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A series of Cr,N coatings (x = 1 or 2) were fabricated on the 431 stainless steel using a high power impulse
magnetron sputtering (HiPIMS), with varying Ar:N, ratios. The microstructure and phase structures of the result-
ing coatings were characterized using multiple microscopic techniques. Tribocorrosion behavior was evaluated
through ball-on-disk friction and wear tests in an artificial seawater environment. The results demonstrated that
the coating prepared with a Ar:N,=>5:2 gas mixture exhibited the best tribocorrosion performance, featuring the
lowest wear depth and wear rate. This was attributed to its denser dual-phase structure composed of CrN and
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1. Introduction

For mechanical transmission components like submarine stern
shafts, support bearings, and gears operating in the harsh ocean en-
vironments, tribocorrosion—the combined effect of saline-water corro-
sion and mechanical friction—poses a major challenge. This synergis-
tic degradation significantly compromises component integrity [1]. 431
stainless steel is widely used in the maritime industry due to its excellent
corrosion resistance, along with high tensile and yield strength [2]. In
addition, coatings fabricated on alloy surfaces using advanced physical
vapor deposition (PVD) techniques offer enhanced properties such as
high hardness [3,4], excellent chemical stability [5], and superior wear
resistance [6], making them a focal point of extensive research.

Among these, CrN coating represents a class of metal nitrides well
known for their high hardness, excellent wear resistance, and superior
corrosion protection. They are extensively used in applications such as
cutting tools, molds, and stamping dies [7-11]. CrN coatings exhibit
better corrosion resistance than TiN and TiAIN coatings in 3.5 wt.%
NaCl solution [12]. Additionally, CrN can form Cr-rich oxides during
friction, which act as solid lubricants to reduce the friction coefficient
[13].
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High power impulse magnetron sputtering (HiPIMS) has notable
advantages over conventional direct current (DC) magnetron sputter-
ing, offering higher ionization rates and ion flux, which lead to im-
proved coating structure and enhanced properties [14,15]. Tranca et al.
[16] compared the CrN coatings deposited by DC and HiPIMS on Si
substrates and found that HiPIMS-produced coatings exhibited higher
Young’s modulus (240-250 GPa) and stiffness (125-132 N/m).

The composition and structure of Cr,N largely depend on the nitro-
gen flow. Zhang et al. [17] reported that varying nitrogen flow signifi-
cantly alters the preferred crystal orientation of Cr,N coatings, although
hardness and adhesion do not show a direct correlation. In contrast,
Chen et al. [18] found that higher nitrogen partial pressures, which pro-
mote CrN phase formation, increase coating hardness but may reduce
adhesion. Prior studies [19,20] have shown that a gas ratio of Ar:N,=3:1
produces Cr+Cr,N phases, while a 1:1 ratio results in pure CrN. These
differing structures lead to distinct properties: under the same thickness,
Cr,N coatings have higher hardness and Young’s modulus than CrN,
whereas CrN coatings offer better oxidation resistance and lower fric-
tion coefficients. Parameters such as crystal preferred orientation, grain
size and phase structure, significantly influence the coatings’ corrosion
and wear resistance [21].
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Table 1

Chemical composition (g L™!) of artificial seawater.
NaCl Na,S0, MgCl, CaCl, SrCl, KCl NaHCO,3 KBr H;BO, NaF
24.53 4.09 5.20 1.16 0.025 0.695 0.201 0.101 0.027 0.003

However, comprehensive studies on the tribocorrosion and mechan- CrN(200) Cr(110)

ical properties of dual-phase CrN/Cr,N coatings in simulated seawater ~

environments remain limited. In this study, Cr,N coatings with vary- CraN(110)

ing N, contents were deposited using HiPIMS. Their tribocorrosion be- AN Cr(200)

havior in artificial seawater was systematically investigated to provide

theoretical insights and experimental evidence for the development of i I

nitrogen-based marine protective coatings. i / \ Ar:N,=1:1
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2. Experimental
2.1. Coating preparation

The Cr, N coatings were deposited on the polished 431 stainless steels
(®17 mm x 3 mm) and P-type (100) Si wafers by HiPIMS. The coat-
ing deposition equipment was configured with a pure chromium target
(99.9%, mass fraction) in the size of 400 mm x 100 mm X 5 mm, and
a linear ion source (LIS). Prior to deposition, all substrates were con-
tinuously ultrasonically cleaned in acetone and ethanol. The distance
from the base to the target was 10 cm and the vacuum of the vacuum
chamber was drained to approximately 2.67 x 10~3 Pa. All substrates
were etched and pre-cleaned with an Ar* source for 40 min and with a
negative bias of -100 V.

During the coating process, the Cr layer was deposited by HiPIMS
at 2500 W power and 50 mL/min Ar for 4 min, and then Ar and N,
were introduced at the ratios of 60:20, 50:20 and 40:40 respectively.
The gas pressure reached 1.50 Pa, in which N, was introduced from
the linear ionization source and the Ar magnetron sputtering source. In
the process of film preparation, the power of HiPIMS was 2500 W, and
the current of linear ion source was 0.15 A. A negative bias voltage of
100 V is applied to the substrate by DC pulse bias power supply and the
deposition time of Cr,N film was 120 min.

2.2. Characterization

Phase structures were studied by an X-ray diffractometer (XRD,
Bruker D8 X-ray facility) using Cu K, radiation (4 = 0.154 nm) at 40 kV,
40 mA and a grazing incidence angle of 2°. The scanning angle was
20°-90°, the scanning speed was 4°/min, and the step size was 0.02. The
cross-sectional images of coating on Si substrate and wear track mor-
phology of the coating were observed by a field emission scanning elec-
tron microscope (SEM, Hitachi S4800), and the surface element compo-
sition of the coating was determined according to the peak area ratios
of X-ray photoelectron spectroscopy (XPS, AXIS SUPRA). In addition, it
characterized the corrosion resistance and mechanical properties of the
coating. The traditional three-electrode electrochemical cell was used
for electrochemical measurement on the 600 + (Gamry) electrochemical
workstation, in which Cr, N was used as the working electrode, saturated
calomel as the reference electrode and platinum plate as the counter
electrode. Prior to initiating all corrosion tests, an open circuit poten-
tial (OCP) measurement was conducted for 60 min. Once the OCP had
gradually stabilized, the corresponding scanning procedure was subse-
quently performed. The experiment was conducted at ambient tempera-
ture ((25 + 1) °C) and in artificial seawater prepared according to ASTM
D1141-98 [22]. The chemical composition of artificial seawater is listed
in Table 1. The potential dynamic current potential curve was recorded
at a scanning rate of 3 mV/s.

Nano indentation (Nano Indenter) was used to measure hardness (H)
and elastic modulus (E) by the continuous stiffness method. The pressing
depth was controlled to 2 ym. The selection depth of characteristic val-
ues H and E is about 200 nm to avoid the effect caused by the substrate.
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Fig. 1. XRD pattern of Cr,N coatings with different Ar:N, deposited on 431
steel substrates.

Ten dents were made on each coating sample, and the average H and
E were evaluated from the load-displacement curve. The atomic force
microscope (AFM, 3100v) was used to measure the surface roughness
(Ra) of the Cr,N coatings.

2.3. Tribocorrosion test

The wear test was carried out on a UMT-3MT Tribometer (CETR).
Under the conditions of room temperature of (25+1) °C and relative hu-
midity of (70+5)%, Si;N, ball slides on Cr,N coatings in ball surface
reciprocating motion mode. The diameter of SizN, ball is 3 mm, and
the test is carried out in artificial seawater prepared according to ASTM
D1141-98 [22]. In order to evaluate the friction and wear character-
istics of sliding parts, a sliding speed of 300 r/min, a constant normal
load of 3 N and a sliding stroke of 5 mm were used in the test, and the
friction coefficient was continuously recorded during the test. Before,
during and after the sliding tests, OCP was monitored and recorded to
investigate the tribocorrosion behavior.

The track depth in the wear mark is measured by the profiler (alpha
step 1q). The wear rate (W) obtained after the tribocorrosion test can

be calculated according to the classical wear equation [23]:
W =V/(FxL) 1

where F is the applied normal load in N, V is the wear loss of the coating
in mm3, and L is the total sliding distance in m.
3. Results and discussion

3.1. Phase and microstructure

Fig. 1 shows X-ray diffraction patterns of Cr, N deposited on 431 steel
substrates using different Ar:N, (3:1, 5:2, 1:1). For the Ar:N,=3:1 condi-
tion, peaks at 44.3° and 37.8° corresponding to Cr (110) and Cr,N (110),
respectively, indicate that the coating primarily consists of Cr and Cr,N
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Fig. 2. Peak fitting for pristine CrN multilayer specimens: (a) Cr 2p, (b) N 1s.

phases. At Ar:N, = 5:2, the dominant peak shifts to 43.6°, correspond-
ing to CrN, while the Cr,N (110) peak at 37.8° remains, indicating a
dual-phase composition of CrN-Cr,N [24]. The broadening of the peak
in this case is attributed to the overlap between the Cr (110) and CrN
(200) diffraction planes [25].

At the highest nitrogen flow (Ar:N, = 1:1), the Cr,N (110) peak dis-
appears, and the CrN (200) peak becomes predominant, confirming the
formation of a primarily CrN phase with a (200) preferred orientation.
These XRD results clearly demonstrate that the phase composition and
structure of the Cr,N coatings are strongly influenced by the nitrogen
flow.

This trend can be explained by the ionization energies of the sput-
tering gases: argon (15.75 eV) and nitrogen (14.53 eV). At low nitrogen
flow, the total reactive gas content is limited, leading to the preferential
formation of Cr,N due to limited nitrogen availability. As the nitrogen
flow increases (Ar:N, = 1:1), more nitrogen ions are available to re-
act with Cr atoms, promoting the formation of CrN as the dominant
phase.

To further determine the composition and chemical state of the Cr,N
coatings, XPS was conducted, focusing on the Cr 2p;,» and N 1s spec-
tra. As shown in Fig. 2(a), the Cr 2p3,, peaks at binding energies of 574,
574.5 and 576.1 eV correspond to metallic Cr, CrN [25,26] and CryN
[27], respectively. A peak around (575.7 + 0.4) eV is also observed,
which may result from Cr-O-N bond formation due to residual oxy-
gen during deposition [28], making it difficult to distinguish between
CryN and chromium oxynitride (CrN,O,) phases. For the N 1s spectra,
characteristic peaks are observed at 396.8 eV (CrN), 397.4 eV (CryN),
and (398.2 + 0.4) eV (chromium oxynitride) [29]. With increasing N,
flow, the Cr 2p3,, peak shifts toward higher binding energies, while
the N 1s peak shifts toward lower binding energies. These shifts in-
dicate enhanced formation of the CrN phase at higher nitrogen flow
rates. This observation is consistent with the XRD results, confirming
that a sufficient nitrogen supply promotes the formation of phase-pure
CrN.

Fig. 3 shows the surface and cross-sectional micrographs of the
Cr,N coatings. At an Ar:N, ratio of 3:1, the coating exhibits a well-
defined columnar structure, with Cr clearly detectable in the cross-
section (Fig. 3(a)). When the ratio is adjusted to 5:2, the columnar struc-
ture becomes significantly less distinct, and only a weak columnar struc-
ture is observed (Fig. 3(b)). This change is attributed to the competitive
growth between Cr,N (110) and CrN (200) crystallographic orienta-
tions. The interference between these two growth directions disrupts the
formation of a uniform columnar structure [21]. However, at an Ar:N,
ratio of 1:1, a distinct columnar morphology reappears (Fig. 3(c)), due
to the dominance of CrN (200) orientation.
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CryN coatings generally exhibit a less pronounced columnar mi-
crostructure compared to the CrN coating, consistent with reports on
magnetron-sputtered Cr,N and CrN coatings [9,19,30]. Surface SEM im-
ages and roughness measurements for coatings prepared at Ar:N, ratios
of 3:1, 5:2 and 1:1 are shown in Fig. 3(d, g), (e, h) and (f, i), respectively.
The coating produced at 5:2 displays the smallest surface grains and the
lowest Ra (0.256 nm), which is attributed to the interference between
competing columnar growth directions in the dual-phase structure.

Fig. 4 shows TEM image and corresponding selected-area electron
diffraction (SAED) pattern of the Cr,N coating deposited at Ar:N, = 5:2.
The cross-sectional morphology reveals a clear columnar structure ex-
tending throughout the film. SAED pattern confirms the presence of CrN
(111), (200) and Cr,N (211) phases. The diffuse nature of the diffraction
rings suggests interfacial interference between the two phases during
growth, further supporting the competitive growth mechanism identi-
fied in the XRD analysis.

Fig. 5(a) displays the characteristic columnar microstructure of the
coating. High-resolution TEM in Fig. 5(b) reveals two distinct phase re-
gions. IFFT analysis of area A (Fig. 5(c)) confirms the coexistence of
[200]¢..-CrN and [100]y,,-Cr,N phases. IFFT images of regions B and C
(Fig. 5(d, e)) display lattice fringes with spacings of 2.081 and 4.096 A,
corresponding to CrN (200) and Cr,N (100) planes, respectively. Among
the fcc CrN planes, the (200) orientation has the lowest surface energy
but requires substantial atomic diffusion. The high-energy plasma envi-
ronment in HiPIMS enhances atomic mobility, promoting the develop-
ment of (200)-oriented textures [31].

The competitive growth between CrN and Cr,N phases results in
mutually constrained columnar microstructures. This interphase in-
terference leads to grain refinement, as the growing columnar crys-
tals of each phase restrict and disrupt the development of one
another.

The results demonstrate that variations in N, flow rate significantly
influence the growth orientation of different valence compounds (CrN,
Cr,N, and Cr) within the coating. When the coating exhibits a dual-phase
structure (Cr,N/Cr or CrN/Cr,N), the columnar growth is notably dis-
rupted due to competitive crystallographic orientations. This effect is
most pronounced at an Ar:N, ratio of 5:2, where the interference be-
tween CryN (110) and CrN (200) growth directions leads to a highly
disrupted columnar morphology. Notably, coatings deposited at this ra-
tio also show superior surface characteristics, including higher density,
smoother topography, and the lowest roughness (Ra = 0.256 nm). In
contrast, coatings deposited at Ar:N, = 3:1 and 1:1 exhibit higher rough-
ness values (Ra = 17.4 and 3.11 nm, respectively; see Fig. 3). The most
distinct columnar structure is observed at Ar:N, = 1:1, corresponding to
the formation of a single-phase CrN coating.
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Fig. 4. Overview image and the corresponding SAED pattern of the Cr,N with
Ar:N, = 5:2.

3.2. Mechanical property

Fig. 6(a) presents the hardness and elastic modulus of the Cr,N
with different Ar:N, (3:1, 5:2, 1:1). The coating hardness exhibits a
non-monotonic trend with increasing N, flow rate, reaching a maxi-

2.23 pm
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2.17 um

mum value of 14.12 GPa at Ar:N, = 5:2, where the elastic modulus
is minimized at 224.5 GPa. This increase in hardness is attributed to
grain refinement in the dual-phase CrN/CryN structure, as previously
discussed.

According to the prior research, the H/E and H3/E? ratios are in-
dicative of a coating’s resistance to plastic deformation [32]. Higher
values of these ratios correspond to enhanced toughness and mechani-
cal durability [33,34]. Krishnamurthy et al. [35] reported a good corre-
lation between experimental results and simulated fracture toughness.
At Ar:N, = 5:2, both H/E and H®/E? are highest, confirming that the
dual-phase CrN/Cr,N coating exhibits the best mechanical performance
among the tested samples.

3.3. Electrochemical result

The passivation behavior is evident from the polarization curve
shown in Fig. 7. In artificial seawater, the coating forms a passivation
film primarily composed of Cr, N and O. The corrosion resistance of
CrN coating is comparable to that of Cr,O3 [36]. During tribological
contact in a corrosive environment, the synergistic effect of friction and
corrosion promotes the formation of this protective passive layer. How-
ever, mechanical abrasion during sliding continuously disrupts the film,
allowing corrosive media to penetrate and interact with the underlying
substrate. If the coating’s wear resistance is sufficient to maintain the in-
tegrity of the passive layer under sliding conditions, material loss due to
corrosion-assisted wear becomes minimal. Previous studies have shown
that tribocorrosion-induced wear is negligible compared to purely me-
chanical wear mechanisms under similar loading conditions [37].

According to Fig. 7, the corrosion potential (E,,,) and corrosion cur-
rent density (i.,,) of the sample were determined using the Tafel extrap-
olation method, with the results summarized in Table 2. The current
density of the coating prepared with Ar:N, = 5:2 is an order of mag-
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Fig. 5. (a) Cross-sectional TEM image and (b) high-resolution lattice image of phase border between hcp and fec phase, (c) corresponding FFT diffraction pattern of

area A in Fig. 5(b), inverse-FFT fringe image of areas (d) B and (e) C in Fig. 5(b).
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Fig. 6. (a) Variations of micro-hardness (H) and elastic modulus (E) of Cr,N coatings deposited with different Ar:N, (3:1, 5:2, 1:1), (b) effects of Ar:N, (3:1, 5:2,

1:1) on H/E and H®/E? ratio of Cr,N coatings.

Table 2
E e and i, of Cr, N coatings with different Ar:N, ratios in the artificial seawa-
ter.

Sample Eeore /' V icory /Ascm™2
ArN, = 3:1 -0.176 1.864 x 107°
Ar:N, = 5:2 -0.249 1.001 x 1077
ArN, = 1:1 -0.265 1.505 x 107°

nitude lower than that of the other two coatings, indicating superior
corrosion resistance in the CrN-Cr,N dual-phase structure. Microscopic
defects, pores, and columnar grains in the coating can serve as penetra-
tion pathways for corrosion electrolyte [21,38]. However, in the coating
with Ar:N, = 5:2, the competitive growth between CrN and Cr,N phases

disrupts the development of a distinct columnar structure. Generally,
coatings with a denser microstructure exhibit higher resistance to cor-
rosive penetration [39]. Therefore, the compact structure and reduced
defect density in the dual-phase coating effectively hinder the ingress
of corrosive media. For comparison, the corrosion potential and current
density of the uncoated 431 stainless steel are —0.288 V and 2.06 x 10~°
A/cm?, respectively (Fig. S1(a)), demonstrating that the application of
the coating significantly enhances corrosion performance.

3.4. Tribocorrosion result of CryN coatings
The OCP over time due to sliding friction in artificial seawater for

the three coatings is shown in Fig. 8(a). Under static conditions, passive
materials exhibit stable, elevated OCP values. However, during sliding,

28



X. Zhou, H. Du, G. Ma et al.

—@—Ar:N,=3:1
—H— Ar:N,=5:2
—A— Ar:N,=1:1

E (vs SCE) / V

Ig (i/ A-em™)

Fig. 7. Potentiodynamic polarization curves of Cr,N coatings with different
Ar:N, ratios in the artificial seawater.

the OCP shifts cathodically due to depassivation. The measured poten-
tial represents a mixed state, combining the active surface within the
wear track and the passive regions outside it [40-43].

The steady-state OCP values prior to sliding were —136 mV
(Ar:N, = 3:1), =117 mV (5:2), and —146 mV (1:1). Upon initiating slid-
ing friction, all coatings exhibited an immediate cathodic shift, with
OCPs dropping to —302 mV (3:1), =349 mV (5:2), and —280 mV (1:1).
This sudden drop can be attributed to the removal of passive film and
the increased exposure of the coating surface to the seawater environ-
ment [44,45]. During continued sliding, the OCP of all coatings stabi-
lized quickly, indicating a dynamic balance between passive film re-
moval and regeneration [46]. After sliding ceased, the OCP rose sharply
and gradually returned to its initial steady-state value, reflecting the
gradual re-passivation of newly exposed wear tracks.

The coating deposited at Ar:N, = 5:2 exhibited the highest OCP value
prior to sliding and lowest during sliding, suggesting excellent initial
corrosion resistance, but also a susceptibility to passive film breakdown
under friction. This behavior may be attributed to the dual-phase com-
position of CrN and Cr,N, where potential differences between phases
could promote localized galvanic interactions, lowering OCP during
wear. The OCP response of bare 431 stainless steel is provided in Fig.
S1(b), confirming improved tribocorrosion resistance after coating de-
position.

Fig. 8(b) shows the COF for the three coatings sliding against a Si;N,
ball in seawater. For Ar:N, ratios of 3:1, 5:2 and 1:1, the COF initially

Corrosion Communications 20 (2025) 24-32

increased sharply before stabilizing at approximately 0.549, 0.50 and
0.628, respectively. The decrease in COF after the running-in period is
attributed to increased contact smoothing due to wear, resulting in a
more uniform friction interface. In addition, water in the environment
provides hydrodynamic lubrication [45], and the lubricating film may
act as a rolling medium, further smoothing the wear process [47].

The higher COF observed in the Ar:N, = 1:1 coating is attributed
to its prominent columnar microstructure. The open grain boundaries
inherent in this structure serve as pathways for corrosive media, under-
mining coating cohesion and promoting crack initiation and propaga-
tion during sliding [21]. The relationship between the average friction
coefficient (based on three repeated tests per sample, with values aver-
aged after 20 min of stabilization) and Ar:N, ratio is shown in Fig. 8(c),
where the lowest COF was 0.54 observed for the coating prepared at
Ar:N, = 5:2.

Fig. 9 shows the 3D surface morphology and 2D cross-sectional pro-
files of wear track on Cr,N coatings after sliding in artificial seawater.
The coating deposited at an Ar:N, ratio of 3:1 exhibits the highest wear
rate among all samples, likely due to the synergistic effects of corro-
sion and mechanical wear in the saline environment. In this coating,
the predominance of Cr and Cr,N phases inhibits the formation of a sta-
ble Cr,04 passive layer during sliding, rendering the surface more vul-
nerable to corrosive attack. Additionally, the relatively softer Cr phase,
compared to CryN/CrN, contributes to increased material removal, re-
sulting in deeper wear tracks.

The coating deposited at Ar:N, = 1:1 also shows a relatively deep
wear track, which can be attributed to its coarse columnar microstruc-
ture. This structural feature, characterized by a higher density of pin-
holes and grain boundaries, promotes the infiltration of corrosive media.
Consequently, interfacial adhesion is weakened, and wear is accelerated
through crack initiation and propagation [48].

In contrast, the coating produced at Ar:N, = 5:2, with its dual-phase
(CrN/Cr,N) structure, exhibits a denser microstructure (Fig. 3) that ef-
fectively resists crack propagation during sliding. This structural com-
pactness contributes to improved wear resistance and enhanced tribo-
corrosion performance.

Fig. 10 illustrates the wear rates of Cr,N coatings deposited under
different Ar:N, ratios. The coating deposited at Ar:N, = 3:1 exhibits the
highest wear rate. Artificial seawater, which contains a high concentra-
tion of chloride ions, aggressively attacks the coating surface through
corrosion. During sliding, the rapid movement of the counterbody con-
tinuously removes the degraded surface layer, exposing fresh material
to the corrosive environment. This exposure leads to anodic dissolution
of the coating, thereby accelerating material loss. As wear progresses,
more surface defects are generated, further promoting corrosion and ex-
acerbating wear. Consequently, under the combined effects of corrosion
and mechanical wear, the coatings deposited at Ar:N, = 3:1 and 1:1
exhibit relatively higher wear rates.

0.1 1.0 -
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Fig. 8. (a) OCP, (b) COF-time value and (c) average value and standard deviation of the friction coefficient of Cr,N coatings with different Ar:N, ratios.
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Fig. 9. (a-c) 3D cross-sectional and (d-f) cross profiles of the wear tacks: (a, d) Ar:N, = 3:1, (b, ) Ar:N, = 5:2, (¢, f) Ar:N, = 1:1.

In contrast, the coating deposited at Ar:N, = 5:2 demonstrates the
20 lowest wear rate. This coating features a dual-phase structure composed
of CrN and Cr,N, with CrN exhibiting better oxidation resistance than
CryN [49]. Importantly, the composite CrN-Cr,N system provides en-
/ hanced corrosion resistance compared to coatings composed of a single
CrN or CryN phase [50]. Microstructural analysis (Fig. 3) further reveals
that the coating deposited at Ar:N, = 5:2 has significantly higher den-
sity and lacks preferential grain orientation. These features contribute to
improved barrier properties and enhanced resistance to both corrosion

101 and tribological degradation [51].

=N
(3}
T
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Fig. 11 shows SEM images of the wear tracks on the Cr, N coatings
deposited under different Ar:N, ratios. The width of the wear track is
often used as an indicator of the coating’s wear resistance, which is

5t closely associated with both hardness and fracture toughness [52]. In
the Ar:N, = 3:1 coating, the presence of Cr and Cr,N phases contributes

to brittle fracture and abrasive wear during sliding. The corresponding

wear track measures 356 ym in width and shows significant abrasive

0 3:1 5:2 11 debris accumulation (Fig. 11(a)). For the Ar:N, = 5:2 coating, the wear
. track narrows to 308 um and exhibits a smoother morphology with less

Ar: N2 evidence of abrasion (Fig. 11(b)). At Ar:N, = 1:1, the wear track widens

again to 346 ym and displays prominent parallel grooves and ploughing

features typical of abrasive wear, but with minimal debris (Fig. 11(c)).

Fig. 10. Average wear rate of Cr,N coatings with different Ar:N, ratios.

Fig. 11. SEM images of wear track of Cr,N coatings with Ar:N, ratio (a) 3:1, (b) 5:2, (c) 1:1 after tribocorrosion test.
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In summary, the dual-phase CrN and Cr,N structure in the
Ar:N, = 5:2 coating enhances wear resistance, primarily due to im-
proved resistance to brittle fracture enabled by the coexistence of both
CrN and Cr,N phases.

4. Conclusion

Three Cr,N coatings with distinct structures were fabricated using
the HiPIMS method by varying Ar:N, gas ratios. Their microstructure,
mechanical properties and tribocorrosion behavior in artificial seawa-
ter were systematically investigated. The study concludes that changes
in the Ar:N, ratio significantly influenced the phase composition of the
coatings, thereby affecting their tribological and corrosion resistance. At
an Ar:N, ratio of 3:1, the coating was primarily composed of Cr,N. In-
creasing the ratio to 5:2 resulted in a mixed-phase structure of CrN and
CryN, while a 1:1 ratio produced a near-pure CrN phase. Among the
three, the coating deposited at an Ar:N, ratio of 5:2 exhibited the best
mechanical properties and corrosion resistance in artificial seawater.
This improvement is attributed to the suppression of preferred orienta-
tion during the competitive growth of CrN and Cr,N, which disrupted
the columnar structure and effectively hindered seawater penetration.
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