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Abstract ; Antifouling coating with low surface energy is an important branch of marine coatings. In the present work, an
organosilicone modified acrylic resin was used as coating matrix and nano SiO, was used as filler to prepare an antifouling
coating with low surface energy. The effect of silicone monomer content on the properties of the modified acrylic resin was
investigated. It was found that with the increase of silicone monomer content, the viscosity of the modified acrylic resin de-
creases, while the water contact angle of the modified acrylic resin increases. The effect of nano SiO, content on the coat-
ing morphology and water contact angle was studied. The results show that the addition of small amount of nano SiO, (1%
and 3% ) that was treated by fluorosilane can significantly increase water contact angle and improve the anti-fouling proper-
ty of the coatings. The water contact angle of polyurethane coating with addition of nano SiO, paste is higher than that of
polyurethane coating with addition of fluorosilane modified SiO,, while the later is higher than that of polyurethane coating
with addition of unmodified SiO,. When the contents of nano SiO, are 1% and 3% , the water contact angles of the coat-
ings reach 101. 8°and 103°, respectively. The dispersed nano SiO, in concentrated paste contributes to the micro-nano
structure of coating surface, which benefits the anti-fouling property.

Key words ; nano Si0, ; anti-fouling coatings ; fluorosilane; low surface energy

i

1 HI

WiEEH: 2013 -11 -01
ES£WEB: EXARBSFEETH(51001109) ; EREHE ST
%135 H (2009BAE70B01)
FE—EERBEWIES . LG, B, 1975 R4, Bl#R, BikA
5 0ifi, Email: hwshi@ imr. ac. cn
DOI: 10.7502/j. issn. 1674 —3962. 2014. 02. 04

A AR P8 1) £ B T R0 s S A9 ) 9K 3k 3 AR
o R EPREEHALL(IMO) fhiTt, Bl T SRR i i
FEIR A 3G, 4 2R A AT ] AR AR R H R, F)
2020 AEREAATME 2 G A HE B 23 0 38% ~T72%
B 15 TR S ARG A — Rk, HoaT DL A AR



96 Hh R R a2

33 %

R, BRI . AT, DTS IRORRES
P AR Tll 455 4F 5 2 600 A2 36 TEHRIh B, I B 45 4F 6 >
3. 84 12t A ALBR A 360 J7 1 AR ER AR, SR,
A FBIS R HLE . SR . DDT S, ik
TIERFE GRS EERERE4LT 2008 AEE 44
T 1 5 75 ok Fp A WL, SR A At . 2
SRR B, JF &R TE R B s R 4
JE B

HRTCRE R VSRR O TE R R AL . R A
RIS R R TGSk SR ERER V5 %ok, o, AW

TSURBHE AR ARG Wkl — ok, B JZ B9 R g R
ALEAET 2.5 x 10 mN/m I ( RIVERJZ 5 W00 1 42 fioh £ K
T 98°) A BA W15 R o AR SR THTRE B 15 Kk BHL A RE SR T
Jet, e R AR RERE Y RE A B T 2 B D A B0 T B U
J2, RILJUERBE I A, JFE RS —E R
RAE ZE O MR HURE . A AL ORI 23RE B 2 0 IR A 1] R
bR TR BAMRRERERIBT W, 75— R n] e 51 i
F IR T BE B 5 R T B sl 2 7 Uk JE 3% T A4 e BROK: —
ARG, SREIRITS H A 7E/N FDRE 2 s H ROt -
GKGES ATSCBIRZBUKIY H Y, SR, KRR ARG
WA BT R TS, 0T IR R EORIE
Tl AR ATE o BTLA, il 28 R B K P 1 1 v
17 95 U Rk O B ELAT £ T AR M 52 BT B 4l ) 23k ol 2 T B
RAFIRZ IR - DR ANEEH o T ERRE P S I 4 K L1
AT T RESE B AL — ORGSR, (H 1 S0 2 Al D R 1
149349 59 73 B )

ZHARRLT SR B 23 HIOR] 8 700 R I 70 45 T ) 6 490 K
(E T SIP STEE € N I EUEL P S A RN DY N )
PR SRR T 2 I HORES, BRI EA R AR IR
SEPE'T ARG T I P9 AN KR 4 BRI T 4
B AEAS ARSI ARFF RO TR, 9ROk 7 (9 /N RS 3L
BEAT RN FEor 1 R A% ARSI IR 2 T W A e ik A2 G TR T2 1
TP L AR

ARSCE e B T R T RE B9 BILRE 20T P A TR A
Ji, IR AR TR IR, IR I RE S HE — 2P IR
URIERTATBE A 9K — AL RE (10 ~20 nm) o 4ok — Ak
REDEAT T SURELE OPE AN AR IK 1 3 1, i K AR s R 20
KL T 2 o BRI TR R, R 2 HATROK - 40K
FSE K, DT [ ARG 3% 5 A0 € T B, 8 D O I 119 4 fih
i, SEBIRZBTTE I HE

2 LIEES

2.1 FEEH
WIRFER: SO WRRHECE: 945K Si0, (10 ~

20 nm) , AHLEERMRR AR, SURES, KA. &
20, WK, HAEEFIR B (B Tk ) .
2.2 BHEEEHBRMEENE K

HE, BAEN S5 RAMEA R T —E
BHEG2=I5), ARREEW; 720U DR BEE A
IRAAW, FHERZ 50 ~90 °C; AT A HLEE SR
HOIE AR TP G . PRMRIRIE Tl . WSS R 5 VK A g
R 72 O lg, Wl s B 1~ 3 h 2Z (8] 58
SRIGIRIE 1 ~3 h, #MINFE IR G E W, kil 2 ~
4h, Ak,

2.3 44X SO, MmAERSUIER MK KM H &

FREE FT 2 &8 K AT K A o 7K ff I 1) e e
Yk Si0, WA RE, MEIESMYIK Si0, HE170E .
THE, FEORES BURY . FEREFHZET, SRR bE A BE 2 S AN
K Si0, ¢ 140 C RN 1 h LA BRRIER kL . F it
IYHGR . R SRR L A B S B8k Si0, TRA . BREE,
&K Si0, rMkgrs ™,

2.4 REREHERTRBHH &

WAk EFHEIE A VUEERPE IR G . SRR
BEMCPEGN K Si0, M i . HoAb B R, DL HoAh i
FIAER, 380G & R B 5 iR L oy — o SRR IR
Ve o WU 4 B 5 TR L Ay — e Ay — N o AR
S5 LIRGS), HIAMRIRE,

MABFFHEE WA SRmaE, HMEHgK
Si0, (e, A HHALSUER . FER BRI, 415
— M R 3 LIRAE AT, DL ORAE N S, &
BN TR
2.5 ASEMRERM

TR )2 B 7K fih ffy R FH 7K 422 fish R D 2 42 (J€2000D2,
Powereach 23 &) 4TI % o FH 00 2 A9 7K RN A FHY 0 )
N2 pL, BAFERRE 6 A, HECEME., k2
2101 A JBURE R SE A2 A SR A X308 4 4 F T I il B
(SEM) HEA7 X%, kL ) 7 24 M B B (Ra) SR ] Pico -
SPM 7Y i~ i 58 ( AFM) 346473000 4t

3 HREW®R

3.1 RERMEXT R BE 1 RE O R0

TEFE T I TN 04 TR oA P AT BILRE AR I A O H s A
i o 3 A LA i LA 528 R ) DAY R T B A R A TR AR
PR REMEIE— A 22 Ik, 15 S R e 18] 1 770 il J XL 73 U
e KA TECHE R R R 5] AR A S T i (AIBN)
YEHI 1A, e RN IAGTR T IR . PP 2R DN R 7 UK
i . NIRTRIE T HR . WIRFRR O . LM HE = Nk
T e o B i B e P 5 R S SO AR i 2 T



552 3]

S : Ak SIO, /DT RG WR B I 4 FRE B 500 R o7

BB BB, 5T Rk SR B A 1 SR e Tk MBS
PERBIIOG FR o ok B 55 i 5 A0 i ol 32 R 0k /K 2 ik £ 1)
KREMBWE T, 2, G552, A HLEE S 94 T2 A4
IV At B ke B ) S T AL, R 4 TR 2R A Ok
V2 )42 fo A B R B B R R A R R . TR 3 R T A
TR T S 14D TR A T SR8 T T B %) 7K 2 i o R 53 D
i SR S T VAR B 1 7K B2 Ml £ o TR B 2 O TR 0 TR 2R TR
WEE KA, HEETE 90°~99° 2 H], & 3b
R S 1 TR TR SR MR VR 2 K i R A, L R
T 63°~67° 2 0], R ULH, A HLEESCHE 5 i P9 0 R A
JIR B K A S B R 3, Tl AR AT H A ISR T RE Y B
15 Hg
4500
4000 m

3500
(2]
- 30001
©

o
}2500- \
©2000F

21500} ) N
> *‘.\
1000F
500F \"\\
O 1 1 1 1 1 ’ 1
0 2 4 6 8 10 12

Content of Silicone Monomer/%

LT A I G 2 R B4 5 a2 8] F G 3R
Fig. 1 Evolution of viscosity of synthesized resin with content

of silicone monomer
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Fig. 2 Evolution of water contact angle of film with content

of silicone monomer
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Fig. 3 Schematic of water contact angles of (a) modified acrylic

polyurethane coating and (b) unmodified acrylic polyure-

thane coating
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modified nano SiO, (b)
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Table 1 The properties of silicone modified acrylic polyurethane antifouling coating

No. Test Items Technical Requirement Test Results Reference Standard
| Condition in container Component 1 No crust. Ser‘ldlr.nenl is allowed. Easy to stir up up to the standard
Component 2 Transparent liquid
2 Workability Suitable to spraying or brushing
. Component 1 60% ~65% 60. 4
3 Non-volatile content Component 2 3% ~77% 75 GB/T 1725 -2007
A In accordance with standard. Smooth Dark red, up to
4 Color and appearance of paint film film with eligible color difference the standard CB 1729 =79
5 Fineness /pum( Component 1) <40 <30 GB/T 6753.1 -2007
6 Flexibility /mm <2 1 GB/T 1731 -93
7 Impact resistance/kg + em 50 50 GB/T 1732 -93
8 Adhesive force( Grid 1 mm)/Grade <1 1 GB 9286 - 88
9 Pencil hardness( Scratch) =H 2H GB/T 6739 — 1996
10 Gloss(60°) /Unit value <45 36.9 GB 1743 -79
L Surface drying/h <1 .
11 Drying time Hard drying/h <24 Pass GB/T 1728 - 1989
12 Pot life/h =3 3
13 Heat resistance (150 £2 °C, =1 h) No dlsband1ng, wrinkling, - blistering No change GB 1735 - 1979
or cracking
Water resistance(23 +2 °C, No blistering, wrinkling or disbanding. -
14 =24 h) appearance Slight loss of gloss or color is allowed No change GB/T 1733 -1993
15 NY -120 ga.sohne(23 +2 C, No blistering or wrinkling. Slight loss of No change GB/T 1734 — 1993
=24 h) resistance appearance gloss or color is allowed
Acid and al-
kaline resist-
H,S0, 3% s
ance(23 + 2004 27 No change in appearance and color of No change
16 2C, = 30 N2OH 2% aint film. Slight loss of color is allowed No change
N HAC 5% P - eI 0% ) E No change
min ) appear-
ance
17 Water contact angle/( °) =98 123
18 Surface energy/mN + m ! <25 15

iC
P78 (a) BTSN 3% 94K Si0, JETHHEE (b) By AFM JEAR
Fig. 7 AFM images of vanish (a) and vanish doped with 3% nano SiO, paste (b)
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