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Abstract: Wear and corrosion resistant properties of high entropy alloy coatings (HEAC) on H13 steel
are of particular interest for industrial applications. The CoCrFeNi HEA/WC composite coatings
(HEACC) developed in this study were successfully prepared by incorporating 10–40 wt.% WC into
a matrix of CoCrFeNi HEA using laser cladding on an H13 steel substrate. Phase transformation,
microstructure evolution, microhardness, wear and corrosion resistance of CoCrFeNi HEACC were
investigated. According to the results, all CoCrFeNi HEACC exhibited higher wear and corrosion
resistance than the H13 steel substrate. Wear resistance of CoCrFeNi HEACC first increases and then
decreases with an increase in the concentration of WC particles, and the lowest coefficient of friction
and the shallowest depth of wear groove were observed after adding 30 wt.%. Grain refinement
strengthening and second-phase particle strengthening may contribute to enhanced hardness and
wear resistance of coatings with WC additions. In addition, all the CoCrFeNi HEACC exhibited
improved corrosion resistance. In particular, an addition of 10 wt.% WC helped to significantly
improve the corrosion resistance and ease of passivation of CoCrFeNi HEACC.

Keywords: CoCrFeNi high entropy alloy; laser cladding; composite coatings; wear resistance;
corrosion resistance

1. Introduction

Due to its convenient design of alloying elements, H13 steel is well-established in
various parts of the world for use as a hot-work steel that offers high hot strength, plasticity,
toughness, and oxidation resistance [1,2]. Nevertheless, the inadequate wear and corrosion
resistance of conventional H13 steel reduces the service life of tools after hot working. A
surface modification of these components is highly desirable in order to extend their service
life as well as prevent premature failure under extreme working conditions [3]. Among the
various techniques of surface modification, laser cladding of H13 tool steel with different
kinds of materials has recently attracted considerable interest [4–6]. By redesigning the co-
axial powder feeding nozzle, the laser cladding technique exhibits more efficient coupling
between the laser beam and the powder flow than the traditional laser cladding technique.
As a result, the powder particles can be heated to melt before they are poured into the
molten pool. Using a limited energy transmission, a micro-molten pool could be formed
on the substrate, resulting in coatings with low dilution ratios and excellent metallurgical
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bonding, as well as excellent combinations of physical and chemical properties in coatings
prepared by the laser cladding technique [7,8].

High entropy alloy (HEA) is gaining significant attention in the engineering coatings
industry because of its outstanding strength and hardness, wear and corrosion resistance,
and resistance to high temperature softening [9,10]. In recent years, laser cladding has
been used to coat steel surfaces with HEA to improve wear resistance and corrosion
resistance [11–15]. Different elements perform different functions in HEA [16]. BCC solid
solutions are prone to forming when Al, Ti, and Mo are present in HEA. In contrast, FCC
solid solutions can be formed by Cu, Co, and Ni in HEA [17–25]. The addition of Co,
however, enhances the HEA’s plasticity and wear resistance. Ni helps alloys to improve
the corrosion resistance and high temperature oxidation resistance of HEA. Recently, much
research had been carried out on various CrCoFeNi HEA [19–21,25–32]. Most of these
CrCoFeNi HEA were designed through the addition of Mn, Cu, Ti and B elements to en-
hance hardness, high-temperature oxidation resistance and corrosion resistance. However,
the improvement in wear and corrosion resistance achieved through alloying elements is
insufficient to enable the wide spread application of CoCrFeNi HEA. The development
of a simple and effective method that can significantly improve the wear and corrosion
resistance of the CoCrFeNi HEA is therefore necessary.

High entropy alloy coatings (HEAC) prepared by laser cladding have been improved
in terms of wear and corrosion resistance by using solid-solution strengthening, fine grain
strengthening, and dispersion strengthening. As a promising solid-solution strengthening
second phase in HEAC, WC has been considered an ideal choice due to its high melting
point (2870 ◦C), high microhardness (24 GPa), low expansion coefficient (6.9 × 10−6/K),
and slow corrosion rate [33]. As a bonding phase in composite coatings, HEA has proper-
ties such as inhibiting the growth of ceramic grains, improving corrosion resistance and
oxidation resistance, or jointly improving strength, hardness and toughness. As a result,
an HEA/WC composite exhibits superior mechanical properties, corrosion resistance and
wear resistance compared to traditional materials [27,28,31,32]. Wei L et al. [34] prepared
a CrMnFeCoNi/WC composite using laser cladding. In the presence of Cr23C6, the nu-
cleation of grains was promoted and the expansion of slip bands was hampered. The
tensile strength of the composite was considerably higher than that of the single alloy WC
composite. Using laser cladding technology, Li, D.Y. et al. [35] applied an HEA/WC com-
posite coating to 304 stainless steel. As a result of the use of laser cladding technology, an
HEA coating was deposited onto a stainless steel matrix, and the addition of WC particles
was completely decomposed. In the absence of WC, the HEA coating displayed a eutectic
structure with alternate growth of BCC and Laves phases. With the addition of WC, an
intermetallic compound of NbC was formed and the eutectic structure gradually dissoci-
ated. The dissociation tendency increased with the addition of WC. The eutectic structure
disappeared completely at 25% WC mass, and the Laves phase grew and aggregated. It
is apparent that the addition of WC not only provides a simple composite with HEA as
a strengthening phase, but also affects the generation of the HEA phase, resulting in the
microstructure formation process of composite materials [36–38].

In this work, we explore a novel CoCrFeNi HEA/WC composite coating (HEACC)
prepared by laser cladding through mixing 10~40 wt.% WC particles into a CoCrFeNi HEA
matrix. Interestingly, the microstructure and wear and corrosion resistance of HEACC
simultaneously change significantly with increasing the mass of the WC particles’ addition.
Moreover, the possible factors contributing to the increased wear and corrosion resistance
are proposed and discussed in detail.

2. Experimental Section
2.1. Materials Preparation and Coating Deposition

H13 steel was used as the test substrate, and the substrate size was 200 mm × 200 mm
× 20 mm. The substrate was polished with SiC sandpaper (No. 400) before the clad in
order to remove oxide scales and ensure certain surface roughness in order to improve
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the bonding between the cladding layer and the substrate. Ethanol was used to remove
grease from the surface of the substrate and to dry it. The high entropy alloy powder
(Vilory Advanced Materials Technology Co., Ltd., Xuzhou, China) used in this work was
prepared by true air atomization with powder sizes ranging from 45–105 µm (Table 1);
the chemical composition of CoCrFeNi HEA powder is presented in Table 2. Commercial
sintered broken WC powder (QM-3SP2 Planetary ball mill, Changsha Deco Instrument
Equipment Co., Ltd., Changsha, China) with the mass ratios of of 10%, 20%, 30% and 40%
were mixed with CoCrFeNi HEA powder by ball milling with 120 rpm in a ball crusher for
8 h (ball-to-powder weight ratio 3:1) and were then dried 2 h in an oven (80 ◦C).

Table 1. Particle size distribution of CoCrFeNi HEA powder.

D10/µm D50/µm D90/µm

46.9 71.9 110

Table 2. The chemical composition of CoCrFeNi HEAs powder (wt.%).

Co Cr Fe Ni O/ppm N/ppm

Bal. 23.19 25.96 26.45 370 170

The coaxial powder feeding method of laser cladding was adopted (Figure 1) to clad
the mixed powder. A high-purity argon gas (99.9%) was used as a protective gas. The laser
was an LDF-4000 semiconductor laser made by Laserline (Mülheim-Kärlich, Germany),
with a spot diameter of 3 mm, a laser power of 1500 W, and a scanning speed of 8 mm/s.
There was a 40% overlap between the multi-channels and the multi-channels were clad in
one layer. The cladding area was 30 mm × 30 mm, and the coating thickness was 1 mm.
The process parameters are presented in Table 3.
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Figure 1. Schematic diagram of laser cladding process.

Table 3. Multiple variations in processing parameters of coatings.

Power (w) Spot Diameter (mm) Welding Speed (mm/s) Lap Ratio (%) Flow Rate (L·min−1)

1500 3.0 10.0/8.0 40 15

2.2. Characterization

The morphology of the mixed powders and laser cladding composite coatings was
characterized by field emission scanning electron microscopy (FESEM, Zeiss Supra 55, Carl
Zeiss AG, Oberkochen, Germany). EDS was used to characterize the element distribution
of the sample. To enhance the EDS precision for quantification, the take-off angle was 36.5◦

and the live time was 2 min. The phase characterization of powders and coatings was
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conducted using X-ray diffraction (XRD, Panalytical X-pert Pro, PANalytical B.V., Alemlo,
The Netherlands), operating at a voltage of 40 kV at room temperature, a tube current
of 40 mA, and a scanning rate of 10◦/min. At the point of emission of the X-ray, the slit
width is 10 mm × 10 mm, and at the point of reception of the X-ray, it is 8 mm × 20 mm.
The friction and wear properties of the coating were determined using a BRUKER UMT-
Tribolab friction and wear tester. The grinding head was made of Si3N4, the load was 8 N,
the frequency was 5.0 Hz, the friction stroke was 1 cm, the test time was 30 min, and the
wear weight loss was measured by a high-precision analytical balance. The electrochemical
measurements were taken using a three-electrode system (CHI660E, Huachen Instrument
Ltd., Shanghai, China) with an immersion area of approximately 1 cm2 and a working
electrode for testing the coating. The reference electrode for the electrode metal platinum
sheet was Ag-AgCl (saturated KCl). A 3.5 wt.% NaCl solution was selected as the electrolyte.
Before the electrochemical test, samples were soaked in the electrolyte until the stable open-
circuit potential was reached (about 600 s). A potential sweep rate of 1 mV/s was used to
record potentiodynamic polarization curves in the air. In order to obtain a polarization
curve with good repeatability, all specimens were measured at ambient temperature for at
least three successive measurements.

3. Results and Discussion
3.1. Phase Composition and Microstructure Feature

Figure 2 presents the FESEM images of the CoCrFeNi HEA powder and the effect of
the WC content on the surface morphology of the CoCrFeNi HEA powder after mechanical
mixing. Figure 2a shows that the CoCrFeNi HEA powder mainly consists of spherical
particles with a particle size between 45–105 µm and uniform distribution. The local
enlargement of Figure 2a shows that some particles are adhering or deforming in the
vicinity of their contact with grinding balls as well as collisions between particles, due to
CoCrFeNi HEA’s excellent plastic and moderation hardness [39]. Therefore, the particle is
deformed by external forces, thereby affecting the particle’s sphericity. As the WC particle
mass increases from 10 to 40 wt.% (Figure 2b,e), some floccules and irregular particles
appear and increase in number on the surface of the CoCrFeNi HEA powder. Because
WC particles are prepared by a combination of sistering and broken powder methods,
their sphericity is poor and most of them have irregular shapes. In addition, EDS analysis
was conducted on irregular WC particles, as shown in Figure 2f. Carbon element ratio
to tungsten element was W3C7, which means that part of the tungsten element was lost
during the mechanical mixing process.

Figure 3 illustrates XRD patterns of powder after mechanical mixing and laser cladding.
As illustrated by Figure 3a, CoCrFeNi HEA powder is characterized by a single-phase FCC
structure. When WC particles are added to mechanical ball mills and are mixed over a
long period of time, a small number of compounds are produced. The CoCrFeNi HEACC
is formed by laser cladding and consists of FCC structure, WC, and some intermetallic
compounds, as shown in Figure 3b. We can infer that some WC decomposes during laser
cladding and some intermetallic compounds precipitate in the face-centered cubic matrix.

In order to investigate the influence of WC addition on the lattice structure of CoCr-
FeNi HEACC, we calculated the crystal size D and lattice constant an using the Scheler
formula and Bragg Equation [40,41]. The corresponding results are shown in Table 3.

D =
0.89λ

B cos θ
(1)

a = dhkl•
√

h2 + k2 + l2. (2)

The wavelength of the X-ray is 0.144556 nm, B is the width at half maximum of the
diffraction peak, θ is the Bragg angle, d is the interplanar spacing, and the calculated values
in Table 4 are derived from the (111) diffraction peaks.
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Table 4. Crystallite size (D) and lattice constant (a) of the FCC phase (111) peak in coatings.

Coatings D (nm) a (Å)

CoCrFeNi HEAC 35.8 1.892
CoCrFeNi HEACC (10 wt.% WC) 20.8 3.225
CoCrFeNi HEACC (20 wt.%WC) 15.5 3.575
CoCrFeNi HEACC (30 wt.% WC) 19.6 3.116

CoCrFeNi HEACC + (40 wt.% WC) 30.4 2.115
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The calculated lattice constant (a) and grain size (D) of the particle were plotted as
curves to facilitate observation of the rules. As can be seen from Figure 4, as the addition of
WC is increased, the grain size initially decreases and then increases whereas the lattice
constant initially increases and then decreases. From the change in lattice constant, it is
clear that the addition of WC consists of unmelted particles and intermetallic compounds,
as well as a small portion of WC that will enter the FCC lattice and form a solid solution,
thereby causing lattice distortion of CoCrFeNi HEAC [42]. This will enhance the effect of
strengthening solid solutions. However, when the WC content is higher than 20 wt.%, the
lattice distortion decreases. This may be because the solubility of the FCC lattice tends to be
saturated and a large number of WC particles fail to melt during the rapid melting process
of laser cladding, resulting in unmelted particles that delay the entry of the FCC lattice
into the material. The change in grain size also indicates that WC contributes to the grain
refinement of CoCrFeNi HEAC. The addition of WC particles may result in two reasons for
grain refinement. It is true that WC tends to be found at the grain boundary of FCC during
the melting process, and WC at the grain boundary helps to strengthen the grain boundary
and prevent it from expanding. In contrast, grain size increases when WC is greater than
20 wt.%, which may be due to the fact that WC begins to gather at some locations and is
no longer distributed along grain boundaries. As a result, it can be concluded that when
the WC level is higher than 20 wt.%, the solubility of the FCC matrix begins to decline and
aggregates into unmelted particles. From the perspective of structure, according to the
effect of solution strengthening, fine grain strengthening, and dispersion strengthening, it
can be concluded that mechanical properties are optimal with WC content slightly above
20 wt.%.
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Figure 5 illustrates the backscatter image of the coatings specimen. As shown in the
Figure 5a–d, there is a transition zone between the coating and the substrate. With the
addition of WC, the transition zone expands and is typically located between 10 and 20 µm.
It is evident that the bonding surface between the CoCrFeNi HEACC and the matrix is
relatively smooth when the WC content is less than 40 wt.%, indicating that both CoCrFeNi
HEACC and substrate are mutually soluble to ensure good bonding.

Figure 6 illustrates the local magnification of the backscatter images of the coatings
specimen. Accordingly, it is evident from the figure that when WC was added, bright
white dendrites appeared in the coating (Figure 6a,b), further increased after the addition
of 20–30 wt.% WC (Figure 6c,d), and finally formed a eutectic mixture with the HEA matrix
after 40 wt.% WC was added (Figure 6e). When adding excess WC in the coating, the area
of the diffusion layer became larger. This may be due to the large amount of WC melting
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at a higher temperature making the element diffuse in the molten pool when the mobile
laser power is used for cladding. In turn, the coating becomes more uniform. In addition,
it can be clearly seen in Figure 5e that there are a large number of cracks and holes in the
coating, and there are fluctuations in the bonding surface, which are related to the higher
energy required by excessive WC melting. It is also necessary to redesign the laser power
and other parameters to minimize the effects of excessive WC on molten pool morphology.
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FeNi HEACC (40 wt.% WC).

In order to further confirm the composition of these dendritic eutectic compounds,
EDS results indicate that these compounds are intermetallic compounds that contain W, as
shown in Figure 6f. According to the speculation, when adding a small amount of WC, it
will dissolve the priority in the process of laser cladding and the CoCrFeNi HEACC to form
a solid solution. In addition, an increase in WC mass addition will result in precipitation of
the W element from intermetallic compounds, resulting in a eutectic mixture. In addition,
large white and bright particles with a diameter of a few tens of microns are also visible in
Figure 5. Figure 7 shows the distribution of white and bright particles on the surface of
CoCrFeNi HEACC as determined by EDS mapping. It should be pointed out that element
C, as a relatively light element, cannot be accurately measured under our current testing
conditions (EDS elemental surface distribution test), so the element C surface distribution
in Figure 7 has some inaccuracy. Nevertheless, based on the distribution of other elements,
we can conclude that the bright white particles are unmelted WC particles. So, we can
speculate that under high energy laser irradiation, a portion of the WC particles dissolve
and form a solid solution with high entropy alloy, a portion forms W-rich intermetallic
compounds, and the remainder is retained within the matrix, due to a short residence time
in the high-temperature region.
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Figure 8 illustrates the morphology of cracks and holes in order to provide a better
understanding of these phenomena. Based on the FESEM results, it is obvious that the
semi-arc crack in the coating is typical of liquefaction cracks, which are formed when the
eutectic at the grain boundary is remelted during the laser cladding process, resulting in
inner granular cracking related to shrinkage, and finally bending and expanding [43,44].
The hole in the coating is caused by the poor adhesion between excessive WC particles
and the CoCrFeNi HEACC, which causes the particles to fall off during the metallographic
preparation process.
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Figure 8. The cracks and holes in FESEM image of CoCrFeNi HEACC (40 wt.% WC).

3.2. Wear Resistance

A weight loss chart of the CoCrFeNi HEACC during friction and wear can be found
in Figure 9. It is evident that, with the addition of WC, the CoCrFeNi HEACC ‘s wear
resistance improves, but excessive WC (40 wt.%) will deteriorate the CoCrFeNi HEACC’s
wear resistance. Based on the previous analysis, CoCrFeNi HEA has extremely low wear
resistance due to its single-phase FCC structure. Adding WC to CoCrFeNi HEA produces
two effects: It strengthens the matrix in the solid solution and, in addition, it precipitates
out w-rich intermetallic compounds that allow the coating to be strengthened, leading to
improvements in wear resistance of 20–30 wt.%. It is consistent with the previous prediction
analysis. When excessive amounts of WC are added, a large proportion of unmelted WC
and a large proportion of eutectic materials greatly enhance the brittleness of the coating,
culminating in residual stresses and micropores during the laser cladding process, which
have a detrimental effect on the CoCrFeNi HEACC’s wear resistance. Moreover, the
increase in grain size and the reduction of lattice distortion in Figure 4. This may also
explain the lower wear resistance of the CoCrFeNi HEACC.
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In order to further analyze the wear failure behavior of the CoCrFeNi HEACC,
Figure 10 shows the FESEM images of the bottom of the wear trace of laser cladding
CoCrFeNi HEACC after friction and wear. The results show that CoCrFeNi HEAC has a
high plasticity without WC, so plastic deformation occurs in the CoCrFeNi HEAC area
when it is extruded by the grinding head and forms a plastic deformation area. Currently,
adhesive wear is the predominant form of CoCrFeNi HEAC. There are obvious layers of
peeling in the CoCrFeNi HEAC, this is due to the rapid cooling of the CoCrFeNi HEAC
after the laser cladding, friction stress, and shear stress in the process of friction are prone to
stress concentration, resulting in the development of micro cracks. These micro cracks are
generated during friction stress in the crack propagation, which in turn forms the layered
peeling coating, as shown in Figure 10a. It is still true that the above phenomenon occurs
when 10 wt.% WC is added, as shown in Figure 10b. When the WC addition amount
is 20 wt.%, as shown in Figure 10c, delamination is significantly reduced. WC on the
one hand induces a solid solution strengthening of the CoCrFeNi HEAC matrix while
on the other hand, a large number of w-rich intermetallic dendrites also influence the
strengthening of the CoCrFeNi HEAC matrix, leading to the change of the wear form of the
CoCrFeNi HEACC to abrasive wear. When the WC addition amount is 30 wt.%, as shown
in Figure 10d, the worn surface becomes smooth, no delamination and plastic deformation
are found, and WC particles are well retained, only a small amount of local fragmentation
occurs. As a result, the CoCrFeNi HEAC has shown good plastic deformation resistance
under repeated cutting and extrusion of Si3N4 balls during friction, which is consistent
with the lowest weight loss obtained in Figure 9. Further increases in the WC content to
40 wt.% result in delamination and thousands of cracks in the CoCrFeNi HEAC, as shown
in Figure 10e, and wear resistance is significantly reduced. At the present time, the decrease
in the amount of high-entropy plastic matrix in the CoCrFeNi HEACC results in fewer WC
particles adhering to the matrix in the CoCrFeNi HEACC with friction, resulting in a large
number of WC particles shedding from the matrix coating. An excessive amount of WC can
also lead to the formation of brittle eutectic substances in high entropy matrixes, and the
development of cracks under the influence of external forces can be expected. Furthermore,
due to the large difference in the thermal expansion coefficient between the CoCrFeNi HEA
matrix and WC, significant thermal stresses will be generated during the rapid cooling
process of laser cladding. In addition, an excessive amount of eutectic mixture can increase
the brittleness of the CoCrFeNi HEA matrix, resulting in numerous microcracks in the
CoCrFeNi HEACC. The experience of external loads produced a concentration of stresses
near the crack, which accelerated crack propagation and significantly enhanced the wear
rate of the CoCrFeNi HEACC.

3.3. Corrosion Resistance

The corrosion of metal components in aqueous solution involves the anodic dissolution
of metals as well as the cathodic reduction of oxidants [45]. Under open circuit conditions
or with the application of a small potential, the sample’s composition slowly and selectively
disintegrates, but when a relatively high potential is applied or at a relatively high potential
range, significant dissolution will take place on the coating’s surface [46]. The corrosion
process of the tested samples must be observed and studied through polarization curves
in order to identify the effect of WC on the corrosion behavior of high entropy alloys.
Figure 11 shows the polarization curve for CoCrFeNi HEACC (WC content from 0~40 wt.%)
in 3.5 wt.% NaCl solution. During electrochemical corrosion conditions, the test sample’s
corrosion potential (Ecorr) and corrosion current density (icorr) were calculated. Passivation
occurs more frequently at lower corrosion current densities, the passivation film forms
faster, and the formation of the passivation film prevents the inner layer from being exposed
to corrosive fluids, thus slowing the corrosion reaction [47,48]. Electrochemical parameters
of CoCrFeNi HEACC are shown in Table 5. As illustrated in Figure 11, with the addition of
WC, the Ecorr and icorr are similar, indicating that WC has little influence on the corrosion
resistance of CoCrFeNi HEACC. However, careful observation of the corrosion potentials
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for the coatings reveals that with the increase of the WC addition amount, the corrosion
potential shows a slight decreasing trend, indicating that the addition of WC will reduce the
corrosion resistance. This may be due to the fact that the addition of WC makes intermetallic
compounds, eutectic mixtures and other multiphase structures appear in the high-entropy
FCC coating, causing corrosion cells and resulting in a reduction in corrosion resistance.
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Table 5. Corrosion dynamics parameters for the materials.

Materials Ecorr/V icorr/(A·cm−2)

H13 Steel −0.501 2.66 × 10−7

CoCrFeNi HEAC −0.394 3.52 × 10−7

CoCrFeNi HEACC (10 wt.% WC) −0.403 2.76 × 10−7

CoCrFeNi HEACC (20 wt.% WC) −0.413 2.97 × 10−7

CoCrFeNi HEACC (30 wt.% WC) −0.418 2.99 × 10−7

CoCrFeNi HEACC (40 wt.% WC) −0.424 2.89 × 10−6

4. Conclusions

In this study, CoCrFeNi HEACC (0, 10 wt.%, 20 wt.%, 30 wt.%, and 40 wt.%, re-
spectively) were prepared on H13 substrates by laser cladding. The influence of WC on
the microstructure, structure, wear resistance, corrosion resistance and wear resistance of
CoCrFeNi HEACC were investigated, and the conclusions could be drawn as follows:

(1) Under the high energy of the laser, a large number of WC will decompose and dissolve
in the FCC matrix phase, and the coating will gradually change from a single-phase
structure of FCC to a multi-phase structure of FCC + intermetallic compound + un-
melted WC, and the lattice distortion of the FCC matrix phase will also increase with
the addition of WC. An excessive amount of WC may cause a large number of un-
melted particles to appear in the CoCrFeNi HEACC, and WC dissolving in the FCC
matrix will tend to become saturated. During this period, the lattice distortion of the
FCC matrix phase decreases. In addition, a large number of segregation, cracks, and
other defects will appear in the CoCrFeNi HEACC;

(2) With the addition of WC, the wear resistance of CoCrFeNi HEACC at room tempera-
ture increases first and then decreases, reaching an optimal value within the range
of 20–30 wt.%, which is consistent with the analysis of the CoCrFeNi HEACC struc-
ture. The presence of WC dissolved in the FCC matrix phase as well as intermetallic
compounds precipitated as dendrites can strengthen the CoCrFeNi HEACC; however,
an excessive amount of WC will result in numerous defects and brittle eutectic in the
CoCrFeNi HEACC, effectively reducing its wear resistance;

(3) The corrosion potential (Ecorr) and corrosion current density (Icorr) of CoCrFeNi CoCr-
FeNi HEACC are nearly similar after the addition of WC, and the corrosion potential
shows a slight decrease, which indicates that WC has little impact on corrosion resistance.
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