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ABSTRACT

In situ neutron diffraction experiments have been performed to investigate the deformation mechanisms on CoCrFeNi high entropy alloys
(HEAs) with various amounts of doped Cu. Lattice strain evolution and diffraction peak analysis were used to derive the stacking fault
probability, stacking fault energy, and dislocation densities. Such diffraction analyses indirectly uncovered that a lower degree of Cu doping
retained the twinning behavior in undoped CoCrFeNi HEAs, while increasing the Cu content increased the Cu clusterings which suppressed
twinning and exhibited prominent dislocation strengthening. These results agree with direct observations by transmission electron
microscopy.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0201647

High entropy alloys (HEAs) which were independently devel-
oped by Yeh and Cantor have uncovered novel deformation mech-
anisms, contrasting typical traditional alloys in the past 20 years.1,2

Previous studies revealed that HEAs possess unique features
such as short-range ordering (SRO),3 large lattice distortion,4

transformation-induced plasticity (TRIP),5 twinning-induced plas-
ticity (TWIP),6 strong and dense nanoprecipitates,7 and composi-
tional waves,8 which led to enhancement of mechanical properties.
Although these interesting mechanisms have previously been
revealed, it needs to be pointed out that they operate in vastly dif-
ferent alloy systems, making it elusive to quantitatively assess and
compare these mechanisms. It is more desirable to have one alloy
system that has the potential to be developed into a wide range of
microstructural features, deformation mechanisms, and desirable
properties so that quantitative comparisons could be done, similar
to existing conventional alloy systems such as nickel-based superal-
loys9 and stainless steels.10

At the early stage of research on HEAs, CoCrFeMnNi was one
of the pioneering alloy systems that was studied for its mechanical
behavior. CoCrFeMnNi revealed interesting mechanical behavior,
especially at cryogenic temperatures, where both ductility and ulti-
mate strength were increased up to 60% elongation to failure and
1000MPa, respectively.11 At cryogenic temperature, twinning is
activated from approximately 8% of true strain, with nanoscale
twin size and micrometer-scale spacing, which act as boundaries
for dislocation motion, providing the dynamic Hall–Petch effect.11

At room temperature, the ultimate strength decreased to 460MPa
with elongation to failure of around 45%.11 At an earlier stage of
deformation, slip occurs on {111} planes by the planar glide of
1=2h110i and then splits into 1/6h112i Shockley partial dislocation.
At further stages of deformation, around 15%–20% of straining,
the partial dislocations are activated on multiple-slip systems,
increasing the dislocation density. Toward the last stage of defor-
mation, twinnings are finally formed.11,12
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Tuning the element and chemical composition of HEAs has been
shown to enhance the mechanical behavior of CrCoNi-based HEAs.8

By comparing CrCoFeNiPd and CrCoFeNiMn to CrCoFeNi, it was
found that Pd addition increased the solid solution strengthening due
to lattice size and shear modulus mismatch between CrCoFeNiPd and
CrCoFeNi. Element clusterings leading to compositional waves were
also reported to increase the obstacle-hardening effect. Incorporating
nanoprecipitates by element tuning has also been reported to increase
the strength of HEAs.7 A small addition of Ti and Cu to
Al0.3CoCrFeNi was reported to form L12 coherent precipitates and
increase the strength to 1100MPa.13 Cu clusters also act as nucleation
sites for L12 precipitates and contribute to the increased strength. The
interaction of dislocation and precipitate was observed to be the bowing
mechanism, leading to enhanced ductility. It was reported that higher
strengthening was observed in the sample with smaller L12 particles. L21
precipitates were also observed to populate the grain boundaries, which
could lead to grain boundary strengthening.13 Even though the effect of
different compositions of alloying elements in high entropy alloys has
been studied, it is rarely done within the same alloy system and to expli-
cate the evolution of microstructure, mechanical properties, and other
properties of interest caused by fine element tuning.14–16

Cu addition to CoCrFeNi-based HEA was reported to improve
wear resistance,17 high-temperature hardness,18 irradiation toler-
ance,19–21 and corrosion resistance,22,23 they have also been studied for
semisolid state processing.24–26 A simulation study revealed that
CoCrCuFeNi has the largest stair-rod and Hirth dislocations density
compared to CoCrFeNi and CoCrFeNiMn, acting as obstacles for dis-
location.27 Cu clusterings were observed in previous studies of
CoCrFeNi-xCu, but their role in mechanical properties has not been

fully investigated.28,29 Despite the aforementioned simulation and
experimental studies, a systematic study of the compositional effect of
Cu doping and the resulting microstructural tunability is still lacking,
especially the roles played by possible nanoclusters, stacking faults,
twinning, and their interactions are not clear.

In this study, we investigate the effect of increasing Cu content to
CoCrFeNi (CoCrFeNi-xCu, x¼ 1, 3, and 5) by utilizing in situ neutron
diffraction experiment. The specimens were prepared using arc melter,
homogenized at 1100 �C for 8h, rolled with 86% reduction, and
annealed at 1050 �C for 30min. Scanning electron microscopy (SEM)
equipped with energy-dispersive spectroscopy (EDS), together with
transmission electron microscopy (TEM), has been used for micro-
structural characterization. TEM studies were conducted to observe
the microstructural change after the tension test. TEM samples were
taken from both the undeformed samples and the gauge region. After
grinding until around 50lm thickness, the samples were electrochemi-
cally polished using twin-jet polishing with 5 vol. % perchloric acid-
95vol. % ethanol solution.

Figures 1(a)–1(c) show SEM images of the as-fabricated
CoCrFeNi-1Cu, CoCrFeNi-3Cu, and CoCrFeNi-5Cu, respectively,
showing all samples having similar grain sizes of around 70lm. EDS
element maps on CoCrFeNi-1Cu and CoCrFeNi-5Cu in Figs. 1(d) and
1(e), respectively. Both CoCrFeNi-1Cu and CoCrFeNi-5Cu show the
clusterings of Cu. However, the Cu cluster size in CoCrFeNi-1Cu is
noticeably smaller compared to those in CoCrFeNi-5Cu. Many studies
of the CoCrCuFeNi alloy system reported Cu clusterings, which some-
times could be identified in the x-ray diffraction pattern, overlapping
with the FCC matrix diffraction pattern.18,22 Consequently, our focus
of this work is placed on the connection between microstructural

FIG. 1. Scanning electron microscope (SEM) images of the (a) CoCrFeNi-1Cu, (b) CoCrFeNi-3Cu, and (c) CoCrFeNi-5Cu microstructures showing similar grain sizes (around
70 lm) and EDS element map images of (d) CoCrFeNi-1Cu showing smaller sized clusterings of Cu and (e) CoCrFeNi-5Cu showing larger sized Cu clusters.
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change (i.e., from homogenous solution without Cu doping to nano-
clusters with 1Cu, 3Cu, and 5Cu) and mechanical properties (i.e., from
twinning/stacking fault behavior in CoCrFeNi to possible nanocluster-
strengthening mechanisms in 1Cu, 3Cu, and 5Cu).

Utilizing in situ neutron diffraction techniques allows for obser-
vation and quantitative investigation of microstructural change during
tensile loading, such as peak intensity, peak width, d-spacing, and indi-
vidual lattice strain, making the observation of interesting mechanical
behavior possible.30 In this work, in situ neutron diffraction studies
were performed in the Spallation Neutron Source (SNS) and Oak
Ridge National Laboratory (ORNL), using the engineering diffractom-
eter in the VULCAN beamline.31 There are two detector banks at
690� to the incident beam for the diffraction data collection, which
corresponds to the neutron diffraction in the loading direction with
the vector of diffraction parallel to the applied load [Bank 1 (Qjj)
Detector] and transverse direction with the vector of diffraction per-
pendicular to the applied load [Bank 2 (Q?) Detector] [Fig. 2(a)]. The
samples were machined as per the requirement of VULCAN room
temperature tension 3-mm dog bone plate sample (gauge size:
15� 2.6� 3mm3). The specimens were loaded in tension until frac-
ture with a strain rate of 2� 10�4 s�1, which is a relatively slow strain
rate to allow a sufficient neutron penetration to the sample.

The obtained diffraction data were chopped into 180-second
intervals. GSAS software was used to conduct the full-pattern
Rietveld refinement to observe the lattice parameter changes and
phase fractions during loading. The data were also analyzed using
single peak fitting by the VDRIVE software to obtain the hkl-spe-
cific behavior of the sample.32 The lattice-specific strain (ehkl) was
obtained by calculating the ratio of the difference of lattice spacing
of the specific orientation (dhkl) to the orientation-specific lattice
spacing prior to loading (d0,hkl), as shown in the following
equation:

ehkl ¼
dhkl � d0;hkl

d0;hkl
: (1)

The stacking fault energy (SFE) is calculated with Reed and
Schramm’s relationship shown in Eq. (2),33,34 where a0 is the lattice

parameter (nm), Psf is the stacking fault probability (SFP), e250
� �

111
is

the mean square strain, and C11, C12, and C44 are the single-crystal
elastic constants (SCECs).35 SFP was evaluated by Eq. (3) from the
peak shift caused by stacking fault, which was caused by the difference

in lattice strains of {111} and {222} grains in FCC, while 1
0:0517 was

derived from reflection quantity of (111) and (222) orientation. Mean

square strain, e250
� �

111
, was calculated using the integral breadth

method with pseudo-Voigt convolution [Eq. (4)],36

SFE ¼ 6:6a0

p
ffiffiffi

3
p 2c44

c11 � c12

� ��0:37 e250
� �

111

Psf

c44 þ c11 � c12

3

� �

; (2)

Psf ¼
1

0:0517
e 222f g � e 111f gð Þ; (3)

e250
� �1=2 ¼ 2p

1=2bG
dhkl

2
: (4)

The dislocation density was obtained from the modified
Williamson–Hall peak broadening analysis [Eq. (5)],37,38 where DK
¼ �K Dd=dð Þ and K ¼ 1=d, with d the d-spacing (nm) and Dd the

peak broadening in the full-width at half maximum (FWHM) (nm).
D is the grain size, A is a constant that depends on the effective outer
cutoff radius of dislocation, b is Burger’s vector of the dislocation

(b ¼
ffiffiffi

2
p

a0=2), q is the dislocation density, and the last term refers to
a noninterpreted higher-order term. C can be calculated using Eq. (6),
which depends on Ch00 and q, where their values are dependent on the
dislocation type, the centering of the crystal, and the ratio of C12=C44,
with Ch00 calculated using ANIZC software.39 Dislocation density can

be obtained by plotting DKð Þ2 vs K2C of the (hkl) reflections, where

the slope of linear regression is equivalent to pA2b2=2
� �

q. The value

of A needs to be determined using an initial value of dislocation den-
sity. In this study, we use the published value of dislocation density of
CoCrFeNi in Ref. 40, 6.3� 1014 m�2, which makes the A value in our

FIG. 2. (a) Schematic drawing of the experimental setup at Vulcan beamline, SNS,
and ORNL. (b) True stress vs true strain overlapping with the work hardening rate
(dr/de) of CoCrFeNi-1Cu, CoCrFeNi-3Cu, and CoCrFeNi-5Cu, showing three differ-
ent regions of deformation behavior.
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case to be 0.429. The initial value of dislocation density was chosen
because of the similar sample initial condition,

DKð Þ2 ¼ 0:9=Dð Þ2 þ pA2b2ð Þq K2Cð Þ þ O K2Cð Þ2; (5)

C ¼ Ch00 1� q
h2k2 þ h2l2 þ k2l2

h2þk2þl2ð Þ2

 !

: (6)

Figure 2(b) shows the true stress–strain curves and the work-
hardening behaviors for CoCrFeNi-1Cu, CoCrFeNi-3Cu, and
CoCrFeNi-5Cu. Due to the diffraction apparatus problem during test-
ing, only half of the CoCrFeNi-5Cu data could be acquired; therefore,
we could not obtain information on CoCrFeNi-5Cu during elastic
deformation. All samples have similar yield strengths, which are 140
and 142MPa for CoCrFeNi-1Cu and CoCrFeNi-3Cu, respectively.
The ultimate tensile strengths for CoCrFeNi-1Cu, CoCrFeNi-3Cu, and
CoCrFeNi-5Cu are 770, 717, and 719MPa, respectively. The elonga-
tions to failure are 40%, 35%, and 34% for CoCrFeNi-1Cu, CoCrFeNi-
3Cu, and CoCrFeNi-5Cu, respectively. The addition of copper is
observed to not change the yield strength and only slightly reduced the
ultimate tensile strength and elongation to failure. However, as will be
shown shortly, the deformation mechanisms are radically different in
these different alloys.

Based on Consid�ere’s necking criterion, when the strain harden-
ing rate is equal to the stress in the uniaxial tensile stress–strain curve
(dr/de¼ r), necking is predicted to occur.41 As can be observed from
Fig. 2(b), the necking occurred approximately at 759MPa and 36.6%
strain in CoCrFeNi-1Cu, 709MPa and 33% strain in CoCrFeNi-3Cu,
and 710MPa and 31% strain in CoCrFeNi-5Cu. For CoCrFeNi-1Cu,
the work hardening rate increased at Stage I and then decreased at
Stage II. The decreasing rate slows down slightly toward the end, which
is, thus, denoted as Stage III after 25% of strain. Meanwhile, the work
hardening rate of CoCrFeNi-3Cu and CoCrFeNi-5Cu increased at
Stage I but continued to decrease from Stage II until failure occurred.
However, even when the addition of copper slightly reduced the elon-
gation to failure and ultimate tensile strength, the mechanical behavior
of CoCrFeNi-3Cu and CoCrFeNi-5Cu could still keep up with
CoCrFeNi-1Cu. It compels us to look closer at the microstructural
behavior of these alloys to explain the differences in deformation
behavior.

Figures 3(a) and 3(b) show the measured diffraction patterns col-
lected during the tensile loading for CoCrFeNi-1Cu and CoCrFeNi-
3Cu. Both samples show only one phase during loading, which is the
face-centered cubic (FCC) phase. Figures 3(c) and 3(d) show the lattice
strain evolution of CoCrFeNi-1Cu and CoCrFeNi-3Cu obtained from
the single peak fitting analysis. Two deformation stages could be
observed from the slope of these lattice strains, which are the elastic
deformation and plastic deformation. Elastic deformation occurs
below the yield point (around 140MPa), where all grain orientation is
shown to have a linear relationship between the applied stress and the
corresponding lattice strain. The plastic deformation behavior occurs
after the yield point, where there are nonlinear relationship between
the applied stress and the corresponding lattice strain.

For cubic materials, the anisotropy of the grain orientation could
be characterized by the cubic elastic anisotropy factor, Ahkl [Eq. (7)],
where h, k, and l are the Miller indices of the grains. The elastic strain
of a specific grain orientation diffracted from the loading direction and
transversal direction can be predicted using Eq. (8). With that, the

modulus of elasticity of a specific grain (Ehkl) could be calculated using
Eq. (9),42

Ahkl ¼
h2k2 þ k2l2 þ h2l2

h2 þ k2 þ l2ð Þ2
; (7)

ehkl;LD

r
¼ S11 � 2 S11 � S12 � 0:5S44½ �Ahkl; (8)

Ehkl ¼
r

ehkl
; (9)

where S11, S12, and S44 are elastic compliance of the material obtained
from the Kroner’s self-consistent model. The calculated values are
summarized in Tables I and II. Figures 3(c) and 3(d) show the {200}
grains have the lowest elastic modulus, with {311} grains shown to be
the second lowest, and then the other grains, {220}, {111}, and {222},
have the higher elastic modulus, which is consistent with the calculated
Ehkl in Table II, cubic structure’s elastic anisotropy factor, and other
reported data.43,44

During the plastic deformation, the applied load is distributed
among the grains where softer grain families such as {220} transfer the
load to the harder grain families, in this case {200} grains. Generally,
both CoCrFeNi-1Cu and CoCrFeNi-3Cu follow this trend. However,
some differences are noticeable. In FCC crystalline materials, the
change in Bragg scattering positions in {111} and {222} could occur if
stacking faults are formed; otherwise, they would have the same
value.45 Figure 3(e) shows the difference of {111} and {222} in loading
direction in CoCrFeNi-1Cu starting from 25% true strain, which we
do not see in CoCrFeNi-3Cu, indicating stacking faults forming in
CoCrFeNi-1Cu but not in CoCrFeNi-3Cu. Figure 3(f) shows the last
stage of the work hardening rate evolution during tensile loading,
showing CoCrFeNi-1Cu having a larger work hardening rate com-
pared to CoCrFeNi-3Cu starting at a true strain of 25%.
Coincidentally, as shown in Fig. 3(g), the stacking fault probability of
CoCrFeNi-1Cu started to increase from around 1� 10�4 to
3.317� 10�3. Meanwhile, the stacking fault probability of CoCrFeNi-
3Cu is negligible since there are barely any differences in {111} and
{222} lattice strains. Stacking fault probability can also be defined as
the stacking fault formation frequency along the {111} plane in the fcc
structure. Stacking fault interspacing is defined as the space between
formed stacking faults, with a larger value indicating fewer stacking
faults were formed. The average value of interspacing between formed
stacking faults (Lsf ) could be estimated using stacking fault probability
and the d-spacing of {111} grain [Eq. (10)],46,47

Lsf ¼
d111

Psf
: (10)

Figure 3(h) shows the evolution of stacking fault interspacing with
increasing strain. During elastic deformation, the Lsf of CoCrFeNi-1Cu
reached 368nm. The stacking fault interspacing continued to decrease
with increasing strain levels where CoCrFeNi-1Cu reached saturation in
Lsf value of around 62nm. Note that reported stronger materials such
as Co-Cr-Mo alloy47 and Fe40Mn20Cr15Co20Si5 (Ref. 46) had around
10nm of Lsf after being heavily deformed. Since the stacking fault prob-
ability of CoCrFeNi-3Cu is negligible, we do not see clear evolution of
stacking fault interspacing. The decrease in interspacing of stacking fault
is correlated with the increased fault density as the material continues to
deform until it breaks. The stacking fault hardening phenomenon has
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FIG. 3. The measured diffraction patterns upon tensile loading, collected at bank 1 (corresponding to loading direction) for (a) CoCrFeNi-1Cu and (b) CoCrFeNi-3Cu. The evolu-
tion of lattice strains in loading (bank 1) and transversal direction (bank 2) of (c) CoCrFeNi-1Cu and (d) CoCrFeNi-3Cu. (e) The lattice strain difference between {111} and {222}
in CoCrFeNi-1Cu and CoCrFeNi-3Cu, indicating stacking fault formation. Higher (f) work hardening rate and (g) stacking fault probability, with lower (h) stacking fault interspac-
ing and (i) stacking fault energy of CoCrFeNi-1Cu starting from 25% of strain as compared to CoCrFeNi-3Cu.
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also been reported where it was experimentally observed that the
increase in stacking fault interspacing corresponded to the delay of
decrease in macroscopic strain hardening during plastic deformation,
and the collapse of fault interspacing enabled strain hardening in
Fe38.5Mn20Cr15Co20Si5Cu1.5.

48

Stacking fault energy is indicative of how easily a perfect disloca-
tion splits into two partial dislocations. The range of SFE values has
been used to indicate the deformation mechanism in various metals
and also in high-entropy alloys. The SFE of less than 20 mJ/m2 is
reported in materials with phase transformation during loading, SFE
between 20 and 45 mJ/m2 typically deform by twinning, while SFE

beyond 45 mJ/m2 deform by slip.10,34,49 The stacking fault energy
(SFE) of CoCrFeNi-1Cu and CoCrFeNi-3Cu is presented in Fig. 3(i).
In CoCrFeNi-3Cu, the lattice strain of {222} grain never surpasses the
lattice strain of {111} grain, until a few data points near the end of ten-
sile loading, which explains why there is only one visible SFE in
Fig. 3(i). In CoCrFeNi-1Cu, the SFE value is around 50 mJ/m2 at
around 25% of true strain and then gradually decreases to the value of
30–10 mJ/m2 until the sample breaks. The average SFE of CoCrFeNi-
1Cu is around 37 mJ/m2. The evolution of SFE with increasing strain
levels could be correlated with the changes in the deformation sub-
structure.34 TEM study on CoCrFeNi fabricated with high-pressure
torsion reported the change of microstructure with the observation of
nanoband, twinning, nanoband interactions, and nanoband-twin
interactions with the increasing deformation level.50 Hence, the in situ
neutron diffraction patterns during deformation which captured the
microstructural changes during deformation could provide us with
parameters related to faulting, such as SFP, Lsf , and SFE, and their
changes at each level of strain. Therefore, in the case of CoCrFeNi-
1Cu, the increase in the work hardening rate at stage III, as seen in
Fig. 2(b), is caused by the formation of twins, causing the dynamic
Hall–Petch effect, consistent with the TEM evidence in Fig. 4(b) and
literature.11

The dislocation density of CoCrFeNi-1Cu and CoCrFeNi-3Cu in
common edge (h111i{110} type) and screw (h111i type) dislocation
system at a true strain of 1%, 5%, 12%, 15%, 20%, 25%, 30%, and 35%
is presented in Fig. 4(a) and summarized in Table III. The value of dis-
location density of CoCrFeNi-3Cu shows minor differences as com-
pared to CoCrFeNi-1Cu. There are also minor differences between
edge and screw dislocations in both CoCrFeNi-1Cu and CoCrFeNi-
3Cu. Figure 4(c) shows the microstructure image using TEM on
CoCrFeNi-5Cu after the tensile test. The TEM image of highly

TABLE I. Calculated elastic constants.

S11 S12 S44 C11 C12 C44

10�2 GPa�1 GPa

CoCrFeNi-1Cu 0.716 �0.267 1.197 250.61 148.88 83.54

CoCrFeNi-3Cu 0.965 �0.401 1.094 253.42 180.18 91.40

TABLE II. Calculated elastic moduli with respect to specific grain orientations.

Grain orientation 111 200 220 311 222

Ahkl 0.33 0 0.25 0.16 0.33

Calculated Ehkl along the loading
direction (LD) (GPa)

CoCrFeNi-1Cu 217.50 139.64 190.89 167.96 217.50

CoCrFeNi-3Cu 238.67 103.66 180.05 141.32 238.67

FIG. 4. (a) Dislocation density of CoCrFeNi-
1Cu and CoCrFeNi-3Cu, with TEM images
of (b) CoCrFeNi-1Cu showing twinnings and
(c) CoCrFeNi-5Cu showing dislocation for-
ests. Both images were taken near the end
of the stress–strain curves in Fig. 2.
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deformed CoCrFeNi-5Cu shows many dislocations were formed after
tensile loading, where the density of dislocation agrees with the calcu-
lated dislocation density listed in Table III. This goes to show that
although CoCrFeNi-3Cu did not form twinnings, it formed enough
dislocations, resulting in comparable strength compared to CoCrFeNi-
1Cu. The addition of Cu in CoCrFeNi was reported to form a Cu-rich
fcc phase, suggesting the low solubility of Cu in CoCrFeNi.51 The in
situ neutron diffraction analyses and TEM observations suggest that
adding more Cu alters the stacking fault formation behavior, which, in
turn, alters the deformation mechanism of this alloy system, where
twins formation is not necessary to achieve comparable strength.
Suppression of twinning has been reported previously in various sys-
tems where it is most likely due to the lower energy of deforming in
another way, hence twinning not being formed.52,53

This study has provided a quantitative assessment of many defor-
mation mechanisms in just one HEA system. The noticeable change of
microstructure seen from the EDS map and the subsequent deforma-
tion mechanism seen from in situ tensile measurement by tuning the
elemental composition have been revealed. The deformation mecha-
nism of the sample that is observed in this study is similar to other
HEAs with the same microstructural features. For example, the
CoCrFeNi-1Cu with relatively smaller Cu clusters behaves similarly to
CoCrFeMnNi at room temperature where we would see twinning for-
mation at the last stage of deformation.11 On the other hand, with the
existence of relatively larger Cu clusters on CoCrFeNi-3Cu and
CoCrFeNi-5Cu, the sample deforms by forming many dislocations,
similar to nanoprecipitate-strengthened HEAs.49,54

To summarize, one alloy system was studied where little compo-
sitional change led to a plethora of microstructural and mechanistic
change, while the macroscopic stress–strain behavior was not changed
drastically, observed by both direct and indirect methods which
yielded consistent results. In situ diffraction and postmortem charac-
terizations were performed on CoCrFeNi-1Cu, CoCrFeNi-3Cu, and
CoCrFeNi-5Cu. The ultimate tensile strength, elongation to failure,
and stress at necking slightly decreased with increasing Cu content,
while yield strength was maintained. Lattice strain evolution shows
similar features where softer grain families {220} transfer the load to
harder grain families {200}. Stacking fault formation was observed
from the difference of lattice strains between {111} and {222} grains in

CoCrFeNi-1Cu at the later stage of deformation. Stacking fault energy
calculation on CoCrFeNi-1Cu suggests that twinnings are formed at
the later stage of deformation, which was confirmed by the TEM image
of post tensile loading sample. Although the lattice strain evolution of
CoCrFeNi-3Cu and CoCrFeNi-5Cu did not suggest stacking fault for-
mation, the TEM study shows many dislocations were formed, which
causes these alloys to retain their strength and ductility, indicating that
twinning alone might not necessarily lead to a high strength.
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