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Fig. 5  Schematic of ( A) self-polishing coating and ( B) novel hydrogel-self-generating and self-polishing

122

coatings after immersed in seawater ( Copyright Elsevier; Reproduced with permission)

Schematic

Fig. 6 Typical photographs of field—tested coatings after submerged in a depth interval 1. 30 ~ 1. 65 m for two months
where polymer chains in Coating 1 are not crossdinked; while chains in Coating 3 ~ 6 are crossdinked with their
hydrolysable pendant group contents decreasing from Coating 3 to 6 '** ( Copyright Elsevier; Reproduced with

permission)

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



6.2

Before immersion After immersion

a® .
.0 0

Before immersion After immersion After immersion

Fig. 7 Schematic of our novel design of spherical hydrogel/selfpolishing resin hybrids where
@ hydrogels; @ swollen hydrogel
In hybrid A hydrogels are physically dispersed in self-polishing resin; while in hybrid B hydrogels are

chemically crossdinked and dispersed inside a three-dimensional self-polishing—resin network.

73



10 2012
REFERENCES

1 Yebra D M Kiil S Dam-Johansen K. Prog Org Coat 2004 50(2) :75 ~104

2 Magin C M Cooper S P Brennan A B. Mater Today 2010 13(4) :36 ~44

3 Huang Zongguo( ) Cai Ruxing( ) . The Contorl of Marine Biofouling Living Creatures( ) Vol I(

). 1 ed( ) . Beijing( ) : Ocean Press( ) 1984.1~32

4 Abbott A Abel P D Arnold D W Milne A. Sci Total Environ 2000 258:5 ~ 19

5  Cooney J J Tang R J. Meth Enzymol 1999 310:637 ~ 645

6  Wahl M. Mar Ecol-Prog Ser 1989 58:175 ~ 189

7  Abarzua S Jakubowski S. Mar Ecol-Prog Ser 1995 123:301 ~312

8  Callow M E Fletcher R L. Int Biodeter Biodegr 1994 34:333 ~ 348

9  Compere C Bellon Fontaine M N Bertrand P Costa D Marcus P Poleunis C Pradier C M Rondot B Walls M G. Biofouling 2001 17(2):
129 ~ 145

10 Vroman L Adams G L Fischer G C. Adv Chen Ser 1982 199:265 ~270

11 Williams E C Janmey P A Ferry ] D Mosher D F.J Biol Chem 1982 257(24) : 14973 ~ 14978

12 Clare A S Rittschof D Gerhart D J Maki J S. Invertebr Reprod Dev 1992 22( 13) : 67 ~76

13 Stewart P'S Franklin M J. Nat Rev Microbiol 2008 6:199 ~210

14 Wetherbee R Lind J L Burke J.J Phycol 1998 34:9 ~ 15

15 Flemming H C Griebe F Schaule G. Water Sci Technol 1996 34(5-6) :517 ~524

16 Costerton ] W Cheng K J Geesey G G Ladd T 1 Nickel J C Dasgupta M Marrie T J. Ann Rev Microbiol 1987 41:435 ~464

17 Joint I Tait K Callow ME Callow JA Milton D Williams P Camara M. Science 2002 298( 5596) : 1207

18  Marshall K Joint I Callow M E Callow J A. Microbial Ecology 2006 52:302 ~310

19  Zardus J D Nedved B T Huang Y Tran C Hadfield M G. Biol Bull 2008 214( 1) :91 ~98

20 Triyagarajan V Pechenik J A Gosselin L Qian P Y. Mar Biotech 2007 9(4) :399 ~410

21  Steinberg P D Schneider R Kjelleberg S. Biodegradation 1997 8:211 ~220

22 Callow M E Callow J A. Biofouling 2000 15:49 ~56

23  Finlay J A Callow M E Schultz M P Swain G W Callow J A. Biofouling 2002 18:251 ~256

24 Callow J A Stanley M S Wetherbee R Callow M E. Biofouling 2000 16: 141 ~ 150

25 Clare A S Matsumura K. Biofouling 2000 15:57 ~71

26  Gitlitz M H. J Coat Technol 1981 53(678) :46 ~52

27 Champ M A. Sci Total Environ 2000 258:21 ~71

28 Diirr S Thomason J C Hallers-Tjabbes C C T Walmsley S. Consequences of antifouling systems — an environmental perspective. In: Diirr S
Thomason J C eds. Biofouling. Hoboken: Wiley-Blackwell 2010.187 ~ 188

29  Voulvoulis N Scrimshaw M D Lester J] N. Appl Organometall Chem 1999 13:135 ~143

30 Banfield T A.J Oil Color Chem Assn 1980 69:93 ~100

31 Sharma V K. Environ Sci Technol 1988 22:768 ~771

32 Lewis J A. Materials Forum 1998 22:41 ~61

33  Finnie A A Williams D N. Paint and coatings technology for the control of marine fouling. In: Diirr S Thomason J C eds. Biofouling. Hoboken:
Wiley-Blackwell 2010. 187 ~ 188

34 Hellio C Marechal ] da Gama B A P Pereira R Clare A S. Natural marine products with antifouling activities. In: Hellio C Yebra D eds.
Advances in Marine Antifouling Coatings and Technologies. Cambridge: Woodhead Publishing 2009.572 ~ 622

35 Dobretsov S Dahms H U Qian P Y. Biofouling 2006 22:43 ~54



1 11

36 Fusetani N. Nat Prod Rep 2004 21:94 ~104

37 Marechal J P Hellio C. Int J Mol Sci 2009 10:4623 ~2637

38 De Nys R Steinberg P D Willemsen P Dworjanyn S A Gabelish C L King R J. Biofouling 1995 8:259 ~271

39 Kubanek J] Whalen K E Engel S Kelly S R Henkel T P Fenical W Pawlik J R. Oecologia 2002 131:125 ~136

40 Vairappan C S Daitoh M Suzuki M Abe T Masuda M. Phytochemistry 2001 58:291 ~297

41 Konig G M Wright A D.J Nat Prod 1997 60:967 ~970

42 Kristensen J B Meyer R L Laursen B S Shipovskov S Besenbacher F Poulsen C H. Biotech Adv 2008 26:471 ~481

43 Pettitt M Henry S Callow J Clare A. Biofouling 2004 20( 6) :299 ~311

44 Aldred N Phang I'Y Conlan S L Clare A S Vancso G J. Biofouling 2008 24(2) :97 ~107

45 Imlay J A. Annu Rev Microbiol 2003 57:395 ~418

46 Reading N C Sperandio V. Fems Microbiol Lett 2005 254:1 ~ 11

47 Water C M Bassler B L. Annu Rev Cell Dev Bi 2005 21:319 ~346

48 Zhang L Xu J Lin Y.2005 US patent 2005/155088.2005-07-42

49 Olsen S M Pedersen L T Laursen M H Kiil S Dam-Johansen K. Biofouling 2007 23:369 ~ 383

50 Olsen SM Kill S. Enzyme-based solutions for marine antifouling coatings. In: Hellio C Yebra D eds. Advances in Marine Antifouling Coatings
and Technologies. Cambridge: Woodhead Publishing 2009. 623 ~ 644

51 Rascio VJ D Giudice C A Amo B. Corros Rev 1988 8( 12) :87 ~ 153

52 Omae I. Chem Rev 2003 103(9) :3431 ~3448

53 Milne A Hails G. UK patent 1457590. 19776540

54 Kiil S Weinell C E Pedersen M S Dam-Johansen K. Ind Eng Chem Res 2001 40( 18) : 3906 ~ 3920

55 Kiil S Weinell C E Pedersen M 'S Dam-Johansen K. Chem Eng Res Des 2002 80:45 ~52

56 Ghiya S N. Paintindia 1987 1:19 ~30

57  Yamamori N Ohsugi H Eguchi Y Yokoi J. US patent 4774080. 1988-0927

58 Nakamura I Yammamori N. US patent 5985012.19994146

59 Nakamura N Hikiji Y Kiseki Y Tsuboi M. US patent 6110990.2000-0829

60  Yamamori N Yokoi J Tsujimachi I Matsuda M. EP patent 1138725.200140-04

61 Elbro HS Gladwin T S Buchwald F Pedersen M' S Codolar S A. US patent 0077102.2001-09-28

62 Mitsunori S Tomotaka O Shingo I Megumi U. JP patent 2011016958.2011-0127

63 Yoichi T Tohru K. JP patent 2010105938.2010-0543

64 Yonehara Y Yamashita H Kawamura C Itoh K. Prog Org Coat 2001 42:150 ~ 158

65 Nakamura H. JP patent 2000290317.2000-10-47

66 Kawashima T. JP patent H3-177466.19914042

67 Nakamura I. JP patent H11256077.1999-08-09

68 Yu Liangmin( ) Xu Huanzhi( ) . Chinese patent ZL03111823.2.2005-02-09

69  Yu Liangmin( ) Xu Huanzhi( ) . Chinese patent ZL02151532. 8.2004-1020

70 Nakamura I. JP patent H9-255646.1997-09-5

71 Kuo P L Chuang T F Wang H L. J Coating Technol 1999 71:77 ~83

72 Baier R E Depalma V A. The relationship of the Internal Surface of Grafts to Thrombosis. Chicago: Yearbook Medical Publishers 1971. 147 ~
163

73 Vladkova T. Journal of the University of Chemical Technology and Metallurgy 2007 42(3) :239 ~256

74 Brady R F. Prog Org Coat 2001 43:188 ~192

75 Brady R F Singer I L. Biofouling 2000 15( 1-3) : 73 ~81

76  Anderson C Callow M Milne A. The Journal of Marine Design and Operations 2003 (4) :11 ~23

77  Kendall K. Appl Phys D 1971 4:1186 ~ 1195

78 Kim J Chisholm B J Bahr J. Biofouling 2007 23(2):113 ~120

79  Stein J Truby K Wood C D Takemori M Vallance M Swain G Kavanagh C Kovach B Schultz M Wiebe D Holm E Montemarano J] Wendt
D Smith C Meyer A. Biofouling 2003 19(2) :87 ~94

80 Kohl J G Singer I L. Prog Org Coat 1999 36:15 ~20

81 Stein J] Truby K Wood C D Stein J Gardner M Swain G Kavanagh C Kovach B Schultz M Wiebe D Holm E Montemarano J Wendt D
Smith C Meyer A. Biofouling 2003 19:71 ~82

82 Kavanagh C Swain G Kovach B Stein J] Wood C D Truby K Holm E Montemarano J Meyer A Wiebe D. Biofouling 2003 19(6) : 381 ~

390



12 2012

83 Brady R F Griffith J R.J Coating Tech 1987 59:113 ~119

84  Krishnan S Weinman C J Ober C K. J Mater Chem 2008 18:3405 ~3413

85 Banerjee I Pangule R C Kane R S. Adv Mater 2011 23:690 ~718

86 Krishnan S Wang N Ober C K Finlay J A Callow M E Callow J] A Hexemer A Sohn K E Kramer E J Fisher D A. Biomacromolecules
2006 7:1449 ~ 1462

87 Gudipai C S Finlay J A Callow J A Callow M E Wooley K L. Langmuir 2005 21:3044 ~3053

88 Pieper R J Ekin A Webster D C Casse F Callow J A Callow M E. J Coat Technol Res 2007 4 453 ~461

89 Joshi R G Goel A Mannari VM Finlay J A Callow M E Callow J A.J Appl Polym Sci 2009 114:3693 ~3703

90 Ucar I O Callow M E Callow J A. Biointerphases 2010 5(3) :75 ~84

91 Jeon ST JH L Andrade ] D De Gennes P G.J Colloid Interf Sci 1991 142:149 ~ 158

92  Ostuni E Chapman R G Holmlin R E Takayama S Whitesides G M. Langmuir 2001 17:5605 ~ 5620

93 Besseling N A M. Langmuir 1997 13:2113 ~2122

94  Vanderah D J La H L Naff J Silin V Rubinson K A.J Am Chem Soc 2004 126: 13639 ~ 13641

95 Hoffman A S.J Biomat Sci-Polym E 1999 10:1011 ~ 1014

96 Sun F Q Li XS XuJ K Cao P T. Chinese J Polym Sci 2010 28(5) :705 ~713

97 Chen S F Liu L'Y Jiang S Y. Langmuir 2006 22:2418 ~2421

98 Chen SF Zheng J Li LY Jiang S Y.J Am Chem Soc 2005 127:14473 ~ 14478

99 Jiang S Y Cao Z Q. Adv Mater 2010 22:920 ~932

100 Zhang Z Finlay ] A Wang L F Gao Y Callow J A Callow M E Jiang S Y. Langmuir 2009 25:13516 ~ 13521

101  Ekblad T Bergstroem G Ederth T Conlan S L. Mutton R Clare A S Wang S Liu Y L Zhao Q D<Souza F Donnelly G T Willemsen P R
Pettitt M E Callow M E Callow J A Liedberg B. Biomacromolecules 2008 9:2775 ~2783

102 Katsuyama Y Kurokawa T Kaneko T Gong J P Osada Y Yotsukura N Motomura T. Macromol Biosci 2002 2:163 ~ 189

103 Murosaki T Noguchi T Kakugo A Putra A Kurokawa T Furukawa H Osada Y Gong J P Nogata Y Matsumura K Yoshimura E Fusetani
N. Biofouling 2009 25:313 ~320

104 Marmur A. Biofouling 2006 22(2) 11 ~9

105 Marmur A. Soft Matter 2006 2:12 ~ 17

106 Marmur A. Langmuir 2006 22:1400 ~ 1402

107  Krishnan S Ayothi R Hexemer A Finlay J A Sohn K E Perry R Ober C K Kramer E J Callow M E Callow J A Fish D A. Langmuir
2006 22:5075 ~5086

108  Grozea C M Walker G C. Soft Matter 2009 5:4088 ~4100

109 Bartels ] W Cheng C Powell K T XuJ Wooley K L. Macromol Chem Phys 2007 208:1676 ~ 1687

110 Scheuerman T R Camper A K Hamilton M A.J Colloid Inerface Sci 1998 208 18:229 ~236

111 Berntsson K M Jonsson P R Lejhall M Gatenholm P.J Exp Mar Biol Ecol 2000 251:59 ~83

112 Callow M E Jennings A R Brennan A B Seegert C A Gibson A L. Wilson L. Feinberg A W Baney R Callow J A. Biofouling 2002 18:229
~236

113 Schumacher ] F Carman M L Estes T G Feinberg A W Wilson L H Callow M E Callow J A Finlay ] A Brennan B A. Biofouling 2007
23:55 ~62

114 Schumacher J F Aldred N Callow M E Finlay J A Callow J] A Clare A S Brennan A B. Biofouling 2007 23:307 ~371

115 Akessoa L Pettitth M E Callow ] A Callow M E Stallarda ] Teera D Liu C Wang S Zhao Q D’ Souza F Willemsen P R Donnelly G T
Donik C Kocijan A Jenko M Jones L A Guinaldo P C. Biofouling 2009 25( 1) :55 ~67

116 Baum C Meyer W Stelzer R Fleischer L G Siebers D. Mar Biol 2002 140( 3) : 653 ~ 657

117  Scardino A J Nys R D. Biofouling 2011 27( 1) : 73 ~ 86

118 Bers A V. Wahl M. Biofouling 2004 20:43 ~51

119  Lindgrena J F Haeffnerb M Ericssonb C T Jonsson P R. Biofouling 2009 25(5) :455 ~ 461

120 Rittschof D Dickinson G H Orihuela D D B Holm E R. US patent WO 2008 /156691 A1.2008-12-24

121 Lim T K Murakami T Tsuboi M Yamashita K Matusnaga T. Biotech Bioeng 2003 81:299

122 Xie LY Hong F He C X Ma C F Liu J H Zhang G Z Wu C. Polymer 2011 52(17) : 3738 ~ 3744



INTERGRATED DESIGN AND STUDY OF MARINE ANTIFOULING
POLYMER MATERIALS

XIE Laiyong' > HONG Fei' > LIU Jianhong® ZHANG Guangzhao' WU Chi' ’
(" Department of Chemical Physics University of Science and Technology of China Hefei 230026)
(* Chemistry and Chemical Engineering Shenzhen University ~Shenzhen —518060)
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Abstract To solve biofouling problems different antifouling paints have been designed developed and
practically applied. Here we briefly introduce the nature and process of biofouling; review several currently
used common strategies in the development of different biocidal antifouling coatings; illustrate how we are able
to combine a number of existing approaches into some integrated novel designs; and finally report some of our
recent R&D progresses in direction.

Keywords Marine biofouling Antifouling polymer materials Self-polishing coatings Microgels Dynamic

surface



