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1. Introduction 
In contrast to ordinary alloys, which only 
comprise one or two basic elements, high 
entropy alloys (HEAs) are a brand-new class of 
materials. HEAs typically include more than 
four key components. Due to the fact that under 
two circumstances, the entropy is noticeably 
higher, the term has previously been coined. 
One is when more important components are 
present, and the other is when their ratios are 
almost equal. great strength and hardness, great 
thermal stability, and exceptional corrosion 
resistance are characteristics of HEAs. However, 
it is extremely fragile. Most HEAs have either 
face-centered cubic (FCC) or body-centered 
cubic (BCC) lattice crystal structures. While 
HEAs with FCC structures have more mobility 
with lower strength, HEAs with BCC structures 
have poor fluidity and high strength. When 

considering the unique uses and cost-effective 
alloy, the selection of materials for HEAs is 
crucial[1]. 

Numerous HEA systems have recently 
been used, and the majority of study has 
concentrated on the microstructure and 
characteristics of the AlxCoCrFeNi HEAs system. 
[1]. In contrast to traditional alloys, HEAs offer 
superior thermal stability, excellent fatigue, 
wear, and corrosion resistance, improved 
hardness, and exceptional elevated and 
cryogenic temperature properties, according to 
recent studies. These qualities make HEAs 
suitable candidates to fulfill stringent 
requirements for specialized severe 
applications, especially in the nuclear, turbine, 
and aircraft sectors.[2]. One of the first high-
entropy alloys to be explored was AlxCoCrFeNi, 
and it is currently one of the most widely used. 
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The AlCoCrFeNi alloy's mechanical 
characteristics and the effects of different 
elemental concentrations on those 
characteristics are frequently studied by 
researchers. [3-9]. The HEAs also possess 
numerous outstanding mechanical qualities, 
including high strength, high wear resistance, 
high plasticity, corrosion resistance, and great 
performance at both cryogenic and high 
temperatures. [10]. 

Since the Al0.3CoCrFeNi alloy has 
undergone extensive experimental study, it was 
chosen for this work. However, there aren't 
many investigations on the AlxCoCrFeNi HEA's 
nanoscale deformation mechanisms.[11-13]. To 
the best of our knowledge, however, no 
research has been done on the nanoscale phase 
change and strengthening mechanisms of 
Al0.3CoCrFeNi. The exploration of the 
microstructure, thermodynamics, and 
mechanical characteristics using molecular 
dynamics (MD) is an effective method for 
gaining a nanoscale understanding of the 
deformation behaviors of materials. The 
strategy is to use a collection of parameterized 
functions and a semi-empirical interatomic 
potential to depict a material's potential-energy 
hypersurface. In the simulations, an accurate 
interatomic potential is essential. The modified 
embedded atom method (EAM), which exhibits 
a variety of elements within various structures 
using the same mathematical formalization, is 
the optimal interatomic-potential model for 
Al0.3CoCrFeNi HEA.[14].  

In this study, MD simulations were used 
to examine how temperature and strain rate 
affected the development of the microstructure, 
mechanical characteristics, and phase transition 
process of nanocrystalline Al0.3CoCrFeNi HEA. 
We've talked about the radial distribution 
function (RDF), atomic structure, and 
dislocation evolution. In order to examine the 
phase of HEA thin, the local atomic structures 
were determined and described by calculating 
the radial distribution functions (RDF). The 
usefulness of MD simulations to forecast phase 
transformations in Al0.3CoCrFeNi HEA was 
proven by comparison with the experimental 
data that is currently accessible. 

 

2. Computational Method 
2.1. Simulation Method  

Simulation is done using (LAMMPS) 
molecular dynamics code [15] Relaxation is first 
put into practice. The relaxation can be 
accomplished in two steps: first, the solid 
solution Al0.3CoCrFeNi HEA system is 
submitted to canonical ensemble at 250 K for 
150 ps , and second, by using the isothermal-
isobaric ensemble at 250 K for 200 ps. When 
balance is established, the relaxation is 
complete. Next, an NPT ensemble with a 
pressure being set to zero is used to apply strain 
rates of 1x 10-2 s-1 along the z-direction. 
Compressive loads are applied along the z-
direction under a time step of 1 femtosecond 
(fs).  Periodic boundary conditions is utilized 
along with the Verlet velocity algorithm [14]. 
2.2. Interatomic potential 

The embedded-atom-method (EAM) 
potential created by Daw et al .[16] since it can 
demonstrate a variety of elements within 
variations in structure using the same 
mathematical framework, has been frequently 
used for HEAs to accurately replicate the 
mechanical and structural properties of 
materials. [17-19]. We applied an EAM potential 
function in the current research that was 
presented by Farkas et al. [20].  
2.3. Simulation setup 

Al(green), Cr(red), Co(yellow), 
Fe(violet), and Ni(blue) atoms are randomly 
distributed in a (15a 15a 15a) nm3 FCC lattice 
as represented in Figure 1, where the lattice 
constant, a = 0.359 nm as calculated in our 
previous paper [21]. is used to create a 
simulation domain, making up 62,500 atoms. All 
directions are subject to periodic boundary 
conditions. Visualization Tool for Open Source 
(OVITO) [22] is used to post-process molecular 
trajectories using Common Neighbor Analysis 
(CNA)[23], Centrosymmetry Parameter (CSP) 
analysis [24], and Dislocation Analysis (DXA) 
[25].  

The structure is then initiated at 1870 K 
in an (NPT) ensemble for 90 ps at a pressure of 
0 MPa. The alloy is quickly cooled to 250 K, and 
the structure is then allowed to equilibrate for 
an additional 90 ps. The quenched HEA is then 
repeatedly simulated for 10 ps under the Nóse-
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Hoover. The structure is allowed to equilibrium 
for 10 ps to complete the procedure of 
quenching under the (NVE) ensemble. 

 
 

Figure 1. Represents the MD model of FCC nanostructured Al0.3CoCrFeNi HEA. 
 
3. Results and Discussions 
3.1 Evaluation of Microstructures 

A great deal of research has been done on 
the physical, chemical, and mechanical 
characteristics of alloys such AlxCoCrFeNi  high-
entropy alloy [26, 27]. ]. However, there have 
not been many reports of the computational 
compression properties. Experimental evidence 
suggests that the face-centered cubic crystal 
structure of Al0.3CoCrFeNi alloy. Figure 2 (b) 
shows ® findings regarding the undeformed 
alloy. We discover that the two main crystalline 
phases in the alloy are the FCC (61%) and 
disordered coordination (39%). The remaining 
phases are only present in marginal amounts: 
BCC is 9.3% and hexagonal close packed (HCP) 
is about 12.2.8%. The usual FCC verification of a 
lattice is depicted by peaks along nearest 
neighbors atoms that are spaced apart at 
specific intervals, which is consistent with 

experimental results, is reproduced by the 
average of all atom pairs to produce the 
structural pair function, and shown in Figure 2 
(a). Our selection of the molecular dynamics 
lattice structure and potential function are 
therefore verified, enabling predictive 
assessments of the Al0.3CoCrFeNi HEA 
deformation mechanisms that had previously 
only been possible through experimental 
research. According to Wang et al. report, the 
columnar FCC phase in the as-cast high entropy 
exists [28]. Additionally, Kaoa et al. 
demonstrated that the Al0.3CoCrFeNi crystal 
structure is FCC [26]. It was believed that the 
creation of a single solution rather than 
intermetallic phases in such alloys was caused 
by entropy and slow effects, which lower the 
Gibbs energy [29]. Numerous researches have 
indicated that Al0.3CoCrFeNi is made up of a 
single FCC phase. 

.  
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Figure 2. (a) The structural pair function, g®; (b) phase structure of  the Al0.3CoCrFeNi HEA. 
 
3.2. The Effect of Temperature  

The strain -stress curves of our HEA are 
shown in Figure 3 for a strain rate of 1 x 1010 s-1 
and range of temperature from 250 K to 1870 K. 
It is discovered that the elastic stress strain limit 
exists up to 2% strain, after which instability 
causes yielding and then plastic deformation. 
For Al0.3CoCrFeNi HEA, it has been discovered 
that fracture strain increases across the board 
as temperature rises. This indicates that 
AlxCoCrFeNi HEAs have a substantial reliance 
on temperature and is consistent with earlier 
similar experimental investigations [7]. The 
pace at which the stress decreases from a 
plateau in yield after yield stress, however, is 
slower the higher the temperature. From an 
energy standpoint, it is simple to comprehend 
that at higher temperature, the atoms' thermal 
motion will be high to migrate, which in turn 
weakens the HEAs' structural stability. As can 
be observed, the shear strain is primarily 
scattered throughout the shear zone and is 
minimal when the temperature is low. Due of 
the extremely localized deformation in the HEA. 
According to experimental findings by Wang et 
al. [8] annealing significantly improves the 

yielding strength and ultimate tension strength 
of Al0.3CoCrFeNi HEA, raising them to 870 MPa 
and 1060 MPa, respectively. This is a reliable 
sign that this alloy's partial recrystallization 
process resulted in a good strength-ductility 
combination. Another characteristic of 
Al0.3CoCrFeNi HEA is that it encompasses a 
remarkable variety of phase fields as a function 
of temperature, including the FCC, B2, L12, and 
BCC phases. It indicates that, after receiving the 
proper annealing treatment, this alloy 
composition is likely to separate into more than 
one phase. Due of the precipitates' potential role 
as barriers to dislocation motion, this presents a 
significant opportunity to increase the strength 
through fine-tuning the precipitate properties 
[8]. Table 1 provides the Young's modulus (E) at 
250 K calculated from the linear slope of 
stress/strain curve in Figure 3. E and 𝜌 are 
estimated to be 81 GPa and 7426 kg/m3, 
respectively. The characteristics of 
Al0.1CoCrFeNi HEA, which were discovered to 
have a value of E equals to 199 GPa and density 
8018 kg/m3 [18], are thus very similar to those 
of our alloy[12]. 

 
Table 1:  Molecular simulation estimations for density (ρ) and Young's modulus (E) at 250 K are 

compared to published experimental findings. 

Property MD Experiment 

ρ(kg/m3) 7426 7950[30] 

A 
B 
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E (GPa) 81 - 

 
 
 

 
Figure 3. Depicts the stress-strain profiles of HEA at different temperatures. 

 
3.3 The Effect of Strain Rate 

By examining the stress-strain 
relationship of Al0.3CoCrFeNi HEAs at 250 K and 
strain rates of 108, 109, and 1010s-1. The impact 
of strain rate on the compressive properties of 
the HEA has been focused on. According to 
Figure 4, at the same temperature, the yielding 
stress and strain of HEAs climb when the strain 
rate rise, but the elastic modulus of the alloy is 
not significantly affected. Heggen et al. [31] 
directly correlate strain rate and free volume, 
according to a study. A higher free volume can 
be attained by boosting the strain rate. At larger 
strain rates, however, the amount of time 
needed for rearranging the free volume and 
atom mobility will be drastically reduced. As a 
result, there will be less effective free volume, 
which influences atom migration during the 
process of deformation.  As a result, the 
material's strength will increase and atom 
migration during deformation will become 
challenging. The Al0.3CoCrFeNi HEA's Young's 

modulus rises from 87.1 to 87.7 GPa when the 
strain rate rises from 108 to 1010s-1.The yield 
stress climbs from 1.83 to 3.39 GPa, and the 
Young's modulus of the Al2.0CoCrFeNi  rises 
from 39 to 42.18 GPa. It suggests that whereas 
the yield stress of the AlxCoCrFeNi HEAs is more 
influenced by the strain rate than the Young's 
modulus is. Additionally, the Young's modulus 
and yield strength of HEAs with greater Al 
contents are more significantly affected by the 
increase in strain rate.  Higher strain rates of 108 
1010/s are used in MD simulations to produce a 
prediction within a realistic computed time due 
to the length and time scale limitations [32]. The 
experimentally attainable high strain rate 
(103/s) is now impossible due to this 
development. The yield strength might 
therefore exceed the experimental value as a 
result of this. The HEAs' deformation patterns 
seen in our investigation, however, are 
equivalent to those seen experimentally under 
high strain rates. Al0.6CoCrFeNi HEAs were 
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subjected to dynamic loading studies by Wang 
et al. [33] They discovered that raising the strain 

rate has no discernible effect on the yield 
strength. 

 
Figure 4. Illustrates the stress-strain trends of HEA at variant strain rates at 250K. 

 
3.4 Dislocation Mechanism 

Figure 5 depicts the various dislocations 
seen during compression loading of the HEA at 
several temperatures, including 250K, 850K, 
1250K, and 1870K with a strain rate of 1x1010s-

1, based on the algorithm of dislocation 
extraction (DXA) [25], The segments of a 
dislocation are color-coded according to the 
type of dislocation: a blue line indicates a 
perfect dislocation, a green for a Shockley, a 
yellow for a Hirth, a magenta line a stair-rod 
dislocation, a cyan line a Frank, and a red line a 
different type of dislocation. From Figure 5, at 
250 K, it can be seen that the Shockley and stair 
rod dominate all other forms of dislocation. At 
850 K, Shockley and Hirth can be noticed to 
prevail. At 1250 K, it can observed that small 
percentages of Shockley and stair rods. At 1870 

K, the three dislocations (Shockley, Hirth and 
stair rods) co-exist. As a result of the movement 
of Shockley partial dislocations during the 
beginning phases of deformation, stacking 
faults develop and vanish in a single phase, 
according to experimental reports [34]. So, in 
place of minimal strain hardening, the Shockley 
in the HEA accommodate the strain during the 
deformation and diminish dislocation storage. 
This discovery suggests that When there is a 
significant amount of Shockley dislocations 
present, the ability to boost the HEA strength 
with an elevation in strain hardening is greatly 
impeded[12]. 

Figure 6 illustrates the fluctuation of 
dislocation density (ρd) with strain at  250 K 
and 1870 K. The formula for determining the 
number of dislocations in an alloy is d = DL/V, 
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where DL is the whole length of the dislocation 
line and V is the volume of the simulation cell. 
The fact that d starts out at 5.1x 1017 m2 for the 
250 K scenario and 3.3 x1017 m2 at 1870 K 
suggests that as temperature rises, dislocation 
motion is accelerated, leading to a drop in 
dislocation density as dislocation annihilation 
takes place. As a result, we discover that at 250 
K, plastic deformation eliminates dislocations in 

the HEA, whereas at higher temperatures, strain 
hardening results from a boosting in dislocation 
density caused by the confined motion of the 
dislocations, which results in the formation of 
defects like new vacancies and dislocations. 
Evidently, the dislocation density rises as the 
strain does, demonstrating a direct connection 
between the development of dislocations and 
plastic deformation[14]. 

 

 
Figure 5. Demonstrates the dislocation progression of Al0.3CoCrFeNi  at temperature levels of 250K, 

850K, 1250K, and 1870K. 

 
Figure 6. Dislocation density (ρd) for the Al0.3CoCrFeNi HEA at (250 & 1870K). 

 
3.5 Phase Transformations 

Schematic representation of the 
transition from FCC to HCP is displayed in 

Figure 7. For the deformed alloy at 250 –1870 K, 
CNA provides insights on deformation 
mechanisms including, twin boundaries (TBs), 
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both extrinsic and intrinsic stacking faults (SF), 
as shown in Figure 7. As it can be noted, the 
plastic deformation of the model during the 
plastic stage was primarily controlled by 
slippage, and stacking flaws were essential to 
the process[12]. The behavior of the stress 
fluctuation was discovered as a result of the 
development of stacking fault networks. Figure 
7 depicts the interaction between dislocations 
and stacking faults when compressed. There is 
friction between the neighboring HCP ISFs as 
the model starts to slip for the second or third 
time under compression, and unlike friction in 
metal alone, this friction is quite distinct 
because of the difference in component radii. 
For smooth slippage, the friction between 
defects must be removed. During the sliding 
process, many challenges arise[14], 

Additionally, partial dislocation interactions 
result in other barriers that cause further 
hardness. Two dynamic incomplete dislocation 
components cooperating to create a three-
dimensional body flaw in the stacking-fault 
structure. On the adjacent plane, a second 
Shockley incomplete dislocation creates the 
extrinsic stacking fault (ESF). According to ESF, 
two twin boundaries separate the twinned zone. 
It is noteworthy to note that in the simulation, 
the FCC structure does not automatically change 
into the HCP phase. Due to the typical low 
energy of ISF, an intermediate ISF product is 
required in the transformation. ISF has low 
energy, which contributes to the HCP 
production through ISF. The starting point of 
plastic deformation is no longer phase 
transformation, according to this finding [14].  
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Figure 7. Atomic arrangements and the associated schematics for FCC to HCP phase transformations. 

 
4. Conclusion 

Using classical molecular dynamics 
computations, Al0.3CoCrFeNi high-entropy alloy 
has been studied. The phase transformations 
and dislocation mechanisms have been 
explored under various factors, such as a variety 
of temperatures between 250 K and 1870 K and 
different strain rates ranging from 108 to 1x1010 
s-1 have been taken into account. It was deduced 
that A crucial aspect of the phase 
transformational process is stacking fault. For 
the case of high-entropy alloys, it is feasible to 
create stacking faults because of the presence of 
lattice distortion effect. According to the 
structure of FCC and HCP, phase transition with 
increasing strain from the primary form of FCC 
into BCC, HCP, and amorphous form, 
particularly after the yield strain through the 
introduction of stacking faults principles, which 
are consistent with the experimental 
observations. Furthermore, at low 
temperatures (250K), the Shockley and stair 
rods dominate all other forms of dislocation. At 
medium temperatures (850 K), Shockley and 
Hirth prevail. Moreover, at 1250 K, small 
percentages of Shockley and stair rods can be 
noted. At melting point (1870 K), Shockley, 
Hirth and stair rods dislocations co-exist. 
Stacking faults occur and dissipate in the single 
phase due to the migration of Shockley 
fractional dislocations at the initial phases of 
deformation. When the HEA deforms, the 
Shockley in the structure take up the strain. This 
discovery suggests that when Shockley 
dislocations are heavily present, the ability to 
enhance HEA strength with an upsurge in strain 
hardening is significantly hindered. 
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