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Ultra-precision machining and forming of metallic materials is of great significance in the fields of cat-
alysts, sensors, and biomedical devices. In present work, the multi-scale cold embossing of CoCrFeN-
iMn high entropy alloy (HEA) with structures ranging from macro-scale to nano-scale was investigated
at room temperature. In less 7 s, the macro patterns, the shapes of Arabic numerals, 5 um wide grat-
ings, 30 um diameter hemispherical arrays, and ~270 nm nanowires were formed rapidly. The highest
replication of the HEA cold embossing was up to 98%. A series of slip bands were detected in the cold
embossed HEA structures, which can accommodate more dislocations and facilitate the plastic deforma-
tion process. Moreover, dislocation pile-up and large angular rotation within grains are observed in the
deformation areas, which is favorable to contain dislocation cells, leading to grain refinement and an in-
crease in hardness. In addition, the multi-scale HEA can be used as a high-temperature resistant mold for
forming thermoplastic materials such as plastics and metallic glasses at temperatures up to 900 °C. Our
researches provide candidate materials and novel methods for the facile preparation and various applica-
tions of hyperfine structures.
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1. Introduction

Precision and ultra-precision machining is the basis and key of
advanced manufacturing technology. Precision machining technol-
ogy has greatly improved the level of the machinery manufactur-
ing industry, strongly supports the development of other indus-
tries with remarkable achievements in the automobile manufactur-
ing industry and microelectronics industry. For example, the de-
sign and manufacture of integrated circuits which belong to the
high-tech field cannot be achieved without the precision progres-
sive molds of lead frames and the precision plastic films of inte-
grated circuits [1]. The manufacture of calculator shells, plugins,
and many components must also use precision plastic molds and
stamping molds [2]. The development of digital electronic prod-
ucts, including communication products, cannot be separated from
precision molds. Mold industry is an important field of high-tech
industrialization. The progress of mold manufacturing technology
and industrial technology is inseparable from the high-tech in-
dustry. However, the existing preparation technology of micro and
nano-scale structures has disadvantages of high cost and complex
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preparation technology. Therefore, it is of great significance to de-
velop new materials and methods to make molds and functional
devices.

High Entropy Alloys (HEAs), a class of multi-component alloys
with equimolar ratio, were independently proposed in 2004 [3, 4].
The four core effects, including the high entropy effect, the lattice
distortion effect, the slow diffusion effect and the cocktail effect,
exclusive belong to HEAs [5, 6]. The solid solution strengthening
mechanism of HEAs is very significant. When the crystal struc-
ture of the multi-component HEAs is a solid solution, because of
the variety of elements, the differences between the atomic radius
of each principal element, the randomness of the occupied lattice
the HEAs has an obvious solid solution strengthening effect. HEAs
have obvious solid solution strengthening effects due to the diver-
sity of elements, the difference of atomic radii of each main ele-
ment, and the randomness of the occupied lattice. Because of the
unique strengthening mechanism and structures of HEAs, it has
high strength and hardness [4], excellent corrosion resistance [7,
8], good thermal stability [9, 10], high fatigue resistance [6, 11],
excellent wear resistance [12, 13], good chemical catalytic perfor-
mance [14], good radiation resistance [15, 16] and so on. Some
kinds of HEAs exhibit good plasticity [17], which makes them pos-
sible to fabricate the hyperfine microstructures at even room tem-
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perature. Not only that, different from other precious metals, the
material mentioned in this paper is a kind of potential material
and easy to industrial. Compared with 3D printing and other meth-
ods of manufacturing mold, this kind of material with this method
is easier to be made into many different complex structures in less
time. In addition, the multi-scale structures have great effects on
the catalytic degradation process. By controlling the morphology
of materials, highly active materials can be designed and devel-
oped to achieve photocatalytic degradation, microstructure control
and other functions [18].

The CoCrFeNiMn HEA is a kind of very scientific and interest-
ing material. Five of its elements crystallize in different forms, but
it shows a single-phase plane-centered cubic structure [19]. This
is the reason for the high ductility and excellent low-temperature
properties of this material [20]. Moreover, due to the size effect
in the processing of many materials, the properties of materials
change greatly. Therefore, multi-scale molding plays an important
role in the development of science. Nowadays, there are few stud-
ies on the multi-scale molding of HEA, especially at the micro and
nano-scale at room temperature. In this paper, the multi-scale cold
embossing of HEA, including macro-scale, micro-scale and nano-
scale molding of the material, is investigated. And the mecha-
nism that induces room temperature plastic forming ability was
explored. Finally, the material properties after molding were stud-
ied and the potential applications were proposed. This is an impor-
tant ground-breaking and significant in key fields such as multi-
scale manufacturing and micro tools.

2. Materials and methods
2.1. Materials

The equiatomic CoCrFeNiMn HEA was produced from elements
with a purity of 99% (at.%) by vacuum-induction melting. The in-
gots were cut into 10 mm in length, 10 mm in width, and 1 mm in
height by wire electrical discharge machining-low speed (WEDM-
LS). The 5 mm diameter samples were also prepared in the same
way, with heights of 1 mm and 2 mm, respectively. Then, the sam-
ple surfaces were polished by a polishing machine with 800, 1200,
1500 meshes sandpaper and velvet polishing cloth.

2.2. Cold embossing experiment of HEA

The multi-scale structures were prepared by a self-made press-
ing machine at room temperature. The macrostructures were fabri-
cated using a stainless-steel mold at a pressure load of 30 kN and a
speed of 0.07 mm/s, 0.1 mm/s and 1 mm/s, respectively. The glass
grating with a slot width of 30 um and a nickel template with
an array of various shapes were used as a mold for fabricating the
microstructures, and the porous Anodized Aluminum Oxide (AAO)
templates with diameters of 200 nm and 300 nm were used as
molds for nanostructures. All of the above actions are pressed to
the set value and held for a period time of 5 s.

2.3. Characterization

The HEA microstructure nature was ascertained by Xx-ray
diffraction (XRD, Rigaku-miniflex 600, Japan) test in a 20 range of
20° to 100° at a scan rate of 5° per minute and a scan-interval of
0.02° with the Cu Ko radiation with a wavelength of 0.154 nm.

The molding structures were observed by a scanning electron
microscope (SEM; Hitachi-SU70, Japan) with low magnification. By
comparing the molded samples and molds under SEM, the molding
quality can be observed. The two comparison samples before and
after the shape were cut into small pieces.
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Transmission electron microscopy (TEM, Fei Titan Themis) with
energy dispersive spectroscopy (EDS) was used for microstructure
and phase analysis. The HEA samples were prepared by SEM/FIB
double beam system (FEI SCIOS). The crystalline atom arrange-
ment, interface microstructure and surface element distribution
were obtained by the High-Angle Annular Dark Field (HAADF) and
selected area electron diffraction images taken by HEA with double
spherical aberration correctors (Cs-STEM).

The microstructure evolutions in the deformation area of the
samples were characterized by electron backscattered diffraction
(EBSD) equipped with an HKL-EBSD system, using the TESCAN
MAIA3 scanning electron microscope. The sample was prepared by
6.5 kV ion beam polishing for 1 h. The step size of electron beam
diffraction character shaping at 20 kV was 0.5 ~ 2 m, and the ob-
tained data were analyzed by using Oxford HKL Channel 5 software
(Oxford Instruments). The local directional errors of the deforma-
tion zone were determined based on the kernel mean directional
error (KAM).

The compression was conducted on the mechanical testing ma-
chine (Zwick Roell Z050 TEW). The characteristics of plasticity
were measured by a universal tensile testing machine with 30 kN
and 0.07 mm /s.

An automatic Vickers hardness tester is held for 10 s at the load
of 500 gf (4.90 N) to measure the surface hardness of the cross-
section. The samples before and after cold embossing were tested
three times with fifteen indents each. For the original sample, the
average interval of each indent is 200 um. At the same time, the
indents selected for the cold-embossed sample were taken from
three different characters in the text area of the macro-scale sam-
ples, with 5 points for each character and an average interval of
200 um for each indent. Then, the data from each section were
averaged.

2.4. Heat treatment

The HEA sample after cold embossing at room temperature was
placed in a self-made hot-embossing device and heated to 500
°C at a rate of 10 °C per minute in a high vacuum environment.
Then, the quenching process was realized through the quick cool-
ing device in the self-made hot embossing device. After cooling
for 10 min in a low vacuum environment, the sample was taken
and placed at room temperature for further cooling. Also, The HEA
sample was placed in the device and heated to 800 °C at a rate of
10 °C per minute. It is then cooled to 650 °C with the furnace. Sub-
sequently, the quenching process was realized too. After cooling for
20 min in a low vacuum environment, the sample was taken and
placed at room temperature for further cooling.

2.5. Hot embossing experiment of thermoplastic materials

The multiscale structure was prepared by using HEA samples
as molds under a self-made hot embossing device. First, the tem-
perature was heated to the Ty of PMMA, and then apply pressure
of 1 kN at the feed rate of 0.1 mmy/s. When the deformation of
0.1 mm occurs, the pressure is stopped and the sample is taken out
after cooling. In the same way, the LassAly5NisCuigCos MG sam-
ples can replicate structures of HEA molds.

3. Results and discussion
3.1. Cold embossing and replicate of HEA structures

It is found that the CoCrFeNiMn HEA has a good plastic forming
ability and can be molded into various patterns at room tempera-

ture. Fig. 1a shows a schematic diagram of cold embossing at room
temperature. The complete cold embossing process is very simple,
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At room temperature

Fig. 1. Schematic diagram and the macro-scale structure of cold embossing. (a) Schematic diagram of cold embossing, (b) the macroscopic structure of cold embossing, (c)
comparison diagram of macroscopic embossing structure and mold graphic, (d-f) Mold of macro-scale structure, and materials are tungsten steel YG8 and SKD61, (g-i) HEA

samples are copied with the mold of (d-f) using the cold embossing.

that is, the mold, the sample and the indenter are placed in the
limiting mold one by one, and the pressure is applied vertically
downward to the top of the indenter. Finally, the sample is sepa-
rated from the mold easily, and the desired product with the mold
structure is obtained. Therefore, macro-scale patterns are produced
by this simple cold embossing method. It should be noted that the

cold embossing process was finished in less than 7 s at room tem-
perature. The patterns of the specific logo in Fig. 1b and c are the
results of cold embossing with stainless steel mold, illustrating the
integrity of the replicated pattern. If the difference in the depth of
the sample impression is to be obtained, it can be achieved by ad-
justing the pressure and feed rate. When compared with the photo
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which represents enlarged the pattern on the mold in Fig. 1c, one
can find that there is an accurate replication between the mold
and the replica. In addition, other macro-scale structures can also
be easily prepared using the molds (Fig. 1d, e and f), as shown
in Fig. 1g, h and i. In a sense, due to the formability of the ma-
terial and process, it provides a superior candidate material for
the molding process. This not only provides a way to manufacture
crafts, but also can be used as a mold for some special functions
and complex structures.

Furthermore, the micro-scale and nano-scale forming abilities
were also investigated at room temperature. Fig. 2a shows the
schematic diagram of the micro-scale cold embossing process at
room temperature. The HEA is stacked on top of the mold, ver-
tical downward pressure is applied on top, then the HEA is de-
molded, resulting in a sample that precisely replicates the micro-
scale structures on the mold. A Nickel template with micro-scale
digital shapes (Fig. 2b) and hemispherical arrays (Fig. 2c) were
used as molds to form HEA. In addition, a glass grating template
with grooves width of 5 um was used to prepare micro-scale
structures (Fig. 2d). Fig. 2e, f, and g are the micro-scale structures
on HEA after cold embossing, which can be clearly compared with
the structures on the mold in Fig. 2b, ¢, and d, respectively. Then,
by comparing Fig. 2b and e, it can be seen that the sample accu-
rately duplicates the shape of the Arabic numerals on the original
mold, and the partially enlarged image shows the numerical de-
tails on the mold precisely. As can be seen from Fig. 2c and f, the
hemispherical arrays on the mold are well duplicated by the sam-
ple. By measuring the upper circle diameter of the hemispherical
arrays of mold and the bottom circle diameter of the HEA, they
were 30 um and 31 pm, respectively. That is to say, the replica-
tion accuracy reaches as high as 97%. In addition, the grooves in
the grating in Fig. 2d and g have widths of 5 um and 5.1 um, re-
spectively, with a replication accuracy of 98%.

Next, the nano-scale formation of HEA at room tempera-
ture was further investigated. Fig. 2h schematically shows the
schematic diagram of nano-scale cold embossing at room temper-
ature. The AAO templates with nanopores were used as molds in
this stage. To exclude the influence of the template and reveal the
true morphology of the HEA, the samples were removed by immer-
sion in 10% NaOH solution heated at 80 °C for 30 min. The nano-
scale structures of HEA were observed by SEM and the results are
shown in Fig. 2i, j, and k, respectively. The SEM images show that
large-area of nanowires are prepared, and the aspect ratio of some
nanowires reaches 5:1, which proves that HEA also showed good
nano-scale forming ability at even room temperature. From this,
we can conclude that by cold embossing HEAs at macroscale, mi-
croscale and nanoscale, it can be found that they can accurately
replicate the shape, size and roughness of the mold at different
scales. The excellent room-temperature plastic forming capability
of this material offers new options for functional forming, which is
important for the fabrication of multi-scale molds.

3.2. Characterization and cold forming mechanism

In order to unveil the deformation mechanism, we deeply ob-
served the structures of the deformation area. First, the surface of
the array shape formed at the micro-scale due to cold plastic de-
formation under SEM can be observed, as shown in Fig. 3a. Then,
a region in Fig. 3a was enlarged, in which a large number of wrin-
kles are found on the HEA sample surface, as shown in Fig. 3b.
Subsequently, the phenomenon (Fig. 3c) observed under TEM fur-
ther confirms the existence and distribution of dense dislocations.
In addition, Fig. 3d shows a high-resolution TEM (HRTEM) image of
a lamellar area near the dislocations. And one-dimensional inverse-
FFT images in Fig. 3e and f reveal the different sets of planes. A
large number of dislocations are observed and marked by the sym-
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bol L. It's worth noting that there are more dislocations in Fig. 3e
than these in Fig. 3f, indicating that the preferred orientation of
the grains in the crystal was formed during the cold plastic de-
formation. This can also be seen in XRD patterns before and af-
ter deformation (see Fig. S1 in the supplementary materials). These
dislocations may be caused by the uneven distribution of impurity
atoms in the solidification process and the local stress concentra-
tion when the crystal is subjected to a force. Then, EDS was used
to map elemental distribution near the dislocations. From the EDS
image (Fig. 3g), it proves that there are no appreciable composi-
tional variations in the dislocation area. And the element distri-
bution line chart in Fig. S2 (supplementary materials) shows that
the chemical composition of the five constituent elements remains
nearly equiatomic.

Obviously, the HEA has good plasticity at room temperature
(see Fig. S3 in the supplementary materials), so it can be molded
into a variety of patterns with different length scales. In crys-
talline metals, different plastic deformation mechanisms, such
as dislocation-mediated plasticity [21, 22], twinning [23], grain
boundary slip, or rotation [24, 25], will occur due to different grain
sizes. In our experimental materials, the size of molds used at
different scales far exceeds the grain size, so the slip and rota-
tion of grain boundary are not the main reasons for the domi-
nant plastic deformation [26, 27]. For coarse-grained FCC metals,
the deformation mechanism at low temperatures is usually domi-
nated by dislocation [22]. Through a series of analyses, the form-
ing mechanism at room temperature plastic deformation of high
entropy alloy is temporarily locked as dislocation-induced plastic
deformation.

In order to further confirm the mechanism of the dislocation-
induced plastic deformation, the evolution of the microstructure
was further observed. From a crystallographic perspective, two
EBSD maps in Fig. 3h and i show the comparison before and after
the cold plastic deformation. Different colors on the Figures show
different preferred orientations, indicating that the preferred orien-
tations of each grain are produced under cold plastic deformation.
Not only that, it can be clearly seen that in Fig. 3h, three posi-
tions are arbitrarily taken in a grain along the direction of arrow A,
and the rotation angles of coordinate axes are basically the same.
However, it can be seen from Fig. 3i that when three positions are
taken along the direction of arrow B, it can be found that the third
coordinate axis of the second position rotates by about 80° com-
pared with the other two positions. In these two Figures, it can be
found that the grain orientation has been changed in a grain due
to cold plastic deformation. That means the entire process of cold
embossing at room temperature generates the dislocations caus-
ing a small amount of deflection of the lattice and the formation
of small-angle grain boundaries. The dislocation source on the slip
surface opens up and the dislocation moves along the slip surface
as plastic deformation occurs in the grains with favorable disloca-
tion orientation. However, dislocations cannot cross grain bound-
aries to develop into adjacent grains, so dislocations are blocked at
grain boundaries to form dislocation pile-ups. After the superposi-
tion of the dislocation pile-ups and the applied load, the tangential
stress in the adjacent grains on some slip surfaces reaches a crit-
ical value, the slip system opens and the plastic deformation con-
tinues. According to the sharp contrast between before and after
the cold plastic deformation shown in Fig. S4 (supplementary ma-
terials), it can be seen an increase of Schmid factor, which means
that the slip system is easier to open and the plastic deformation
is more likely to occur. At the same time, a large number of small-
angle grain boundaries were found in Fig. S5 (supplementary ma-
terials), which confirmed the existence of a large number of slip
bands and dislocation pile-ups. In addition, no serrated-flow phe-
nomenon was found in CoCrFeNiMn HEA during the deformation
at room temperature, which may be due to the low diffusion ve-
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Fig. 2. Micro-scale and nanoscale structures of cold embossing. (a) Micro-scale schematic diagram of cold embossing, (b-d) The SEM images of micro-scale structures on
mold, (e-g) The SEM images of micro-scale structures on HEA, (h) Nano-scale schematic diagram of cold embossing, (i-k) The SEM images of nano-scale structures on HEA.

locity of solute atoms that cannot lock the dislocation movement
[28].

It can be inferred that the HEA has a very low stacking fault
energy, which is conducive to the accumulation of defects in the
deformation process, because the low stacking fault can lead to
dislocation dissociation, and the spacing between dislocations is
large. This allows more defects to be accommodated in the large
spacing of dislocations, allowing deformation to continue. When a

large number of such defects accumulate to a certain extent, This
in turn severely inhibits cross slip of helical dislocations [29]. At
the same time, elongated grain boundaries accumulate, and as the
deformation continues, the grains are elongated, resulting in fur-
ther width reduction and eventually grain boundary collapse [28].
This will result in the generation of new grain boundaries (see Fig.
6 in supplementary materials), which will then lead to grain re-
finement and accommodates the dislocation pile-ups.
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Fig. 3. Evolution and characterization of microstructures. (a-b) SEM images of Sliding bands in microstructure, (c) TEM image of the dislocation distribution d, HRTEM image
of a typical area, (e-f) One-dimensional Fourier-filtered image of the squared area in (d), (g) Element distribution of the composite at the interface, (h-i) the EBSD images of

grain orientation spread and internal crystal rotation before and after deformation.

3.3. Highlight advantages and potential applications

As a metal alloy, CoCrFeNiMn HEA has better room tempera-
ture plastic forming ability compared with other materials. In this
work, the process of cold embossing often takes only a few sec-
onds. That means the formation of HEA can be conducted at room
temperature with high production efficiency. In addition, alloys can
be used in certain applications because they have some proper-
ties that are better than pure metallic elements. After the plastic
deformation of the material of cold embossing, the work harden-
ing phenomenon can be easily detected. According to the results
of the microhardness tester, the Vickers hardness of the material
after the deformation is increased by 25% (see Fig. S7 in supple-
mentary materials). For as-cast HEA, pressure machining can im-
prove casting defects such as shrinkage, porosity and internal mi-
crostructure. In the plastically deformed alloy, a large number of

dislocations will occur inside the grain, which further strengthens
the solution strengthening effect [30, 31]. Trough the cold emboss-
ing method, the CoCrFeNiMn HEA achieves surface modification,
resulting in the improvement of mechanical properties.

Fig. 4 shows the comparison of CoCrFeNiMn HEA with dif-
ferent materials including pure metal, traditional alloys, metallic
glasses (MGs), ceramics and polymers (see Table S1 in supplemen-
tary materials). Different from the traditional alloys, the formation
of CoCrFeNiMn HEA is at room temperature, which can prevent
some new secondary phases precipitates after hot deformation, in-
dicating that the CoCrFeNiMn HEA has excellent room tempera-
ture properties. Moreover, in order to prepare the micro-scale even
nano-scale structures, traditional alloys require high temperatures,
because the phase transformation time is optimal for embossing
[32]. Due to the limitation of the inherent characteristic of metal,
for instance, the size of grains, the size of micro-scale deformation
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Fig. 4. Three-dimensional scatter image for CoCrFeNiMn HEA in relation to a wide range of material systems.

is limited [33, 34]. With hot embossing process, although some
micro-scale structures can be achieved with glasses, the demold-
ing process is more difficult because of the vicinity [35]. And the
low mobility of ceramics leads the incomplete filling [36]. How-
ever, the unique characteristics of CoCrFeNiMn make the defor-
mation at room temperature easier, and the limiting size is small
(~270 nm). It is known that polymer is a kind of ideal material to
prepare the micro-scale and nano-scale structures. But compared
with the mold made by CoCrFeNiMn HEA, it does not have excel-
lent mechanical properties, high using temperature and long ser-
vice life. MG has excellent thermoplasticity enabling the molding
of ultrafine structures at certain temperatures [37-39], and also
possesses excellent mechanical and catalytic properties [40, 41].
But they are easy to get crystallized at temperatures above the
crystallization point, resulting in the limitation of using temper-
ature. Therefore, the CoCrFeNiMn HEA owns the high-temperature
performance, simple manufacturing process and good mechanical
properties.

So as to explore the application of this material, the samples
prepared in the previous experiments were used as molds. The
ideal samples that were used for hot embossing included MG and
polymethyl methacrylate (PMMA) [42-45], because of their ther-
moplastic forming performance. As seen in Fig. 5a, it shows the
schematic diagram of hot embossing. The samples prepared by
cold embossing in the previous experiment were stacked with
the thermoplastic material. The temperature is raised to the glass
transition temperature (Tg) of the thermoplastic material and a
small amount of pressure is applied. After cooling and demolding,
the duplicated samples with structures of CoCrFeNiMn HEA can
be prepared. Then, the comparison of the HEA mold, MG sample
and PMMA sample can infer the feasibility of CoCrFeNiMn HEA as
molds (Fig. 5b-g). It is proved that the HEA is an ideal material to
make macro-scale, micro-scale and nano-scale structures, resulting
in that it exists many potential applications, such as mold indus-
try. Not only that, the high-temperature properties of HEA are also
excellent. The comparisons of the untreated HEA sample and the
sample after heat treatment in 500 °C and 900 °C are depicted
in Fig 5h, i and j, respectively. It is obvious that the sample after

heat treatment still keeps the complete structures, and the shapes
and surface quality almost remain unchanged, indicating that the
CoCrFeNiMn HEA has excellent thermal stability. This demonstrates
the feasibility of HEA as a mold even a high-temperature mold. In
addition, HEAs has good fatigue resistance because of its unique
structure and size effects, which can be useful in applications that
require cyclic loading, such as aerospace industry [46]. The high ir-
radiation resistance and corrosion resistance of HEAs are benefit to
the applications in the nuclear industry, such as potential candi-
dates for nuclear fuel and high-pressure vessel cladding materials
[6]. To sum up, the CoCrFeNiMn HEA is a potential structural and
functional material with wide application prospect.

4. Conclusion

We proposed a facile cold embossing method for CoCrFeNiMn
HEA to fabricate multi-scale structures at room temperature. The
macroscopic patterns, 5 um wide gratings, 30 um diameter hemi-
spherical arrays and nanowires of CoCrFeNiMn HEA have been
formed by cold embossing within 7 s. The room temperature su-
perplastic forming mechanism can be proved by the TEM and EBSD
characterizations. At room temperature, a series of slip bands and
grain internal rotation in the HEA deformation areas can accom-
modate high-density dislocations and facilitate grain refinement,
which enhances the plasticity of deformation during the rapid em-
bossing process. The analysis shows that the HEA has excellent
plastic forming ability and forming quality at room temperature.
Our work not only studies the multi-scale molding of HEA from
macro-scale to nano-scale but also explores the application of the
embossed HEA as high-temperature-durability molds for the struc-
tural forming of thermoplastic materials. Our researches open a
new way for the precision forming and applications of high en-
tropy alloys.

Supplementary materials

The XRD curve of the untreated sample and the embossing
sample; The element distribution line chart of cold embossing
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Fig. 5. Functional applications of CoCrFeNiMn HEA. (a) The schematic diagram of hot embossing, (b) the image of HEA mold with the positive logo pattern, (c-d) The PMMA
and MG replica of (b) with the inverted logo pattern, (e) The SEM image of micro-scale structures of HEA mold with concave hemispherical array, (f-g) The SEM images of
the PMMA and MG replica of (e) with a convex hemispherical array, (h-j) The SEM images of micro-scale structures of HEA before and after heat treatment.

sample; The stress-strain curve of CoCrFeNiMn HEA; Change of
Schmid Factor during the plastic deformation; The difference of lo-
cal misorientation before and after deformation; The EBSD images
of Grain Orientation Spread before and after deformation; The dif-
ference of microhardness before and after deformation; and Com-
parison of using temperature, embossing temperature and limited
size of CoCrFeNiMn HEA and a wide range of material systems.
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