ICIK

Journal of Materials Durability and Engineering
http:/dx.doi.org/10.62762/JMDE.2025.161346

RESEARCH ARTICLE

Check for
updates

Effect of Scanning Power on Electrochemical Corrosion
Properties of AICoCrFeNi High Entropy Alloy Coating
Melted by Extremely High-speed Laser Cladding

Hao Zhang®'”", Mengying Qiao’, Xiujie Yue' and Miaomiao Xin'

! Research Institute for Reliability Manufacturing of Intelligent High-End Equipment, Qilu Institute of Technology, Jinan

250200, China

Abstract

High-entropy alloy (HEA) coatings have
become a candidate for corrosion protection
of marine engineering equipment in harsh
service environments. In this paper, the effect
of laser scanning power on the microstructure and
electrochemical corrosion resistance of HEA coating
prepared by Extremely High-speed Laser Cladding
(EHLC) was investigated. The coating was prepared
by EHLC technology. The microstructure of the
coating was characterized by XRD and SEM. The
corrosion resistance of the coating in 3.5% NaCl
solution was investigated by electrochemical
measurement.  The results show that: With
the increase of scanning power, the sputtered
particles of the coating decreased, but the surface
roughness increased. The coating was composed of
FCC+BCC phases; the o phase appeared at 200W
and disappeared at 250W, and the lattice expanded
with the increase of scanning power. The corrosion
resistance test showed that the corrosion resistance
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of the coating at 200W was the best (E¢orr = —0.69V,
Tcorr = 6.29 x 1076 A /em?, R, = 5631.67( - cm? and
Re = 3030.009 - cm?, respectively), followed by
250W and 150W. The microstructure uniformity
of the coating can be optimized by moderately
increasing the scanning power (200W), and
the corrosion resistance of the coating can be
significantly improved, which provides a process
guide for the preparation of protective coatings for
offshore engineering equipment.

Keywords: extremely high-speed laser cladding, high
entropy alloy coatings, scanning power, microstructure,
corrosion resistance.

1 Introduction

With the development of marine resources in
deep water, far sea, and polar regions, marine
engineering equipment (such as ship propellers,
key components of drilling platforms, seawater
pump valves, etc.) is facing an increasingly harsh
service environment [1]. These components suffer
from corrosion in high salinity and high humidity
marine environments for a long time, which leads
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to premature failure of materials across a range of
metallic structural systems, seriously threatening the
operation safety of equipment and causing huge
economic losses [2—4]. Therefore, the development of
advanced surface protection technology with excellent
corrosion resistance has great strategic requirements
for improving the service life and reliability of offshore
engineering equipment.

Among many protective materials, HEAs break the
design concept of traditional alloys dominated by
one or two elements, and are composed of five or
more elements mixed in nearly equal atomic ratios [6].
Its unique "high entropy effect", "hysteresis diffusion
effect", and "lattice distortion effect" make it tend
to form a simple solid solution phase structure and
show extremely high thermodynamic stability and
chemical stability [6]. The results show that a dense
oxide film with strong passivation ability can be easily
formed on the surface of a high entropy alloy by
adjusting the composition reasonably [8, 42]. Wang et
al. [9] found that increasing Al content progressively
promotes the transition from FCC to BCC phase in
AlxCoCrFeNi high-entropy alloys, and the resulting
Al-enriched passive film significantly enhances the
electrochemical stability and corrosion resistance of
the alloy in chloride environments. In addition,
the microstructure of the alloy also has a decisive
effect on the corrosion behavior. Single-phase solid
solution structures generally have a more uniform
electrochemical activity than multiphase structures,
reducing the risk of microgalvanic corrosion. Wang
et al. [10] found that the addition of appropriate
copper optimized the microstructure, making the
AlCrFeNiCu alloy’s passivation film of the alloy
is more stable, thus obtaining the best corrosion
resistance. It can be seen that the preparation of HEA
coating can endow it with electrochemical corrosion
resistance far exceeding that of traditional alloys, and
become a candidate material with great potential in the
field of marine equipment surface protection [5, 11].

At present, Laser-based surface modification
techniques, including laser cladding, have gained
wide adoption in the preparation of protective coatings
due to their advantages of controllable heat input,
robust metallurgical bonding with the substrate, and
broad material adaptability, as well as demonstrated
effectiveness in enhancing corrosion and erosion
resistance of metallic components [7, 12]. Wu and
Lu [13] prepared Aly7FeCoCrNiCux high entropy
alloy coatings on a light alloy substrate by laser
cladding and demonstrated that the coating exhibits
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excellent corrosion resistance in simulated marine
environments. However, conventional laser cladding
processes typically employ low scan speeds (typically
5-20 mm/s) and long interaction times between the
laser beam and the powder material, resulting in high
energy injection densities [14]. This inevitably leads
to a series of problems: First, the "dilution effect" of
matrix elements on coating elements is significant [15].
Too high a dilution rate will dilute the design
composition of the cladding layer, making it deviate
from the preset alloy system, thus weakening the
special functional properties, such as wear resistance,
corrosion resistance, or high temperature resistance
that the coating should have. Zhang et al. [16] found
that compared with normal laser cladding, high-speed
laser cladding significantly reduces heat input and
dilution rate, thereby suppressing the formation of
coarse microstructures and improving the overall
quality of CoCrFeMnNi high-entropy alloy coatings.
Second, long-term heat action will aggravate the extent
of the heat-affected zone and grain coarsening [17].
Li et al. [18] found that multiple laser remelting
treatments progressively refined the microstructure
of Fep5CoCrNij 5NbgesMog s high-entropy alloy
coatings, reduced elemental segregation accumulated
during solidification, and substantially improved
corrosion resistance in aggressive environments.
Moreover, high heat input leads to a relatively slow
cooling rate of the molten pool, coating structure
often grows into coarse dendrite, and easy to produce
element segregation and porosity, cracks, and other
defects [19, 21]. Among these, crack formation in laser
cladding is particularly sensitive to process parameters
such as heat input and pulse characteristics [21].
These microstructural defects serve as preferential
channels for corrosive medium penetration, thus
seriously deteriorating the electrochemical corrosion
resistance of the coating [20]. Sun et al. [22] found
that the slow cooling process of traditional laser
cladding provides sufficient growth time for grains,
which promotes the formation of coarse columnar
or equiaxed dendrite structures inside the coating.
Comparative studies on chromium-rich stainless
steel coatings further confirmed that EHLC-prepared
coatings exhibit significantly finer microstructures and
superior corrosion resistance relative to conventionally
cladded counterparts [35].

In recent years, the EHLC has emerged as a
breakthrough surface modification technology. Unlike
conventional laser cladding, EHLC technology
achieves extremely rapid heating and cooling
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processes (cooling rates up to 10°-10° K/s) by
increasing the laser scanning speed (up to 50-200
m/s) so that the powder melts completely in the air
before entering the melt pool and is subsequently
sprayed onto the substrate surface in the form of
droplets [23]. This unique process characteristic
makes EHLC a promising platform for preparing
high-performance HEA composite coatings with
superior wear and corrosion resistance [24]. This
process characteristic gives the coatings prepared
by EHLC unique advantages: extremely low heat
input significantly reduces the heat affected zone of
the substrate, almost eliminates element dilution,
and maintains the compositional stability of the high
entropy alloy coating [25, 26]; At the same time, the
ultra-high cooling rate promotes the formation of
ultra-fine grain or even nanocrystalline structure,
significantly reduces the grain boundary energy,
and effectively inhibits the precipitation of harmful
second phases, which is expected to greatly improve
the electrochemical corrosion resistance of the
coating [27, 28].

Although the EHLC process has shown great potential
in the preparation of high-performance coatings, the
influence mechanism of process parameters on coating
quality, especially on corrosion resistance, needs to
be further explored. During the cladding process,
scanning power is a key parameter to determine energy
input, molten pool morphology, and solidification
behavior. Too low power will lead to insufficient
powder melting, coating non-fusion defects, damage
its integrity [17, 28, 29]; too high power can ensure the
cladding efficiency, but may cause excessive melting
of the matrix, resulting in increased dilution rate,
and even cause grain coarsening or element burning
due to overheating, thus affecting the stability of the
passivation film coating [30]. At present, there is still
a lack of systematic research on how laser scanning
power regulates the microstructure evolution of EHLC
HEA coatings and then affects their electrochemical
corrosion behavior in the marine environment.

In view of this, AlCoCrFeNi HEA coating was
prepared by EHLC technology, and the influence

of laser scanning power on microstructure,
element distribution, and electrochemical
corrosion performance of the coating was

systematically studied. The purpose is to provide
a theoretical basis and process guidance for the
development of corrosion-resistant HEA coatings for
high-performance offshore engineering equipment.

2 Preparation and  Characterization of

Experimental Coatings

2.1 Material Preparation

The base material is commercial 5083 aluminum
alloy with a specification of 50 mm x 40 mm x 3 mm.
AlCoCrFeNi HEA spherical powder was supplied
by Suzhou Haichuan Rare Metal Products Co., Ltd.;
the particle size of the powder is 1-25 um, and the
morphology and chemical composition are shown in
Figure 1 and Table 1.

Figure 1. High entropy alloy composite coating
AlCoCrFeNi powder particles.

The optimum parameters of EHLC were determined
as follows: laser power: 150 W, 200 W, and 250 W,
scanning rate: 1000mm/s, and scanning interval:
0.05mm. A high entropy alloy coating was prepared
on the alloy substrate by using the EOS M290
equipment.

2.2 Before the Coating Preparation Experiment

The surface of the plate was polished by sandpaper
to remove the oxide film on the surface and make
the surface of the plate smooth; then, the aluminum
block was placed in 75% absolute ethanol for ultrasonic
cleaning for 30 min, and dried for later use. HEA
powder is added into an 8% polyvinyl alcohol solution,
and mechanically stirred for 30 min to prepare HEA
powder slurry; then, the slurry is uniformly sprayed
on the surface of a pretreated aluminum alloy test
block in a spraying manner, and the spraying thickness
is controlled to be 0.3mm to 0.5mm; and then,
the sprayed preset test block is put into a vacuum
drying oven, and dried at 50°C for about 30 min.
Finally, after the preset layer has solidified, place
the specimen with the preset coating into the EOS
M290 equipment for processing. In order to avoid
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Table 1. Chemical composition of the coatings.

Elemental Al Cr

Fe Co Ni

Atomic (%)

24.588 19.053 19.080 18.760 18.519

the coating cracking caused by uneven thermal stress,
the substrate should be preheated at 80 °C for 10 min
before EHLC processing.

2.3 Performance and Characterization

2.3.1 Electrochemical Corrosion Performance

The Shanghai Chenhua CHI600E electrochemical
workstation was used, and the three-electrode test
system consisting of 3.5% NaCl solution as electrolyte,
a Pt electrode of 20 mmx20 mmx1 mm as counter
electrode, a saturated calomel electrode as reference
electrode, and a working electrode as test sample was
used to conduct electrochemical tests on the coating
surface (test area: 100 mm?) at room temperature.

2.3.2 Characterization of Coating Structure

First, the coating test sample is prepared by using
an electric spark wire cutting machine, and then
the coating sample is ground and polished; finally,
the treated coating sample is placed in alcohol for
ultrasonic cleaning to remove contaminants on the
coating test surface. X-ray diffraction (XRD) phase
analysis of the coating surface was performed using
a Bruker D8 multi-purpose powder diffractometer.
Specific conditions were as follows: X-ray source:
Copper target, Scanning mode: Continuous scanning,
Scanning speed: 5°/min, Scanning range: 20°-90°.
An OLS50-CB laser confocal scanning microscope
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Figure 2. Surface morphology of the coatings (a) (a;) 150 W; (b) (b1) 200 W; (c) (c1) 250 W.

(LCSM) was used to characterize and analyze the
macro-morphology of the coating. A Hitachi SU8100
field emission scanning electron microscope (SEM)
was used to characterize the coating. Secondary
electron imaging mode and X-ray energy dispersive
spectrometer (EDS) were used to analyze the
morphology, structure, and element distribution of
the coating.

3 Results Discussion and Analysis

3.1 Influence of Scan Power on Coat Microstructure

Figure 2 shows the surface morphology of the coating
under different scanning powers. Figure 2(a—c) shows
the macro-morphology of the coating surface, and
the coating surface prepared by EHLC does not have
obvious macro-surface defects such as cracks and
pores. At the same time, no machining trace caused by
traditional LC machining was observed. The overall
coating is uniform and flat. Figure 2(a;—c;) shows the
SEM morphology of the coating surface. It is found
that the coating surface is intact without micro-cracks
and pores, and there are different degrees of sputtered
particles, flat areas, and particle overlapping areas on
the coating surface. With the increase of scanning
power, the sputtered particles and the overlapping
area of particles in the coating obviously decrease.
This phenomenon can be explained by the laser input
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energy equation as follows [31]:

P

E=——
S-T-D

(1)

where E, laser input energy (J/mm?); P, scanning
power (W); S, scanning rate (mm/s); 7, coating
thickness (mm); D, scanning spacing (mm). There is
a close relationship between the size of F' and process
parameters. It can be seen that with increasing scan
power, the laser energy input into the coating increases
significantly, so that the coating particles are melted
more thoroughly, and the occurrence of sputtered
particles and particle lapping on the surface of the
coating is reduced.

Figure 3 shows the surface LCSM micrographs of
the coating under different scanning powers. The
color change from blue to red in the legend indicates
a transition in coating depth from "pit" to "bump."
Table 2 shows the relevant parameters of coating
surface quality. It can be seen from Figure 3 that the
overall morphology of the coating surface is relatively
flat, and there are no significant pits or protrusions.
The overall quality of the coating is relatively good.
It can be seen from Table 2 that S,, S;, Sp, and S,
of the coating all show an increasing trend with the
increase of scanning power. When the scanning power
is 250 W, the surface undulation of the coating is the
largest, which fully indicates that the scanning power
has a significant effect on the surface quality of the
coating.

Table 2. Surface quality data of the coatings.

Scanning Power S, (pm) S, (pm) S, (um) Sg (um)
150 W 4.80 59.29 99.46 3.53
200 W 8.78 64.78 134.31 6.80
250 W 10.13 91.55 138.35 8.00

3.2 Influence of Scan Power on Coat Microstructure

Figure 4 shows XRD spectra of coatings at different
scanning powers. The coating structure consists of
BCC and FCC. When the scanning power is 150 W,
the o phase diffraction peaks at 260 = 33.64°, 36.23°
and 75.87° do not appear; when the scanning power is
200 W, the o phase diffraction peaks at 20 = 33.64°,
36.23° and 75.87° appear; and when the scanning
power increases to 250 W, the o phase diffraction
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Figure 3. Microscopic morphology image of the coating’s
surface by LCSM (a) 150 W; (b) 200 W; (c) 250 W.
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Figure 4. XRD patterns of the coatings.

peaks at 20 = 33.64°, 36.23°, and 75.87° all disappear. coating promotes the diffusion of aluminum atoms
It shows that when the scanning power increases from the aluminum-poor layer, and other atoms (Cr,
from 150 W to 200 W, the thermal energy in the Fe, etc.) migrate to compensate for the resulting
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Figure 5. Cross-sectional SEM morphology and EDS element distribution morphology of the coatings (a) 150 W; (b) 200
W; (c) 250 W.
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vacancies, leading to the formation of o phase in
the aluminum-poor region [34]. With the increase
of scanning power to 250 W, the thermal energy in
the coating increases, the melting time of particles
in the coating decreases, the diffusion and migration
of aluminum atoms in the aluminum-poor region of
the coating are suppressed, and the diffraction peaks
of the o phase at 20 = 33.64° and 36.23° disappear.
In addition, with the increase of scanning power, the
diffraction peak of the phase in the coating shifted
slightly to the left, that is, shifted to the small-angle
direction. This shift is due to lattice expansion effects
induced by increased laser energy input, and its
core mechanism involves increased atomic vibration,
increased average atomic spacing, and increased lattice
constant [33]. Cui et al. [34] confirmed this view in
their study of FeCoCrNiMnAl coatings.

Figure 5 shows the SEM morphology of the
cross-section of the coating and the EDS scanning
results of the cross-section under different scanning
powers. As can be seen from the figure, no coating
defects such as microcracks and pores are found on the
cross section of the coating prepared by EHLC process,
and the coating quality is excellent. In addition,
that thickness of the coat is between 45.82 ym and
69.72 ym, and the thickness of the coating is in a
positive correlation with the scan power. The coated
area can be divided into three zones (off-white (A),
light gray (B), and gray (C)) based on the color of
the tissue in the composite coated area (above the
red dotted line). EDS analysis shows that Cr, Co, Fe,
and Ni are enriched obviously in A region, and Al is
almost absent in A region, while Al, Cr, Co, Fe, and Ni
are distributed evenly in B region, and Al is dominant
in C region. With the increase of the scanning power,
the area A in the coating structure decreases and the
area B increases, indicating that elemental segregation
is suppressed and the coating microstructure becomes
more homogeneous. This observation is consistent
with findings in comparable HEA coating systems,
where variations in energy input—whether through
process type or parameter adjustment—have been
shown to govern the extent of elemental enrichment
zones and microstructural uniformity [32].

For the AlCoCrFeNi alloy system, prior studies using
thermal spray techniques have similarly reported
that Cr- and Ni-enriched zones exhibit elevated
hardness [36, 37], suggesting that the hardness
heterogeneity observed across microstructural zones
in the present EHLC coatings is an intrinsic feature
of this alloy composition rather than an artifact of

the deposition process. This improvement in local
hardness is expected to contribute to the overall wear
resistance of the composite coating. In addition, the
peeling phenomena, such as cracks and the like, do not
occur between each element and the aluminum alloy
matrix, and the coating is tightly combined with the
matrix to form excellent metallurgical bonding.

3.3 Effect of Scan Power on Electrochemical
Corrosion Properties of Coatings

Figure 6 is the electrochemical spectrum of the coating
in NaCl solution with a mass fraction of 3.5% under
different scanning powers. From the polarization
curve shown in Figure 6(a), the Ecorr, Lcorr and R, of
the coated surface can be obtained as shown in Table 3.
The polarization curves of the alloy in the solution
containing 3.5% NaCl show a significant inflection
point (critical pitting potential). The results show that
the surface of aluminum alloy is passivated to a certain
extent; that is, a protective oxide film is formed on
the surface of aluminum alloy in a certain potential
range. However, the polarization curves of the coatings
under different scanning powers did not show similar
inflection points when the coatings were subjected to
similar electrochemical tests. The results show that
the electrochemical corrosion of the coating surface
is mainly uniform, and there is no obvious pitting
corrosion. The results show that the coating has good
pitting corrosion resistance.

As can be seen from the analysis of the data in Table 3,
the coatings prepared with the three different scan
powers exhibited some interesting properties in the
electrochemical corrosion test. In particular, the Ecorr
of these coatings is generally higher than the corrosion
potential of the alloy substrate. The I and R,
values of the coating do not show an obvious trend
change with the increase in scanning power. It was
further observed that the Ecor and R, of the coating
showed a fluctuating trend of first increasing and then
decreasing with the increase of scanning power. Ecorr
from small to large order is 5083 < 150 W < 250 W <
200 W, and Icorr from small to large order is 200 W <
250 W < 5083 Al < 150 W. R,, from small to large order
is 150 W < 5083 < 250 W < 200 W.

In conclusion, when the scanning power is set to 200 W,
the coating exhibits relatively excellent corrosion
resistance. Under these conditions, the FE.o, of
the coating shifted 510mV compared with that of
the alloy matrix, indicating that the stability of the
coating in the electrochemical polarization reaction
was significantly improved. At the same time, the
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Figure 6. Electrochemical testing of the coatings in 3.5 % NaCl solution (a) Polarization curves; (b) Nyquist plots; (c)
Bode plots; and (d) Fitted equivalent circuits.

Table 3. Electrochemical parameters of the coatings.

Samples 5083 150 W 200 W 250 W
Eeorr (V) -1.20 -0.71 -0.69 -0.70
Teorr (A/cm?) 148 x 107° 231 x 107 6.29 x 1076 1.19 x 107°
R, (Q-cm?) 2672.00 2052.00 5631.67 2848.67

I.orr Of the coating is one order of magnitude lower
than that of the aluminum alloy substrate, indicating
that the reaction rate of the coating in the corrosion
process is significantly reduced. In addition, R, also
increased by 2.11 times, further demonstrating that the
corrosion resistance of the coating was significantly
enhanced. The results show that a moderate increase
in scanning power can improve the corrosion resistance
of the coating.

In order to obtain more corrosion information of
coatings under different scanning powers, EIS tests

30

were carried out on coatings prepared under different
scanning powers. As shown in Figure 6(b), Nyquist
curves usually present semicircular arcs, indicating
that the corrosion behavior of coatings prepared under
different scanning powers is mainly affected by the
charge transfer between the coating and the electrolyte
surface interface. In the process of charge transfer, the
charge transfer is hindered by the inhomogeneity of
the two interfaces. The capacitive arc radius reflects the
coating’s charge transfer resistance (R) value in the
corrosion process. The larger the capacitive arc radius,
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the greater the R value and the stronger the corrosion
resistance of the coating [38, 40]. EIS techniques
including Nyquist analysis have been widely employed
to characterize the corrosion performance of thermally
deposited and laser-processed coatings across diverse
alloy systems [39]. According to the Nyquist curve
of coating, the order of capacitance arc radius is
200W sample with the largest radius, 250W sample
with the second largest radius, and 150W sample
with the smallest radius. The results show that
the 200W sample has the largest R, and the best
corrosion resistance, followed by the 250W sample,
and the 150W sample has relatively poor corrosion
resistance. This conclusion is consistent with the
results obtained from the polarization curve test. Icorr
is usually used to characterize the corrosion resistance
of materials in a polarization curve test. The smaller
the I.orr value, the better the corrosion resistance of the
material [40]. Therefore, combining the Nyquist curve
and polarization curve test results, it can be concluded
that the corrosion resistance of the coating prepared
at 200W, 250W, and 150W scanning power is the best,
followed by the 250W sample, and the 150W sample is
the worst.

Figure 6(c) shows the Bode plots of the coatings at
different scanning powers. In the high-frequency
region, log|Z| represents the magnitude of the
solution’s resistance. During electrochemical
impedance testing, the electrolyte was uniformly a
3.5% NaCl solution, resulting in similar resistance
characteristics across the three samples in the
high-frequency range. However, in the low-frequency
region, log | Z| more accurately reflects the resistance
properties of the passivation film on the coating
surface [41]. Specifically, compared to the coating
prepared at 250 W scanning power, the coating
prepared at 200 W scanning power exhibits a slightly
higher log|Z| in the low-frequency region, and
both are significantly higher than the log |Z| of the
sample prepared at 150 W laser scanning power.
This indicates that as the scanning power increases,
the resistance of the passivation film on the coating
surface is significantly enhanced. This trend aligns
with the variation in Ry observed in the Nyquist
plot. In the mid-frequency range, the coating
exhibits its maximum phase angle. The width of this
frequency range reflects the stability of the passivation
film during corrosion [42]. A broader frequency
range indicates superior stability of the passivation
film throughout the corrosion process [8, 43]. By
examining the frequency range width of the stable

phase angle region in the mid-frequency range across
the three samples in the Bode plot, the sequence
is observed as follows: the 200 W sample exhibits
the widest frequency range, followed by the 250 W
sample, while the 150 W sample has the narrowest
frequency range. This sequence perfectly aligns with
the order of R magnitude in the Nyquist plot.

Table 4. Fitting parameters of the equivalent circuit model
for the coatings.

Samples 150 W 200 W 250 W
R, (- cm?) 46.60 47.00 47.30
Cy (pF-cm?) 6.20x 107% 4.08 x 107*  2.07 x 1074
Ry (2-cm?) 854.00 998.00 897.00
Cet (WF-cm?) 1.75x 1073 7.94 x 107* 3.16 x 1074
Ret (- cm?) 1710.00 3030.00 2480.00

The fitting circuit model of Rs(CrR¢(CeRet)) is used
to establish the equivalent circuit of the coating
corrosion process under different scanning powers,
as shown in Figure 6(d). The fitting parameter values
are shown in Table 4. The analysis shows that the
values of passivation resistance (R;) and R show a
certain regularity. Specifically, both Ry and R, reach
a maximum at 200 W, decrease as the scan power
increases to 250 W, and decrease as the scan power
decreases to 150 W. This phenomenon indicates that
the charge transfer resistance of the coating surface
and interface is the largest when the scanning power
is 200 W, and the corrosion resistance of the coating is
the best. The result is consistent with that observed
in the polarization curves, Nyquist plots, and Bode
plots. The results show that the corrosion resistance of
coatings prepared at different scanning powers is the
best at 200 W, the second is at 250 W, and the corrosion
resistance of coatings prepared at 150 W is relatively
poor.

4 Conclusion

(1) The AICoCrFeNi coating prepared by the
EHLC process has excellent quality without obvious
microcracks and pores in cross-section. The coating
thickness is positively correlated with scanning power.
EDS analysis shows that the coating is mainly
composed of Al, Co, Cr, Fe, and Ni elements, and
there is element enrichment in the gray-white region.
With the increase of scanning power, the gray-white
enrichment region decreases, and the uniformity of the
coating structure is improved significantly. There is no
spalling crack between the coating and the substrate,
forming a close metallurgical bonding.
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(2) FCC phase and BCC phase are the main phases
of the coating. The diffusion and migration of Al
atoms in the Al-deficient region of the coating can be
suppressed with increasing scanning power, resulting
in the disappearance of o phase diffraction peaks at
20 = 33.64°, 36.23°, and 75.87°. In addition, with the
increase of scanning power, the input energy of the
alloy system increases, the atomic vibration intensifies,
the average atomic distance enlarges, causing lattice
expansion, the metal atom migration convenience
improves, the phase diffraction peak shifts to the small
angle direction, and the lattice constant increases.

(3) The coating exhibits predominantly uniform
corrosion in a 3.5% NaCl solution, with no significant
pitting corrosion, demonstrating excellent pitting
resistance. The Eor values for this coating are
generally higher than those of the substrate. Both Ecoyr
and R, initially increase, then decrease with increasing
scan power, while Iy shows the opposite trend. At a
scanning power of 200 W, compared to the substrate,
the coating’s Ecor shifted positively by 510 mV, Icorr
decreased by one order of magnitude, R, increased by
2.11 times, R reached its maximum, log | Z| peaked in
the low-frequency region, the phase angle exhibited
the widest stable range in the mid-frequency region,
and the interfacial charge migration resistance was
highest, resulting in optimal corrosion resistance. At
a scanning power of 150 W, the coating exhibited
the poorest corrosion resistance, followed by 250 W.
The study indicates that moderately increasing the
scanning power can effectively enhance the coating’s
corrosion resistance.
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