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Table 1 Recipes for the synthesis of fluorine/silicone-containing acrylic resins

. MMA BA EA BMA SMA FMA Toluene Butyl acetate  AIBN
Sample (%) (%) (%) (%) (%) (%) (%) (%) (%)
AS-5 38 19 19 19 5 0 50 50 1.2
AS-9 36.4 18.2 18.2 18.2 9 0 50 50 1.2
AS-13 34.8 17. 4 17. 4 17. 4 13 0 50 50 1.2
AS-17 33.2 16.6 16.6 16.6 17 0 50 50 1.2
AF-5 38 19 19 19 0 5 50 50 1.2
AF-9 36.4 18.2 18.2 18.2 0 9 50 50 1.2
AF-13 34.8 17. 4 17. 4 17. 4 0 13 50 50 1.2
AF-17 33.2 16. 6 16. 6 16. 6 0 17 50 50 1.2
A-S0/F0 40 20 20 20 0 0 50 50 1.2
A-S5/F5 36 18 18 18 5 5 50 50 1.2
A-S5/F9 34.4 17.2 17.2 17.2 5 9 50 50 1.2
A-S5/F13 32.8 16. 4 16. 4 16. 4 5 13 50 50 1.2
A-S9/F5 34.4 17.2 17.2 17.2 9 5 50 50 1.2
A-S13/F5 32.8 16. 4 16. 4 16. 4 13 5 50 50 1.2

2 HR5IE

2.1 SEENMERSERKENSE K
S ACTE P MR R W IR 8 ik FMA, SMA | AIBN,,

MMA ,BA ,BMA 1 EA %5 5 fk 7 i B R A5 5], B
TR G L I 1 BE . byl 8 3 A v R A
FEEH R W R B ER T R IR A WE N
F. GPC Iy A BB A Wy T80 4 x 10
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Fig. 2 FTIR spectra of of resin FMA(a) , SMA(b)
and A-S5/F9 (c¢)
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Fig. 4 The XPS survey spectra (a) and carbon 1s spectra (b)
of polymer A-S5/F9 coating surface
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Table 2 Test Liquids and Their Surface Energy Components!>

Surface energy YLy '}’t\' '}’iv
data (mJ)/m*) (m]/m*) (mJ/m?) (mJ/m?)

Water 72.4 50. 8 21.6

Methylene iodide 50.8 0 50.8

TR B[R] 9 5 2 19 2R 5 W I ) 6 T E
BRI THR3 FK 4 MES.

Table 3

Static contact angels and surface energy for silicone

modified acrylic resins

Water contact Methylene iodide Surface energy

Film

angles(°) contact angles( °) (mJ/m?)

A-S0/FO0 81 +1 47 =1 39.8£0.8
AS-5 99 x1 57 £2 30.8 £1.2
AS-9 97 £3 59 +1 30.0+£0.9
AS-13 101 =1 61 +1 28.4 +0.6
AS-17 99 +1 59 +1 29.7 +0.7

N3 T LLE W, S 0 BB A RE R
Wi R S, RV REERE T
R R 4. 24 F L D9 0 e 3R — P L U e SE R ) i
N 13% BF B A W A 2 T BE R 28.4 m)/m” i
2 DR s R A P T 114 22 11 BE 9 39. 8 ml)/m’ Bk (14 5
AREFRMRIR A W £ im i, (BRI A
bR

Table 4 Static contact angles and surface energy for fluorine

modified acrylic resins

Water contact Methylene iodide Surface energy

Film

angles(°) contact angles(°) (mJ/m?)

A-S0/F0 81 =1 47 £1 39.8+0.8
AF-5 91 =1 67 2 27.7 £1.2
AF-9 100 =1 66 + 1 26.0 0.7
AF-13 99 +2 70 £2 24.2 1.4
AF-17 99 +2 69 =1 24.7 £0.9

M4 AT LUE 25 TN BRI P O R
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Table 5 Static angles angels energy for and surface fluorine/silicone

modified acrylic resins

Water contact Methylene iodide Surface energy

Film
angles(°) contact angles(°) (mJ/m?*)
A-S5/F5 105 +1 76 +1 20.4 +0.6
A-S5/F9 102 +2 78 +1 20.0+0.9
A-S5/F13 105 £ 1 78 £1 19.4£0.6
A-S9/F5 105 =1 82 =1 17.7+1.0
A-S13/F5 108 +2 83 +1 16.8 +0.7

NS T LA 25 S50 Bl e T e A

NE BT 45 2] /Y R A W B A 3R T e R KRR Y
SMA FMA PA{k 10 5% b (FE & A-S5/F5)
TR B P B 7K P ORF K  B2 il Ff 105°) Tt v 1 (%
TR e B fil AR 76. 3°) #R AT BIAR KR, R
RERAMT 2 20. 4 ml/m’. 78 M RERE -, 4k 42 54 n &
SRR A B P, SRR AR TR TR R D B Y R
-0.05

T AE . — 0 B, R TR W A R R b
(PDMS) () 1 f (22 m)/m’) , 3% B A B 5% 45 I
F1R) FeUAik TSP DA R A R 1) By 75 P BE FT BE LL PDMS
e

A o3 B DL B TR, Bk 4 T SMA B
FMA X N J TR A% g 0E 47 24P B, 38 i SMA- 8k
FMA ) FH i oF e ARG P o 5 Y I JE ) 6 T E
A B T R B SR T SMA I FMA X D3 4 2 A% i a2
AT J/ ik T8 30 WY I 3 1T K 1R BE B 42 5
R B AR SR A BRI A (7 3 1T BE R R IR
2.3 WEMEBUERTEE

KIS 25 T NI NG L35 o000 P T AR I
ST DI [R] 50T PR A R R I ) DSC i 2. A& AT L
A NI (A-SO/FO) B B B AL 4% 22 T 5l
25.2°C A NG TR i (AF-S ) Hh bl 1 35 R
HEECR SIS AL e A2 IR T R 1) 31.0°C. 24
SMA i 438U 5% (A-S5F5) B8] 13% (A-
SI3F5 ) I, 18§ i F) B 16 10 % 72 I B2 A 14 9°C [ 21|
11 8°C. X T SMA 2% A KBS 14 1 3R ik
JE TR s TR ) R BRI, SR i SR e e B SR T U B M
AT AR 108 i ) B T A e At

—0.10 ==

-0.15k

Heat flow (W/g)

J11.80°C( 1)

— A-SO/FO
---- AF-F5
—— A-S5/F5
— A-S9/F5
—-- A-S13/F5

—020f N W 30.95°C( 1)
NB.&(C( D) T~
025} 25.21°C( 1) T
14.87°C(1)
-0.30} =
-0.35 . . . . . . .
60  —40 20 0 20 40 60 80 100
Exo Up Temperature (°C ) Universal V4.7A TA

Fig. 5 Effect of SMA content on T, of the resins with 5% FMA
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Fig. 6 Effect of FMA content on T, of the resins with 5% SMA

Fig. 7 Surface (a), fracture edge (b) and fracture section (¢) morphologies of A-S5/F9 coating
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Fig. 8 Fluorescence microscope images of bacteria attachment on coatings:

(a)A-S0/F0, (b) PDMS, (c¢) AS-13, (d) AF-13, (e) A-SI3/F5 and (f) A-S5/F13
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SYNTHESIS AND ANTI-BIOFOULING PROPERTIES OF FLUORINE/
SILICONE SYNERGISTICALLY MODIFIED ACRYLIC RESINS

Xiao-ying Sun, You-quan Su, Lu-jiang Jin, Jian-zhong Hang, Li-yi Shi
( Nano-Science & Technology Center, Shanghai University, Shanghai 200444 )

Abstract The acrylic resins containing fluorine/silicone side chains were synthesized by solution
copolymerization with 1H,1H,7H-dodecafluoroheptyl methacrylate ( FMA ) , monomethacryloxyalkyl-terminated
PDMS (SMA) ,methyl methacrylate (MMA ) ,n-butyl acrylate (BA) ,n-butyl methacrylate (BMA) and ethyl
acrylate (EA) as the comonomers. A solution of toluene and butyl acetate ( weight ratio 1: 1) was initially
charged to a 250 mL four-neck flask with a condenser, a nitrogen inlet and a mechanical stirrer. The mixture
was then degassed for 15 min and immersed into an oil bath at 85°C with a slow nitrogen purge. The mixture of
FMA ,SMA ,MMA,BA,BMA, EA and 0. 8% azobisisobutyronitrile ( AIBN) ( based on the content of the
comonomers ) was slowly added dropwise over 2 h.0.4% AIBN was slowly added after the reaction was stirred
over 1.5 h. The solution was heated to 110°C and stirred for 2 h. The solid content of copolymer solution was
50% . The as-prepared copolymer was characterized by 'H-NMR ,"”F-NMR and FTIR. The effects of FMA and
SMA content on the properties of polymer coatings were investigated by scanning electron microscopy ( SEM)
and contact angle analysis. The marine antifouling properties of the materials were evaluated by laboratory
assays employing the fouling Sulfate-Reducing bacteria. The results showed the surface energy of fluorine
modified acrylic resins and silicone modified acrylic resins were greater than 24 mJ/m’ and 29 mJ/m’,
respectively. However, fluorine/silicone synergistically modified acrylic resins had lower surface energy ( <21
mJ/m’) and better anti-biofouling properties than fluorine or silicone-modified acrylic resins and a standard
poly (dimethyl siloxane) (PDMS).

Keywords Fluorine/silicone modified, Acrylic resin, Radical polymerization, Low surface energy, Anti-

biofouling



