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To improve the surface quality, corrosion resistance, and wear resistance of ductile iron (DI), laser cladding
technology was utilized to deposit Fe-based alloy with varying amounts of Inconel 625 (0 wt% 15 wt% and 30 wt
%) onto DI substrates. This study aimed to achieve an optimal balance between cost-efficiency and performance.
The coatings were fabricated using a six-pass, three-layer laser cladding process and systematically evaluated
through electrochemical corrosion tests, hardness measurements, and wear resistance assessments. Advanced
microstructural analyses, including elemental distribution and phase characterization, were performed
employing optical microscopy (OM), X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy
dispersive spectroscopy (EDS). Results revealed that adding an appropriate amount of Inconel 625 effectively
eliminated interfacial whitening. The Fe-based coating with 30%wt Inconel 625 exhibited superior corrosion
resistance and a hardness of 304 HV, approximately 1.7 times higher than that of the substrate. Furthermore, the
wear mechanism transitioned from abrasive wear to adhesive wear with the incorporation of Inconel 625. This
study provides a scientific foundation for optimizing the surface quality of Fe-Inconel625 coatings via laser
cladding, highlighting promising advancements in material properties for corrosion and wear resistant

applications.

1. Introduction

Ductile iron (DI) is widely regarded as a critical structural material in
various engineering disciplines, owing to its high strength, excellent
formability, and cost effectiveness[1,2]. Nevertheless, its limited
corrosion resistance in moist environments significantly reduces its
service life and restricts potential applications[3-5]. Since corrosion
affects the material’s surface, applying protective coatings to DI surfaces
presents a practical solution to mitigate this issue.

The corrosion and wear characteristics of high-performance mate-
rials are crucial for their durability and long-term sustainability. In ef-
forts to enhance these properties, researchers have extensively explored
surface modification techniques for DI. Among these, laser cladding has
emerged as a highly promising technology, owing to its efficiency,
flexibility, and the creation of a narrow heat-affected zone, which fa-
cilitates strong metallurgical bonding while minimizing substrate dilu-
tion [6-8]. As advancements in oceanic exploration expanded the
demand for corrosion-resistant materials, the development of Fe-based
coatings tailored for harsh marine environments has become impera-
tive. Recent studies have provided valuable insights into improving the
corrosion resistance of Fe-based coatings. For example, Luo et al. [9]
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investigated FeAl laser cladding coatings with varying chromium con-
tent and demonstrated that chromium additions significantly enhance
corrosion resistance through solid solution hardening and grain refine-
ment. Similarly, Gao et al. [10]examined the impact of varying Fe levels
in laser-cladded Ni60 coatings, revealing that corrosion resistance
initially decreased but subsequently improved with increased Fe con-
tent, suggesting a cost-effective approach to enhance the performance of
these coatings in abrasive conditions.

The varied composition of cladding materials and substrates in-
troduces complexities into the laser cladding process for cast iron. In this
process, the morphology and size of the graphite, along with the types of
compounds produced, significantly influence the resultant material
properties [11]. Several studies have investigated the application of
laser cladding to repair DI components and enhance surface perfor-
mance. For instance, Li et al. [12] utilized Ni-Cu alloy powders for
surface remanufacturing of DI, revealing that the shape and size of
graphite, as well as the nature of the compounds formed, substantially
affect the resulting material properties. Chen et al. [13] analyzed the
corrosion behavior of DI in NaCl solution and demonstrated that chlo-
ride ions (Cl-) accelerate longitudinal corrosion, ultimately resulting in
perforation failure. Additionally, Weng et al. [14] explored the impact of
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varying laser power levels on crack susceptibility in Fe-based coatings
for DI substrates. Poloczek et al. [15] enhances Inconel625-based com-
posite coatings with TiC particles to increase hardness. Poloczek et al.
[16] further pointed out that the incorporation of TiC was found to form
a composite microstructure with Ti, Nb, Mo and C-rich particles
precipitating during crystallization. Yan et al. [17] fabricated Fe-based
composite layers reinforced with TiC and Cr, demonstrating that the
complete dissolution of graphite nodules facilitated the formation of fine
primary and compound dendrites, which enhancing wear resistance.
Similarly, the corrosion resistance of Ni-resist DI can be improved
through laser surface alloying (LSA), which extended the solubility of
alloying elements, produced finer dendrites, and eliminated spheroidal
graphite [18].

The corrosion resistance and mechanical properties of Fe-Inconel
625 laser-cladded coatings in NaCl environments has not been thor-
oughly examined. This study aims to address this gap by investigating
the wear and corrosion resistance of Fe-based coatings through laser
cladding on DI substrates with the addition of Inconel 625.

2. Materials and methods
2.1. Material and method

The material used in this study comprised an Fe-based alloy powder
(Fel05) and a Ni-based alloy powder (Inconel 625), both with a purity
exceeding 99.5 % and a particle size range of 100-270 pm. To ensure a
homogeneous mixture, these powders were subjected to ball milling for
2 h at 200 rpm, maintaining a ball-to-powder weight ratio of 10:1. Prior
to the laser cladding experiments, the powders were dried in a vacuum
oven at 120 °C for 2 h to eliminate moisture and enhance flowability.
The substrate employed was ductile cast iron QT 500, measuring 100
mm x 100 mm x 10 mm.

The chemical compositions of the substrate and powders are pre-
sented in Table 1-3. The corresponding content and particle morphol-
ogies of the samples are presented in Fig. 1, Fig. 2 and Table 4,
respectively. The powders’ particle sizes were within the operational
limits of the powder feeder, ensuring stable flow and minimizing
deposition defects. The experimental setup comprised a coaxial laser
direct energy deposition (LDED) system [19], as illustrated in Fig. 2. The
continuous wave (CW) fiber laser source operated at a maximum power
of 500 W and a wavelength of 1020 nm, with a Gaussian beam focused at
a 55 mm focal length. The cladding head was positioned 15 mm from the
laser focus, where the laser beam achieves a diameter of 1.0 mm. A
three-layer, six-pass coating strategy with laser power at 405 W, scan-
ning speed at 3 mm/s, powder feeding rate at 0.8 r/min, overlapping
ratio at 50 % and Z-axis lifting amount at 388 ym was adopted for all
experiments. Prior to coating deposition, the precursors were dried at
100 °C for 2 h to eliminate residual moisture. Additionally, substrate
preparation included abrasion with SiC grit sandpapers(400#-1500#),
polishing with diamond paste, subsequently cleaning with alcohol to
remove contaminants.

2.2. Characterization

Following the laser cladding process, specimens were sectioned
using a wire-cutting technique to produce samples measuring 15 mm x
5 mm x 10 mm for microstructural analysis and high-temperature
corrosion testing. Standard metallographic preparation techniques
were employed to prepare these samples. Coating phase analysis was
conducted using an X-ray diffractometer (Smart Lab) under an

Table 1

Chemical composition of QT500-7 (wt.%).
Fe C Si Mn
Bal. 3.5 2.8 0.3
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Table 2
Chemical composition of Fel105 powder (wt.%).
Fe Cr Ni Nb Si C
Bal. 17.6 2.6 1.2 1.2 0.2
Table 3
Chemical composition of Inconel625 powder (wt.%).
Ni Cr Fe Mo Si Nb
Bal. 20.4 2.6 8.3 0.2 3.6

accelerating voltage of 40 kV and a current of 40 mA with Cu Ka radi-
ation. The scanning parameters included a speed of 2°/min, a step size of
0.02°, and a scanning range from 20° to 90°. The microstructure of the
coatings was examined using a 3D microscope (LEXT OLS4100, Japan),
while detailed microform analysis was performed using a field emission
scanning electron microscope (JSM-7800F). Additionally, the elemental
distribution within the coatings was characterized by using energy-
dispersive spectrometer (EDS) at a working distance of 10 mm and an
operating voltage of 15 kV.

2.3. Characterization

The electrochemical behavior of the cladding coatings was evaluated
at room temperature using a three-electrode electrochemical worksta-
tion (Gamry Reference 600). The experiments were conducted in a 3.5
wt% NaCl aqueous solution to replicate seawater conditions. The three-
electrode configuration consisted of the sample as the working elec-
trode, a platinum wire as the counter electrode, and a saturated calomel
electrode (SCE) as the reference electrode. Before testing, the sample
surfaces were polished with sandpaper (grit 800-2000) and immersed in
the solution for 40 min to establish a stable open circuit potential (OCP).
Corrosion potentials were measured over a range of potentiondynamic
polarization curves recorded at a scan rate of 1 mV/s. To ensure
reproducibility, at least three electrochemical measurements were
conducted for each sample.

The microhardness of the coatings was measured on polished cross
sections using a Vickers microhardness tester (HV-1000, China) equip-
ped with an autofocus system. Measurements were conducted with a
load of 3 N and a dwell time of 10 s, with a spacing of 260 100 pm in the
central region of the sample. To evaluate the overall wear behavior of
the coatings, a multi-functional material surface property tester (MFT-
4000, China) was employed. Dry sliding wear tests were conducted at
multiple cross-sectional locations, as illustrated in Fig. 3, using ¢5 mm
counterpart balls with a hardness exceeding 90 HRC were selected for
the Al, O coatings. The tests were performed under a 10 N load, a sliding
distance of 5 mm, a rotational speed of 200 rpm, and a duration of 30
min. Wear characterization included analysis of 2D and 3D wear sur-
faces and volume loss (V-loss) at various points on the coatings, along
with calculation of the wear rate (w), expressed in mm3/N/m, where F
represents the loading force and L the total sliding distance. A laser
confocal microscope (OLS4000) was employed to examine the wear
surfaces with high precision. Due to the relatively small wear loss
compared to the sample mass, errors in volume loss measurements were
minimized by the advanced data processing capabilities of the confocal
microscope. To ensure the reliability of results, all tests were repeated at
least twice, and average values were reported.

3. Results and discussion
3.1. Phase analysis

Fig. 4 presents micrographs of the bonding interface in Fe-based
coatings with varying Inconel 625 contents (0 wt%, 15 wt%, 30 wt%),
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Fig. 1. The SEM morphology of the elemental powders employed in the fabrication of coatings.
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Fig. 2. The fabrication process of coating by powder-fed laser cladding.

Table 4
Sample numbers and corresponding material contents.

Sample No. Material Content

S1 100 wt% Fel05

S2 85 wt% Fel05 and 15 wt% Inconel625
S3 70 wt% Fel05 and 30 wt% Inconel625

shown as S1, S2 and S3 respectively. In the absence of Inconel 625,
significant graphite nucleation occurs in the matrix, with graphite
diffusing into the melted zone. This behavior is attributed to residual
graphite spheres persisting during deposition and migrating into the
transition zone. Fig. 5 illustrates that incorporating Inconel625 modifies
the structural characteristics of the iron-based coating. As the Inconel
625 content increases, the graphite content in the coating deceases.
Fig. 5a illustrates that without Inconel 625 exhibits a prominent distri-
bution of needle-like martensitic structures at the cladding interface,
particularly in area Z1. This phenomenon can be attributed to the rapid
solidification following surface melting, which shifts the eutectic point
toward a higher carbon concentration, leading to the formation of a
structure resembling white cast iron, as noted by numerous researchers.
Fe-based alloys incorporating Inconel 625 exhibit a strong capacity to

impede carbon diffusion in the transition zone during the cast iron
cladding process. In Fig. 5a, a limited number of graphite spheres are
observed within the cladding layer. Their formation primarily results
from the low solubility of elemental carbon in Ni-based alloys, leading to
the precipitation of carbon along grain boundaries during cooling. In
Fig. 5b, the white reticulation at the substrate disappear, the needle-like
martensitic organization at the coating bond is reduced, as shown in Z2,
and the substrate is better bonded to the cladding layer. In Fig. 5c, the
coating microstructure is characterized by the presence of fine dendritic,
mainly many equiaxial crystals as shown in Z3. the interface is well
bonded with no graphite diffusion into the coating, which may be due to
the fact that more Ni atoms instead of Fe atoms increase the diffusion
activation energy of the carbon atoms and thus inhibit the diffusion of
the carbon atoms [20]. As the Inconel 625 content increased, the pri-
mary diffraction peaks in the XRD patterns of the cladding layer shifted
from Fe carbides to Fe-Ni and Fe-Ni-Cr solid solutions, indicating a
uniform distribution of coating elements [21]. Under comparable con-
ditions, incorporating a small amount of Ni-based alloy powder dem-
onstrates a superior capacity to control whitening than Fe-based alloy
powder.

Fig. 6 illustrates the XRD patterns of Fe-based layers formed with
varying compositions, revealing multiple phases: Austenite Fe (JCPDS
index 98-000-0259), martensitic Crys 3Feqg77Ce (JCPDS index 01-078-
1499), austenitic Crgi9Feg7Nig11 (JCPDS index 33-0397), and
Fep 64Nip 36 (JCPDS index 00-047-1405) according to Joint Committee
on Powder Diffraction Standards (JCPDS). The S1 sample displayed a
pronounced martensitic Crag 3Fe77Ce peak, which can be attributed to
elemental diffusion at the interface. With the incorporation of Inconel
625, phases in the S2 coatings shifted the phases towards martensitic
Co.osFe1.92 and Feg4Nip 36. The S3 coating exhibited strong peaks for
martensitic Feg g4 Nij 36, resulting from the infiltration of molten cast iron
into the Inconel 625 deposition layer. This behavior is influenced by the
comparable atomic radii and electronegativity of Ni and Fe, as well as
the higher solubility of Ni in Fe, leading to a solid solution structure (Fe,
Ni) [10,22]. Consequently, martensitic structures with Ni-substituted
atoms became predominant in the Fe-based laser cladding deposits.
Additionally, Cr dissolved within the Fe-Ni solid solution, contributing
to improved alloy stability.

3.2. Microstructure characterization

Elemental mapping of the S1 coating, as shown in Fig. 7, highlights
the distribution of Fe Ni and Cr across the deposited layers and in-
terfaces. Compositional analysis using EDS map scanning reveals that Cr
and Fe are uniformly distributed within the deposited layers, while
carbon is concentrated in the interdendritic regions, suggesting that
carbides are aligned along the dendritic grain boundaries. The source of
carbon is primarily attributed to the dissolution of graphite spheres from
the substrate. Additionally, the mapping shows that the Ni concentra-
tion at the grain boundaries is significantly lower compared to Cr and Fe,
reflecting differences in elemental diffusion and solubility during the
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Fig. 3. Schematic diagram of test samples wear resistance process.

(a) S1 coating

(b) S2 coating

(¢) S3 coating

Fig. 4. SEM images of bonding interface (a) S1 coating, (b) S2 coating and (c) S3 coating.

Interface

Interface Interface

Melted zone

Melted zone

Fig. 5. Laser cladding DI substrate interface (a — c) S1-S3 coatings.

cladding process.

When 15 wt% Inconel 625 particles were added to the raw materials,
significant changes in phase morphology and elemental distribution
were observed within the S2 coating, as shown in Fig. 8. This coating,
prepared using a mixture of 15 wt% Inconel 625 and 85 wt% Fe 105
particles, exhibited a gradual increase in the concentrations of Ni and Cr.
Furthermore, Fe, Ni, and Cr were uniformly distributed throughout the
coating, consisting with findings from previous studies [23].

Fig. 9 illustrates the significant changes in the phase morphologies
and corresponding element distribution within the S3 coating, fabri-
cated with 30 wt% Inconel 625 particles. Compared with Fig. 7 and
Fig. 8, a substantial amount of Ni and Cr dissolved into the molten zone.
EDS analysis reveals the uniform distribution of Fe, Ni, and Cr
throughout the coating. The elevated Ni content enhances solid solution

strengthening and establishes strong metallurgical bonding between the
Fe-Ni alloy and the cast iron. Additionally, Cr in solid solution slows the
transformation of austenite to ferrite during solidification, thereby
increasing the stability of the cladding structure [24]. The reduced
carbide content indicates the inhibitory effect of Ni on carbon diffusion.

3.3. Microhardness

Hardness plays a critical role in the remanufacturing of DI, providing
insight into certain mechanical properties of the cladding layer. The
coating exhibits uniform hardness, attributed to the Ni-based alloy’s
ability to effectively control carbon diffusion at the forming interface
and minimize its impact on the properties of the forming layer. For
coating formed with Fe-based alloy powder, interface hardness
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Fig. 7. The distribution of Fe, Ni and Cr elements in S1 coating.

decreases as the number of forming passes and layers increased.
Nevertheless, the hardness in the forming layer near the interface
remained higher than in regions further away, likely due to the forma-
tion of carbide from iron in the forming layer and carbon diffusing from
the substrate.

The results indicate that the microhardness of the formed layers
exceeds that of the substrate, fulfilling the requirements for remanu-
facturing. Additionally, the Fe-based alloy coating demonstrates greater
hardness than coatings containing Inconel 625. Fig. 10a presents the
microhardness distribution of Fe-based and Ni-based alloy surfaces, with

the microhardness values for S1, S2, and S3 being 480, 334, and 304 HV,
respectively. The microhardness of the coating with 15 wt% Inconel 625
is 0.7 times that of the Fe-based alloy, while the coating with 30 wt%
Inconel 625 is 0.6 times as microhardness. This reduction is primarily
due to the substitution of Fe with Ni in the phase, leading to diminished
mechanical properties. As illustrated in Fig. 10b, Fe-based alloy powder
formation involves Fe and C diffusion from the matrix, resulting in
carbide formation within the layer. The hardness of this region is pre-
dominantly determined by the molten pool area during the formation
process. After the first layer solidifies, the carbon atoms also solidify,
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Fig. 9. The distribution of Fe, Ni and Cr elements in S3 coating.

restricting their diffusion in subsequent layers, which decreases the
hardness in the subsequent formed layers.

3.4. Corrosion resistance

Electrochemical analysis provided substantial evidence of improved
corrosion resistance in the coatings. The addition of appropriate
amounts of Inconel 625 positively influenced corrosion resistance [25].
Since Fe is more reactive than Ni, the corrosion rate was found to
correlate directly with Fe content, while corrosion potential inversely
relates to Fe content. Consequently, a reduction in Fe content resulted in
increased corrosion resistance [26]. Additionally, the grain size of the

Fe-Ni coatings became more refined, increasing grain boundary density
and reducing corrosion susceptibility. Although grain boundaries typi-
cally facilitate the diffusion of corrosive elements, the enrichment of Ni
and Cr-both highly corrosion-resistant-at the grain boundaries effec-
tively enhanced corrosion resistance in these regions, ultimately
boosting the overall corrosion resistance of the coatings.

Fig. 11 shows the results of electrochemical impedance spectroscopy
testing. The Nyquist plots display incomplete semicircles, suggesting
that the charge transfer mechanism is associated with the electro-
chemical corrosion process [27]. As shown in Fig. 11(a), a larger
impedance arc radius corresponds to higher resistance and enhanced
corrosion resistance [28]. The results demonstrate that the impedance
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radius increases with the addition of Inconel 625, signifying an
improvement in the corrosion resistance of the coating surface as
Inconel 625 content rises.

In this equivalent circuit, Rs, Rgm and R, represent solution resis-
tance, passivation film resistance and charge transfer resistance,
respectively. A constant phase element (CPE) was chosen to fit the
impedance profile instead of a simple capacitance, with the aim of better
matching the non-flat and rough surfaces of the real electrode and hence
a better fit. CPEp,, and CPE represent the passivation film capacitance
and the double layer capacitance, respectively. Y is the capacitance
parameter. The factor n is frequency independent and is a parameter
that characterizes the deviation of the system from the ideal capacitive
behavior. The value of n associated with CPEg, is in the range
0.5 < nxl. When n = 0.5, the CPE is expressed as the Warburg
impedance associated with the ionic flux through the film. Ry is defined
as the total polarization resistance[29].

Table 5 illustrates the fitting results of electrochemical impedance
spectroscopy. The fitting results also show that the total polarization
resistance of S3 is more than three times higher than that of S1, indi-
cating better corrosion resistance of S3 specimens.
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Fig. 11. Electrochemical impedance spectroscopy analysis of samples tested in
the simulated solution: (a) Nyquist plot, (b) Bode-phase plot, and (c) Equiva-
lent circuit.

3.5. Wear resistance

The wear resistance of Fe- Inconel 625 composites was assessed in
this study through evaluations of the friction coefficient, wear volume
and worn surface morphology. Fig. 12 presents the friction coefficient
(COF) curves for specimens with varying compositions. Fig. 13 shows
the wear volume and average friction coefficient of the sampes. Initially,
the COF rose rapidly above 0.5, followed by fluctuations as the test
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Table 5
Fitting results of electrochemical impedance spectroscopy.
Samples R Réim CPEgim Ret CPEg R¢ 72
(Q-cm?) (Q-cm?) (Q-cm?) (kQ-cm?) 10
Y, n Y, n
Q@ Ls"em ) Q@ Ls"em?)
S1 30.83 13,002 3.23 x 107° 0.81 20,989 5.14 x 107 0.92 33.99 1.6
S2 32.61 224.9 2.94 x 107 0.68 38,757 6.04 x 107° 0.82 38.98 1.2
S3 39.77 66,022 3.00 x 107° 0.80 36,044 5.18 x 107 0.95 102.07 6.5
the highest COF, and S3 the lowest hardness, indicating that factors
1.2

1.0

e
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e
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Wear time (min)
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Fig. 12. COF vs. time curves of different coating.

duration increased, eventually stabilizing between 0.50 and 0.70. Dur-
ing the final 10 min, the COF trend became smoother, enabling the
calculation of average COF values for the composite coatings over the
20-30-minute wear period. The average COFs for samples S1, S2, and S3
were recorded as 0.5500, 0.4670, and 0.0522, respectively. Notably,
despite S1's higher COF, its volumetric removal rate was significantly
lower than that of the other coatings, suggesting that Inconel 625 con-
tent plays a substantial role in the wear mechanism. Additionally, S2 has

beyond hardness contribute to wear resistance.

Fig. 14(al-cl) shows an optical image of the wear of the samples (S1-
S3) respectively. Large black debris coverings were found on the sur-
faces of all three samples, and the wear marks were all grooved with
large amounts of black abrasive debris. Fig. 14(a2-c2) shows the cor-
responding 2D color wear pattern corresponding with Fig. 14(al-cl),
and it can be seen that Fig. 14a2 has a large amount of abrasive grains.
The wear area expands with the addition of Inconel 625.

To examine the wear mechanisms in specimens of different compo-
sitions, SEM observations of the wear scars, as shown in Fig. 15, revealed
numerous chips, cracks, delaminations, and grooves on the worn sur-
faces. Notably, the addition of Inconel 625 improved coating wear
resistance, with optimal resistance achieved at 15 wt% Inconel 625.
However, when adding 30 wt% Inconel 625, surface damage occurred,
increasing the friction coefficient as plastic deformation became the
dominant wear mechanism. The wear mechanism models are shown in
Fig. 16 and Fig. 17. In sample S1, abrasive wear is the primary wear
mechanism, characterized by typical hard-hard contact between friction
surfaces, with slight grooves and wear debris forming on the wear track
from sliding friction. In sample S2, adhesive wear is evident as wear
debris migrates, with some spalling occurring along the wear track edges
in the friction direction. The relatively flat overall surface indicates a
marked improvement in wear resistance.

For sample S3, fewer surface grooves suggest a decrease in abrasive
wear, as plastic deformation prevails over material transfer. The larger
and more variable friction coefficient in the Inconel 625 coating is due to
Ni’s tendency for intermittent adhesive interactions and plastic defor-
mation under grinding ball contact, leading to increased resistance to
the grinding balls. In this context, plastic deformation dominates the
wear behavior, with large areas of detachment evident on the cladding.

0.6

Wear volume

0.018 | Average friction coefficient|

0.5500
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Fig. 13. The COF and volume loss.
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Fig. 15. SEM images of 2D worn surface (a) S1 coating (b) S2 coating and (c) S3 coating.
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Fig. 16. The schematic diagram of the effect of FelO5 coating on the
wear process.

Fretting direction

4, Conclusion

In this study, Fe-Inconel 625 composite coatings were fabricated

using laser cladding technology, and their corrosion behavior as well as
friction and wear characteristics were systematically investigated.

. This study establishes the feasibility of incorporating Inconel 625

into Fe-based alloys to enhance mechanical performance. The
appropriate addition of Inconel 625 effectively isolates graphite,
preventing the formation of brittle and hard reticulated white-mouth
tissue along the edges of the fused cladding, as observed with
traditional Fe-based alloy laser cladding.

. Microstructural analysis revealed that defect-free Fe-based coatings

can be achieved on the DI substrates with the inclusion of 30 wt%
Inconel 625. These coatings exhibit robust metallurgical bonding at
the interface, free from macroscope defects such as porosity or
cracks.

. The addition of 30 wt% Inconel 625 significantly enhances corrosion

resistance to three times that of Fe-based coatings, primarily due to
the increased concentration of NiCr elements in the coatings.

. Mechanical property assessments indicated that incorporating 30 wt

% Inconel 625 enhanced the hardness of the coatings to 1.7 times
that of the substrate. Furthermore, the wear mechanism transitioned
from abrasive wear to adhesive wear, highlighting the role of
Inconel625 in improving the wear resistance of Fe-based coatings.
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