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ABSTRACT: With the implementation of the strategy “establishing a maritime power”, developing marine equipment and

building marine engineering have become vital part of promoting and implementing national maritime strategy. In view of the
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fact that marine equipment continually serves in ocean environment, corrosion damage of marine engineering materials has
become a key problem. In particular, moving parts in marine equipment, such as seawater pumps, valves, seawater hydraulic
transmission systems, underwater operation robot arm, deep sea exploration and exploitation equipment, are subject to coupled
damage of corrosive wear. Hence, allowing for corrosive wear failure behavior and mechanism of typical metallic materials, the
effects of service conditions, corrosive medium, electrochemical and material factors on corrosive wear properties of typical
metallic materials (stainless steel, titanium alloy, aluminum alloy, nickel alloy, etc.) in seawater were reviewed. The relationship
between service conditions, corrosive medium concentration, pH value, applied potential and material factors was analyzed
comprehensively. The corrosion, wear and their interaction during corrosive wear process of metallic materials were expounded.
A series of integrated anti-wear & anti-corrosion coating technologies, such as corrosive wear properties and typical application
of PVD coating, thermal spraying coating, electroplating coating and polymer bonding coating were compared on this basis.
Mechanism of optimizing corrosive wear properties with the integrative protective material was analyzed, so as to provide
helpful enlightenment for resolving corrosive wear problems of metallic materials.

KEY WORDS: seawater environment; metallic material; corrosive wear; coupled damage; integrated anti-wear &

anti-corrosion technology
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Fig.1 Coupled damage of corrosive wear
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Fig.2 Major factors affecting corrosive wear
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Tab.1 Comparison and contrast of corrosion, wear and interaction of different metallic materials

. .. Friction Total material loss Pure mechanical Wear accelerated Corrosion acce-
Materials Conditions . 3 o .
coefficient  rate/(mm’mm “-a) wear corrosion lerated wear
Applied cathodic 0.375 360 360 — —
304 OoCP 0.405 520 360 10 145
Anodic potentials 0.427 650 360 15 270
Applied cathodic 0.397 520 520 — —
410 OoCP 0.435 730 520 30 180
Anodic potentials 0.380 610 520 65 25
2205 Applied cathodic 0.420 127.80 127.80 — —
Seawater 0.425 146.73 129.76 0.90 16.97
316L Pure water 0.55 145.0 — — —
Seawater 0.43 185.4 134.8 1.7 482
. Pure water 0.29 42.0 — — —
TioAlay Seawater 0.24 68.7 43.8 027 255
-0.6V 0.22 1.56 1.56 — —
OCP 0.17 2.18 1.56 0.37 0.25
%‘5"881 0.1V 0.12 3.42 1.56 1 0.63
+0.5V 0.09 5.93 1.56 23 2.05
+09V 0.08 9.31 1.56 2.63 5.08
2024 5N 0.490 1012.0 993.9 0.2 17.9
aluminum 25N 0.465 4111.2 3682.0 1.7 427.5
alloy 50N 0.455 7472 .4 5995.1 1.9 1475.4
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Tab.2 Coupled damage of corrosive wear of integrated
PVD anti-wear and anti-corrosion functional coating

‘Wear rate

. . Friction in seawater/
Materials Conditions coefficient (xlO’(’ mm’-
Nm’l)

316L Seawater 0.43 36.5
Cr,N 0.19 3.1
Cr,N+CrN 0.18 1.4
CrN CrN 0.20 1.8
CrSiN (Si 1.44 wt.%) 0.17 0.34
CrCN (C 5.72at.%) 0.21 0.78
TiN 0.09 5.5

TiCN
TIN (Ar:N,:C,H,=25:250:80) 0.10 12
TiSiN (Si 6.99at%) 0.22 42

TiSiCN (Si 6.9at%, C

11.9at%) 0.15 3.6
SizNy 0.059 0.24
SiC 0.061 0.28
GLC-Cr wC 0.072 0.65
Al,O; 0.074 1.86
710, 0.105 0.35
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