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High-entropy alloys (HEAs) are a class of solid-solution alloys with multiple equal or nearly-equal molar con-
stituents and found to exhibit excellent mechanical properties. In this study, we have developed the first-
principles density functional theory based computational methods to predict the elastic constants and yield
strength of the HEAs with face centered cubic (fcc) crystal structure. Moreover, the developed computational
methods were applied to four fcc HEAs including CoFeNi, CoCrFeNi, CoCrFeCuNi, and RhIrPdPtNiCu with equal
molar composition. Specifically, we predicted the Young’s modulus to be 204 GPa for CoFeNi, 226 GPa for
CoCrFeNi, 217 GPa for CoCrFeCuNi, and 213 GPa for RhIrPdPtNiCu, and the yield strength to be 232 MPa for
CoFeNi, 268 MPa for CoCrFeNi, 212 MPa for CoCrFeCuNi, and 520 MPa for RhIrPdPtNiCu. These computational
predicted values are found to agree well with available experimental data. Therefore, these first-principles
calculation methods can be used for expedite optimization on the mechanical properties of HEAs across vast

composition space.

1. Introduction

High entropy alloy (HEA) refers to a class of multicomponent alloys,
with five or more components, in equal or nearly equal concentrations,
and forming simple solid solution phase [1-3]. Many HEAs have been
found to exhibit impressive mechanical properties. For example,
CrMnFeCoNi HEA (also known as Cantor alloy) has a remarkable com-
bination of strength and ductility (yield strength of 300-350 MPa, ul-
timate tensile strength of 920 MPa and 52% elongation) [4,5].
Moreover, it was reported that CrMnFeCoNi HEA possesses high fracture
toughness as ~220 MPa m®> [6]. Consequently, the HEAs have potential
applications as high-performance structural materials, with the me-
chanical properties rivaling those of stainless steel (yield strength of 220
MPa, ultimate tensile strength of 520-670 MPa, 45% elongation [7], and
~100 MPa m%® fracture toughness [6]). In addition, the mechanical
properties of HEAs can be tuned by varying their compositions. For
instance, it has been reported that the yield strength of Fex
(CoCrMnNi);0o_x HEAs would reduce from 310 MPa to 160 MPa with an
increase of x from 20 to 60 [8], whereas the yield strength of AlyCoCrNi
HEAs would increase from 250 MPa to 310 MPa with an increase of the
atomic percentage of Al content from 0% to 7% [9].

To enable rational design of HEAs for specific technical applications,
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accurate prediction of their mechanical properties as a function of their
chemical composition is desired [2]. Two types of the DFT based
computational approaches have already been developed to predict the
elastic properties of HEAs. One computational approach is based on the
single-site coherent-potential approximation (CPA) [10], which assumes
that each lattice site is occupied by a pseudo atom representing the
overall composition of the alloy. With this computational method, the
Young’s modulus of CrFeMnCoNi HEA was predicted to be 267 GPa,
32% higher than experimental value of 202 GPa [11,12], and the
Young’s modulus of CoCrFeNi HEA to be 242 GPa [13], 13% higher than
experimental value of 215 GPa [14]. The other computational approach
is based on the special quasi-random structures [15,16], which assumes
that the solid solution structure of a HEA can be obtained by minimizing
pair correlation functions on each site. Using this computational
method, Kim et al. predicted the shear modulus of Aly 3CoCrFeNi HEA to
be 85 GPa, about 5% higher than experimental value of 81 GPa [17], and
the Young’s modulus of CoCrFeNi HEA could be derived to 195 GPa,
about 9% lower than experimental value of 215 GPa [14].

In comparison, the DFT based computational approach to predict the
yield strength of HEAs is scarce. A notable work is that Yin et al. pro-
posed a computational approach based on solid solution strengthening
theory and using the DFT computed values of misfit volumes as inputs
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[18]. This computational approach has been successfully applied to
predict the yield strength of RhIrPdPtNiCu HEA to be 583 MPa, in good
agreement with experimental value of 527 MPa. However, the same DFT
based computational approach led to significant underprediction of the
yield strength of NiCoCr alloy [19].

In this study, we demonstrate a first-principles density functional
theory (DFT) based computational approach to predict a series of
mechanical properties (including elastic constants, Young’s and
shear modulus, stacking fault energies, twinnability parameter,
Peierls stress and critical twinning stress, and yield strength) of HEAs
with face-centered cubic (fcc) crystal structure. In particular, we
proposed a new computational approach to predict the yield strength
of fcc HEAs from the generalized stacking fault energy curve of the
alloy. Moreover, we validated the proposed DFT based computa-
tional approach by examining its predictions for four different HEAs
(i.e., CoFeNi, CoCrFeNi, CoCrFeCuNi, and RhIrPdPtNiCu) which have
an fcc crystal structure and solid solution phase, but with dramati-
cally different chemical compositions. We have found good agree-
ment between the computational predictions and experimental
values for both the elastic and plastic properties of these four fcc
HEAs.

2. Computational method

In this study, all the spin-polarized DFT calculations were carried out
using the Vienna ab initio simulation package (VASP) [20]. Plane wave
basis associated with the projector augmented wave approach [21] was
employed. The generalized gradient approximation (GGA) with the
Perdew-Burke-Ernzerhof (PBE) [22] functional was used to evaluate the
exchange-correlation energy. The plane wave energy cut-off energy was
set to be 500 eV. In the calculations, the total energy of each system was
converged within 107 eV. In elastic property calculations, we used a
supercell containing 108 atoms for modelled CoFeNi, CoCrFeNi and
RhIrPdPtNiCu HEAs, and a supercell containing 120 atoms for modelled
CoCrFeCuNi HEA. A Monkhorst-Pack k-point [23] grids of 4 x 4 x 4 and
4 x 4 x 3 were used in these 108 and 120 atoms bulk crystal calcula-
tions, respectively. We used ten-layer or nine-layer slab cells to model
(111) stacking faults. In the slab cells, a vacuum region of 12 A thick was
added in the direction normal to the (111) plane to minimize the in-
fluence of periodic images. The generalized stacking fault energy (GSFE)
and generalized planar fault energy (GPFE) curves were predicted by
calculating the energies of the slab cells in which the bottom half crystal
was fixed while the top half crystal slipped along [112] direction up to a
full Burgers vector of a a/6 < 112> Shockley partial dislocation. A
Monkhorst-Pack k-point grid of 4 x 4 x 1 was used for the (111)

Energy (eV)

Materials Today Communications 32 (2022) 104059

stacking fault calculations. All the structures were fully relaxed until the
residual force acting on each atom was lower than 0.01 eV/A.

3. Results and discussion
3.1. Elastic property predictions

In this work, we modelled the bulk crystal of CoFeNi and CoCrFeNi
alloys using a cubic supercell containing 108 atoms and the bulk crystal
of CoCrFeCuNi and RhIrPdPtNiCu alloys using an orthorhombic super-
cell containing 120 atoms. Moreover, we used ATAT code [24] to
generate the special quasi-random structures of these four alloys to
mimic the actual HEAs with equal molar composition. For example, the
simulation model of the four-element CoCrFeNi HEA is illustrated in
Fig. 1(a), showing homogenous mixing of the four constituent elements.

Moreover, we performed the DFT calculations to determine the
equilibrium lattice constant for this structure by finding the minimum
energy state as shown in Fig. 1(b). Our predictions of the lattice con-
stants of these four HEAs are found to be very close the published values
in the literature. Specifically, we predicted the lattice constant to be
3.56 A (as compared to previous calculation value of 3.56 A [25] and
experimental value of 3.60 A [26]) for CoFeNi alloy, 3.53 A (as
compared to previous calculation values ranging from 3.50 A to 3.59 A
[25,27,28] and experimental value of 3.55 A [29]) for CoCrFeNi, 3.56 A
(as compared to previous experimental value of 3.58 A [301) for CoCr-
FeCuNi, and 3.82 A (as compared to previous calculation value of 3.81 A
[18]) for RhIrPdPtNiCu, respectively.

Using the optimized structure models of the four HEA single crystal,
we predicted their elastic constants Cy1, C12, and C44 by applying the
equal-axis volume expansion strain and volume conserving shear strains
following the computational procedure proposed by Soderlind et al.
[31] for cubic metals. Our predictions given in Table 1 are found to
agree well with the computational values obtained from other DFT
calculations. [13,18,32,33].

Furthermore, we evaluated the Young’s modulus and shear modulus
of the four HEAs in polycrystalline material form and also presented our
predictions in Table 1. The Young’s modulus was calculated using the

formula E = %%, where G, is the isotropic Voigt shear modulus (iso-

strain assumption) G, = %(3C44 + ('), [34] and B is the bulk modulus of
the crystal. The shear modulus was calculated using the formula G =
%(Gv + Ggr), where Gg is the isotropic Reuss shear modulus (iso-stress

. — _5(Cu—Ci2)Cas _
assumption) Gr = & V3G —ca)

G. Laplanche et al. measured the elastic moduli of the recrystallized
CoFeNi and CoCrFeNi alloy samples using both torsion and bending
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Fig. 1. (a) An atomistic structure of CoCrFeNi HEA in an fcc crystal structure. The blue, red, brown, and grey balls represent Co Cr, Fe, and Ni atoms, respectively. (b)
Variation of the DFT calculated total energy with the lattice parameter of the simulation cell for the modelled CoCrFeNi HEA.
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Table 1
Predicted elastic constants (C;1, C2, and Cy4) for single-crystal HEAs, and Young’s modulus (E), shear modulus (G) for polycrystal HEAs using the DFT method.
CoFeNi CoCrFeNi CoCrFeCuNi RhIrPdPtNiCu
C11 (GPa) This work 240 223 207 278
Literature 222 [39] 219 [32] 209 [33] 289 [18]
Cy» (GPa) This work 152 124 145 162
Literature 166 [39] 126 [32] 150 [33] 176 [18]
Cy44 (GPa) This work 113 133 131 123
Literature 110 [39] 130 [32] 142 [33] 112 [18]
E (GPa) This work 204 226 217 213
G (GPa) This work 78 85 71 84

mechanical tests in the temperature range of 293-1000 K. [35] Their
measurement values at 293 K are E = 175 GPa, G = 68 GPa for CoFeNi
and E = 214 GPa, G = 86 GPa for CoCrFeNi alloys. As compared to these
experimental data, our DFT predicted elastic moduli given in Table 1 are
within 16.6% difference for CoFeNi and within 5.6% difference for
CoCrFeNi. No experimental elastic moduli values of CoCrFeCuNi, and
RhIrPdPtNiCu alloys are available for comparison yet. Nevertheless, we
can estimate their values using the rule of mixtures (ROM). Within ROM,
the elastic modulus of HEAs could be calculated as E = > x;E;, where E;
is experimental value of elastic modulus of constituent element i (found
from literatures [36-38]) and x; is the molar ratio of constituent element
i. The values estimated from ROM are E = 206 GPa, G = 80 GPa for
CoCrFeCuNi and E = 237 GPa, G = 91 GPa for RhIrPdPtNiCu alloys. As
compared to these data from ROM, our DFT predicted elastic moduli
given in Table 1 are within 11.3% difference for CoCrFeCuNi and within
10.1% difference for RhirPdPtNiCu.

3.2. Stacking fault energy predictions

Relevant to the plastic deformation of HEAs, we have further used
the DFT computational method to predict the generalized stacking fault
energy (GSFE) and generalized planar fault energy (GPFE) curves for
CoFeNi, CoCrFeNi, CoCrFeCuNi, and RhIrPdPtNiCu HEAs. The staking
faults in these fcc alloys were modelled using a simulation cell consisting
of (111) atomic layers and a vacuum region separating the periodic
images. We used a ten-layer (111) slab containing 160 atoms for
CoCrFeNi and CoCrFeCuNi alloys, whereas a nine-layer (111) slab
containing 144 atoms for CoFeNi and RhIrPdPtNiCu alloys. In each slab
model, we constructed the special quasi-random structures of the alloys
with equal molar composition.

In Fig. 2, we employ CoCrFeNi alloy as an example to illustrate the
structures of various stacking faults. In a perfect fcc crystal (Fig. 2(a)),
the (111) atomic layers are packed following a repeating sequence of
“ABC” from the bottom to the top of the slab model along the [111]
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direction. We constructed an unstable stacking fault (USF) (Fig. 2(b))
and an intrinsic stacking fault (ISF) (Fig. 2(c)) by slipping the top five
(111) atomic layers relative to the bottom ones along the [112] direction
by one half and a whole Burgers vector of a/6 < 112> Shockley partial,
where a is the lattice constant of the alloy, respectively. As compared to
the perfect fcc crystal, one (111) atomic layer (labeled as “C” layer in
Fig. 2) is missing in ISF which is a one-layer stacking fault. From this ISF
structure, we further constructed an unstable twinning (UT) (Fig. 2(d))
and an extrinsic stacking fault (ESF) (Fig. 2(e)) by slipping the top four
(111) atomic layers relative to the bottom ones along the [112] direction
by one half and a whole Burgers vector of a/6 < 112> Shockley partial,
respectively. It notes that ESF, as shown in Fig. 2(e), is a two-layer
stacking fault. The formation energies of USF, ISF, UT, and ESF are
defined as the area normalized energy difference between the corre-
sponding stacking fault structures (Fig. 2(b-e)) and the reference fcc
crystal (Fig. 2(a)).

In Fig. 3, we plot the calculated energies of these stacking faults. It
can be seen from the GSFE and GPFE curves that the intrinsic stacking
fault and extrinsic stacking fault are stable planar defects in the crystal.
By contrast, the unstable stacking fault is a transition state from a local
stacking of fcc (111) atomic layers to a one-layer stacking fault, and the
unstable twining represents a transition state from a one-layer stacking
fault to a two-layer stacking fault in the process of formation of twin
boundary.

It was reported by Ding et al. that local chemical order could
appreciably affect the calculated values of the stacking fault energies in
CoCrNi medium-entropy solid-solution alloy [40]. In this study, we
compared the stacking fault energies calculated using three different
interfaces with different chemical compositions and atomic arrange-
ments. For all the four HEAs, our results show negligible change in the
values of stacking fault energies with such a change of interfaces.
Nevertheless, all the stacking fault energies reported here are the
average values calculated from three different interfaces. In this study,

W

Fig. 2. Atomic structures of simulation slabs consisting of sequentially packed {111} atomic layers to model (a) perfect fcc crystal structure, (b) unstable stacking
fault, (c) intrinsic stacking fault, (d) unstable twinning, and (e) extrinsic stacking fault in CoCrFeNi HEA. In this figure, the blue, red, brown, and grey balls represent

Co, Cr, Fe, and Ni atoms, respectively.
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Fig. 3. Predicted generalized stacking fault energy curve (from O to ISF) and generalized planar fault energy curve (from ISF to ESF) of (a) CoFeNi, (b)CoCrFeNi, (c)

CoCrFeCuNi, and (d) RhirPdPtCuNi alloys.

we predict for CoFeNi alloy the ISF energy to be 48 mJ/m?, which is
comparable to previous result of 65 mJ/m? [41]. We predict for CoCr-
FeCuNi alloy the ISF energy to be 32 mJ/m? close to the reported value
of 27.5 mJ/m? [34]. We predict for RhIrPdPtNiCu alloy the ISF energy
to be 95 mJ/m? as compared to a previous result of 138 mJ/m? [18].
There have been many previous studies on the stacking fault energies of
CoCrFeNi alloy. The literature values vary from — 180-34.3 mJ/m? for
ISF energy [27,28,41-43]. In this study we predict for CoCrFeNi alloy
the ISF energy to be 10 mJ/m?, which is within the range of the litera-
ture values.

The plastic deformation of fcc metals is primarily through defor-
mation twinning and dislocation motion. Tadmor and Bernstein [44]
proposed to employ a parameter called twinnability (z,) to describe the
tendency of deformation twinning relative to dislocation-mediated slip
during the plastic deformation of fcc metals. Twinnability is a material
property related to the stacking fault energies and can be approximated
by the following analytical expression.

7, = [1.136 — 0.151 7], 7wl 63)
}Iu.sf Yur

where yisr, Yusp, and yy refer to the energy of ISF, USF, and UT,
respectively.

In this study, we predict the values of twinnability to be 1.082 for
CoFeNi, 1.056 CoCrFeNi, 1.045 for RhIrPdPtNiCu, and 0.982 for
CoCrFeCuNi. In Ref. [44], the twinnability was predicted to be 1.044 for
pure Ag and 0.965 for Au. Therefore, the deformation twinning is pre-
dicted to be easier in CoFeNi, CoCrFeNi, and RhIrPdPtNiCu alloys
similar to that in metal Ag, whereas dislocation motion is favored in
CoCrFeCuNi alloy similar to that in metal Au. It is worth mentioning that
deformation twinning has been clearly observed during the plastic

deformation of metal Ag [45,46] whereas extensive dislocation slip was
observed during the plastic deformation of metal Au. [47] Our pre-
dictions in this study appear to agree well with a previous report that
deformation twinning was observed in CoCrFeNi alloys under strain
using high-resolution TEM [48].

3.3. Yield strength predictions

In fcc metals, a full dislocation with a Burger vector of a/
2 < 110 > would dissociate into two Shockley partials separated by a
segment of stacking fault within the (111) slip plane. [49] The
displacement induced by such a pair of partial dislocations in a crystal
could be written as [50]:
x—% x+& b

b
u(x) = Z(arctan WAZ + arctan o )+§ 2

where x represents the distance to the middle point of the two partial
dislocations along the Burgers vector direction [110] within a (111)
plane, b is the length of the Burgers vector, d, is the separation between
the two partial dislocations, wy is the half width of the partial disloca-

tions. The value of d, and wy, can be estimated by d./b=1.618

st/ Tisp)+ 2.1335 and wy /b=— 5% + 11. [51,52].

Peierls stress (tp) is the critical resolved shear stress required to resist
dislocation motion and has been proposed to be determined from GSFE
curves (also called y surface) [50]. In the framework of the Peierls model
based on general dislocations with both screw and edge components, the
GSFE surface for {111} plane in a cubic crystal could be expanded in 2D
Fourier series [53]:
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y(uy, u;) = Co + Cy[cos(2qu.) + cos(pu, + qu,) + cos( — pu, + qu.) |
+ C>[cos(2puy) + cos(puy, + 3qu.) + cos( — pu, + 3qu.) |
+ Cs[cos(4qu.) + cos(2pu, + 2qu.) + cos(pu, — 2qu,) | 3
+Cycos(3pu, + qu.) + cos(3pu, — qu.) + cos(2pu, + 4qu,)
+ cos(2pu, — 4qu.) + cos(pu, + Squ;) + cos( — pu, +5qu.) |

where p = 27/b, q=27/+/3b. Specifically, for fcc metals, the screw
components of the dislocations are negligible. Hence, we set u, as zero
and only considered the displacement u, in Eq. (3).

In the Perierls-Nabarrro model [54], the misfit energy is calculated
as the sum of the lattice misfit energy between atomic planes,
W) =" y(f(mad—p))Ad @
where u represents the shift of dislocation center, and Ad is the spacing
of adjacent atomic planes in the [112] direction in a perfect fcc crystal
(v/6a/4 with a as the lattice parameter of the fcc crystal). Thus, the
Peierls stress is the maximum of resistant stress required to overcome the
barrier in W(u),

1dw
7, = max{g E 5)

Following the computational method proposed by Kamimura et al.
[55], we numerically fitted W(u) using Fourier series to the third order
and determined the values of the Peierls stress converged with respect to
increasing value of m.

Furthermore, we extended this computational approach to predict
the critical twinning stress (ty) from our predicted GPFE curve which is
also considered as a y surface. For the twinning stress prediction, we
adjusted the expression of dy and wx as dy/b= 1.618[(yy_vigr)/ (Vess —

Yis) 1+ 2.1335 and wx/b:W—k 11. Thus, the critical twinning
stress (Tyy) can be calculated in the same manner showed in Egs. (4) and
(5).

In this study, we calculated the values of 7, from the GSFE curves
which are the parts from a perfect crystal (i.e., origin O) to ISF in Fig. 3
and the values of T,y from the GPFE curves which are the parts from ISF
to ESF in Fig. 3 for CoFeNi, CoCrFeNi, CoCrFeCuNi, and RhIrPdPtNiCu
alloys. Our predictions are presented in Table 2.

Our results in Table 2 indicate that 7, is predicted to have a higher
value than 7, for CoFeNi, CoCrFeNi, and RhIrPdPtNiCu alloys. These
computational predictions suggest that the deformation twinning (i.e.,
ESF) should be easy to form after a single layer stacking fault (i.e., ISF) is
formed by overcoming 7, in these three HEAs. In contrast, we predict in
Table 2 that it requires an even higher shearing stress (202 MPa) to form
a two-layer deformation twin after overcoming 7, (195 MPa) to form a
single-layer stacking fault in CoCrFeCuNi alloy. Consequently, it can be
inferred from the computational results in Table 2 that deformation
twinning could be the primary plastic deformation mode in CoFeNi,
CoCrFeNi, and RhIrPdPtNiCu alloys whereas dislocation slipping be the
primary plastic deformation mode in CoCrFeCuNi alloy. This finding
agrees well with the predictions based on the parameter twinnability
proposed by Tadmor and Bernstein [44].

Furthermore, we used the calculated Peierls stress (tp) of the single
crystal HEAs in Table 2 to estimate the yield strengths of the four HEAs
in their polycrystal forms. In this work, we consider two main contri-
butions (i.e., intrinsic strength and grain size effect) to the yield strength
of the alloys. The intrinsic strength of polycrystal fcc metals is proposed

Table 2
Predicted Peierls stress (t,) and critical twinning stress (tyy) (in unit of MPa) of
four fcc HEAs.

CoFeNi CoCrFeNi CoCrFeCuNi RhIrPdPtNiCu

7 210 240 195 484
Tow 201 232 202 459

Materials Today Communications 32 (2022) 104059

Table 3

Predicted intrinsic strength, grain size effect, and yield strength (in unit of MPa)
of four HEAs. The experimental and computational values of yield strength from
the literature are included for comparison.

CoFeNi CoCrFeNi CoCrFeCuNi RhIrPdPtNiCu
Intrinsic strength 214 245 199 494
Grain size effect 18 23 13 26
Yield Strength 232 268 212 520
Experiment 211[62] 275(32] 230[62] 527(18]
Computation 201[63] 583[18]

to be related to the Peierls stress in single crystal in an empirical relation
as shown [56].

Oy = %M‘rp 6)
where M= 3.06 is the Taylor factor of fcc polycrystals [57].

The grain size effect to the yield strength is because that the grain
boundaries in polycrystal samples will present obstacles to the motion of
dislocations and/or deformation twins and can be described by a theo-
retical model as presented in Ref. [58]. Hence, we can estimate the yield
strength of a polycrystal fcc metal using the following equation.

Gbr,

, =0y +M
Oy 0'404’ 2d

@)

Since Gb here represents the energy of a dislocation in an fcc metal,
the value of G is taken as the value of C44 of single crystal. Typical grain
size of HEAs is in the order of 1-100 ym [59-61], consequently we chose
a median value of grain size d= 50 ym in this study.

In Table 3, we present our predicted yield strengths of CoFeNi,
CoCrFeNi, CoCrFeCuNi, and RhIrPdPtNiCu alloys. In comparison to the
corresponding experimentally measured values, our predicted yield
strength of RhIrPdPtNiCu alloy differs by 1.3% (the best case among the
four HEAs) and the yield strength of CoFeNi alloy differs by 10.0% (the
worst case among the four HEAs). It appears that our predictions are in
quite good agreement with experimental values [18,32,62]. In com-
parison to the available computational predictions based on solid solu-
tion strengthening theory, our predicted yield strength of RhIrPdPtNiCu
alloy differs by 10.8% and the yield strength of CoCrFeNi alloy differs by
33.3%. It should be noted that our computational method is based on
rigid slip of two half-crystals as manifested in the generalized stacking
fault energy and generalized planar fault energy curves, whereas the
previous computational method [18,63] was derived based on solute
strengthening theory of dislocations in fcc metals.

4. Conclusion

In summary, we have developed the first principles based compu-
tational methods to predict the mechanical properties, including elastic
constants, Young’s and shear modulus, stacking fault energies, twinn-
ability parameter, Peierls stress and critical twinning stress, and yield
strength, of the HEAs with fcc crystal structure. In order to demonstrate
the reliability of these computational methods, we applied the compu-
tational methods to four different types of fcc HEAs, namely, ternary
CoFeNi, quaternary CoCrFeNi, quinary CoCrFeCuNi, and senary
RhIrPdPtNiCu alloys. Our predicted mechanical properties of the four
HEAs are found to be in good agreement with available experimental
values.

Specifically for fcc metals, we validated a computational approach to
derive the Peierls stress of edge dislocations from the calculated
generalized stacking fault energy curves and the critical stress for
deformation twinning formation from the calculated generalized planar
fault energy curves on (111) planes. Moreover, comparison of the pre-
dicted values of Peierls stress and critical twinning stress reveals that
deformation twinning could be the primary plastic deformation mode in
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CoFeNi, CoCrFeNi, and RhIrPdPtNiCu alloys whereas dislocation slip-
ping be the primary plastic deformation mode in CoCrFeCuNi alloy. This
prediction is in consistent with some available experimental observation
and the predictions from the Tadmor-Bernstein twinnability parameters.
Therefore, our computational approach could not only provide accurate
values for the mechanical properties but also provide insights to the
plastic deformation mechanisms of fcc HEAs.

HEAs have been found to have exceptional mechanical properties
which are also tunable by their chemical composition. This work de-
velops a rigorous computational framework, validates the computation
methods by four fcc HEAs, and thus paves the road for future studies to
correlate the chemical composition and mechanical properties of fcc
HEAs. Consequently, this study provides reliable computational tools for
rational design of HEAs based on the first principles calculations.
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