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Research and development of marine antifouling method
Ma Chunying

(Department of Materials,School of Materials Science and Engineering,

East China Jiaotong University, Nanchang 330013)

Abstract Marine biofouling is an important problem which restrict the development of the ships industry.
People have studied on antibiofouling for many years since long time ago.They used mechanical method,surface coating
and surface modification etc.The current research status of marine antibiofouling was described,introduced the features

and research progress of various methods. By comparing the advantages and disadvantages of various methods were

summarized,and proposed a possible developing direction of marine antibiofouling.

Key words ship, marine biofouling, antifouling method, surface modification,low surface energy

T BB 2 00 A A A A0 R I v % Tt 2
TET 14 201 490 A 0 R A A 0 3 B S i R B A AR
WFFERBI  K A 4500 Fiifg v A ) 43 A e HHE L 25
M #) P S e T B A A W B R LR 3K 2000
ZR . AR IZE Ml T TR B AR 2
25 AN T B 52 WD < HE TIPS 9P 3 i e RS 3 R SRR
7 WY B R S A 0 A 3 R e s Tk F
30261 BE A AR W 227 A — PR AR R A K T L
5 05 JF REIR R 8 8 o (s A 2 2 R 9, i — 20
T P A PO BB AR I 0 2B ) ORI s B LR W
WRAR I A v o 23 20 8 H AT LR o 7 A R 9 A B ok
BN K A R S e, i ) HG S T Y R L ] A
S AR At s M K FR 8 B WD IR A T
A G A, 2 S BUE TR KO BE R B B R R R
FE BN R G0 A AR R R R iz A R
FIA AR GE A7 19 2 4 0, 25 i ARl 4 ok BR B9 28
PR,

N TR TR A Y A TR R AT B A S

HOLVEAEAT TORFE . WA RS R LR AR
R KRBT O 2 A B B 5 — B B B AR
5 W B o 2 i 42 fiph 1) 3o A o I — R R R I O
O3 BUTE A B W R A T S8 BT 20 B 5 5 B
B MEE AR Wt — AP i i Al o B AR T LA
W BB T P -5 A 3 T 2 2 R RS 7 — S L o
BB A o TR AR ) — HLOE R E Y B A L AR MR
FEH M Yy i R i R P R ok BETE R R R
A7 PRI 412 o 0 RO A R 3 T 114 45 4 L A R A L BT
WhE 2+ B 7 L RO 2 A R 2 T AR ) ¥ 45 1Y 2T
B tRIEMORERE B G TERERY N R AR 2, W AR R
K T3 (RTRED 5 PR B JR TR B A 3 D W
Yo VR TR S E S 22 E WA R DA S 2 7
T« AN T ML PR 28 FIAITE 5 BEL WY 2B 9 B 2 1) O 0 R BUR:
T AR AR R . AR B TS T i B AR AL BR
TR IR B TS TROR R MR AR B TS A
EHNE T WIS R T ik O S B L 8
T A28 Y | o (8 IR DR 17 175 07 0 S R R 18 S 5 Tl

EETHE JTE HAR R4 (20161BAB206162) 5 VT 7944 #ia T H 5% & 0 S S0 W0 H (14JD02)
EB BT REI1977-) , 4 VRIT, N F 332 T Hia TR bR} 3% 1 otk Bk B n T/t T4k



< 32 - o T BB ow AT &

1 #HHERITIE

BUBR 35 1 2 dc 7 1 3 L die A% e 1Y 25 B g
I EERasty/l bR v Ry I ER LI SN i BU R DA N
Yy FRAE T ZE 0 0 5 BR BT A AR A R R TR
iy B 7 By A7 AR RO 22 T B IR SR A . B
HRIEHARNM R Z T BB HERGEAA . L.
SRS DR = N R v e - PN N
VAR NS N S W R S A SN TRE N SR
A ) BSR4 I TR AT AR R TR ke O 32
B 41

2 REHISHRM

S HUBR R V5 VR A0 LU L IR B BT T TR A X 22 3
AR5 T7 . A& T 7T TR B IS TR BN TE]
FIRAD T E AR C R R R, B
G BHE Y AT TN L 2% & J SR AR 1Y 75 2, AN
A TERT TS ) B9 BR BT A4 R B T ORI A B G
RN BIR R P vk =/ GO 101U RCE7 % & S E|
i, X R 75 e £ A AR TE B H 6B TS R AR
R RERT 15 BRI AR et 45 . S5RGBT T5 R FHA
L o 33 S5 AU VR R TE B L TS By PRI B T 1 &
JERTES,

2.1 ZHEMERFHRA

To B H BT 5 TRk — RS A LR AT HLEE
A HLEEFA BL/N 70 5 19 50RE KA B i =X 4 14 1
JRRS . WRRHEDREAN I T K A B A A 5 B i
IR LA B K T A AT R R R BB AR R R
T RBHE I K RO Z 05 L B TS 00 B R B T
T L 7K A RS 3 B 75 7 5 7 AN W /K fie | 4 aod 7
L RIZ SRR IR R R B — e W R 5 6 A AT
V2 B U 2 5 9 KA T 52 80 1 R0 R, S T
R CRES e & RERINSE DR (R

0 0
g\o/x Na® g\O/Na
ROOC ROOC
K1 T A OGBS TR K R R X
G = X T A oK g 1 5 A BILIA )

To B B Al B T R REBE TS A0 HL R 2L ]
K AES TG TR P ROR b R SR M . AR
YeE 1P A RSt . 20 28 80 4EAR, &t 5 609 ~
70 Y0 WA AR T B RS2 To 8 HAOCR TS TR, T
ZWEL S BT, — B AKX A R A
s S P AR AR AR T Bt A SR A —

SE I BT R RO
2.2 {RERMEEERH TR

FRERERIEA R — N RE S5 — A REEER
(11207 R T B r T RN I R N T S R N TR
TET P 5 D) 3 T T IR L 5 ) B B A 5 2% T RE IR
14 2 TR I P 25 L B /N0 0 B 2 W e DB
o B G AR, IR T RE B 15 R B R SE T IR R R W
YRR VR E AT B IS . BFSE R B, 2 BB K T
25m]/m” B 5 AR Y 2% T ik A KT 987 I TR R
B 15 R G BRE 2 5 Y . 5 J08 A ok B T R
FH L A T BE B V5 U R T BB T AN R OH B
Yy T % i PR B T A A LT R AR A |
il D T B T R RE TV IR B R T g ), Rk
E A B 75 U R F 58 B0 2 e e g
A A W B T5 N A2 B, IF B2 5 5 i 5 5
AR

I 18 R B 15 U ORHE 2651 B A HLRE R AR
FiE B 15 1 RE R A AL 8L R B 3R 18 BE b7 15 Uk 7 ) &
JE . BIHER Ik /T PR R I I & R A
B2 a8 % 85 KR H 2 32004 T 50 5 % B
FEM BRI E AT,
2.2.1 A AUEE RSV E B AL B T R AT

A HLEE 22 5 3 1 B8 B T4 TR FH 191 A )
B3 B A HURER RS AR R S e M i A L B
FTREAR G K VER  Z5 A TR E R T R AL
i A RS [ 2Rk 16 B T M RE AR AS A TR« DA REAR
J2 Ay B 14 37 15 A ek 2 T AR ARAIR  (H AR w5 , il T
JEK L 5 [ A R T B T 25 R 2 5 W DA L
FERT B Ay Bk 9 B 75 TR A AR 4V PR 5, (H L )
FPERE N E IR 2
2.2.2 AAR R IVK K B AL B 05 kAT

A HL 3R R FIAR 2 T B8 7 15 U Ak A A o) ) L
PUEE BRI B T5 R AE KAF 2, F7E 20 thad 30 4R,
KBS RE TR ORI HE
SR AR AL UG 2 T RE By TS U Rk A BIF 5 )y T BUAS
T E K ; Schmidt 557 3 1 BF 5% i ¥ B 2% 2 vh
4 S I8 R TR AR VR ORHIR R I S ek, AT
TR R B B R RE Y . (HE) B ATk, A AL
AR B 2 18 A8 B 5 U RS SR AL T 0 & B B iR IR
A A AR LA T Tl A= i
2.3 fAEHM

D5 Az iR T ROk B A SR A — s ),
0 A 3 A IR K RN T v ) — SE S AR A . K B A R
IR it e S . XS AR — N SRR



57 19 JBR A D A0 B35 75 07 3% W 5 3 .+ 33 -

SRS T LURI T R AR A AL RE 422 0 G Al 2 1) B
o LB WY A B A R IR IS5 R L L AN T Y
B R AR T AF AR ORI A TR] I AT L WA R R Y
B DRI B JER B A A1 3% i RE P e 5 R T
— P 2o T B — 6 A 2 Wy R B L 2R W B
U AT S A Wy H B A B S LB R 3R AR S
KW BT SRR 05 A TR D7 AR TR
WEFE EARIRAS T — & ik i B2 J ATy ke
Ak 1 i — B ]

3 REBEZE

FETH SO R H T LA TS 05 vk T R R
(R s AR R TH AL 27 b i AT R, o 2 T AR Y
HEWFI T . 2% SO F 0 07 8 AL | 0 -
JE 1 2B AR A SR DURRL AR
3.1 BE-EEE

VoS 1 - R M 1 S 3 3k 7K A 1Y) O 1 R o A A RE, SR
FH BT SR A48 5 4 B s e LR A . i T
B B R THRRAE Y &) R R BEAIR S AR GE R i A5 O ik
B R . Rao 558 SR ¥ - i
12 DL e = PP AU e e A i RS, K A i AR 7
FH B0 R ol 5 1 RELRE 1) 5 Ak SOV R 2R T LA ik
AT 170°, SR 2 J5 5, Shirtcliffe 45 4%
T I S AR AR A B B K T
3.2 ZIMEEAR

20 AR 43 Sk W 3k 22 ol T 3k 2 s 32 N
TR T, AH LB 7, Mk 20 ok X i B o
IR, N B T R AR A R R £ 5 Y TR
K T2 E A M e 2 T 3k 20 ol 7 3k 2 TG
HHEMEH . Youngblood %" F 5 451 45 2§ 4 21 il
XSUBT EBC [ P SR P A4 R, A5 A8 B 7K 3% T LI 2 flk £
FE BEfil 23 590 172°.169°, Bico %55 | A AR
2k 1 25 A AL 3L T A 0 1 e 9 TR HG 3R T 4 ke
FRTIA 1677, Feng %55 Fil FI ¥t 20 ph 3k 45 3% i
R B 3 A A AT B Ak 2R T, T EL B 2 R THDRLDRE
)| T (TR o A
3.3 HESHERRAE

A 2 SO DT AR I I b 5 B i 2R T M T
B2 207 R RS 28 A ) B AE AOR 81
ST b A A TR . Lau %9 8 O 7E Bk
YK A B 4 B T DD AR — )2 SR DU R & M R A5 )
HA RAFsoKER R E, Jiang 550 76 4 98 3K 1 B
FNA R IR 550 1) 368 6 7K e 24 K A8, 3R A5 1Y) 3R T 422 fiok £
¥IRF 160°,

AT M7 1 Y S8 R T i BOR T BUAE R A E
oA 2 ThD R A B AT I KRR Y A% B A A L (H T
B R T2 & MA S, Wit e — &g b
W2y T HARE,

4 EMBEE"

fIF 5% ¢ W 58 26 A= W 3% PR W) S HL A B T AR e 1k
ERIESR N SN NS TN e SN SN e
WA SF R A Y. AT 4R 5T % B L X B 3 2
Pyt e A% e 1) BEL 1k R <] B B AT . R ST N B
T A Wy B 15 500 14 5 35 AL ER L R E) B A B T 2 e
(0 BE L Ol i fl 5 B J7 ik i R LG
(0 LR Wy B T 50 o DR B8 A 9 B T 3R B AT A T T A
3R SR B9 BE 1, D A= W B 9k T ATEAR K — B
o [6] Y AR R ROHT . AR R 2 R sh A 4 i 2R i 1k
JoE 5 B ARG L B BROSAR L I AR TR IR
W] o S5 A B By 35 00 R A 20 Tz B AT A AN A 1]
P AR iR R

5 4iE

TREE A 1 7 0 23 X AR R TSR R A g
JEE T IR e 2l R E R Y R TR L B LR AR W)
540 L R AR A R Y TR AL, BILAR B 75 0 AR AR
JEAS 8 5 B 15 SRR IE T B TS ROR BRAR T A (H
A RE VRO T I A B 2 0 A 2 B 5 3 R
AT B 2 2 fi T NS A s T R AT A B
P2 B B0 PR R (A - R BOR T AR
RE LR — 657 R TG 75 By 35 U R AT A T S R = T
FE W B s 3 T P 5 U5 AT LU T b oRE 3R T B T )
REJ1 s MJH A 98 5 rp — 264 W) B B HAT B9 By 95 4
P AT RABE T AT 28 LR B0 05 2 2 T R AT
REELE N

S 22 5 A0 AR W A TR 3 TR Y R 2 52 22 R
AR RE M L = AN ) 1) DR 38 AN ) 09 £ B2 AT L S Bl
WEIE A MBI 15 77 . BER B A 2 R IR
19 284 B 95 5 1 e R R K SR T ]

S % ik

C1 ] R, 45000, PINE 58 AN % 1 RE By ¥4 Vol T s ke [ .
b TAR I, 2010(9) : 36-37;41.

[2] skis, A ARG T5 0 R L0, b B A . 2004 (1) : 43-45.

(30 Z=iUn . 35 B VAR B 35 UoRHOF 72 o J L) 1908 Tk, 2005,
35(3) :45-49.

C4 ] BB OCT Al A0 By 15 W AR L0 ¥ R . 1994 (4) 1 63+
64.



© 34 - (AN 547 B
[ 5] Clare A S.Natural ways to banish barnacles[ ] ]. New Scien- #,2002(6):19-21.
tist,1995,145(1965) ; 38-41. (247 THITJBORZ A T B A5 A0 5 75 SR A9 I S R R L], h [
L 67 X3 1 VE IR IR BT & i 5[] Ak TR BB RE. 1991, K& ,2011,11(6) :22-23;45.
19(12) :8-11. (250 sl . 05 A 2 7 B T e b i e LD B TR oRH 5 O 2
C70 skuba%, stk M AR B 15 B AR L1 MR RE 2% 8 R L 2006, 1 2006(7) :47-49.
(28):10-14. [26] Z=Bu, 2=, ok, 45 [ (A 2% T vk T B 3R AR 005 40T 5%
L8] T RS, T, MM 50 ot LT E PR FE RS RBL2% 2015, 34 (1) 1 156-160.
K2 ,2011,11(6):22-23;45. (270 A A RS, 375 G- I F 6 A J5 0 15 o 2 () . i 4 3
L9] BREL, AT, B e AREE B 060775 Mokt kR AR LT ] 0kt #,1992,11(2) :56-63.
AR S 2008 (1) 147 (28] Rao A V.Manish M K. Amalnerkar D P, et al.Superhydro-
[10] Chambers L D,Stokes K R, Walsh F C,et al. Modern approa- phobic silica acrogels basedon methyltrimethoxysilane precur-
ches to marine antifouling coatings [J]. Surface & Coatings sor[J].Journal of Non-Crystalline Solids,2003,330(12) ; 187~
Technology,2006,201(6) :3642-3652. 195.
CILT S 2 R RE By 15 DR 9 T R A JRE 20 AL . o 10 [29] Shirtcliffe N J,McHale G,Newton M I, et al.Intrinsically su-
#,2000,15(5) :36-39. . i, .
[12] Lindner Eler.Low surface free energy fouling resistant coat- perhydrophobic organosilicn sobgel foums [ ]. Langmuir.
2003,19(14) :5626-5631.
ingsFC]. Rcccn)t Dcvc%oprfwnt in Biofouling Control. New [30] Youngblood ] P, McCarthy T J. Ultrahydrophobic polymer
o S s e e i
ter-borne fluoropolymer coatings for marine fouling resistance and sputtering of poly (tetrafluoroet hylene) using radio fre-
[J].Surface Coatings International,1999(12) ;582-585. quency plasma L] J. Macro Molecules. 1999 82 (20) + 6800-
[14] Lindner,Elek.A low surface free energy approach in the cont- 6806.
r0 lof marine biofouling[ ] 1. Biofouling. 1992 .6(2) :193-205. [31] Bico J. Marzolin C, Quéré D.Pearl drops[J]. Europhys Lett,
C15T S0 M. B A B 75 45 A 52 8 BLAR 1108 A0 4 ¥ 55 5 35 . 2001 1999, 472 2207226
(4) .46-49. [32] Feng L,Song Y.Zhai J.et al.Creation of a superhy-drophobic
(161 JRIWEAR , Phil 2. 06 T 3% 181 8 0 3 B 5 v Rk i B I 5 LT ]. surface from an amphiphilic polymer[J]. Angew Chem Int
YRR 5 I, 2004, 25(3) 1 7-11. Ed,2003.,42(7) :800-802.
(177 AR SC IR ERTE A & 05 28 R W S B 5 H AR CD] K 1 . = B [33] Feng L,Yang Z L, Zhai J.Superhydrophobicity of nanostruc-
B2 R 22008, tured carbon films in a wide range of pH values[ J]. Angew
(18] Mesk {3 A BT 15 OB [1.4 % 5 . 2012(6) 1 13-15,; 23, Chem Int Ed.2003.42 (35):4217-4220.
(197 FZE, B85 WOEI, 2 & i B R a0 . e e [34] Lau K K S,Bico J,Teo K B K, et al.Superhydrophobic carbon
A F22H,1995,8(4) :504-511. nanotube forests[J].Nano Letters,2003,3(12):1701-1705.
[20] M7 . BRI THHIES)E LTS W R5E[]]. 305 [35] Jiang L, Zhao Y. Zhai J. A lotus-leaf-like superhydrophobic
Bl2£.,1998(1) :46-49. surface:a porous microsphere/nanofiber composite film pre-
[21] MWZ, SER AR R R 1 A W B A s se [ ]k T pared by electrohydrodynamics [ J]. Angew Chem Int Ed,
P ,1998(1) :11-14. 2004,43(33):4338-4341.
[22] Schmidt D L,Dekoven B M.Characterization of a new family [36] BRTEme, JRIVRAE, T RAe, & 1 T 0 1 B 26 B W W6 4 k) 14 B 5%

of nonwettable,nonstick surfaces[J].Langmuir,1996,12(2)
518-529.
[23] SR AHE K SURE W B X 3L A 43 R RBCR W9 [0 ]800 8 50k

PERELT] AR SR ,2015,29(2) £ 35-39.
K #s B #8:2018-02-27
&% H#1:2019-03-10

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(E3% 30 1) [34]

[31] Xu M,Han ] M, Wang C.et al.Fluorescence ratiometric sen-
sor for trace vapor detection of hydrogen peroxide[]]. Acs
Applied Materials &. Interfaces,2014,6(11):8708-8714, [35]

[32] Lin H W,Suslick K S.A colorimetric sensor array for detec-

tion of triacetone triperoxide vapor[ J].Journal of The Ameri-

can Chemical Society,2010,132(44) :15519-15521. [36]

[33] Mamo S K, Gonzalez-Rodriguez J.Development of a molecu-
larly imprinted polymer-based sensor for the electrochemical
determination of triacetone triperoxide ( TATP)[]].Sensors,

2014,14(12):23269-23282.

Mbah ] C,Steward S, Egiebor N 0.Solid membrane electrode
assembly for on board detection of peroxides based explosives
[J].Sensors And Actuators B-Chemical,2016,222:693-697.
Girotti S,Ferri E,Maiolini E.et al. A quantitative chemilumi-
nescent assay for analysis of peroxide-based explosives[ J].
Analytical And Bioanalytical Chemistry,2011,400(2) ;313-320.
Parajuli S, Miao W J. Sensitive determination of triacetone
triperoxide explosives using electrogenerated chemilumines-
cence[ ] ]. Analytical Chemistry,2013,85(16) :8008-8015.
W75 B #1:2018-02-28
&7 B #:2019-03-25





