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Preparation and performance of fluorinated zwitterionic
side-chain modified silicone antifouling coating
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Abstract Fluorohydroxylated zwitterionic precursors were synthesized by free radical polymerisation using
2-(dimethylamino) ethyl methacrylate (DEM) , dodecylheptyl methacrylate (DFMA) and 3-mercapto-1,2-
propanediol as raw materials. The precursors were introduced into the organosilicon polyurethane system
by addition polymerization of hydroxyl and isocyanate groups. Zwitterionic ions are obtained through sul-
fonation of 1,3-propanesulfonolactone (1,3-PS). The chemical structure of zwitterionic precursors on the

antifouling effect of the coating were investigated by nuclear magnetic resonance and infrared spectroscopy.
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The antifouling effect of the coating was studied by means of a series of tests, including water contact an-
gle, tensile test, swelling ratio, adhesion strength, antibacterial and antialgae estimates. The results dem-
onstrate that the tensile strength of the obtained coating increases to 8. 7 MPa and the water contact angle
is up to 100. 5°. The antibacterial rate of escherichia coli and the percentage of staphylococcus aureus on
the surface of the coating achieve (95. 53 £ 3. 85) % and (91. 60 & 1. 82) %, respectively. The surface en-
ergy of the fluorine-containing coating reduces and its antifouling performance is improved greatly.

Keywords high mechanical strength; low surface energy; antifouling; silicone coating; fluorinated zwitte-

rionic polymers
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Tab. 1 Formulations of fluorinated zwitterionic side-chain modified antifouling coating

The dosage of components of the coatings/g

Coating
PDMS IPDI PDEM(OH), F-PDEM(OH), 1.4-BD TEOA 1.3-PS
PDMS-PU 5 3.5 0 0 0. 77 0. 15 0
PDMS-PDEM 5 3.5 0.3 0 0.74 0.15 0
PDMS-PDEM-S 5 3.5 0.3 0 0.74 0.15 0. 36
PDMS-F-PDEM 5 3.5 0 0. 62 0.74 0. 15 0
PDMS-F-PDEM-S 5 3.5 0 0.62 0.74 0. 15 0. 36

1.2 %Y F-PDEM(OH), 9k
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2 504 g/mol,
1.3 &) PDMS-F-PDEM-S 45

TEARYUA T IPDI Hl PDMS(OH) , A S 4202 4 B 1 = SUpeii . 78 70 C R HEHE 12 h, &
J& s INA F-PDEM (OH), FF-4¥4E i 1 h, FA 1,4-BD #1 DBTDL 378 80 “C F /i 3 h, SRJ5HIA
TEOA, 4kZ2 [ 1 h, 43311915 )24 4 8 PDMS-F-PDEM, 418 1 58 2 fiis ., BHIZEZEES A 1,3-PS
FFaksE RN 24 h 5B R 2% 0 PDMS-F-PDEM-S, W& 1 258 3 fion, i B EIRE Y B A0 58, SR FH R
A DMFA BRT4R{A& PDEM(OHD, Jfidat 1, 3-PS & fifi b 15 2 %7 ek )2 a5 24 0 PDMS-PDEM-S, % /it
R 9 S T3 s AR BN IN 1, 3-PS T Ab 45 2 i B A LR J2 233l i 44 PDMS-F-PDEM il PDMS-PDEM,
L4 PRI MRAL S ML )y ik
1.4.1 HRENEMETEHARIE, KH Nicolet 10 spectrometer fH B 2T AN (FT-TIR) M504 )2 H it 2k
; & Fl BRUKER-AVANCE II1 HD 400 MHz 2 P 95 S 0RE 5 0 A% R ik 0% (C H-NMRD 5 2R H
ESCALAB Xi # X 26 H FRETEAL (XPS) 43 H1 iR )2 T B e AN 25 .
1.4.2 R EMERem X, HIEAR I Instron 3400 7 AEIRIEHL . FA i # H 50 mm/min; FAE (TGA) I
TR FH 78 - 3t STA449FS $E A3 HT 43 e R R B E 5 2 - DSA25 $fl i 243, BEASRE S = AN
[l o7 R i Ay SOV S50 VR 2 T A SRR FHRR EE I &, R KT IR 2 E 0 My, IR — B | e
Br 2R MEK PRI My IR AN o = (M —Myy) /My X100 %,
1.4.3 #HF kA b A mX, R XH-M B J70058045, W30 J2 0 786 54 F1 24 S8 R s Al (GFE) Y
B 1. AR GB/T5210-1985 MARE  Ff £ 7 FI P U /K 26 B 1 1 2 2 11 LAE A 1) o B P8 R0 2
S4B AR SR = AN R A7 L BOT- S50 5 U 2 PP T B R 3R S5 e WLk, 7 35 °C A
TGRSR T AR A U 2 B B AN [R) 8 25 B o] A4 B i I
1,44 BWAMK, BOKBTHE (E. coli) A& OMEERE (S, awreus) NEAIE , K HSESOTEOEM 5
VR JZRE R A1 T8 0 45 18 €0 4 5 3K R P B TR PR g . S AR & PDMS-PDEM, PDMS-PDEM-S, PDMS-F-
PDEM #1 PDMS-F-PDEM-S %[ 73535 A F (18 mm X 18 mm) EFES: BT 12 Lk, 1441 A 23
A5 mL 1X10° cell/mL ¥ B 1% KM AT 1 F1 4 €230 46 BR TR R BRIV » 7 37 °C M IEIRE SR 24 b, BEHUH S IOFE
i PBS 28 W v v v J2 3 R B BFTAO 40 1 L 7E PBS ZZ vhi P 5 min, B 200wl #8755 1928 v .
TRAT R VR E LB BEMARE SRR M, I LB BARREFREEAE 37 C M EIREEFE 6 h, g LB [ i4Hs 57 35
AR AR NECE ., L PDMS-PDEM A28 (T REFE T RIRIZMPTERCR . LB R RE 77 35 3 18 (%) 41 5 A4



728 SRR 27241 CFL AR BO

KB N, 320R, HARRZERER TS E KPR Ne R SUE SR E Ay () = (N, —
N /Ny xX100%,

L5 BkEM AR, PURISHEMEREN R /NEREEHEATIN . FHN TEAR BE /N ER B 1 ¢
10" cell/mL KR A TIG7K 2 d BERZRES BT 20 mL A9 1X10" cell/mL AY/NERSER IR F HAE W 5 52
B 12 h IR NG IR 3 dL N T K S A2 B R TR S22 3 T 25 BR AR R B 9 /INBRBE L 762 i Bl T L
FRIBEFE O 2 10 A XEFATIHHEL I Tmage] BAFGEHT/INERBE B E R

S
oj/(’ no/rs/f( j’f
H o ko 00
)
) (

AIBN

HO SH I
TH oo

\
F_)
F L F P I‘-Pl)[tM(OH)Z) Stepl
) { A F
N > Fr F
(TPG) { £ S
- X I F
(DEM) G F {F
(DFMA)
OH
! (TEOA)
HO M ~on
HO(g O OH + . HO/YS UL( Step2
SN OCN NCO H o=0 HO A~~~ OH
. (1,4-BDO)
(HO-PDMS) (IPDI) H -
N
N r Fr
F F
F
FAF
H

O

G
[¢] (¢] H o H H o)
N__ O H H N e .
o, NAo.0N NWOrO)LN Yo N N_ 0N~ o SN (PDMS-F-PDEM)
TI:I[ H H 0 HyC H (0] \W E H
kdikﬂx 0
=0

0

O 0‘ \

F
NH pA_F
PN :_i/ B 0\\5//0 Step3
. 0 (13-PS)
- i
L-“Oesr%r“ﬂ SOk U
/ N/ N\ -
¥
NH
0
%

H
)

0 O

00 N
S
F\_F

+N\/ E
F A FF

] F .
oS K
20 ‘¥

B 1 PDMS-F-PDEM-S & EHA B BE Lk
Fig. 1 Synthetic routes of the PDMS-F-PDEM-S coatings

2 Hifhitie
2.1 %% PDEM(OH), fil F-PDEM(OH), ¥ hk K LAk

JARY PDEM(OH), Al F-PDEMOH), ({45 il R 3= B2 2 ] 570 - 0UsE 1) o5 o SO 120 TR ISR
FT-IR JEiEE S Wi C — C RAU#AT— OH FE AT 98 f ok W S b2 & o & 4. B 2 45 T TPG.
DEM.PDEM(OH), 1 F-PDEM(OH), i FT-IR i/ . DEM.PDEM(OH), 1 F-PDEM(OH), i FT-IR
FEiE ) X BIJEAE 3 400 em ' BRI HEE— OH MR IRs1IE™, TPG B FT-IR YeiftfifE— OH 4
HMRFIEIE .1 637 em ™! AbJ& T DEM iy C— C XU, 7EI#E Y F-PDEM(OH), #il PDEM(OH), 1§
&KL TPG B4 DFMA fl DEM ALZh & A T 3 - XU o5 i s i . 18 %% F-PDEM(OHD, #9' H-
NMR 3% E it — AR T =W 2548, il 2(h) firzs . 78 3. 4 1 3. 7 /g2 & T TPG i— CH, —FR¢fiElg,



55 5 BRSPS I B A AT LA B T TR R A o S TR 729

2.0 F1 2. 3 ARG DEM AUFRIEIE, 5. 8 F1 4. 4 AR REE TR T DEMA (4R EIE" ' H-NMR 5
FT-IR W45 R EH TPG 5%k 5 DFMA . DEM H 5 SR D & Az OB A2 B T ISR Y F-PDEM(OHD, ,

B 2() 5 TARFERE LAY FT-IR JEiE Rl . AT LI b SR B 7E 2 260 cm ™' ALMYJE T IPDI )5 iR
BRFFAEIGETE O, RIS H R B e O &5 2 . A5t PDMS-PDEM-S I PDMS-F-PDEM-S ¥ 605 1
528 cm ' WEEEIE T SO, BURFAEIE"S  BEHH R AW ML T 2 B BNtk . 761 701 em ' AT C=0
AR AEDG H B, FE 2 960 F11 3 315 em ' AL B RAY— CH Fi— NH BYFRIE I IE 52 58 & Wik 2 v 22 25 F R G 11
TR L 3 B I A R AL R v 2 T B B 95 i 1 B T R ST,

(a) i725

a

— F-PDEM(OH),
— PDEM(OH),

(b)

1637

i
1
i
i
™St i
1
i
i

T [y gL
i - S ¢
i 1 ¢ ;
W i B ™y
1 F A\
i i el e
:l-'—PDI:'M(Ol[)l ; ; ‘é‘.‘ b,
i T c
OH ! !

UL |
i
) h
i PDEM(OH)W a
VN . N
| : 4 M
i
1
1

Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500 8 7 6 5 4 3 2 1 0
Wavenumber/cm™! o

(¢)

PDMS-F-PDEM-S

IE: () TPG .DEM,PDEM(OH), fl F-PDEM(OH), # FT-IR
JE3E 5 (b) F-PDEM(OH), Fl PDEM(OH), ' H-NMR ii%;
(¢) PDMS-PU,PDMS-PDEM, PDMS-PDM-S, PDMS-F-PDEM
1 PDMS-F-PDEM-S i) FT-IR J¢ik%,

2 HMH FI-IR 3£ #0 H-NMR i
Fig. 2 FT-IR spectra and ' H-NMR sepctra of samples

Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™!

2.2 FESMIOC RS A

&l 3 it XPS XFAE S i e R AT 1T — 200, XPS 44 i /s . PDMS-F-PDEM-S I PDMS-
PDEM-S i £ % C.N.Si fl S &0 Z 40 i, PDMS-F-PDEM-S (%41 i T8 54 F-PDEM(OH), [#3]
AL 3Ca) TR 688. 1 eV AR EE T F ST &R Wi, PDMS-PDEM-S H1317C F Ju R M HI B, 7EE 3(b) H,
284. 8.286. 4 F1289. 4 eV A4 5IX R C— C.C— N A C= O, F 3(c)in N 1s BUIETE 398. 8 F1401. 9
eV ARt C — N FIZsid 1,3-PS BEAL G B9 N T4, C 1s AN 1s BiE 22 91 B A MR 2 v a2 25 P R i e
PIPEE FRE . B 3(dD N Si2p Bl 7E 101. 1 eV A C— Si ., & 3(e)Hil 687. 9 eV AY— CF, —fg
FEOZHAREY F-PDEM(OH), 1 FtRMTIA . B 3D 162, 7 F1 167. 3 eV 19 S 2p, 5 .S 2ps. 535
RET TPG iy SH# ML S O B it —5 30 TPG HhiELr) F-PDEM(OH), 1
5| A PDMS-PU A %,
2.3 iR IIPLRPE GE 2

AT D075 W BLAR I RE 9 T 2 T AR f FH e v oA S8R A b S B 07 » 38 ok A LA O )23 199 Iz - 2 ot
LATAE G EHLMPERE . W& 4(2) 7R , PDMS-F-PDEM 14 5 W R sR B, 7135 11. 4 MPa, Fi {28
412, 8% . Mk i PDMS-F-PDEM 284t 1, 3-PS i {b J5 L7 Ad i B K AR 8. 7 MPa, fi B 28 (%
298.9%. 74N, PDMS-PDEM AL RTHIA 8. 4 MPa FRLAH 38 A 244, 4% B Fr L AE , AL )5 A PDMS-
PDEM-S R {58 FE AR 3. 5 MPa, hifdiIE 28 Ky 266. 1%, 18 12 % FC RS AL 1T 5 FE S BB (38 B, 7] LA



730 R 224l AL AR JO

T Ak 5 R A 7 AR i B R ARG . AR A S I AR Y F-PDEMCOHD , FORE & 37 {5 B 2208 T I A R 58
H PDEM(OH), FIRES 33X FoRHE Y F-PDEM(OH), 15| AT DEMA, H/r T & T8 % 4 PDEM
(OH), . FE A B B A% PDMS-F-PDEM [, PDMS-PDEM 14 B /&5 A4 7 i1 5 B2, % 22 4 PDMS-F-
PDEM-S Fl PDMS-F-PDEM R % I ()53 F4% 224 T PDMS-PDEM-S fl PDMS-PDEM, 5 ZUH A7 )P AR
A e R S AL R S R A AR B X E AT DL L B AR S B A B 5 R AR A A
)R B 114 T B X R B R AR B A T K B BE AT (A5 00 B% B4 457 BELISE K B3R TR AW TaEZ
W] S A AR B T AR SR AT 5| 7 . PDMS-F-PDEM-S 715 B 15 2 17— & A ek 3, JfoR
R ARERIAREE B RAR T . A F IR A BT B S SOUARER B8 AR A I 28 19 B (EL 2 L B AR SR 6
SETRZ AR,

— PDMS-F-PDEM-S \ b
— PDMS-PDEM-S 0 Is Cls (a) Cls c—c (b)
2 WW Nls |Si2sSi2 2 2
2 ols . §z gz
Si2s Si2
N ls
, , . . . L S . . . . . . . . . .
1200 1000 800 600 400 200 296 294 292 290 288 286 284 282 404 402 400 398 396
Binding energy/eV Binding energy/eV Binding energy/eV
i S2p f
Si2p SiC (d) Fls (e) (f)
2pyp
2 z 2
£ = Be
5 5 5 S2p,,
E = 5 ’
104 105 102 101 100 99 98 694 692 690 688 636 684 652 0680 172 168 164 160
Binding energy/eV Binding energy/eV Binding energy/eV

H:(a) 25 (b) Cls; (o) Nls; (d) Si2ps (e) Fls; (DS 2p,
3 PDMS-F-PDEM-S #1 PDMS-PDEM-S &Y XPS Jtif
Fig. 3 XPS spectra of PDMS-F-PDEM-S and PDMS-PDEM-S

REWRGEBRZm TIRIZAMER . B 4(b) AASEFE S S 2B 6, Hod PDMS-F-PDEM A4 i FF
=M 79. 6 A, PDMS-PDEM-S i fefIRAORE A 65. 8 AL A5G W -1 A% 28 i AR fb A At

— PDMS-PDEM ( a ) )
12+ pPDMS-PDEM-S solb
— PDMS-F-PDEM
10F— PDMS-F-PDEM-S
601
£ 8 <
s 2
sor T 40f
@ T
4
20}
2
% 100 200 300 200 ‘ EM » M-S DEM M-S
5PV 5PD¥ g FP §PD
Strain/% epM oM pOM POMS

s (OB SI-I AR (DRRE
B4 ARE®RERRNF-R T &g E

Fig. 4 Stress-strain curves and hardness of different coatings



555 oA A PR B O BE PR A LA B 5 U= B T A SR fE 731

2.4 R EPE S B

& 5(a) MAEERZR TGA th4k, 455211145 )2 PDMS-PDEM-S #l PDMS-F-PDEM-S 7£ 100 °C AN 4
PRSI B 01 % 5 32 8 2 DR Sk T 5 00 6 1) X6 7K B WG 51 2 i . PDMIS-PDEM-S #ll PDMS-F-PDEM
PRI BE 2 270 C UL L R Z B RIAFGR e . IR 0K 8 E R A 300 ‘CULL, Eak
HARALE 500 CLLE, B 5(b) i AE (DTG) 4k n ik 2 EEARE WA 20 o fiL b R (g
A 2 T i) S R T R B2 LA ML SR B T 45 2 AV  TE 300~4.00 °C 2Z [R] X1 1) 2 Tk J2% Hh il e B2 1) A fie
T L FE 400~600 C 22 [A] 325 5% Az 1) b Bk B (il i

(a) — PDMS-PDEM (b)
100 — PDMS-PDEM-S 0.000
— PDMS-F-PDEM
soL — PDMS-F-PDEM-S _0.002|
N = 0,004l
S 6ol 5 0.004
o T
= X
= = -0.006
.%0 40+ ]
= 8
-0.008 |-
20+ — PDMS-PDEM
~0.010k ~—— PDMS-PDEM-S
— PDMS-F-PDEM
Or — PDMS-F-PDEM-S
1 1 1 _0_012 1 1 1 1 1
200 400 600 800 100 200 300 400 500 600 700
Temperature/°C Temperature/°C

TE: () AESHTHL; (b) HETHMEL.
B 5 AERENHRENFTHEMBEAEML
Fig. 5 TGA curves and DTG curves of the different coatings

2.5 WA PERE

HEGLIRZEXT A CuCl, « 2H, O 5575 Y W78 U )25 3 18 1 B 5 15 00 7T LSS bR )2 W Bl s A s T e T
Kl 6 WnEKME CuCl, « 2H, O 159 WAE SN FRK G /e R 5 e AR 25 2 WO 25 U )22 2 18 T K Pkl 93 175
%Hﬂﬂ:ﬂﬁ—ﬁﬁg%w‘ﬁ Xﬂ‘ {F{/%}%' PDMS-PDEM PDMS-PDEM-S  PDMS-F-PDEM PDMS-F-PDEM-S
(G T B T B 2 KoK &
Br. RGPk R M2 PDEM
(OHD), WY, BBy 2 7 1 1 5%
Y1575 2 PDMS-PDEM 1 PDMS-
PDEM-S £, X & H TIRZRMm S
AT 3 SR A W T i) B AR R
FrUA B ME L bR, AR R Y F-
PDEM(OH), J& . il LB & ik ¥
B e 4 R bR, ILBHRZ R
FAA PR 25 B H , [R]B A
RS AE TR Z R A A, B 55 T M
PEBS 77 AR 0 W BT S S Bk
WA G R EIRZ R, H I
P45 R4 2 PDMS-F-DEM-S #il

CuCl,-2H,0

Carbon Particles

PDMS-F-DEM %75 44 B A5 R 41 6 AEREMBFGLR
HEHiEF. Fig. 6  Self-cleaning test of the different coatings

E 7() B ARG R RE S K B/ . PDMS-PU f9 7K 32 il /71 R 93. 2°, 18 22 PDMS-PDEM [ K
93.4°, MINA 1,3-PSififb 52 PDMS-PDEM-S A4 7K 322 fi £ B i3 T B A 92. 17, X J& N4 A TR 2 &R



732 R 224l AL AR JO

THT P PR P B8 X KA 25 s R I BRI 2 S rP A B ISR T RE Y Si— O #8901 T2 R ARIIE T
BEBKBPER, %2 PDMS-F-PDEM # PDMS-F-PDEM-S [ T-77 75 W6 P 55 700 5L, [7] i, 24 2
FE KBRS A SN ZE 101, 7781 100, 5°, K HE Ak iy 1 KT ARRAIR VR J2 1 2R 1T RE o (6 75 S o X 266 B A U 2
eI

WK 7(b) 7, B /K el 09 38, 1422 PDMS-F-PDEM #1 PDMS-F-PDEM-S (1) 84> 3 F % &
23.45 Fl 24. 76 mN/m, R REFEINA 15 TIRZPII5ECRIER, PN X TOK R, & S B80R 25
Hi e g1, i 1 7] PDMS-PU g5 AEE Y F-PDEM(OH), 770, 512 PDMS-F-PDEM-S [
JKEE, MIE 7Co) AT LA A Y B A3 | A DEMA B, £ 4% PDMS-F-PDEM #1 PDMS-F-PDEM-S f#)
IR R A . AN R Y DEMA (35K FLA B 2. T LR 5] A DEMA P 55 1 ] LARRAR 42
P, B2 i TR 2 MR 1, BRIIER Z I B 15 3R

120 30

100F
80
60 F
401
20}
0

e\\l\ M-S
POMS” o POMS ?DEDN‘S S ?DN‘S - ?D 208

(b)

Water contact angle/°
Surface energy/(mN-m™")

—— PDMS-PDEM

—— PDMS-PDEM-S
5+ —— PDMS-F-PDEM
—o— PDMS-F-PDEM-S

(¢)

/ T (o) KR s (b) FKITRE: (0 IR,
B 7 AEREKEMRE REERKE

/ Fig. 7 The water contact angles, surface energies,
2+
/// and swelling ratio of dfferent coatings

Time/d

2.6 IR B AR R ) o B
ﬁﬁxﬁ%@ﬁ@ﬂ$*%%ﬁﬁﬁﬁmﬂﬁﬂﬁ?ﬁfﬁﬂ%ﬁw%ﬁ P 8 (a) SR 7 5 B 40K
3. 5019 NaCl #h 5 RIg i 2at 1 d (B a], WA W2 W38 20 oK B Ml 52, R IR IR )2 B0 i B 4%
TR B TE D . FERIBEERZZIAEE R 1.3 15 d J5 » RIUR TR JZ MR 4K B 2 £k 55 st 1] 14 SiE K 68 Toh R i 340 ¥4
B A R R B A B A 0 L 4 R IR BB 35 1 S B B IR 4, KRR TR A A
SRIGEGH 1. SRR ZE PDMS-PDEM-S #il PDMS-F-PDEM-S 3 T3k L4, X Rl 4 S5k 4kl

SR RS LT 1] A T
El 8(b) s AN [l TR 2 X FRAN AN GFE B%6 B 77 . AT LLULER 31 Uk 2 06 - 21 5808 i 110 25 B s %o e 4
FIZERS 1. R TSR HUAE SRR R 2 B AR M R 5 3 PDMS-PU X T 0 A9 B B I 40A (1. 15 +
0. 15)MPa, MAJHERY) PDEM(OHD, JEIRJZXTT0 8 1 R 1 BEA LR KR (1. 11 = 0. 11 MPa, fiifk
PUE PDMS-PDEM-S X (14 B B 74 — 2 A EE T 33 /2 B 1A U T 1 B8 - 8 1 023 S e 2 ] A e

Swelling ratio/%
(98]




55 5 oA A PR B O BE PR A LA B 5 U= B T A SR fE 733

Bt

)2 PDMS-F-PDEM & SUSE 0 A 7E 0% )2 1 R 10 T 208 2 2 LB I AR B ol . [kEZead 1, 3-
PS fi#fk LU , PDMS-F-PDEM-S X 594 (1 8 i /3 46t PDMS-F-PDEM (%% [t $2 7+ 2 (1. 43 + 0. 11)
MPa, AN [] 20T 04N B BE B T AR AE 1 MPa 247 . 6 2 T REJE IR 2 I A TR AR R AR R . 1%
JZ PDMS-PDEM-S X T GFE IR)2 I T i i RG R 01 . 32 i TIR BRI SE R EAEIT  PiPE
T-IEEZ iz sh 2R 2105 GFE 10 1R I 4 T3 A AR .

(a) PDMS-PDEM  PDMS-PDEM-S PDMS-F-PDEM PDMS-F-PDEM-S 3 5 [ (b) - Steel
' BN GFE
3.0
L 25
[T
s
g 20
g
: ¥4 & g’ 515
% ’ 1.0
0.5
0.0

S S
YDN\S—Y“ YDMS-\’DE‘;ADMS.YDEN; oS F "")f&/xs-? poEM

TE: (a0 A U2 AR BN 1 8 55 PRI PO [l I 6] O G B 5 (b) IRJZ SRR IR (GFE) FIBRHI RO ) .
8 REBBEIMFEM AN

Fig. 8 Analysis of corrosion resistance and adhesion of coatings

2.7 WRIZMHUR B BT

P F5 A TR 2 B 15 R 2 AT ELA (R L 38 P AR T B0 A I 2 T ) TRV 0 SR TP A LT AT AL
R, WECas DIFTR, YREY 0 FHENME LS 6505 . 7%)2 PDMS-F-PDEM-S fil PDMS-PDEM-S %}
TR AT RN 4 € A R TR 14 300 4 8 045 B BH 42 55 . PDMS-PDEM X K A B 11 4 (6 4 46 3K T 11 10
A3 (17,94 £ 2.15) RIS, 16 £ 2. 7D Y, SREW o FHEMEER (L PDMS-PDEM-S ], Xf K
Ji kT T A 4 €6 A 2 R AT A0 100 71 SR 2 1 22 (65. 68 = 5. 06) % F1(10. 59 =+ 1. 86) %,

BMFES] A DFMA B, R IR 2 2R H eI A e 2R A B RCR 12 PDMS-F-PDEM X K AT
R P11 46 (0,7 5 R T I PR R SR A AR RS A3 9 (17, 71 = 7. 63) % F1(6. 03 == 1. 05) %, 24 [F I 5| A DEMA
FPIVER T, % 2 PDMS-F-PDEM-S X K iz A1 T 11 46 €0 7] 28 K T 100 90 1) 200 % 12 3% $2 m & (95, 53 &=
3.85) % HI(91. 60 £ 1.82) Yo, Btk m R G WK R [R5 | AR Y F-PDEM(OHD, IR 255 7] LIS 5
TR JE RS Y IEY BRI B 1 BE

1 I Th & 2RISR 328, S B/ NER BOR A TR 2 BT 28 PR B, 18] 9 (o) R IR EARTRIR 2
RS B RS S5 R O MRS & 9094 )2 PDMS-PDEM (14 785 B 14 35 28 850 R B 0 S8 o8 T O 55 900 2 il
A5 B9 PR BS T LA PDMS-F-PDEM-S #l PDMS-PDEM-S 4% J2 2% I 14 510t 5 B ARG 00 35k 3% A il
iRz . B 9(DHiRZE PDMS-PDEM (1 #SE R  (1 646 £ 143) cell/mm”*, %2 PDMS-PDEM-S
MIBERFE AR PR (1 353 £ 123) cell/mm’, YREWIKRZRGI A F-PDEM(OHD, i, i T4 23R 1H fg
Y RRAR 5 28 AN 75 o R A 0 )25 3R 1T, 28 19 85 i 4 LU m AR 2R 4 PDEM (OHD, 3807031 (1 304 £ 146)
cell/mm’, MiRZ#—Ehiby PDMS-F-PDEM-S B}, it )2 2 100 (1) 3 28 500 N RS B i, (U (271 + 43)
cell/mm” , UL Y 7E R A WIMIFES | A DEMA FIP M 25 B U 2 00 B 15 800 a4 8, B Dl T e S S 00 45
TR E A BRI TRE



734 R 224l AL AR JO

(a) gPDMS-PDEM PDMS-PDEM.S PDMS.F-PDEM PDMSF-PDEM-S (¢ ) PDMS-PDEM -  PDMS-PDEM-S i
‘-§ 2
%

PDMS-F-PDEM PDMS-F-PDEM-S

g

5

3

%)

v 2 2
A 2000
BA E. coli
100} wmw S (b) (d)

& 1600 F
£
£ §§
S 1200}
S
>
£ 800l
o
2
£
< 400}

B

DEM-S

pEM

pomsF- 202

poMSF”

pDEMS

M M-S M M-S
?D\\A‘S—"D DMS—YDE POMSE ?D\‘AS'YD VD\‘AS'YD pOMST”

T () IR R E KD TR 2 8 O MEERE  ARRZER O JIER . (© WIRRMME B/NRBER (D R

B /R ) 4%
9 RENFEMGRES
Fig. 9 Analysis of antibacterial and antialgal properties of coatings
3 &ig

AR S A — Pl 35 5 A P 1 B i SRR B 9 B 4 F-PDEM(OHD, . ¥ H: 5] A PDMS-PU K R . &
W4 T2 PDMS-F-PDEM, it — ¥ Hi#% 4k PDMS-F-PDEM-S. Z 2GR T 85| A DFMA
BT R0 25 R0 WA M 8 AL i 5 A 2 A s s, T LR T T MR 2 55 I AL B B RN BT B AR . PDMS-F-
PDEM-S By {ds® BE A5 8. 5 MPa, FiffiE A5 299. 8%, 1% JZ PDMS-F-PDEM-S X K 7 #T B Fl 4> €0 4 2
BRI BRI IA RN (95, 53 £ 3.85) % HMI91. 6 + 1. 82) %, ISR 15 1 A= Wy 78 14 )2 2 1 B B i K s s
WD R TAE G 15 1R 20— Pt = BT Re 1 Bt T — ol i) firk e L

z % X W

[1] POURHASHEM S, SEIF A, SABA F, et al. Antifouling nanocomposite polymer coatings for marine applications: a review on experi-
ments, mechanisms, and theoretical studies[J]. Journal of Materials Science & Technology, 2022, 118; 73-113.

[2] QIANP Y, CHENG A, WANG R, et al. Marine biofilms: diversity, interactions and biofouling[ ] ]. Nature Reviews Microbiology,
2022, 20: 671-684.

[3] KIMD H, ALAYANDE A B, LEE J M, et al. Emerging marine environmental pollution and ecosystem disturbance in ship hull cleaning
for biofouling removal[ ] ]. Science of the Total Environment, 2024, 906; 167459.

[4] HUP, ZENG H, ZHOU H, et al. Silicone elastomer with sell-generating zwitterions for antifouling coatings[J]. Langmuir, 2021, 37
(27): 8253-8260.

[5] LINYC, CHEN F, YANG S B, et al. Mechanical strong, highly adhesive, recyclable and transparent supramolecular silicone coatings
with easy water-oil sliding[J]. Chinese Journal of Polymer Science, 2023, 41: 1796-1804.

[6] YIP, WANG X, SUN H, et al. Biomimetic self-lubricating silicone composite based on biochar for antifouling with improved long-term
release[ J]. Progress in Organic Coatings, 2024, 189: 108306.



55 5 BRSPS I B A AT LA B T TR R A o S TR 735

[7]

(8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

LIU C, MA C, XIE Q. et al. Self-repairing silicone coatings for marine anti-biofouling[J]. Journal of Materials Chemistry A, 2017, 5:
15855-15861.

SELIM M S, FATTHALLAH N A, HIGAZY S A, et al. Superhydrophobic silicone/graphene oxide-silver-titania nanocomposites as
eco-friendly and durable maritime antifouling coatings[J]. Ceramics International, 2024, 50(1): 452-463.

MA C, ZHOU G, ZHANG G. Protein resistance of polyurethane with hydrophilic and hydrophobic soft segments[J]. Journal of Polymer
Science Part B Polymer Physics, 2010, 48(18): 1987-1993.

HUNG H C, JAIN P, ZHANG P, et al. A coating-free nonfouling polymeric elastomer[]J]. Advanced Materials, 2017, 29(31):
1700617.

ZHANG W, WANG R, YANG Z. et al. Synthesis of UV rapid curing silicone coatings via photoinitiated thiol-ene click polymerization
for pressure-sensitive adhesive[ ] |. Polymer, 2023, 283 126222.

TIAN L, REN G, ZHANG P, et al. Preparation of fluorine-free waterproof and breathable electrospun nanofibrous membranes via thiol-
ene click reaction[J]. Macromolecular Materials and Engineering, 2022, 307(4): 2100757,

LIU H, ZHOU W, YING D, et al. Generalized two-dimensional correlation NIR spectroscopy analysis of the structures on n-propanol
and n-butanol[J]. Journal of Molecular Structure, 2019, 1181 436-443.

ZHANG D. ZHAO S, RONG Z, et al. Silicone low surface energy antifouling coating modified by zwitterionic side chains with strong
substrate adhesion[ J]. European Polymer Journal, 2022, 179: 111529.

LIS, GUO Z. ZHANG H., et al. ABC triblock copolymers antibacterial materials consisting of fluoropolymer and polyethylene glycol an-
tifouling block and quaternary ammonium salt sterilization block[J]. ACS Applied Bio Materials, 2021, 4(4): 3166-3177.

ZHAO S, ZHANG D, JIANG Y, et al. A silicone coating containing natural borneol fluorinated side chains with excellent static antifoul-
ing properties[J]. European Polymer Journal, 2023, 193(19): 112064.

YANG M., LIU W, JIANG C, et al. Facile construction of robust superhydrophobic cotton textiles for effective UV protection, self-
cleaning and oil-water separation[J]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2019, 570: 172-181.

ZHOU L, YANG Z, PAGADUAN ] N, et al. Fluorinated zwitterionic polymers as dynamic surface coatings[ J]. Polymer Chemistry,
2022, 14 32-36.

GUO H, SONG L, HU J, et al. Enhanced antifouling strategy with a strong synergistic effect of fluorescent antifouling and contact bac-
teriostasis using 7-amino-4-methylcoumarin[ J]. Chemical Engineering Journal, 2021, 420 127676.

VARGAS-VILLANUEVA S, TORRES-CERON D A, AMAYA-RONCANCIO S, et al. Study of the incorporation of S in TiO,/SO%~
coatings produced by PEO process through XPS and DFT[J]. Applied Surface Science, 2022, 599: 153811.

TONG Z, RAO Q, CHEN S, et al. Sea slug inspired smart marine antifouling coating with reversible chemical bonds: controllable UV-
responsive coumarin releasing and efficient UV-healing properties[J]. Chemical Engincering Journal, 2022, 429 132471.

LEI W, RUSSELL T P, HU L, et al. Pendant chain effect on the synthesis, characterization, and structure-property relations of poly
(di-n-alkyl itaconate-co-isoprene) biobased elastomers[J]. ACS Sustainable Chemistry & Engineering, 2017, 5(6): 5214-5223.

SUN J, DUANJ, LIU X, et al. Environmentally benign smart self-healing silicone-based coating with dual antifouling and anti-corrosion
properties[J]. Applied Materials Today, 2022, 28: 101551.

XIANG T, LU T, ZHAO W F, et al. Ionic-strength responsive zwitterionic copolymer hydrogels with tunable swelling and adsorption
behaviors[ ] ]. Langmuir, 2019, 35(5); 1146-1155.

LIU X, SUN X, HUANG P, et al. Highly adhesive and self-healing zwitterionic hydrogels as antibacterial coatings for medical devices
[J]. Langmuir, 2023, 40(1). 125-132.

(BT g4 - S



