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However, the titanium has some disadvantages of poor wear resistance, proneness to biofouling and severe contact galvanic
corrosion during service in the harsh marine environment with high temperature, high humidity and high salinity. These
disadvantages restrict the long service life, safety and reliability of titanium structural parts. The application status of titanium in
marine environment is reviewed and the natural reason for the above problems is revealed. The interaction of wear and corrosion
in marine environment leads to the increase of the material loss of titanium with poor wear resistance. The good biocompatibility
of titanium causes serious biological fouling. Compared with other metals, titanium has a high positive potential, which makes it
to be protected as a cathode when coupled with other metals in the medium environment, thus accelerating the corrosion of the
coupling alloy. The application of titanium in marine environment will be wider and the appropriate surface treatment and
coating protection are essential to solve the above problems of the poor tribocorrosion resistance, serious biological fouling and
galvanic corrosion for the titanium used in marine environment. The research status of protection technology to solve the above
problems of titanium used in the marine environment is reviewed. The ceramic coating and controllable nanostructure oxide
ceramic coating are the promising methods for tribocorrosion protection of titanium moving parts in marine environment. The
antifouling agent release and nano slow release coatings are the promising technologies to achieve long-term biological fouling
prevention of titanium. The design and preparation of the surface modification layer with the low conductivity on titanium
surface can reduce the galvanic corrosion rate of the other metals in contact with titanium. The development trend is prospected
for the surface protection technology on titanium in marine environment. The design and development of the technologies and
equipment suitable for titanium surface treatment, such as the high temperature nitriding equipment and technology for titanium,
and the deformation of complex titanium components with large size and thin walls caused by high-temperature nitriding also
need to be focused on and resolved. For the nitride and oxide coatings with excellent tribocorrosion resistance, the design and
preparation should focus on the development of multi-component, multi-scale structure coordination, surface and interface
structure optimization, and achieve multi-functional integration and environmental adaptability. The anti galvanic corrosion
technology in new electromagnetic field has a good application prospect. The research on the effect of magnetic field strength
and magnetic field orientation on galvanic corrosion protection and the design of new magnetic field protection devices are
expected to achieve long-term, safe and reliable service of titanium and other metal coupling equipment structures. It is urgent to
carry out research on the establishment of damage evaluation device, evaluation method and damage mechanism of titanium
materials under extreme environment, complex working conditions and strong coupling of multiple factors. It is an inevitable
trend to develop the composite technologies of the multiple surface treatment for titanium parts used in extreme environments.

KEY WORDS: titanium; marine environment; wear resistance; bioflouling; galvanic corrosion; protection technology
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Tab.1 Comparison of physical properties between titanium and other commonly used metal materials

Parameters Pure titanium Ti6Al4V(TC4) Steel (304 stainless steel) Pure aluminium Pure copper

Crystal structure hep hep/bece fce fce fce
Melting point/‘C 1 668 1 540-1 650 1 400-1 427 660 1083
Density/(g-cm ™) 4.51 4.42 8.03 2.70 8.93
Tensile strength/MPa 300-350 895 520 80-100 200-250
Specific strength 66.5-77.6 202.5 64.8 29.6-37 22.4-28
Electrical resistivity/(uQ-cm) 47-55 171 72 2.7 1.7
Contrast conductivity of copper/% 3.1 1.1 2.4 64 100
Thermal conductivity/(cal/cm™'-s™'-C ™" 0.041 0.018 0.039 0.487 0.923
Coefficient of thermal expansion/(10°¢ “C™") 8.4 8.8 16.5 23 18.8
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Tab.2 Application fields and main grades of titanium alloysin marine environment
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Tab.3 Coupling sequence of titanium and other metal materialsin flowing seawater ¥

Material

Static potential

Graphite

Pt
Zr

316 stainless steel (Blunt)
316 stainless steel (Blunt)
Monel 400

Hartz alloy C

Ti
Ag

410 stainless steel (Blunt)
316 stainless steel (Active)

Ni

430 stainless steel (Blunt)

70-30Cu-Ni (715 copper alloy)

Static potential Material
+0.25 90-10Cu-Ni (706 copper alloy)
+0.15 Naval brass (422 copper alloy)
—-0.04 G bronze
-0.05 Aluminum and brass ( 687 copper alloy )
—-0.08 Cu
-0.08 Navy rolled brass (464 copper alloy )
—-0.08 410 stainless steel (Active)
-0.10 304 stainless steel (Active)
—0.13 430 stainless steel (Active)
—-0.15 Carbon steel
-0.18 Cast iron
-0.20 Aluminum 3003-H
-0.22 Zn
-0.25

—0.28
-0.29
-0.31
-0.32
-0.36
—0.40
—0.52
—0.53
—0.56
—0.61
—0.61
—0.79
—-1.03

®4 HASESHAMBNBBRERAZESHEERER

Tab.4 Current density and rank of galvanic corrosion between titanium alloy and other materials'!

No. Couple dgggfyl;l(i g{gf;};) Rank | No. Couple dgigfy% j\‘fg}ﬁ) Rank
1 TC2-2A12 6.37 D 17 TC15-30CrMnSiNi2A 0.79 B
2 TC2-7A04 9.87 D 18 TB&-30CrMnSiA 11.6 E
3 TC21-2A12 3.95 D 19 Ti-15-3-30CrMnSiA 14.7 E
4 TC21-2A70 5.91 D 20 Ti-15-3-30CrMnSiNi2 A 12.7 E
5 TC21-7B04 6.33 D 21 TC4-0Cr13Ni8Mo2Al 1.17x1072 A
6 TA15-2B06 7.67 D 22 TC21-1Cr15Ni4Mo3N 3.44x1072 A
7 TA15-7B04 8.42 D 23 TA15-1Cr15Ni4Mo3N 3.32x1072 A
8 TB8-2A12 10.9 E 24 TBR&-Cr17Ni2 1.27x1072 A
9 Ti-15-3-2A12 14.7 E 25 Ti-15-3-Cr17Ni2 -0.05 A
10 Ti-15-3-7A09 20.6 E 26 TC4-T300/QY 8911 1.73x107° A
11 TC2-30CrMnSiA 3.49 D 27 TC4-T300/5405 1.61x1073 A
12 TC6-40CrNi2Si2MoVA 3.45 D 28 TA15-T300/QY 8911 5.12x107° A
13 TC21-30CrMnSiA 5.21 D 29 TA15-T300/5405 4.20x107 A
14 TC21-30CrMnSiNi2A 1.18 C 30 TBR&-T300/5222 2.28x107° A
15 TC21-A100 0.47 B 31 Ti-15-3-T300/AG80 0.00 A
16 TC15-30CrMnSiA 4.88 D
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