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Marine Antifouling Coatings
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Abstract: Due to the environmental concern about traditional antifouling coatings, developing eco-friendly antifouling
coatings without heavy-metal antifoulants has become the focus of current research. The surface wettability and self-polishing
property of three main-chain degradable poly (zinc acrylate) copolymers were investigated by water contact angle, hydrolytic
degradation and water absorption tests. The copolymers were mixed with butenolide to prepare natural product-based copper-
free self-polishing marine antifouling coatings. The release behavior of butenolide and the antifouling performance of this
system were evaluated by release rate and marine field tests. Results show that H100Z has excellent self-polishing property
(mass loss up to 8.4 mg-cm™) and low degree of swelling (water absorption of only 12.3%). In particular, it can serve as the
carrier and controlled release system of environmentally friendly antifoulant, where the butenolide can be released in a
controlled, steady and continuous manner. This system exhibits excellent antifouling ability after immersion in South China
Sea (Shenzhen) and East China Sea (Xiamen) for 3 months.

Keywords: marine antifouling; main-chain degradable; poly (zinc acrylate); self-polishing copolymers; natural antifoulant;

eco-friendly

ks HHEA: 2019-01-30; f&EIBHA: 2019-05-22

ISR SR (19830), T (), HHE, Wl BSsE: FPERRIEEDS AR E-mail: msmef@sout.edu.cn

£EWH: EXRAAREEESE (51673074, 51573061)

Fund: Supported by National Natural Science Foundation of China (51673074, 51573061)

SIAtER: W, WIPCH, DR, 55 R PRI A MOERr 5 acR Y 4 S YEREL]. TP IE3R M T2, 2019, 32(4): 109-114.
PANJ S, XIE Q Y, MA CF, et al. Preparation and performance of natural product-based copper-free self-polishing marine antifouling
coatings[J]. China Surface Engineering, 2019, 32(4): 109-114.


http://doi.org/10.11933/j.issn.1007-9289.20181130002
http://doi.org/10.11933/j.issn.1007-9289.20181130002

110 b B xR T LT IR

2019 4

illls

0 35

TETF R T 5 5 R4 T it E AL i R
T 20 £ I TR it A T 3kt B Ml 3 A7 Vg AR W TS
PRI HEFEEY) . SRR ) A 1 v R
RIS, AERKMEHIE AR, SERE
RIAFAR 5% 2B s,

H HiT 57 6 1 A ) T B Y S A AL
VEIE. MARSEE IR R B T iR Rl . Horh, DAIREE
SRR SN S 2t K | K S G s WD R R S
RHE S BER . B. BYEESE RN .
2008 47, B V5 RS 09 A HLAS) 3 7 5 ek PR
N E A S Mg sk u F N A, B
HI, T3z A8 R & A A ) B V5 i k. A
YRR 1 VR, R B R A A
WL SR R IF XA RN R, Ik,
BT TR R T AR TR R TR A A
FEAR (AR MBS R ok, IR T & =
BTG B T B A PR B R 5

MR T B S R I oY 3 R AR AR TR
8 S A = GNP NN R R I S e (WE = |
T 7K J5 REAE LI [R] 9 23 i R TC /N,
TEAEIR AR . i 4n DA e rh B B 22 24k
G, WERh RSB =R, WA Z TS
B 10 22045 1 A AT Bk R B R 22 N R R R
R BT I PR, (R R R B i A
RN S EBRCHRR T 224, d ik
] fife e 55 AR iR A 25 1 22 R AnAn] PR RS mT 4
R In) 8, B R A A — B R s

SCHp R I AR A A 0 A H 5 R AR B T
RIS RS, ®4 T 3 B ALICH B 6B IS TR
Bh, S5 EE N D R RIER IR TR T e
1 A PR B S B T5 2R o BT 3 F R 2 K AR
FEYIFERT 15 ) 5-2F 3E-2-K IR R (Butenolide). %P
HREA SR T AR, busiEtEe. EEER
S rh R bR B AR O E 7 v L3R i B
150 AR W B A OS5 A A B S IR s, %t
AR A FEE /N, AR T — 2 AR 15 IR
BHAR RN EA AR Z N, S ERE TR
32 LR AT = RO SR B 15 MR R AT, X F
il e TC PS5 FR B8 XU AR B 75 ORI S 1 SR AR 7
YIRS TS VR A S A ER RS AN

1 RE7E

1.1 FER

Fo 4R A R SR DN R B A G il (H100Z,
H150Z. H200Z, R8T AR B A BRA
A)). RH SN ERRF B (AL, 5-9FJk-2-mk
MR (T %R S Butenolide, Effl). —HAREE,

1.2 REHHIE

W 3 Bh T BE R AL R NG IR B B LG I AN
I 0 2R FH P 0 1R FE I 43 0N e R
BLAL 30% (wiv) BRI, ARG XS I RN R R
PP MR b, R R T8 0045 T e A 3 A 4 fk £
W KK fige 2 R K SR BT R i )25 (RE 430
A 75 mmx25 mm Al 20 mmx20 mm); 57555 BT
M 38 R 3 v 12 16 1 50 BT U 2 A S R N Y
HUBEAE F1KE T 80N 95% FIRTAR T 5% KAR By
15 7] Butenolide {45, A IRBETEAR AT By
WM b, RRE R T E 13 O 4050
75 mmx>25 mm F1 110 mmx110 mm),

1.3 ESEMANR

) FH % fih £ 38/ (Biolin, Theta Auto 113)
Xo W] i 4% 2 2 T VR RE HEA T SE . I
TR (ASW) B AESL, IR B K eh ki
AR AR, BRI 5 A DX AT I
w, BOPE,

1.4 KRS EFNIRIKZENAK

T R Y BN A U 2 ) O R ok
PR AN ) S B R T SR N AR R B ) G AREA 1 3=
I A EHRE ST . 0 AR R (Wpanel) Fl
SRR (Wo). HHIRME ASW i,
ASW BM I TE—k, EBIBGHAES A, R E
TFoKvpUEREE, P IEAURR W i8R 0 e iR 2
TR, ORI RER F R (Wwe), ZiR
B TR EEE, FHUGEFES R IR (Way)o
“(Wo—Wary)/4” BIVIZAM PR it 76 X 107 322 9 B[] PN
S KRR o “Wwee Wary) (Wary—Wpanel)”
RS2 A it X IO J2 Y B [ P (R IR K %8, B
PR REE 3 ASPATHE, BOFIME,

1.5 BEisFIREmMENK
IR 5 8CHOM (3% 4 (HPLC-UV, Agilent



Ham WA, & RO WEIUH A W5 R & S5 1ERE 111

1100) A5 3 B = BERE A 7 SR DU IR TR B F E IR
X KIRB; 157 (Butenolide) MIRBHLAT A . HEE S HR
RIE ASW MK ETH, ASW 439 & o e — 1Kk,
SE HA I SR AR A ST 150 mL ASW Y BEAR
H, JR 24 h E A K ELH . SRJE M 150 mL
) ASW HEH 10 mL TR0, A S mL 4
He, FTamsmitess, W%TF*%EW H
AT, B 1 mL PR, FR
AT (1) TR RIZM A #uuﬁr‘aﬂ:ﬂw
BT 70 A A A%

R=(Cx15)/18.75 1)

H, R(ug-em™-d™') & Butenolide AYRBE
Z; CugmL™) & 10 mL ) ASW # Butenolide [
WeRE, B T AR ) 18.75 em? 2
WRIER,

1.6 XERIEKE

Z IR E ZARE GB/T 5370-20071" 7 g Vi3
AR AR (R 7)) R4 T R i
REe, BHEM 2018 H 7 H# 2018 4F 10 H

2 HBR5R

2.1 FHEMERERRGERSENIEREIE TR

B 1 SRR R 2 i ASW 5 1) 7K 42 il #f1
(WCA) B4k, SRR T I R K S L. PMMA
FERIERT S E A O A1k, KT 85°, H100Z.
H150Z 1 H200Z 7E3=f ASW 7 d J5 1) WCA ¥ &8
E TR, ORISR ASW R AE T

100

o PMMA o H100Z
A H150Z v H200Z

Water contact angle / (°)

Time /d

P13 i R T s TR AR I AR 2R FH i DA o5 T2 HHY 5 11 3 o £ B T2
AT K ] ) 2E Akt 2k

Fig.l Time dependence of water contact angle of three poly (zinc
acrylate) copolymers and control sample (PMMA) after immersion
in ASW
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Fig.2 Time dependence of mass loss of three poly (zinc acrylate)
copolymers and control sample (PMMA) after immersion in ASW
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Fig.4 Time dependence of water absorption of three poly (zinc
acrylate) copolymers and control sample (PMMA) after immersion
in ASW
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Fig.5 Time dependence of release rate of butenolide from three
poly (zinc acrylate) copolymers and control sample (PMMA) after

immersion in ASW
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Fig.6 Fouling degree of three poly (zinc acrylate) copolymers and control sample (PMMA) based copper-free antifouling coatings after
immersion in South China Sea and East China Sea for 3 months
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