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DESCRIPTION 

 

ANTI-FOULING COATING MATERIAL COMPOSITION 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to an antifouling co ating 

composition.   

 

BACKGROUND 

[0002] 

 Aquatic fouling organisms such as barnacles, tubew orms, common 

mussels, Bugula neritina, sea squirts, green laver, sea lettuce, and 

slimes adhere to ships (especially ship bottoms), f ishing tools such 

as fishing nets and fishing net accessories, and st ructures submerged 

in seawater such as power plant aqueducts, leading to dysfunction, 

impaired appearance, and other problems of the ship s and the like.   

[0003] 

 In order to prevent such problems, a technique whi ch forms an 

antifouling coating film by coating an antifouling coating 

composition on a ship and the like, and allows cont rolled release 

of an antifouling agent to realize an antifouling p erformance for a 

long period of time has been known (Patent Literatu res 1 to 4).   

 

CITATION LIST 

PATENT LITERATURE 

[0004] 

 [Patent Literature 1] JP S63-61989 B 

 [Patent Literature 2] JP 2003-119420 A 

 [Patent Literature 3] JP 2003-119419 A 

 [Patent Literature 4] JP 2002-3776 A 
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SUMMARY OF INVENTION 

 

TECHNICAL PROBLEM 

[0005] 

 The film dissolution properties of the antifouling  coating 

film comprising polymer having (meth)acrylic acid a lkoxy carbonyl 

methyl ester group disclosed in Patent Literatures 1 to 4 were 

extremely low, and thus it was difficult to exhibit  antifouling 

property for a long period of time.   

 

SOLUTION TO PROBLEM 

[0006] 

 According to the present invention, an antifouling  coating 

composition comprising polymer A and antifouling ag ent; wherein the 

polymer A is a copolymer of monomer (a) and ethylen ically unsaturated 

monomer (b) other than the monomer (a); and the mon omer (a) is 

represented by general formula (1), is provided.   

[Chemical formula 1] 

 

(1) 

[0007] 

 The present inventors have conducted intensive stu dies to solve 

the afore-mentioned problems, and have found that a  composition 

containing polymer A and an antifouling agent can s olve the afore-

mentioned problem, thereby completing the present i nvention .   

 

MODE FOR CARRYING OUT THE INVENTION 

[0008] 

 Hereinafter, the present invention will be describ ed in detail.   

1. Antifouling Coating Composition 

 The antifouling coating composition according to t he present 

invention contains polymer A and an antifouling age nt.   
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[0009] 

1-1. Polymer A 

 Polymer A is a copolymer obtained from monomer (a)  and 

ethylenically unsaturated monomer (b) other than th e monomer (a).  

Polymer A contains monomer unit derived from monome rs (a) and (b).   

[0010] 

<Monomer (a)> 

 Monomer (a) can be represented by general formula (1).   

[0011] 

[Chemical Formula 1] 

 

(1) 

[0012] 

 (wherein, R 1 represents a hydrogen atom or methyl group; R 2 

represents a hydrogen atom, methyl group, or phenyl  group; R 3 

represents a methyl group, ethyl group, n-propyl gr oup, isopropyl 

group, n-butyl group, t-butyl group, 2-ethylhexyl g roup, cyclohexyl 

group, benzyl group, phenyl group, 2-methoxyethyl g roup, 4-

methoxybutyl group, vinyl group, or an allyl group;  and n represents 

an integer of 2 to 10)   

[0013] 

 Preferably, R 2 is a hydrogen atom or methyl group.   

[0014] 

 Preferably, R 3 is a methyl group, ethyl group, isopropyl group, 

or n-butyl group.   

[0015] 

 Here, n represents an integer of 2 to 10, and is p referably 2 

to 6 in terms of long-term antifouling property.   

[0016] 

 As the monomer (a), for example, poly(oxycarbonylm ethyl) 

methyl (meth)acrylate, poly(oxycarbonylmethyl) ethy l (meth)acrylate, 

poly(oxycarbonylmethyl) isopropyl (meth)acrylate, 
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poly(oxycarbonylmethyl) n-propyl (meth)acrylate, 

poly(oxycarbonylmethyl) n-butyl (meth)acrylate, 

poly(oxycarbonylmethyl) t-butyl (meth)acrylate, 

poly(oxycarbonylmethyl) 2-ethylhexyl (meth)acrylate , 

poly(oxycarbonylmethyl) cyclohexyl (meth)acrylate, 

poly(oxycarbonylmethyl) benzyl (meth)acrylate, 

poly(oxycarbonylmethyl) phenyl (meth)acrylate, 

poly(oxycarbonylmethyl) 2-methoxyethyl (meth)acryla te, 

poly(oxycarbonylmethyl) 4-methoxybutyl (meth)acryla te, 

poly(oxycarbonylmethyl) allyl (meth)acrylate, 

poly(oxycarbonylmethyl) vinyl (meth)acrylate, poly[ 1-

(oxycarbonyl)ethyl] methyl (meth)acrylate, poly[1-

(oxypolycarbonyl)ethyl] ethyl (meth)acrylate, poly[ 1-

(oxypolycarbonyl)ethyl] n-propyl (meth)acrylate, po ly[1-

(oxypolycarbonyl)ethyl] isopropyl (meth)acrylate, p oly[1-

(oxypolycarbonyl)ethyl] n-butyl (meth)acrylate, pol y[1-

(oxypolycarbonyl)ethyl] t-butyl (meth)acrylate, pol y[ α-

(oxycarbonyl)benzyl] methyl (meth)acrylate, poly[ α-

(oxycarbonyl)benzyl] ethyl (meth)acrylate and the l ike can be 

mentioned.  Preferably, poly(oxycarbonylmethyl) met hyl 

(meth)acrylate, poly(oxycarbonylmethyl) ethyl (meth )acrylate, 

poly(oxycarbonylmethyl) isopropyl (meth)acrylate, 

poly(oxycarbonylmethyl) n-propyl (meth)acrylate, 

poly(oxycarbonylmethyl) n-butyl (meth)acrylate, pol y[1-

(oxypolycarbonylethyl)] methyl (meth)acrylate, poly [1-

(oxypolycarbonylethyl)] ethyl (meth)acrylate and th e like can be 

mentioned.  These monomers (a) can be used alone, o r two or more of 

these can be used in combination.   

[0017] 

<Monomer (b)> 

 Monomer (b) is an ethylenically unsaturated monome r other than 

the monomer (a), and (meth)acrylic acid ester, viny l compound, 

aromatic compound, dialkyl ester compound of dibasi c acid and the 

like can be mentioned for example.  Here, in the pr esent 
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specification, (meth)acrylic acid ester refers to a crylic acid ester 

or methacrylic acid ester.   

[0018] 

 As the (meth)acrylic acid ester, for example, (met h)acrylic 

acid esters such as methyl (meth)acrylate, ethyl (m eth)acrylate, 

butyl (meth)acrylate, isobutyl (meth)acrylate, t-bu tyl 

(meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl  (meth)acrylate, 

2-methoxyethyl (meth)acrylate, 2-methoxypropyl (met h)acrylate, 4-

methoxybutyl (meth)acrylate, benzyl (meth)acrylate,  phenyl 

(meth)acrylate, 2-ethoxyethyl (meth)acrylate, propy lene glycol 

monomethyl (meth)acrylate, 2-hydroxyethyl (meth)acr ylate, 2-

hydroxypropyl (meth)acrylate, glycidyl (meth)acryla te, furfuryl 

(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, 

dimethylaminoethyl (meth)acrylate, diethylaminoethy l (meth)acrylate, 

2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethyl methacryl ate, mono (2-

(meth)acryloyloxyethyl) succinate, N-(3-dimethylami nopropyl) 

(meth)acrylamide, 2-hydroxyethyl (meth)acrylate, 2- [2-(2-

methoxyethoxy)ethoxy]ethyl (meth)acrylate, N,N’-dim ethyl 

(meth)acrylamide and the like; (meth)acrylic acid a lkoxy carbonyl 

methyl esters such as methoxycarbonylmethyl (meth)a crylate, 

ethoxycarbonylmethyl (meth)acrylate, isopropoxycarb onylmethyl 

(meth)acrylate, n-propoxycarbonylmethyl (meth)acryl ate, n-

butoxycarbonylmethyl (meth)acrylate, t-butoxycarbon ylmethyl 

(meth)acrylate, 2-ethylhexyloxycarbonylmethyl (meth )acrylate, 

cyclohexyloxycarbonylmethyl (meth)acrylate, benzylo xycarbonylmethyl 

(meth)acrylate, phenoxycarbonylmethyl (meth)acrylat e, 2-

methoxyethoxycarbonylmethyl (meth)acrylate, 4-

methoxybutoxycarbonylmethyl (meth)acrylate, allylox ycarbonylmethyl 

(meth)acrylate, vinyloxycarbonylmethyl (meth)acryla te, 1-

(methoxycarbonyl)ethyl (meth)acrylate, 1-(ethoxycar bonyl)ethyl 

(meth)acrylate, 1-(n-propoxycarbonyl)ethyl (meth)ac rylate, 1-

(isopropoxycarbonyl)ethyl (meth)acrylate, 1-(n-buto xycarbonyl)ethyl 

(meth)acrylate, 1-(t-butoxycarbonyl)ethyl (meth)acr ylate, α-

(methoxycarbonyl)benzyl (meth)acrylate and α-(ethoxycarbonyl)benzyl 
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(meth)acrylate; (meth)acrylic acid silyl esters suc h as 

triisopropylsilyl (meth)acrylate, triisobutylsilyl (meth)acrylate, 

tri-s-butylsilyl (meth)acrylate, triisopentylsilyl (meth)acrylate, 

triphenylsilyl (meth)acrylate, diisopropylphenylsil yl 

(meth)acrylate, diisopropylisobutylsilyl (meth)acry late, 

diisopropyl s-butylsilyl (meth)acrylate, diisopropy lisopentylsilyl 

(meth)acrylate, isopropyl diisobutylsilyl (meth)acr ylate, isopropyl 

di-s-butylsilyl (meth)acrylate, t-butyl diisobutyls ilyl 

(meth)acrylate, t-butyl diisopentylsilyl (meth)acry late, t-butyl 

diphenylsilyl (meth)acrylate, diisopropylthexylsily l (meth)acrylate, 

diisopropylcyclohexylsilyl (meth)acrylate, tricyclo hexylsilyl 

(meth)acrylate, tri-1,1-dimethylpentylsilyl (meth)a crylate, tri-

2,2-dimethylpropylsilyl (meth)acrylate, tricyclohex ylmethylsilyl 

(meth)acrylate, diisopropylcyclohexylmethylsilyl (m eth)acrylate, 

tri-2-ethylhexylsilyl (meth)acrylate, tri-2-propylp entylsilyl 

(meth)acrylate, and the like; can be mentioned.   

[0019] 

 As the vinyl compound, for example, vinyl compound s having 

functional group such as vinyl chloride, vinylidene  chloride, 

acrylonitrile, methacrylonitrile, vinyl acetate, vi nyl benzoate, 

vinyl butyrate, butyl vinyl ether, lauryl vinyl eth er, N-

vinylpyrrolidone and the like can be mentioned.   

[0020] 

 As the aromatic compound, for example, styrene, vi nyl toluene, 

α-methylstyrene and the like can be mentioned.   

[0021] 

 As the dialkyl ester compound of dibasic acid, dim ethyl maleate, 

dibutyl maleate, dimethyl fumarate and the like can  be mentioned.   

[0022] 

 In the present invention, these monomers (b) can b e used alone 

or two or more of these can be used in combination.   Particularly, 

as the monomer (b), (meth)acrylic acid ester is pre ferable in view 

of film dissolution property and film property; met hyl 

(meth)acrylate, butyl (meth)acrylate, isobutyl (met h)acrylate, t-
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butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, 2-methoxyethyl 

(meth)acrylate, 2-ethoxyethyl (meth)acrylate, 2-hyd roxyethyl 

(meth)acrylate, glycidyl (meth)acrylate, furfuryl ( meth)acrylate, 

tetrahydrofurfuryl (meth)acrylate are particularly preferable in 

view of crack resistance; and triisopropylsilyl (me th)acrylate, t-

butyldiphenylsilyl (meth)acrylate, tri-2-ethylhexyl silyl 

(meth)acrylate and the like are more preferable in view of film 

dissolution property.   

[0023] 

 Monomer (a) in polymer (A) is preferably 10 to 90 mass%, and 

more preferably 20 to 70 mass%.   

[0024] 

 Content of monomer (a) is, particularly for exampl e, 10, 15, 

20, 25, 30, 35, 40, 45, 50, 55, 60, 65, or 70 mass% , and can be in 

the range between the two values exemplified herein .   

[0025] 

 When the polymer (A) in the afore-mentioned range is used as 

the coating composition of the present invention, f ilm dissolution 

property becomes particularly desirable.   

[0026] 

 Weight average molecular weight (Mw) of polymer A is preferably 

5000 to 300000.  When the molecular weight is less than 5000, coating 

film of the antifouling coating becomes weak, there by becoming prone 

to delamination and cracks.  When the molecular wei ght exceeds 300000, 

viscosity of the polymer solution rises, and thus h andling becomes 

difficult.  The Mw is, particularly for example, 50 00, 10000, 20000, 

30000, 40000, 50000, 60000, 70000, 80000, 90000, 10 0000, 200000, or 

300000, and can be in the range between the two val ues exemplified 

herein.   

[0027] 

 As the method for measuring Mw, gel permeation chr omatography 

(GPC method) can be mentioned for example.   

[0028] 

 Polymer A can be a random copolymer, an alternatin g copolymer, 
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a periodic copolymer, or a block copolymer of monom er (a) and monomer 

(b).   

[0029] 

 The polymer A can be, for example, obtained by pol ymerizing 

monomer (a) and monomer (b) in the presence of a po lymerization 

initiator. 

[0030] 

 As the polymerization initiator, for example, azo compounds 

such as 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-

methylbutyronitrile), 2,2’-azobis(2,4-dimethylvaler onitrile), 

dimethyl-2,2’-azobisisobutyrate, dimethyl-2,2’-azob isisobutyrate, 

2,2’-azobis(N-butyl-2-methylpropionamide) and the l ike; and 

peroxides such as benzoyl peroxide, di-tert-butyl p eroxide, tert-

butyl peroxybenzoate, tert-butyl peroxyisopropylcar bonate, t-butyl 

peroxy-2-ethylhexanoate, t-hexyl peroxy-2-ethylhexa noate, di-t-

hexylperoxide, t-butyl peroxy-2-ethylhexyl monocarb onate, di-t-

butylperoxide, 1,1,3,3-tetramethylbutyl peroxyneode canoate, 2-amyl 

peroxyneodecanoate, t-hexyl peroxypivalate, t-amyl peroxypivalate, 

1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate an d the like can be 

mentioned.  These polymerization initiators can be used alone, or 

two or more of these can be used in combination.  A s the 

polymerization initiator, 2,2'-azobisisobutyronitri le, 2,2'-

azobis(2-methylbutyronitrile), 2,2’-azobis(2,4-

dimethylvaleronitrile), dimethyl-2,2’-azobisisobuty rate, and 

1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate ar e particularly 

preferable.  By suitably selecting the amount of th e polymerization 

initiator being used, the molecular weight of copol ymer A can be 

adjusted.   

[0031] 

 As the polymerization method, liquid polymerizatio n, bulk 

polymerization, emulsion polymerization, suspension  polymerization, 

non-aqueous dispersion polymerization and the like can be mentioned.  

Among these, liquid polymerization or non-aqueous d ispersion 

polymerization is especially preferable since it ca n synthesize the 
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polymer A simply with high accuracy.   

[0032] 

 In the polymerization reaction, organic solvent ca n be used as 

necessary.  Here, organic solvent is not particular ly limited.  As 

the organic solvent, for example, aromatic hydrocar bon solvents such 

as xylene, toluene and the like; aliphatic hydrocar bon solvents; 

ester solvents such as ethyl acetate, butyl acetate , isobutyl acetate, 

methoxy propyl acetate, propylene glycol 1-monometh yl ether 2-

acetate and the like; alcohol solvents such as isop ropyl alcohol, 

butyl alcohol, propylene glycol monomethyl ether an d the like; ether 

solvents such as dioxane, diethyl ether, dibutyl et her and the like; 

ketone solvents such as methyl ethyl ketone, methyl  isobutyl ketone 

and the like; can be mentioned.   

 Among these, butyl acetate, isobutyl acetate, buty l alcohol, 

propylene glycol monomethyl ether, propylene glycol  1-

monomethylether 2-acetate, toluene, xylene are pref erable.  These 

solvents can be used alone, or two or more of these  can be used in 

combination.   

[0033] 

 The reaction temperature in the polymerization rea ction shall 

be suitably controlled depending on the type of the  polymerization 

initiator used and the like.  The reaction temperat ure is usually 50 

to 160°C, preferably 60 to 150°C.   

[0034] 

 The polymerization reaction is preferably performe d under 

inert gas atmosphere such as nitrogen gas and argon  gas.   

[0035] 

1-2. Antifouling Agent 

 As the antifouling agent, an inorganic chemical an d an organic 

chemical can be mentioned for example.   

 As the inorganic chemical for example, cuprous oxi de, cuprous 

thiocyanate (generic name: copper rhodanide), coppe r powder and the 

like can be mentioned.  Among these, cuprous oxide and copper 

rhodanide are preferable.  Cuprous oxide is prefera bly surface-
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treated with glycerin, sucrose, stearic acid, lauri c acid, lecithin, 

mineral oil and the like in terms of long-term shel f stability.   

 As the organic chemical for example, copper 2-

mercaptopyridine-N-oxide (generic name: copper pyri thione), zinc 2-

mercaptopyridine-N-oxide (generic name: zinc pyrith ione), zinc 

ethylenebis(dithiocarbamate) (generic name: zineb),  4,5-dichloro-2-

n-octyl-3-isothiazolone (generic name: Sea-nine 211 ), 3,4-

dichlorophenyl-N-N-dimethylurea (generic name: Diur on), 2-

methylthio-4-t-butylamino-6-cyclopropylamino-s-tria zine (generic 

name: Irgarol 1051), 2-(p-chlorophenyl)-3-cyano-4-b romo-5-

trifluoromethyl pyrrole (generic name: ECONEA 28), 4-[1-(2,3-

dimethylphenyl)ethyl]-1H-imidazole (generic name: M edetomidine) and 

the like can be mentioned.   

 These antifouling agents can be used alone, or two  or more of 

these can be used in combination.   

[0036] 

1-3. Other Additives  

 Further, if necessary, the antifouling coating res in of the 

present invention can further include resin compone nt other than 

polymer A, release modifier, plasticizer, pigment, dye, antifoaming 

agent, dehydrating agent, thixotropic agent, organi c solvent and the 

like, thereby giving the antifouling coating.   

[0037] 

 As the other resin component, polymer P and the li ke can be 

mentioned for example.   

 Polymer P is a polymer which can be obtained by po lymerizing 

monomer (b).  Monomer (b) is an arbitrary ethylenic ally unsaturated 

monomer other than monomer (a).  Monomer (b) used f or polymerizing 

polymer P can have an identical composition or diff erent composition 

from with the monomer (b) used for polymerizing pol ymer A.   

 In the present invention, one type of monomer (b) can be used 

alone or two or more types of monomer (b) can be us ed in combination.  

Particularly, in terms of compatibility with polyme r A, methyl 

(meth)acrylate, ethyl (meth)acrylate, butyl (meth)a crylate, isobutyl 
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(meth)acrylate, t-butyl (meth)acrylate, 2-ethylhexy l (meth)acrylate, 

2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth) acrylate, 

furfuryl (meth)acrylate, tetrahydrofurfuryl (meth)a crylate, benzyl 

(meth)acrylate, triisopropylsilyl (meth)acrylate, t -butyl 

diphenylsilyl (meth)acrylate, tri-2-ethylhexylsilyl  (meth)acrylate 

and the like are preferable.   

 As the polymerization method, initiator, solvent, temperature, 

other conditions, measurement method of Mw and the like, those 

mentioned for polymer A can be applied.   

 Content of polymer P in the composition of the pre sent 

invention is not particularly limited.  The content  ratio with 

respect to polymer A is, by solids, usually 0.1 to 0.5, preferably 

0.1 to 0.3 in terms of mass ratio (polymer P / poly mer A).   

[0038] 

 As the release modifier for example, rosin, rosin derivative, 

naphthenic acid, cycloalkenyl carboxylic acid, bicy cloalkenyl 

carboxylic acid, versatic acid, trimethyl isobuteny l cyclohexene 

carboxylic acid, and metal salts thereof; monocarbo xylic acid and 

salts thereof; and the afore-mentioned alicyclic hy drocarbon resin 

can be mentioned.  These release modifiers can be u sed alone, or two 

or more of these can be used in combination.   

 As the rosin derivative, hydrogenated rosin, dispr oportionated 

rosin, maleic acid modified rosin, formylated rosin , polymerized 

rosin and the like can be exemplified.   

 As the alicyclic hydrocarbon resin, for example, Q uintone 1500, 

Quintone 1525L, Quintone 1700 (product name, availa ble from Zeon 

Corporation) and the like can be mentioned as comme rcially available 

product.   

 Among these, rosin, rosin derivative, naphthenic a cid, 

versatic acid, trimethyl isobutenyl cyclohexene car boxylic acid, and 

metal salts thereof are preferable.   

[0039] 

 As the plasticizer, phosphoric acid ester, phthali c acid ester, 

adipic acid ester, sebacic acid ester, polyester, e poxidized soybean 
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oil, alkyl vinyl ether polymer, polyalkylene glycol , t-

nonylpentasulfide, Vaseline, polybutene, tris(2-

ethylhexyl)trimellitate, silicone oil, chlorinated paraffin and the 

like can be mentioned for example.  These plasticiz ers can be used 

alone, or two or more of these can be used in combi nation.   

[0040] 

 As the dehydrating agent, calcium sulfate, synthet ic zeolite-

based adsorbent, orthoester, silicate such as tetra methoxysilane and 

tetraethoxysilane, isocyanate, carbodiimide, carbod imidazole and the 

like can be mentioned.  These dehydrating agents ca n be used alone, 

or two or more of these can be used in combination.    

[0041] 

2. Method for Manufacturing Antifouling Coating Com position 

 The antifouling coating composition of the present  invention 

can be manufactured for example, by mixing and disp ersing a solution 

mixture containing the polymer A, antifouling agent , other additives 

and the like by use of a disperser.   

 As the solution mixture, the one obtained by disso lving or 

dispersing various materials such as the polymer, a ntifouling agent 

and the like in a solvent is preferable.   

 As the disperser, for example, the one which can b e used as a 

micro-pulverizer can be suitably used.  For example , a commercially 

available homo mixer, sand mill, bead mill, disper and the like can 

be used.  Furthermore, the solution mixture can be mixed and 

dispersed by using a stirrer-equipped container con taining glass 

beads for mixing and dispersing.   

[0042] 

3. Method of Antifouling Treatment, Antifouling Coa ting Film, and 

Coated Object 

 In the method of antifouling treatment according t o the present 

invention, an antifouling coating film is formed by  coating the 

above-explained antifouling coating composition on the surface of an 

object that is subjected to coating.  The method of  antifouling 

treatment according to the present invention can pr event adhesion 
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of aquatic fouling organisms by the gradual dissolu tion of the 

surface of the antifouling coating film such that t he surface of the 

coating film is continually renewed.   

 Examples of objects on which a coating film can be  formed 

include ships (in particular, ship bottoms), fishin g tools, and 

structures submerged in seawater.   

 The thickness of the antifouling coating film can be suitably 

selected depending on the type of an object on whic h the coating 

film is to be formed, the navigation speed of a shi p, the seawater 

temperature and the like.  For example, when the ob ject on which a 

coating film is formed is a ship bottom, the thickn ess of the 

antifouling coating film is usually 50 to 700 µm, and preferably 100 

to 600 µm.   

 

EXAMPLES 

[0043] 

 Examples and the like are provided hereinafter, an d further 

clarifies characteristics of the present invention.   The present 

invention, however, is not limited to these Example s.   

 In each of Production Examples, Examples, and Comp arative 

Examples, "%" denotes "mass%".  The weight-average molecular weight 

(Mw) was determined by gel permeation chromatograph y (GPC) (using a 

polystyrene standard).  GPC was performed under the  following 

conditions.   

 Equipment: HLC-8220 GPC (available from Tosoh Corp oration) 

 Column: TSK-gel Super HZM-M, two columns used 

 Flow rate: 0.35 mL/min 

 Detector: RI 

 Column thermostat temperature: 40°C 

 Developing solvent: THF  

 The non-volatile content is a value determined in accordance 

with JIS K 5601-1-2:1999 (ISO 3251:1993) “Testing m ethods for paint 

components-  Determination of non-volatile matter content”.   

[0044] 
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<production example 1 (production of monomer a-1)> 

(first reaction) 

 To a four-necked flask equipped with a thermometer , reflux 

condenser, and stirrer, 215 g (1.85 mol) of sodium monochloroacetate, 

200 g (1.85 mol) of methyl chloroacetate, and 300 g  of N-methyl-2-

pyrrolidone were charged, and the mixture was agita ted for 6 hours 

at 70 to 80°C.  After completion of the reaction, 5 00 ml of toluene 

was charged to the reaction solution, and then the organic layer was 

washed with water, hydrochloric acid solution, and sodium 

bicarbonate in this order.  Subsequently, the solve nt was removed by 

condensation under reduced pressure, thereby obtain ing 262 g of 

methoxycarbonylmethyl chloroacetate.   

[0045] 

(second reaction) 

 Subsequently, to a four-necked flask equipped with  a 

thermometer, reflux condenser, stirrer, and droppin g funnel, 200 g 

(1.20 mol) of methoxycarbonylmethyl chloroacetate a s the product 

material of the first reaction, 87 g (1.20 mol) of acrylic acid, 0.1 

g of 4-methoxyphenol, and 500 g of ethyl acetate we re charged, and 

122 g (1.20 mol) or triethylamine was added in a dr opwise manner 

under agitation while keeping the temperature at or  below 40°C.  

After titration, the reaction mixture was agitated for 6 hours at 

70 to 80°C.  After completion of the reaction, the organic layer was 

washed with water, hydrochloric acid solution, and sodium 

bicarbonate in this order.  Subsequently, the solve nt was removed by 

condensation under reduced pressure, thereby obtain ing 230.7 g of 

monomer a-1.   

[0046] 

<production examples 2 to 24 (production of monomer s a-2 to a-24)> 

 Raw materials shown in Table 1 were used, and the reaction was 

performed by procedures similar to those of product ion example 1, 

thereby obtaining monomers a-2 to a-24.  Reaction c onditions of 

production examples 2 to 24, and yield are shown in  Table 1.   

[0047] 
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[0048] 

 Details of the raw materials shown in Table 1 are as below.   

AA: acrylic acid 

MAA: methacrylic acid 

NMP: N-methyl-2-pyrrolidone 

CANa: sodium monochloroacetate 

CPANa: sodium 2-chloropropionate 

CAMe: methyl chloroacetate 

CAEt: ethyl chloroacetate 

CAiPr: isopropyl chloroacetate 

CAnBu: n-butyl chloroacetate 

MEHQ: 4-methoxyphenol 

TEA: triethylamine 

[0049] 

<production example 25 (production of polymer solut ion A-1)> 

 To a four-necked flask equipped with a thermometer , reflux 

condenser, stirrer, and dropping funnel, 50 g of xy lene and 50 g of 

propylene glycol monomethyl ether were charged as s olvent, followed 

by introduction of nitrogen gas, and then the mixtu re was maintained 

at 88°C with agitation.  To the solvent mixture, a mixture of 60 g 

of monomer (a-1) as monomer (a), 30 g of methyl met hacrylate and 10 

g of 2-methoxyethyl acrylate as monomer (b), 2.0 g (initial addition) 

of 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate  as 

polymerization initiator was added in a dropwise ma nner over 3 hours 

while maintaining the reaction mixture at 88°C.  Su bsequently, after 

performing agitation for 1 hour at 88°C, 0.1 g of 1 ,1,3,3-

tetramethylbutyl peroxy-2-ethylhexanoate was added every 1 hour for 

three times, followed by agitation for 2 hours at t he same 

temperature.  Then, the reaction mixture was cooled  to room 

temperature to obtain the polymer solution A-1.  No n-volatile content 

and Mw of A-1 are shown in Table 2.   

[0050] 

<production examples 26 to 56 (production of polyme r solutions A-2 
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to A-26, B-1 to B-6)> 

 Except for the usage of the monomer and the solven t as shown 

in Table 2 to Table 4, the polymerization reaction was performed by 

procedures similar to those of production example 1 , thereby 

obtaining polymer solutions A-2 to A-26 and B-1 to B-6.  Non-volatile 

content and Mw of A-2 to A-26 and B-1 to B-6 are sh own in Table 2 

to Table 4.  The numerical values in the Tables rep resent mass%.   
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[0051] 

[Table 2] 
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[Table 3] 
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[0053] 

[Table 4] 

 

[0054] 

<production example 57 (production of gum rosin sol ution)> 
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 To a flask equipped with a thermometer, reflux con denser and 

stirrer, 300 g of gum rosin available from China (W W) and 310 g of 

xylene were charged.  The reaction mixture was dehy drated under 

reflux under reduced pressure for 1 hour at 70 to 8 0°C to give a 

xylene solution of gum rosin (brown transparent liq uid, 50% solids).  

The non-volatile content of the solution obtained w as 50.3%.   

[0055] 

<production example 58 (production of rosin zinc sa lt solution)> 

 To a flask equipped with a thermometer, reflux con denser, and 

stirrer, 240 g of gum rosin available from China (W W) and 360 g of 

xylene were charged, and 120 g of zinc oxide was ad ded so that all 

of the resin acid in the rosin would form zinc salt .  The reaction 

mixture was dehydrated under reflux under reduced p ressure for 3 

hours at 70 to 80°C.  Then, the reaction mixture wa s cooled and 

filtered to give a xylene solution of rosin zinc sa lt (dark brown 

transparent liquid, 50% solids).  The non-volatile content of the 

solution obtained was 50.2%.   

[0056] 

<Examples 1 to 29 and Comparative Examples 1 to 6 ( production of 

coating composition)> 

 The components shown in Table 5 to Table 7 were fo rmulated by 

the ratio (mass%) shown in Table 5 to Table 7, and were mixed and 

dispersed with glass beads having a diameter of 1.5  to 2.5 mm, 

thereby producing the coating composition.   
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[0057] 

[Table 5] 
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[0058] 

[Table 6] 
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[0059] 

[Table 7] 
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[0060] 

 Details of the components in the Tables are as fol lows.   

[0061] 

<antifouling agent> 

 cuprous oxide: product name “NC-301” (available fr om NISSIN 

CHEMCO) 

 copper pyrithione : product name “copper Omadine” (available 

from Lonza Group AG)   

 zinc pyrithione: product name “zinc Omadine” (avai lable from 

Lonza Group AG) 

 Econia: product name “Econea 028” (2-(p-chlorophen yl)-3-cyano-

4-bromo-5-trifluoromethyl pyrrole, available from J ANSSEN PMP) 

 medetomidine: ( ±)-4-[1-(2,3-dimethylphenyl)ethyl]-1H-

imidazole (available from Wako Pure Chemical Indust ries, Ltd.) 

[0062] 

<other additives> 

 tricresyl phosphate: (available from DAIHACHI CHEM ICAL 

INDUSTRY CO., LTD.) 

 rosin zinc salt solution: The one produced in prod uction 

example 58 was used. 

 gum rosin solution : xylene solution (50% solids) of Chinese 

gum rosin (WW) 

 red oxide: product name “BENGARAKINGYOKU” (availab le from 

MORISHITA BENGARA KOGYO CO., LTD) 

 talc: product name “talc MS” (available from Nippo n Talc Co., 

Ltd.) 

 zinc oxide: product name “zinc oxide II” (availabl e from Seido 

Chemical Industry Co., Ltd.)   

 titanium oxide: product name “FR-41” (available fr om FURUKAWA 

CO., LTD.)   

 tetraethoxy silane: product name “Ethyl Silicate 2 8” 

(available from COLCOAT CO., LTD.)   

 DISPARLON A603-20X: amide based thixotropic agent:  product 

name “DISPARLON A603-20X” (available from Kusumoto Chemicals, Ltd.)   
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[0063] 

 The following tests were performed with the coatin g 

compositions of Examples and Comparative Examples.  Evaluation 

results are shown in Table 5 to Table 7.   

[0064] 

 In all of the Comparative Examples, when compared with the 

Examples, results of at least either one of rotary test or 

antifouling test was not satisfactory.  Results obt ained for each of 

Comparative Examples 1 to 5 corresponds to the resu lt obtained when 

n of monomer (a) was adjusted to 1 in Examples 1 to  4 and 11.  When 

Comparative Examples 1 to 5 are compared with Examp les 1 to 4 and 

11 respectively, it can be understood that antifoul ing property can 

be improved by adjusting n of monomer (a) to 2 to 1 0.  In addition, 

when compared with Examples 11 to 12 in which R2 of  monomer (a) is 

Me, other Examples in which R2 of monomer (a) is H showed 

particularly superior antifouling property.   

[0065] 

<test example 1 (rotary test)> 

 A tank was provided, in the center thereof, with a  rotating 

drum having a diameter of 515 mm and a height of 44 0 mm to allow the 

rotation of the drum by a motor.  The tank was also  provided with a 

cooling apparatus for keeping the temperature of se awater constant, 

and an automatic pH controller for keeping the pH o f the seawater 

constant.   

[0066] 

 Test plates were prepared in accordance with the f ollowing 

method.   

[0067] 

 First, an anti-corrosive coating film was formed b y applying 

an anti-corrosive coating material (an epoxy vinyl- based A/C) onto 

a titanium plate (71 x 100 x 0.5 mm) such that the thickness after 

drying would be about 100 µm, followed by drying.  Then, coating 

compositions obtained in Examples and Comparative E xamples were 

applied so that the thickness after drying would be  about 300 µm.  
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The applied coating was dried for 3 days at 40°C, t hereby preparing 

the test plates.   

[0068] 

 The thus-prepared test plates were secured to the rotating 

drum of the rotary apparatus of the above-mentioned  equipment and 

was made to contact the seawater, and the rotating drum was rotated 

at a speed of 20 knots.  During the test, the seawa ter temperature 

was maintained at 25°C and the pH at 8.0 to 8.2; an d the seawater 

was replaced once every two weeks.   

[0069] 

 Initial film thickness and remaining film thicknes s were 

measured every 6 months for each of the testing pla tes, using a shape 

measurement laser microscope VK-X100 (available fro m KEYENCE 

CORPORATION).  The dissolved coating film thickness  was calculated 

from the difference between the two values, thereby  obtaining 

dissolution amount of the coating film for one mont h ( µm/month).  

Further, when measuring the remaining film thicknes s after 24 months 

in the rotary test, the surface of each coating fil ms was observed 

with naked eye and with a microscope to evaluate th e surface 

condition of the coating film.   

[0070] 

 Evaluation of the conditions of the surface of the  coating 

films were performed under the following criteria.   

 A: No defect observed  

 B: Hairline cracks observed in less than 10% of th e entire 

area of the surface of the coating film 

 C: Hairline cracks observed in 10 to 30% of the en tire area of 

the surface of the coating film 

 D: Hairline cracks observed in 30% or more of the entire area 

of the surface of the coating film 

 E: Coating film defects such as large cracks, blis ters or peel-

offs (only the surface or a part of the corner of t he coating film 

peel off), delamination (the coating film peels off  entirely, and 

no test coating film remains) are observed 
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[0071] 

<test example 2 (antifouling test)> 

 Each of the coating compositions obtained in Examp les 1 to 29 

and Comparative Examples 1 to 6 was applied onto bo th surfaces of a 

hard vinyl chloride plate (100 x 200 x 2 mm) such t hat the thickness 

of a dry coating film would be about 300 µm.  The applied coating 

was dried for 3 days at room temperature (25°C), an d the test plate 

having the dry coating film with a thickness of abo ut 300 µm was 

prepared.  This test plate was immersed at 1.5 m be low sea level in 

Owase City, Mie Prefecture, Japan, and the test pla te fouling due 

to attached objects was examined after 12 months an d 24 months.   

[0072] 

 The state of the surface of the coating film was v isually 

evaluated in accordance with criteria shown below.   

 A: Fouling organisms such as shellfish or algae do  not attach, 

and slime hardly attaches.   

 B: Fouling organisms such as shellfish or algae do  not attach, 

and slime thinly attaches (to the extent that the c oating film 

surface is observable) and the slime can be removed  when wiped softly 

with a brush.   

 C: Fouling organisms such as shellfish or algae do  not attach, 

but slime thickly attaches (to the extent that the coating film 

surface is not observable) and the slime cannot be removed even when 

wiped strongly with a brush.   

 D: Fouling organisms such as shellfish or algae do  attach.   
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CLAIM 

 

1. An antifouling coating composition comprising po lymer A and 

antifouling agent; wherein 

 the polymer A is a copolymer of monomer (a) and et hylenically 

unsaturated monomer (b) other than the monomer (a);  and 

 the monomer (a) is represented by general formula (1): 

[Chemical Formula 1] 

 

（１） 

(wherein, R 1 represents hydrogen atom or methyl group; R 2 represents 

hydrogen, methyl group, or phenyl group; R 3 represents methyl group, 

ethyl group, n-propyl group, isopropyl group, n-but yl group, t-butyl 

group, 2-ethylhexyl group, cyclohexyl group, benzyl  group, phenyl 

group, 2-methoxyethyl group, 4-methoxybutyl group, vinyl group, or 

allyl group; and n represents an integer of 2 to 10 ).   

  


