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ABSTRACT: Seawater is a complex corrosive electrolyte solution. Chloride ions can cause severe damage to the oxide film on
the metal surface, accelerating the corrosion process of materials. Metals serving in marine environments experience severe
coupled corrosion and wear damage. However, these components are prone to corrosion and wear in marine environments,
leading to the destruction of the surface's passive film and severe damage to the metal under the combined action of wear and
corrosion. To protect alloys in marine conditions from the erosion of friction, metal nitride coatings have been widely applied to
alloy surfaces in recent years. These coatings exhibit significant advantages in improving substrate thermal stability, oxidation
resistance, and corrosion resistance. CrN coatings have been widely used in cutting tools and molds due to their excellent
mechanical properties, corrosion resistance, and oxidation resistance. However, the low toughness of CrN coatings may lead to
catastrophic failure through brittle detachment during frictional processes, severely limiting their application scenarios. Studies
have shown that the addition of nickel (Ni) elements to CrN coatings can effectively improve their hardness and toughness.
Currently, there are few reports on the tribological performance of CrNiN coatings in simulated seawater environments. The aim
of this study was to investigate the influence of nickel addition on the wear resistance of CrN coatings in simulated marine
environments and explore the wear behavior of CrNiN coatings with different nickel contents. Magnetron sputtering was used to
control the nickel content in CrNiN coatings. CrN coatings with a thickness of 3 pm and different nickel contents, 15.85at.% and
39.06at.%, were prepared on 431 stainless steel substrates. Dry friction experiments and simulated seawater wear tests were
conducted to study the mechanical properties and wear behavior of the three kinds of coatings and analyze their frictional
damage mechanisms. Under dry friction conditions, the tribological performance of CrNiN coatings was mainly determined by
the mechanical properties of the coatings. CrNiN coatings with 15.85at.% nickel content exhibited both high hardness and good
toughness, resulting in the shallowest wear track and the lowest wear rate among the three kinds of coatings, with a value of
9.1x10”" mm*/(N'm). However, under the open circuit potential (OCP) of simulated seawater wear, CrNiN coatings with the
best mechanical properties had a higher wear rate than CrN coatings. CrN coatings exhibited the lowest friction coefficient and
wear rate. The wear rate of the three kinds of coatings at a positive potential (+0.6 V) was much higher than that at the OCP,
indicating that corrosion reduced the wear resistance of the coatings. Analysis of the corrosion products revealed that the main
corrosion products of CrN were CrO, and Cr,O;, which provided some lubrication effect. In contrast, the corrosion process of
CrNiN coatings containing nickel produced NiO, which had an adverse effect on the wear resistance of the coatings. In
conclusion, under dry friction conditions, the tribological performance of CrNiN coatings is mainly determined by the
mechanical properties of the coatings. CrNiN coatings with 15.85at.% nickel content exhibited high hardness and good
toughness, resulting in better wear resistance. However, under simulated seawater wear conditions, the corrosion products
significantly affect the wear performance of CrNiN coatings, thereby reducing their wear resistance.

KEY WORDS: Ni content; CrNiN coatings; dry friction; simulated seawater solution; tribocorrosion; abrasive wear
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Fig.1 Coating preparation equipment



- 48 - * om H R

2024 4F 6 A

CrN (21 2 Fl Ni 1 ( 15.85%F71 39.06% ) CrNiN
WIECHITERGE, T30 Ni R 500500 15.85%
1) CrNiN 74255~ CrNiN-15.85 i&)2, Ni JFE T8>
£1.39.06%[1) CrNiN ¥ )= #8247 CrNiN-39.06 IR )2 ), Ik
JZIEFEL N 3 um, BERGS AR, HIPIMS BP0 %
WE N 2500 W, SR K 500 Hz, Bk5EHh 0.1s, %
WIZ M BARSEL 2 2% SCER[19] .

1.2 EMikE

KA Rtec BEHE RS I8 HLFRAE IR 2 AR AL 7K
BT (3.5%1 NaCl % ) BRI 2= vk fig o 1R h,
B RE S e AR A BRI CanEl 2 i), B2
FRFR RN 1 em?® B a6 R FH 2 e 67 W f A E FE
Pt Al 2 o AT PR o

B2 i

Fig.2 Tribocorrosion testing equipment
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Tab.1 Composition of resultant coatings
according to XPS analysis

Atomic percentage/%
Ni Cr N
CrN 0 0 63.63+0.63 36.37+0.63
CrNiN-15.85 0.75 15.854+0.81 51.57+0.49 32.58+0.48
CrNiN-39.06 2.0  39.06+0.38 38.17+0.50 22.77+0.87
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Fig.3 Surface morphology of coatings and cross-sectional morphology of coatings
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Fig.4 XRD spectra of 3 kinds of coatings
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Fig.5 Hardness, effective elastic modulus, H3/E? and H/E of coatings:
a) hardness and elastic modulus; b) H*/E* and H/E value
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Fig.6. Coefficient of friction curves and wear rate of three kinds of coatings
under dry sliding: a) friction curves; b) wear rate
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Fig.7 3D morphology and SEM images of wear track for three kinds of coatings
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Fig.8 Wear track energy spectrum of CrNiN-15.85 coating
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Fig.9 Potentiodynamic polarization curves, friction coefficient and wear rate of three kinds of coatings under
potentiodynamic polarization: a) CrN; b) CrNiN-15.85; c¢) CrNiN-39.06; d) wear rate
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Fig.10 Evolution of OCP values, friction coefficient curves and wear rate of coatings before, during and after
tribocorrosion tests in artificial seawater: a) OCP values; b) friction coefficient; c) wear rate
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Fig.11 3D morphology and SEM images of wear track for three kinds of coatings at OCP
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Fig.12 Friction coefficient curves and wear rate of three kinds of coatings
at +0.6 V: a) friction curves; b) wear rate
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K13 3 FRIZTEIE AL T AR —4EE 50
Fig.13 3D morphology of wear track for three kinds of coatings at +0.6 V
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Tab.2 Comparative analysis on wear rates of coatings
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CrNiN-39.06 1.34x10°° 1.42x10°°
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Fig.14 XPS spectra in wear track of CrN coating at a positive potential (+0.6 V)
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Fig.15 XPS spectra in wear track of CrNiN-39.06 coating at a positive potential (+0.6 V)
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