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Synthesis of maleimide-functionalized fluoropolymers for potential marine antifouling coatings
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Abstract : The butyltin (TBT)-based coatings applied on substrates such as submarines and ships are critical materials for
inhibiting the growth and aggregation of marine organisms. However, due to their persistent toxicity to aquatic environments, TBT
has been banned. To effectively replace TBT in coating materials and ensure normal vessel operation, a green and environmentally
friendly N-(2, 4, 6-trichlorophenyl)maleimide (TCPM)-based fluorinated polymer with excellent antibacterial properties was devel-
oped. The functional monomer TCPM, which exhibits antifouling performance, was first synthesized via a two-step method. A
dihydroxy-containing maleimide-based functional monomer was then obtained using thiol-ene click chemistry. Subsequently, step-
wise polymerization in solution was employed to prepare a fluorinated polymer with trichlorophenyl maleimide side chains bearing
antibacterial groups. Structural characterization techniques, including nuclear magnetic resonance, Fourier-transform infrared spec-
troscopy , etc, confirmed the successful synthesis of the target fluorine-containing functional maleimide-polymer with antibacterial
group. The polymer coating, fabricated via spin-coating, demonstrates excellent hydrophobicity, low water absorption, and robust
mechanical properties. The self-migrating capability of fluorine elements in the polymer structure endows the coating with low
surface energy, effectively inhibiting the adhesion of substances such as bacteria. This polymer synthesis strategy provides an effi-
cient approach to suppress marine bacteria and offers significant technical support for addressing marine antifouling challenges,
demonstrating promising application potential.

Keywords : marine anti-fouling ; low surface energy ; click chemistry ; maleimide ; fluorinated material
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1.3 Shab I ko Bh I hi AR R IR A 64 ) &
1.3.1 TCPM #y 4 &

£ 250 mL DY BRI A =58 1%(9.841 0 g,
50.1 mmol), FA(35.5 mL), Z s G , i 2
5~10 °C. #RJF¥F R IR I (5.150 2 g, 52.52 mmol))
Ve ffAE 13 mL PR Ao PR R e 2T A Ge
T, R A 25 °C,1’)r‘i§‘¥fiﬁj2 h, R R T B4
TR R L IVERT SRS I A R S
g ,ﬁ%ﬂb’zﬁélﬁlw SRIGFEA0 °C T HA T 12 h, 15
FEUAT 47 13.516 2 g (45.9 mmol), 7754 90.16%.
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Fig. 1 Synthesis of TCPM and TCPM(OH),
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Fig. 3 'H NMR spectra of TCPM(OH),
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Fig.5 Schematic diagram of synthesis of maleimide-based fluoropolymer
F1 SFELLHIBFEEBYH S FEST
Tab.1 Molecular weight analysis of copolymers containing mono-

mers of different proportions

Molar ratio of
Sample IDPIVTCPM(OH),/ M /(g'mol™") M /(g-mol™)  PDI

BPAF
P1 10/3/7 23 445 50 482 2.15
P2 10/5/5 26 626 59423 1.88
P3 10/7/3 31 624 51970 1.95
P4 10/10/0 35338 51 746 2.04

Notes: M, is number average molecular weight; M, is weight average

molecular weight; PDI is molecular weight distribution index.
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BPAF &I R HE R [ IV e 45 4 vh R BR—CH— I
L8, ST 7.97 AN B IS TRA RN EA G
A B —NH A I B 1 S 7F 1.16~0.49, 3.49, 4.03,
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Fig. 6 'H NMR spectra of maleimide-based polymer(P2)
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Fig. 7 '"F NMR spectra of maleimide-based polymer(P2)
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Fig. 8 GPC analysis of maleimide-based polymers

2.3 I RBEI RIS BT ALk B A R AR 9K

R Tk STV g 2 5 S ) B U V2 T R i 7K 3
ME9 PR, TER 9, BGWIE T 7 H ALa i i
IKPE(E] 9a), 7E 60 s B[] Y HEARASAL, | BRI 7K 22
FETIT 8 KB [a] PN S BT v B A B, 7256 9 K oK
RN AR GE | a5 AN PR AR 3.95% 42
£ (B 9b) , Ui FH 2R A W AT B R e K 1 16 2 R
WU K 1 SR K F 02 BT SR A W 4 A vh U
THIAEAE, A BARBI R BE . BLAk, XTREAY I 25k
REMEA TINR(FR 2) , 45 S 10 A IS AT g () o fef e B
W S 35, S S A0 S A AR TR RE B
2574 3.0 MPa, 1] SEELS AT T RGN

97.4° 94.5° 92.5°
(a) Wettability
4.0
"
e 39r
g
.2
e 3.81
]
£
= 3.7+
3
=
3.6+ /
3.5+
2 4 6 8 10 12
Time/d
(b) Water absorption

K9 REVIBEENEE R K S
Fig. 9 Wettability and water absorption of polymer film
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Tab.2 Mechanical properties of maleimide-based polymer

Tensile strength/MPa  Adhesive strength/MPa Elongation/%
10.240.3 3.0+0.2 270+12
3 Hig

(1t SR BRI e B A B W B O — AT 3A S
FrE) T HA R EICR (ROUR) I Sk B R D) fiE
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