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Tribological Behaviors of CrN/CrAISiN Coatings in Seawater
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Abstract: To improve the tribological performance of sea frictional components, CrN/CrAlSiN coating was deposited on 316L
stainless steel by multi-arc ion plating technique. The composition and microstructures of the coatings were characterized by
XRD, XPS, SEM and TEM. The hardness of the coatings was measured using nanoindentation. The friction and wear
properties of the coatings were investigated using a ball-on-disk tribometer in the atmosphere and seawater. The results show
that the synthesized CrN/CrAlSiN coating exhibits nanostructured composite microstructures consisting of CrN, AIN and
amorphous SizN, encapsulated nano-crystallite with a stronger (111) preferred orientation. Based on the design of intermediate
layer of the CrN/CrAlSiN coating, the hardness of the coating amount to 35.5 GPa. With respect to the 316L substrate, the
coating has a good corrosion resistance due to its dense structure. In the atmosphere and seawater environments, the friction
coefficient and wear rate of the CrN/CrAlSiN coating significantly reduce compared to 316L, which is in the optimum state in
the seawater.
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Table 1 Deposition parameters of the CrN/CrAlSiN coating

Parameters CrN CrAlSiN
Time / min 20 160
Pressure / Pa 4 4
N, flow rate / (m*h™) 0 0.036
Ar flow rate / (m*-h™") 0.021 0
Temperature / C 450 450
Voltage / V —40 —40
Current / A 60 60
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Fig.1 Load-displacement curve of CrN/CrAlSiN coating
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Table 2 Chemical composition of artificial seawater (g/L)

Component NaCl  Na,SO, MgCl, CaCl, SrCl,

Concentration  24.530 4.090 5200 1.160 0.025
Component KCl, NaHCO; KBr H3;BO; NaF
Concentration 0.695 0.201 0.101  0.027 0.003
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Fig.2 Surface morphologies and surface roughness of
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Fig.7 Nano-indentation hardness and modulus profiles for coating
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Table4 Wear scar EDS of the coating under the dry sliding condition

and the seawater condition (a/%)
Element Cr Si Al N (¢}
Dry 23.25 2.80 16.53 41.77 15.65

Seawater 2437 228 16.72 31.01 25.63
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