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process and products lead to accelerated corrosion of metal surfaces and aging damage of power facilities, resulting in potential
harm and economic loss. Therefore, anti-fouling coating techniques that can reduce and inhibit biological fouling on the surface
of power facilities are of crucial research and application value. The preparation of anti-fouling coating by thermal spraying is
one of the important methods to prevent biological fouling and corrosion and also an important direction to apply research work
to practice in the future. Up to now, the research progress of biological corrosion status of power facilities and equipment and
thermal spraying surface protection has not been reported. The current situation of biological fouling corrosion and the research
progress of thermal spraying anti-fouling measures of power facilities and equipment were summarized in order to give a timely
and comprehensive review. Firstly, the present situation of biological fouling and corrosion characteristics on power equipment
in different coastal regions was introduced, typical application cases of anti-fouling coatings for different power facilities in
recent years were cited, and then the research progress of the thermal spraying composite anti-fouling coating for nearly 10 years
was exclusively reviewed according to different technical characteristics and developing trends. Additionally, the application

prospect in coastal power facility protection was also analyzed, so as to provide important guidance for future research in the
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related fields.
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Fig.1 Comparison of biological adhesion morphology on seawater system tube walll'4:
a) biological adhesion of the parts without anti-fouling paint;
b) biological adhesion of the parts with anti-fouling paint
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Fig.2 Appearance of biological fouling and corrosion in different areas of offshore wind power tower

[17].

a) atmospheric zone; b) sputtering zone; ¢) immersed zone; d) sea mud zone
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Improved wear and corrosion resistance
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Fig.4 Preparation process of superhydrophobic and antibacterial composite anti-fouling

coating based on thermal spraying aluminum

[42]



e |

TR, S HIIOE AR TS A5 il AR TR R B4 E S Ok

© 161 -

X3 AR ERIIEAT TP, I8 T A Arig i —Fh
RE o VEF AT T IREPEN . 46 v . A4
AT KA RS T AR =4S, LATEAR
TRORHTE JB P R A b e R AR B S BE o iR R
SiO, M BB H 25%, Cu,O BR8N 1.5%,
FEH B B B K

3.2 BH-ENESBHRKMHTRE

S5 A MU RMIR R i RERFIE 5 T HL A4t (A
FAKIORL ) POPTE AN REE , A T R B IS U
JZ o i AR SR T RS P RE (A0 2 A 2 Bl A= W
B, W e HLTR R A AR T T 2 e R (T 4
BT, DURIGRISSERUEY, M 7 H s ik
ko FERCHAL I, FFFEN AR T B AR R B
TS TERECHL/A ML G TR BT EAR 2K

R SR A B A T 0 B L (H SRR A
B TTERRAS RS, AU RELRZERT IR AES B, Beln)
RO A DR T 58 22— S ¥ 3 LAAEC 3 B 5 B4k kg By 95 71
ERMAI-THEEWZE . Vucko FHPIFFE TR
P WU Ty v A 1A A R O 14 2R R O By A T
BUREE, SRSRWT, o 0 R ORL S i ] AT A A9 A

VB imERE , AN R 2R 2R Y IR S AN TR, (R
BRI IRAIY HA 42 d, i e 85 B 3R 2R 1 JIR A 191
WIFT3K 210 do Vucko S VS BERJI7 ol . HF
WL AR S PR R, il T HA B R E
FEBE, BIFFE T AN [ 5 BB B 4 Wl 40 8 1 L s 1 O R
HOHE AR, SRB TS By A W9 40 A ] A H
¥ o Lin SEUTR TR TR SO MEST: i 4 T 51 W e
WS G BTG AR, TR AR 2 T R D o ORI ik
SERE SR BE AR, & BAT AL AN IO R /L Y
2 . DB, K 200~1 000 nm AL T
BN, DLBRGI G AR, ARAS TR B 5
fE. 28 24 h MIRZERITGINLL, 49KV, MBAm
AROBLLE TR E A, EAREB AR K
Fefih— A K AL A SE LM . Lin S510R LA
KGRI , ) P SR T IV i S A R 0 RS9 5 90
VRIS IRZ IR RN K b BAT RS AT JE ol
P, URJR BEA ARG R AT B A ZF AT 7 HAR T A€
M, B REWPT5 AR, Tia 5598 i 29 ik i
/I (Cu) —HEERLK (HDPE) #5eks, Jf
PAZ R BORER KA DU 8 1 B {5402 , 4K
#4 7 JE FEL 521> HDPE UKL 1 pm AYHHTE. A0 5

¢ HDPE-CuE 5% 2

& s

Release rate of copper ions/107

0.10

0.08

0.06

0.04

0.02

0.00 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21

Incubation time/d
d NaClIF¥ T HDPE-Culg 241 8 T- Bk
T S8 BV S (8] PR AR T AR

AR ZAE S 2 AT R SR P SR 72 h R R IR R

) G R R 1 2 A )

Fig.5 Comparison of the surface morphologies of different coatings after 72 h incubation in Bacillus
sp and change of release rate of copper ions!*”): a) HDPE coating; b) Cu coating; c) HDPE-Cu
composite coating; d) release rate of copper ions from the HDPE-Cu coatings
versus immersion time in NaCl solution



- 162 - E-3 TR N

2022 4£ 10 A

PR, TGS st R, 7 iR 23R, 2
FF IR AR A B8 7 B I 32 290, iER iR = B R4
E]57R R i e A N R (1 =T i DB U2 972 R o
HA KI5 hE

B TR VLR S AR i SR i 22 )2, S8
IR T BE AR 2 B B i W RICR , DR R KA b5
PERELLAN, 18 0T LR A VLR & W21 AR M i 4
JaE ) A B 2 )22, () 8 oo 525 TR )2 1 T g ok R R 95 4
PEfE . Wang 250599057 JT8 22 By 9I0mE 14 bk B 1 40—
RHENBIRT B EAWRZE, FIHA R X5 R
B {5 PEREHEAT T 1A, FEX0 1R IR TOUL S 44 A1 97 15 L EE
AT TR AT . 453K, EHRIZHA LW
Bivstege, Aol aefEde 2 Fhpiis L. —J5m,
AL 53 14 J oy (5 00 0 KL 7 0 B g K v, AT
HAL AR, RIETHE; S — I, Cu—Al i H
RN T Al (%4L, TERL T #HRE ™=, 28
TR, R . PE T PMMA X142 HAL
SFPERERRZ I, S5 R, PMMA 41501 % BHERE
#E T AI-PMMA-Cu 32 R ok
3.3 ETXRAFYBEHRNESHTERE

P A s bEmg . R . YRS
LA TR v HLPT R 00 K98 7™ 1 B 75 771 ( Natural
Product Antifoulants, NPA ) S5#EEAMEIA S, AT
PSR AS BAA o is it B A ek B Te i SR A5 i Bl

20 pm
d PSDV/B BG40 K SBURL

e PSDV/EkREIEERE

HIRZ . W EMRPIGIRIZ T NPA A5 kAPt
i TRIZRATESIA Ty S BLAE SR B HT Hh B H 2 (]
Liu SFPORF IR T RIS 1 KA SR 5
WRER L) (HDPE ) —BURRE/IRZ, BURE Kl
REYRIKEE , HI2 00 TIRE, Eid iR
FAAT B 2 AT BRI = A 4 48 B R A7 M2 B AT D ok
PN IR BT IS PERE o PUTS IR SRR W], HDPE—HUH
BRI AR JZ R 22 TR A K M T i R A 22 B A g
T IAT IR B RAFMHUAMERE . Lu S0 T
HA 5E 1) 40 KA A0 AN T BROBUER (9 22 P i K B 75
URBL. WNE 6 Fron, il f5 BHER 15 CoFe,0./ IR HE
PEGOR RIS 5, 5 R WL Al (PDMS) Jk
R BOVRYRR &, RAWEIRITIEH #3287 his il
B, ERFWAOTHBENIIEER. Eids
CoFe, 0/ W I 2409 A fRUER 1) Ao 2 B 0 4] 17 SBROAUR ) ik
I, SEBE T KRB RED 19 o MASCHRIEHARIRAT T BA %%
BERCR M BIRIZ G IRZ , XA E M B R 47
AT PERE , S HAE IR RET AR N IR BU BT 15 )2 /Y
L FIERAE 73R A4 5 R
3.4 ETEBRAENITIHZHRIEE
A LR JRAE B 1 A 75 450 8 T S A
R, FE AR TEHLIR R DT, 14
P B T B R CRATIAF AR R B IR A o A I AT T
PR DT TTE T8 W LG R IR R RIS

¢ PSDV

[\ N w

[=3 W [=3

(=] (=] (=]
T

Cells counts per 0.188 mm?
Iy
S

100 F
50t
0
20 pm Glass SEBS PSDV PSDV/PSDV/
MNPs Fe Cap
Different substrates

£ AN [RIRHIR R T B TR B LA

Bl 6 I SAE A R At JiE 2R T 100162 PG R T o 235 e %)
Fig.6 Optical images and settlement amounts of navicula subminuscula on different substrates'”*'; a) glass;
b) SEBS; ¢) PSDV; d) PSDV/MNPs; ¢) PSDV/Fe Cap active layer; f) comparison of settlement
amounts of navicula subminuscula on different substrates

[52].



Fs1E H1oM

TR, S H N AR TS A5 Tk AU A 1T 9 4 9 R <163 -

Fang ZEPLGE T ) E I v i 45 LA B 65 A
Bl 15 PERE AR AL TR 2 o R EORL B A BUFE TR 2
TEVIRGE R Cu Tk 5 Al SEARF EAET, P24 T 8B
43 ALLCuo 5 ALCu YAL2E I N A IR JE FE AL T —Fh Al
SERIN, B 1k Cu ORI B BRI o A T
KWAAFEE | ZE TR TR RN ML g 388 1) LR RE B AT M
FEXTRZ AT T BT5 IR, 4550 RW, REHA R
BB 15 PEBE o )2 RO T P AE 5Tk T4 R T Ry
SRR

Tian ZEB54R AR & Cu/Ti K R 25 85 1WA i)
Fk, WEE T —FOR G Cu/Ti 38 8 20K 25 44 1)
Cu-Ti EABiTEIRIZ. RIRZET Cu ERAEKE
T HL A R ] Cu B T AR, 25 R, Cu-Ti
TREXT B B BTG R R R 2, B SR IET 100%.
Cu-Ti & ZNEAIE R T Cu/Ti 5 M, Cu EE
ML RS T )2 AT REE R T HGEE,
A BT Cu B F RS2 BN A MR E . 45
R, Cu—Ti vk 2 HA o H A HLBE 5 42 5 200%
W ARB TS YRR, B 5 A5t L8 B HLI 5 1R 2
200%. Tian ZEPIF5E T B 15 PERERE Cu 738 2 3 A i
AR, S5, A B T I TR S 3 R 9 75 ) [
B Cu fh# MBS K. B Cu A9 2 A
8.1%M4 & 19.2%, Cu—Ti ¥i)2 X4 14 By {5 3R AS
Wi hn. 4 Cu By MEkE BT 19.2%8), BiisRets
i 100%. A Cu k& iy A2 R R,
AHEE T B F Tt AR 3t 238, 0 P S 50 %o ]
HOREZITE Y B, J5#E e Cu BT 1B HGHE
F AR

4 L5k

AW T 4B Sk P Y R D G S el o Y R
JEIR 22—, A ar A 2 il 3R A W s o 1R S
PR LG AR A% P ) % 7 Pt e 3 [ E R 4 A7 4 L
B ORI R i B AR W TR | B
FEE R M5 E (IR RARSR G ), AR E 5 B
19U 2 il w8 B AT TSR SR AT T 253k o

1) BTV A KU ot | 9 L L YK
K& RE AL U I AL T IR A0 | T h AF LAl
EN, 250 KRB H R RS B i, 8
R U B 15 BN e & HAL R R SE [RIVR T, RIS 2 BEAE
BT 15ROk o

2) BHLEEIEK RS IR L 2 A L B Ak
A PREE 25 PE RIS BN AR RE | SR 1 U2 Bl 5 4 it i 4 v
PLIRE PR A ROR o

3) TERIERYSEPRGEBIT, BRI TR 2 B 15
i, 25 AR B I 1 T vk IR T, HR AT LSS B R A A B
JE T PERE .

AR, HL T BENE A By A= W 15 450 5 6 ok 7 ok 95 0 R
(3. 3R KREWERPITEIRIZ. SO 4 F

AFREA R, W TR 6 0w (KR ) a8
B 15 U 2 RO S HE R HEAT T 2308

1) PIBER B 5 R HOR BA /TR
BB e ORI . ARSI, e AR A i B
BRE A BT IRIZ N TSRS G BRI EZ —

2) AR A B AR SR AT R T A s
AR TS R RE L l S A PR SRR,
G e i ) R S R IR I B i PUR PN
Biim e Blet . WET, AT AA B,
HEA IR o KT 2 T06 SR EUZAREE F AT i
HERERE LT BT IRE

BT X SEHOR A BT B AR TR SRS T A
AT B O oR R R S i 2 R g it B T I 9 A ol )
B PR R —E R 5 IE .

S 3k

[1]  JI Xiang, LI Guo, WANG Zhao-hua. Impact of Emission
Regulation Policies on Chinese Power Firms' Reusable
Environmental Investments and Sustainable Operations
[J]. Energy Policy, 2017, 108: 163-177.

2]  EHEAR, kAR, B, % CIM-Based Description

Model for State of Wind Power Plant Oriented Wind Sto-
rage Combined Generation System[J]. | 4<Hi7J, 2017,
30(3): 21-26.
WANG Yao-dong, ZHANG Bang-ling, SHENG Ge-hao,
et al. CIM-Based Description Model for State of Wind
Power Plant Oriented Wind Storage Combined Gene-
ration System[J]. Guangdong Electric Power, 2017, 30(3):
21-26.

31  &MSTE, SKEHE 2. b AR SN KU & R g R

HENE RPN AT SE[T]. PR SR PR 22 35¢, 2021,
41(5): 108-110.
ZHAO Peng-lei, ZHANG Yi-mei, JIANG Wei. Study on
Environmental Impact Assessment of Wind Power Con-
struction Project under Carbon Neutralization Back-
ground[J]. Environmental Protection and Circular Eco-
nomy, 2021, 41(5): 108-110.

[4] KRONE R, GUTOW L, JOSCHKO T J, et al. Epifauna
Dynamics at an Offshore Foundation-Implications of
Future Wind Power Farming in the North Sea[J]. Marine
Environmental Research, 2013, 85: 1-12.

[S] XU Meng-zhen, DARRIGRAN G, WANG Zhao-yin, et al.
Experimental Study on Control of Limnoperna Fortunei
Biofouling in Water Transfer Tunnels[J]. Journal of
Hydro-Environment Research, 2015, 9(2): 248-258.

[6] CHAMP M A. A Review of Organotin Regulatory Stra-
tegies, Pending Actions, Related Costs and Benefits[J].
Science of the Total Environment, 2000, 258(1/2): 21-71.

[71 ABBOTT A, ABEL P D, ARNOLD D W, et al. Cost-



- 164 -

EN TR NN

2022 4£ 10 A

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Benefit Analysis of the Use of TBT: The Case for a
Treatment Approach[J]. Science of the Total Environ-
ment, 2000, 258(1/2): 5-19.

SANDBERG J, ODNEVALL WALLINDER I, LEYG-
RAF C, et al. Release and Chemical Speciation of Copper
from Anti-Fouling Paints with Different Active Copper
Compounds in Artificial Seawater[J]. Materials and Cor-
rosion, 2007, 58(3): 165-172.

EVANS S M, BIRCHENOUGH A C, BRANCATO M S.
The TBT Ban: Out of the Frying Pan into the Fire?[J].
Marine Pollution Bulletin, 2000, 40(3): 204-211.
VENKATESAN R, MURTHY P S. Macrofouling Control
in Power Plants[M]. Berlin: Springer, 2008: 265-291.
WANT A, BELL M C, HARRIS R E, et al. Sea-Trial
Verification of a Novel System for Monitoring Biofouling
and Testing Anti-Fouling Coatings in Highly Energetic
Environments Targeted by the Marine Renewable Energy
Industry[J]. Biofouling, 2021, 37(4): 433-451.

MSUT I J, FRINA J W. Effects of Marine Growth and
Hydrodynamic Loading on Offshore Structures[J]. J Mek,
1996, 1(1): 77-96.

KRR, freit. g B B B B P oE ). B
B, 2016, 26(13): 117-118.

ZHENG Tian-fu, XU Jin. Research on Anticorrosion
Design of Offshore Wind Power Equipment[J]. Science
and Technology, 2016, 26(13): 117-118.

VLA, TR, XUHERE. Z A% R K RGBT T5 B Y
FH[). AxT g ], 2021, 35(3): 57-60.

JIANG Feng, ZHAO Wei-dong, LIU Hong-qun. Appli-
cation of Antifouling Paint in Sea Water System of
Qinshan Nuclear Power Plant[J]. Total Corrosion Control,
2021, 35(3): 57-60.

H, eI KA OK E RE L K SR ER ML A
U i R R BURBIFFE[T]. /KL HOK # RE, 2017, 3(5):
32-35.

XIAO Wei, CHAI Jian-feng. Corrosion of Metallic Mate-
rials of Pump-Turbine for Seat Water Pumped Storage
Station[J]. Hydropower and Pumped Storage, 2017, 3(5):
32-35.

SONG S, DEMIREL Y K, ATLAR M, et al. Prediction of
the Fouling Penalty on the Tidal Turbine Performance and
Development of Its Mitigation Measures[J]. Applied
Energy, 2020, 276: 115498.

. e B XEIEZRIRIZ AR AT (], TR,
2020, 29(5): 66-69.

ZHANG Bin. Analysis of Coating Aging of Offshore
Wind Power Tower[J]. Guangdong Science & Techno-
logy, 2020, 29(5): 66-69.

R, XVETE. M KR NS R B AR )2 BT R
R RIATHTELT]. XAE, 2014(7): 80-82.

[22]

[23]

[24]

[25]

[27]

CAO Guang-qi, LIU Yu-yang. Countermeasures for Early
Failure of Anticorrosion Coating of Offshore Steel Stru-
cture Foundation[J]. Wind Energy, 2014(7): 80-82.

CHEN Long, LAM W H. A Review of Survivability and
Remedial Actions of Tidal Current Turbines[J]. Rene-
wable and Sustainable Energy Reviews, 2015, 43:
891-900.

A L. e L 047 e ol S T 1D 05 068 o 5 e WIS 0. P
JKHL, 2009(5): 67-70.

YANG Fan. Research on Corrosion Control Option for
Steel Gate of Garolim Tidal Project in South Korea[J].
Northwest Hydropower, 2009(5): 67-70.

SKRAATE, XUEE. W7 b K e L T A 14 JE e B B
0], REVRBIFST 5 A, 2010(4): 23-25.
ZHANG Shao-zheng, LIU Xia.

Protection of Turbine Flow Passage Components in

Corrosion  and
Tidal Power Station[J]. Energy Research & Utilization,
2010(4): 23- 25.
JAVAHERDASHTI
Corrosion: An Engineering Insight{fM]. Cham: Springer
International Publishing, 2017: 29-66.

DAN PH D, DAN PH D, MERLIN PH D, et al. The
Effect of Microstructure on Microbiologically Influenced
Corrosion[J]. JOM, 1993, 45(9): 22-30.

W, BT, SRR, SF. VRS Th MR W i K
HRHP R TE ], fesr 54 TR, 2010, 27(1): 1-5.
YANG Hui, XUE Xiao-ping, FU Zeng-xiang, et al. Rese-

arch Advances on Microbiologically Influenced Corrosion

R. Microbiologically Influenced

and Its Prevention Measures in Marine Environment[J].
Chemistry & Bioengineering, 2010, 27(1): 1-5.

RIS, BUATE, SR, AF. B EEE 500 kv R R AT
JRIE PR FREERITFE[T]. Th B s TR, 2017(8): 133-135.
WU Cong, YAN Cai-sheng, GUO Qiang, et al. Study on
Submarine Corrosion Environment of 500 kV Submarine
Cable in Qiongzhou Strait[J]. China Plant Engineering,
2017(8): 133-135.

TG, W2, KR, S RIS XU
WIRSBAITDI]. TR R 2244, 2018, 38(5):
21-26.

BIAN Pei-wang, ZENG Zhen, ZHANG Ye-chun, et al.
Discussion on Corrosive Environmental Parameters of
Sediment in Daya Bay[J]. Journal of Guangdong Ocean
University, 2018, 38(5): 21-26.

AR, BRI T X65 ELMIMNE AT N 5L
HBFFE[D]. KA KHKR, 2018: 73-93.

LI Qiu-shi. Corrosion Behavior and Mechanism of X65
Steel in Simulated Deep-Sea Environment[D]. Tianjin:
Tianjin University, 2018: 73-93.

TAT, BLERAG, sKBh, 4. SNPGRS e R
AT NIRRT FRHRSR, 2019, 52(9): 100-105.



Fs1E H1oM

TR, S H N AR TS A5 Tk AU A 1T 9 4 9 R 165 -

[29]

(30]

[32]

[36]

WANG Zhu, ZHU Li-wei, ZHANG Di, et al. Influences
of Bacterium on the Corrosion Behaviors of Submarine
Cable with Armored Copper Clad Layer in Seawater/Sea
Mud[J]. Materials Protection, 2019, 52(9): 100-105.
T, Bz, sk, . MK A SRR EAE AL
T3 K BEADE Wh B AT O 0], T8 ik S By, 2020,
41(5): 16-21.

HU lJia-yuan, QIAN Zhou-hai, ZHANG Di, et al. Corro-
sion Behavior of Submarine Cable Copper Clad Layer in
Seawater Simulation Solution in Zhoushan[J]. Corrosion
& Protection, 2020, 41(5): 16-21.

REARF, AOSEF, R4k, wham i Kk & by b4
W, FARGES R AE R[], AR Sk ERE, 2018, 4(6):
56-66.

XIONG Wei-ping, ZHENG Jue-ping, WU Jin-shui. Gen-
eral Situation and Technical Analysis of Okinawa Sea-
water Pumped-Storage Power Station[J]. Hydropower and
Pumped Storage, 2018, 4(6): 56-66.

WALKER J M, FLACK K A, LYST E E, et al. Experi-
mental and Numerical Studies of Blade Roughness and
Fouling on Marine Current Turbine Performance[J].
Renewable Energy, 2014, 66: 257-267.

BATTEN W M J, BAHAJ A S, MOLLAND A F, et al.
The Prediction of the Hydrodynamic Performance of
Marine Current Turbines[J].
33(5): 1085-1096.

RAEGE. AL AL BI5 I B 15 8 R AR A5 F8H
W], KREALEIAR, 2009(3): 54-56.

ZHU Chun-ying. Research and Application of the New

Renewable Energy, 2008,

Technology of Anti-Corrosion and Anti-Fouling for the
New Style Tidal Unit[J]. Large Electric Machine and
Hydraulic Turbine, 2009(3): 54-56.

JEI R, S, AL, SE. IR ST A AR R I A B
P, LR, 2020(3): 13-17.

ZHOU Ze-wei, SHAN Qian-yu, YANG Fan, et al. Envi-
ronmental Considerations for the Life Cycle of Subsea
Cables[J]. Wire & Cable, 2020(3): 13-17.

CALLOW J A, CALLOW M E. Trends in the Develo-
pment of Environmentally Friendly Fouling-Resistant
Marine Coatings[J]. Nature Communications, 2011, 2: 244.
GEMEPT. SRR R 1 BRI 2 1 25 D BT A WA 5
FEISTERERYAITFE[D]. BN : VLR, 2016: 41-49.
LUO Sheng-zhe. Synthesis of Fluorosilicone Coating
with Low Surface Energy and Research about Its Anti-
Bioadhesion and Self Cleaning Properties[D]. Hangzhou:
Zhejiang University, 2016: 41-49.

HA, X, Wb, A LR R T RE R 15 TRk
BB I BT, 2018, 32(S2): 326-328.
XIA Jie, LIU Bin, YANG Ming-kun. Research Progress of

Organosilicon Low Surface Energy Antifouling Coatings

[38]

[40]

[41]

[42]

[43]

[46]

[48]

for Marine Vessels[J]. Materials Review, 2018, 32(S2):
326-328.

KUZNETSOVA A, DOMINGUES P M, SILVA T, et al.
Antimicrobial Activity of 2-Mercaptobenzothiazole Rele-
ased from Environmentally Friendly Nanostructured Lay-
ered Double Hydroxides[J]. Journal of Applied Microbio-
logy, 2017, 122(5): 1207-1218.

LIU Hui, CHEN Si-yu, GUO Jia-ying, et al. Effective
Natural Antifouling Compounds from the Plant Nerium
Oleander and Testing[J]. International Biodeterioration &
Biodegradation, 2018, 127: 170-177.

BN, TR AR WS A0 A IR A 0 [ R RS A 4
PURIBEFE[D]. T BB s (h R B Tk
PR AR S5 TRAFFEAT), 2017: 103-120.

HE Xiao-yan. Formation and Regulation Mechanisms of
Conditioning Layer and Biofilm during Marine Biofou-
ling[D]. Ningbo: Ningbo Institute of Material Technology,
Chinese Academy of Sciences, 2017: 103-120.

HE Xiao-yan, LIU Yi, GONG Yong-feng, et al. Autoclaving-
Induced In-Situ Grown Alumina on Arc-Sprayed Alumi-
num Coatings: Multiscaled Topography Facilitates Anti-
fouling Performances[J]. Surface and Coatings Techno-
logy, 2017, 309: 295-300.

LOPEZ-ORTEGA A, AREITIOAURTENA O, ALVES S,
et al. Development of a Superhydrophobic and Bacte-
ricide Organic Topcoat to be Applied on Thermally Spra-
yed Aluminum Coatings in Offshore Submerged Com-
ponents[J]. Progress in Organic Coatings, 2019, 137(C):
105376.

VUCKO M J, KING P C, POOLE A J, et al. Cold Spray
Metal Embedment: An Innovative Antifouling Techno-
logy[J]. Biofouling, 2012, 28(3): 239-248.

VUCKO M J, KING P C, POOLE A J, et al. Assessing the
Antifouling Properties of Cold-Spray Metal Embedment
Using Loading Density Gradients of Metal Particles[J].
Biofouling, 2014, 30(6): 651-666.

LIU Yi, SUO Xin-kun, WANG Zhe, et al. Developing
Polyimide-Copper Antifouling Coatings with Capsule
Structures for Sustainable Release of Copper[J]. Materials
& Design, 2017, 130: 285-293.

LIU Yi, XU Xiao-min, SUO Xin-kun, et al. Suspension
Flame Spray Construction of Polyimide-Copper Layers
for Marine Antifouling Applications[J]. Journal of Ther-
mal Spray Technology, 2018, 27(1): 98-105.

JIA Zheng-mei, LIU Yi, WANG Ying-ying, et al. Flame
Spray Fabrication of Polyethylene-Cu Composite Coa-
tings with Enwrapped Structures: A New Route for Con-
structing Antifouling Layers[J].
Technology, 2017, 309: 872-879.
WANG Xin, LIU Yi, GONG Yong-feng, et al. Liquid

Surface and Coatings



+ 166 -

EN TR NN

2022 4£ 10 A

[51]

[52]

Flame Spray Fabrication of Polyimide-Copper Coatings
for Antifouling Applications[J]. Materials Letters, 2017,
190: 217-220.

WANG Xiao-xia, WANG Xin, HUANG Qun, et al. Dual
Antifouling Mechanisms Induced by Cupric Ions and
Needle-Like Alumina in Arc-Sprayed Composite Coa-
tings[J]. Journal of Thermal Spray Technology, 2020,
29(7): 1784-1791.

LIU Yi, SHAO Xiao-qi, HUANG Jing, et al. Flame Spra-
yed Environmentally Friendly High Density Polyethylene
(HDPE)-Capsaicin Composite Coatings for Marine Anti-
fouling Applications[J]. Materials Letters, 2019, 238:
46-50.

LU Zhi-wei, CHEN Zhuo, GUO Yi, et al. Flexible Hydro-
phobic Antifouling Coating with Oriented Nanotopogra-
phy and Nonleaking Capsaicin[J]. ACS Applied Materials
& Interfaces, 2018, 10(11): 9718-9726.

MOVAHEDI A, ZHANG Jing-dong, KANN N, et al.
Copper-Coordinating Polymers for Marine Anti-Fouling

[55]

Coatings: A Physicochemical and Electrochemical Study
of Ternary System of Copper, PMMA and Poly(TBTA)[J].
Progress in Organic Coatings, 2016, 97: 216-221.

FANG Li-jia, HUANG Jing, LIU Yi, et al. Cored-Wire
Arc Spray Fabrication of Novel Aluminium-Copper
Coatings for Anti-Corrosion/Fouling Hybrid Perfor-
mances[J]. Surface and Coatings Technology, 2019, 357:
794-801.

TIAN Jia-jia, XU Kang-wei, HU Jun-hua, et al. Durable
Self-Polishing Antifouling Cu-Ti Coating by a Micron-
Scale Cu/Ti Laminated Microstructure Design[J]. Journal
of Materials Science & Technology, 2021, 79: 62-74.
TIAN Jia-jia, WANG Kai, XU Kang-wei, et al. Effect of
Coating Composition on the Micro-Galvanic Dissolution
Behavior and Antifouling Performance of Plasma-
Sprayed Laminated-Structured CuTi Composite Coating
[J]. Surface and Coatings Technology, 2021, 410: 126963.

LG 2

( B35 65 11)

(28]

[29]

[31]

B i, EE RO TC17 BRE S ER
Fs i hr A PERERT T[], FRIAHR, 2018, 47(3): 85-90.
CAO Zi-wen, YANG Qing, GAO Yu. Tensile Properties at
Room and High Temperature of TC17 Titanium Alloy
Treated by Laser Shock Peening[J]. Surface Technology,
2018, 47(3): 85-90.

WANG Ling-feng, ZHOU Liu-cheng, LIU Lu-lu, et al.
Fatigue Strength Improvement in Ti-6A1-4V Subjected to
Foreign Object Damage by Combined Treatment of Laser
Shock Peening and Shot Peening[J]. International Journal
of Fatigue, 2022, 155: 106581.

LUO Xue-kun, WANG Yi-ming, DANG Ning, et al.
Gradient Microstructure and Foreign-Object-Damaged
Fatigue Properties of TigAl,V Titanium Alloy Processed
by the Laser Shock Peening and Subsequent Shot
Peening[J]. Materials Science and Engineering: A, 2022,
849: 143398.

BETTAIEB M B, LENAIN A, HABRAKEN A M. Static
and Fatigue Characterization of the Ti5553 Titanium Al-

[34]

[35]

loy[J]. Fatigue & Fracture of Engineering Materials &
Structures, 2013, 36(5): 401-415.

LIU A F. Mechanics and Mechanisms of Fracture: An
Introduction[M]. Britain: ASM International, 2005.
YA, WML TCABLL & A 2 FRAT A B S
[D]. PLPH: rhERRER 4B BTFTT, 2009: 18-26, 69-91.
MA Ying-jie. Effect of Microstructure on Damage Tole-
rance Behavior of TC4ELI Alloy[D]. Shenyang: Institute
of Metal Research, Chinese Academy of Sciences, 2009:
18-26, 69-91.

SHADEMAN S, SOBOYEJO W O. An Investigation of
Short Fatigue Crack Growth in Ti-6Al-4V with Colony
Microstructures[J]. Materials Science and Engineering: A,
2002, 335(1-2): 116-127.

WU G Q, SHI C L, SHA W, et al. Microstructure and
High Cycle Fatigue Fracture Surface of a Ti-5Al-5Mo-
5V-1Cr-1Fe Titanium Alloy[J]. Materials Science and Engi-
neering: A, 2013, 575: 111-118.

ST TR



