due to introduction of a

stacking fault

Table IV: Stacking fault energies compared to

literature

SFE (mJm−2) Relaxed SFE

a direction 4586.0 2055.0

b direction 4785.8 2056.1

Liu et al. [2] 27±4

than the value from literature, since the stacking

fault in this case is parallel to the (001) plane, while

in reality it is likely parallel to the (111) plane. The

calculated value is therefore expected to be much

higher than the measured value.

In order to get a more realistic value, the cells for

which the maximum was reached and the start-

ing supercell were allowed to relax, after which the

SFE was calculated again. These energies are also

presented in table IV and are less than half of the

previous values, as was expected.

V. CONCLUSION

The values of shear moduli predicted with DFT

are of the same order of magnitude as the mea-

sured values. The numeric deviation from these

values are inherent to the constraints of DFT since

it needs a fixed unit cell, while a real HEA has

more disorder. The SFE deviates more, but this

is attributed to the difference in SFE between the

(001) plane and the (111) plane.
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Appendices

A. UNIT CELLS

Figure 2: The unit cell of FeCoCrNi

Figure 3: The unit cell of FeNiCoMn

Figure 4: The unit cell of NiCoCrMn


