DESCRIPTION
COPOLYMER FOR ANTIFOULING COATING COMPOSITION AND ANTIFOULING COATING
COMPOSITION CONTAINING SAID COPOLYMER
Technical Field
[0001]

The present invention relates to a copolymer foraatifouling coating composition and an antifoglin
coating composition containing the copolymer.
Background Art
[0002]

Aquatic fouling organisms such as barnacles, tulbes, common mussels, Bugula neritina, sea squirts,
green laver, sea lettuce, and slimes adhere tg gbgpecially ship bottoms), fishing tools sucfigting nets and
fishing net accessories, and structures submengeshivater such as power plant aqueducts, leadahygtunction,
impaired appearance, and other problems of thes simig the like.

In order to prevent such problems, a techniquekvforms an antifouling coating film by coating an
antifouling coating composition on a ship and ttke,land allows controlled release of an antifaylagent to
realize an antifouling performance for a long tinas been known (Patent Literature 1).

[0003]

At present, as an antifouling coating composittapable of forming an antifouling coating film hagi
excellent physical properties from the viewpointcofick resistance and stability of the amount a@ftiog film
dissolved, an antifouling coating composition usiag copolymer containing triorganosilyl ester (e.g.,
triisopropylsilyl ester) having an alkyl group (g.gopropyl, s-butyl) in which the carbon atomedity bonded to
the silicon atom is a secondary carbon has beewrkiiBatent Literature 2).

Citation List
Patent Literature
[0004]

Patent Literature 11 P- A- 2000-17203

Patent Literature 21 P- A- 2005-82725
Summary of Invention
Technical Problem
[0005]

The antifouling coating film formed by using thetifouling coating composition using the copolymer
containing triisopropylsilyl ester has excellenygpical properties overall. However, there is a problem that the
antifouling performance is naufficiently realized in a draft section, whichwaterline reached by water, because
the coating film in the draft section is subjectedepeated dry and wet and is easily affecteddniypus factors
such as sunlight. Therefore, it is desired tarimprove the physical properties of the coatfiing
[0006]

The present invention has been made by takingftive-mentioned circumstances into consideration.
The present invention provides a copolymer for mtif@uling coating composition which can form artifouling

coating film which can continue to dissolve foioad period of time, exhibit good antifouling perfaance and
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realize good antifouling performance even in treftdsectionwhere adhesion of aquatic fouling organisms is
easy to occur.

Solution to Problem

[0007]

According to the present invention, a copolymar da antifouling coating composition obtained by
copolymerizing a monomer (a) and an ethylenicatiyaiurated monomer (b) other than the monomewtarein
the monomer (@) is represented by general fornyles (provided.

[0008]

The present inventors have conducted intensivdiestyand have found that the antifouling coatihg f
formed by using the antifouling coating compositiming the above copolymer can continue to disdolva long
period of time, exhibit good antifouling performan@nd realize good antifouling performance evethéndraft
section,where adhesion of aquatic fouling organisms is éa®¢cur, thereby completing the present invention
Description of Embodiments
[0009]

Hereinafter, the present invention will be desatibedetail.

1. Antifouling coating composition

The antifouling coating composition of the presemnention includes a copolymer for an antifouling
coating composition and an antifouling agent.
[0010]

1-1. Copolymer for antifouling coating composition

The copolymer for the antifouling coating compiositis obtained by copolymerizing a monomer (ahwit
an ethylenically unsaturated monomer (b) other tth@monomer (a). The copolymer for antifoulingibag
composition contains monomer units derived fromnttemomers (a) to (b).

[0011]
<Monomer (a)>

The monomer (a) is a triorganosilyl (meth) aciylatonomer and is represented by general formula (1)
[Chem. 1]

H,C=C—C—0—Si—R’® (1)

R'I Frz
@, R?
In the general formula (1),'Represents a hydrogen or a methyl grotjpail R represent an isopropyl
group, and Rrepresents an alkenyl group, an aryl group, atarbaryl group.
[0012]
In the general formula (1), “Represents an alkenyl grougn alkynyl group, an aryl group, or a

heteroaryl group.



[0013]

Examples of the alkenyl group include vinyl, 14peayl, isopropenyl, 1-methyl-1-propenyl, 2-methyl-1

propenyl, and the like.
[0014]

Examples of the alkynyl group include ethynyl, pylethynyl, 1-propynyl, and the like.
[0015]

Examples of the aryl group include:

phenyl, 2-methylphenyl, 4-methylphenyl, 2,3-dimdginenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl,
2,6-dimethylphenyl, 3,4.-dimethylphenyl, 3,5-dimdgthenyl, 2-mesityl, 4-ethylphenyl, 4-isopropylplyéri-tert-
butylphenyl, 2,4,6-triisopropylphenyl, 4-n-propykatyl, 2-biphenyl, 3-biphenyl, 4-biphenyl, 1-napHthg-
naphthyl, 2-methyl-1-naphthyl, 4-methyl-1-naphtt6Amethyl-1-naphthyl, $henanthyl;

2-methoxyphenyl, 3-methoxyphenyl, 4-methoxypherg#-dimethoxyphenyl, 2,5-dimethoxyphenyl,
3,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 4-meth@anethylphenyl, 3,5-dimethyl-4-methoxyphenyl, 3:4,
trimethoxyphenyl, 3-ethoxyphenyl, 4-ethoxyphenyprépoxyphenyl, 4-tert-butoxyphenyl, 4-hexioxyphkrdr
phenoxyphenyl, pentafluorophenyl, 3,4,5-trifluorepkl, 3,4-difluorophenyl, 3,5-difluorophenyl, 3-firophenyl,
4-fluorophenyl, 3- (trifluoromethoxy) phenyl, 4+ifluoromethyl) phenyl, 3,5-bis (trifluoromethoxphenyl, 3,4-
(methylenedioxy) phenyl, 3-fluoro-4-methylphenyfl@oro-2 -methylphenyl, 4-fluoro-3-methylphenykfiioro-
2-methylphenyl, 5-fluoro-2-methylphenyl, 3-fluorerdethoxyphenyl, 2,3-difluoro-4-ethoxyphenyl , 5eto-2-
methoxyphenyl, 3-chlorophenyl, 4-chlorophenyl, 8idhlorophenyl, 3,5-dichlorophenyl, 3-chloro-4-fhaphenyl,
3-chloro-5-fluorophenyl, 4-chloro-3-fluorophenyl,- 42-tetrahydro-2H-pyranoxy) phenyl, 2- (benzaldidy
diethylacetal) phenyl, 3- (benzaldehyde diethylaipgbhenyl, 4- (benzaldehyde diethylacetal) pheByhenzyl
oxyphenyl, 3-benzyloxyphenyl, 4-benzyloxyphenyth®Banisole, 3-thioanisole, 4-thioanisole, 4- (Ndhethyl)
aniline, 2- (1-pyrrolidinylmethyl) phenyl, 3- (1-pwlidinylmethyl) phenyl, 2- (4-morpholinylmethyphenyl, 3-
(4-morpholinylmethyl) phenyl, 4- (4-morpholinylmeth phenyl , 2- (1-piperidinylmethyl) phenyl, 3- «(1
piperidinylmethyl) phenyl, 4- (1-piperidinylmethylphenyl, 3- [bis (trimethylsilyl) amino] phenyl, 4bis
(trimethylsilyl) amino] phenyl and the like.

[0016]

Examples of the heteroaryl group include 2-thieBythienyl, 3-methyl-2-thienyl, 5-chloro-2-thiengnd
the like.
[0017]

Among these, from the viewpoint of manufacturinggess, manufacturing cost, availability of raw
materials, and environmental safety, an alkenyligran aryl group, and a heteroaryl group are pabfe and vinyl,
1-propenyl, isopropenyl, 1-methyl-1-propenyl, 2jBdthoxyphenyl, 4-ethoxyphenyl, 4-tert-butoxyphenyl
pentafluorophenyl, and 2-thienyl are particulangfprable.

[0018]
<Monomer (b)>

The monomer (b) is an ethylenically unsaturateshanwer other than the monomer (a) and examples of
the monomer (b) include, (meth) acrylate estersyl\dompounds, aromatic compounds, dialkyl estenmmunds

of a dibasic acid, and the like. In this speciima, (meth) acrylate ester means acrylate esterethacrylate ester.
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[0019]

Examples of the (meth) acrylate ester include gi€theth) acrylate, ethyl (meth) acrylate, butyletim)
acrylate, 2-ethylhexyl (meth) acrylate, 2-methokykt(meth) acrylate, 2-methoxypropyl (meth) acrglag-
methoxybutyl (meth) acrylate, benzyl (meth) aceylgthenyl (meth) acrylate, triisopropylsilyl (methdrylate,
trioctylsilyl (meth) acrylate, t-butyldiphenylsilymeth) acrylate, and tributylsilyl (meth) acrylate
[0020]

Examples of the vinyl compounds include vinyl campds having a functional group such as vinyl
chloride, vinylidene chloride, acrylonitrile, metirglonitrile, vinyl acetate, vinyl benzoate, vingutyrate, butyl
vinyl ether, lauryl vinyl ether, and N-vinylpyrrdione.

[0021]

Examples of the aromatic compounds include styréingltoluene a-methylstyrene, and the like.
[0022]

Examples of the dialkyl ester compounds of a dibasid include dimethyl maleate, dibutyl maleate,
dimethyl fumalate, and the like.
[0023]

In the present invention, these monomers (b) eanded alone or two or more of these can be used in
combination. In particular, as the monomer (betimhacrylate ester and (meth) acrylate silyl emterpreferable,
and methyl methacrylate, butyl (meth) acrylate, &hoxyethyl (meth) acrylate, triisopropylsilyl (rhitacrylate,
trioctylsilyl (meth) acrylate, t-butyldiphenylsilgmeth) acrylate, and the like are more preferable.

[0024]
The copolymer is obtained by copolymerizing thenomer (a) and the monomer (b), and the content of
the monomer (a) is preferably 0.5 to 50mass%, ipterably 1 to 25mass%. When the content of thieamer
(a) is within the above range, in particular, tloating film can dissolve well and an excellent fanting effect
can be exhibited. The content of the monomerg(apecifically, for example, 0.5, 1, 2, 3, 4, 5, 15, 20, 25,
30, 35, 40, 45, 50mass% and may be in the rangeebatthe two values exemplified herein.
[0025]

The weight average molecular weight (Mw) of thealgmer is preferably 5000 to 300,000. When the
molecular weight is less than 5,000, the coatilng €f the antifouling coating becomes fragile aadily peels or
cracks, and when it exceeds 300,000, the viscasithe copolymer solution increases and handlingpbes
difficult. This Mw is specifically, for example 080, 10000, 20000, 30000, 40,000, 50000, 6000@T,&DO0O,
90000, 100000, 200,000, 300,000, and may be iratige between the two values exemplified herein.

[0026]

Examples of the method for measuring Mw includiepgemeation chromatography (GPC).
[0027]

The copolymer may be a random copolymer, an ategrg copolymer, a periodic copolymer, and a block
copolymer of the monomer (a) and the monomer (b).

[0028]
The copolymer can be obtained, for example, byrmetizing the monomer (a) and the monomer (b)

under the presence of a polymerization initiator.



[0029]

Examples of the polymerization initiator includeaompounds such as 2,2'-azobisisobutyronitrj@; 2
azobis (2-methylbutyronitrile), 2,2'-azobis (2,4ndithylvaleronitrile), dimethyl-2,2'-azobisisobutiga dimethyl
2,2'-azobisisobutyrate, 2,2'-azobis (N-buty2thylpropionamide; peroxides such as benzoylper oxide, di-tert-
butyl peroxide, tert-butylperoxybenzoate, tert-tpgyoxyisopropyl carbonate, t-butylperoxy-2-ethWaeoate, t-
hexylperoxy-2-ethylhexanoate , di-t-hexyl peroxidebutylperoxy-2-ethylhexyl monocarbonate, di-tydut
peroxide, 1,1,3,3-tetramethylbutylperoxyneodecamodt amilperoxyneodecanoate, t-hexylperoxypivaldte
amylperoxypivalate, 1,1,3,3-tetramethylbutylper@gthylhexanoate. These polymerization initiatcas be
used alone or two or more of these can be usedoinbination. As the polymerization initiators, 2,2
azobisisobutyronitrile, 2,2'-azobis (2-methylbutyitdle), 2,2'-azobis (2,4-dimethylvaleronitriledlimethyl 2,2'-
azobisisobutyrate and 1,1,3,3-tetramethylbutylpg®x-ethylhexanoate are particularly preferable. he T
molecular weight of the copolymer for the antifoglicoating composition can be adjusted by apprigbyiaetting
the amount of the polymerization initiator used.

[0030]

Examples of the polymerization method include sotupolymerization, bulk polymerization, emulsion
polymerization, suspension polymerization, non-agsedispersion polymerization, and the like. Amdmese,
solution polymerization and non-aqueous dispergiolymerization are particularly preferable in vief the
capability of obtaining the copolymer simply witbcarracy.

[0031]

In the polymerization reaction, an organic solvesaty be used if necessary. Examples of the organic
solvent include aromatic hydrocarbon solvents such as xylene and toluene; aliphatic hydrocarbon solvents such as
hexane, heptaneand mineral spirit; ester solvents such as ethyl acetate, butyl acetsdbutyl acetate,
methoxypropyl acetate, and 2-methoxy-1-methyletieytate; alcohol solvents such as isopropyl alcohol, butyl
alcohol, 1-methoxy-ropanol; ether solvents such as dioxane, diethyl ether, and dibutyl ether; ketone solvents
methyl ethyl ketone, methyl isobutyl ketone, andlaliexanone. Among these, aromatic hydrocarborestd
are particularly preferable, and xylene is mordgreble. These solvents can be used alone or tvmaoee of
these can be used in combination.

[0032]

The reaction temperature in the polymerizatiortiea may be appropriately set according to the yp
the polymerization initiator and the like and isiakly 60 to 150°C, preferably 70 to 140°C. Thectien time in
the polymerization reaction may be appropriatetyaseording to the reaction temperature and tteeditd is usually
about 4 to 8 hours.

[0033]
The polymerization reaction is preferably perfodhoader inert gas atmosphere such as nitrogennghas a
argon gas.
[0034]
1-2. Antifouling agent
As the antifouling agent, for example, an inorgarfiemical and an organic chemical can be mentioned

As the inorganic chemical, for example, cuprousdexicuprous thiocyanate (generic name: copper
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rhodanide), copper powder, and the like can beioreed. Among these, cuprous oxide and copper riiddare
particularly preferable. From the viewpoint of long-term storage stabilitye tcuprous oxide surface-treated with
glycerin, sucrose, stearic acid, lauric acid, lenitmineral oil, and the like is more preferable.

[0035]

As the organic chemical, for example, copper 2-myet@pyridine-N-oxide (generic name: copper
pyrithione), zinc 2-mercaptopyridine-N-oxide (generame: zinc pyrithione)kinc ethylenebis(dithiocarbamate)
(generic name: zinebd,5-dichloro-2-n-octyl-3-isothiazolone (generic rar8ea-nine 2113,4-dichlorophenyl-N-
N-dimethylurea (generic name: Diuron2-methylthio-4-t-butylamino-6-cyclopropylamino-gazine (generic
name: Irgarol 1051R-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluorometipyrrole (generic name: ECONEA 28),
(1)-4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole égeric name: Medetomidine) can be mentioned.

These antifouling agents can be used alone, ootwaore of these can be used in combination.
[0036]

1-3. Other additives

Further, if necessary, the resin for antifoulingtiang of the present invention is added with arietu
regulator, a plasticizer, a pigment, a dye, arf@antiing agent, a dehydrating agent, a thixotrog&nd an organic
solvent, and the like to obtain the antifouling tiog

As the elution regulator, monocarboxylic acids aadts thereof, such as rosin, rosin derivatives,
naphthenic acid, cycloalkenyl carboxylic acid, kioalkenyl carboxylic acid, versatic acid, trimethy
isobutenylcyclohexene carboxylic acid, and theitalsalts, or the alicyclic hydrocarbon resins astioned above
can be exemplified. These can be used alone,motwnore of these can be used in combination.

As the rosin derivative, hydrogenated rosin, dipprtionated rosin, maleic acid modified rosin,
formylated rosin, polymerized rosin, and the likendbe exemplified. As the alicyclic hydrocarborsims,
Quintone 1500, Quintone 1525L, and Quintone 17@8d{pct name, available from Zeon Corporation) dnadike
can be mentioned as commercially available proftuaxample.

As the plasticizer, for example, phosphoric actérss phthalic acid esters, adipic acid estergd@elacid
esters, epoxidized soybean oil, alkyl vinyl ethetymer, polyalkylene glycols, t-nonyl pentasulfidegseline,
polybutene, tris(2-ethylhexyl) trimellitate, silice oil, liquid paraffin, chlorinated paraffin andet like can be
mentioned. These can be used alone, or two or afdhese can be used in combination.

As the dehydrating agent include, for example, lsstit zeolite adsorbents, orthoesters, silicateb ag
tetramethoxysilane and tetraethoxysilane, isocysnatarbodiimides, carbodiimidazoles, and the tke be
mentioned. These can be used alone, or two or afdhese can be used in combination.

[0037]
2. Manufacturing method of antifouling coating carsjtion

The antifouling coating composition of the presaméntion can be manufactured, for example, byimgix
and dispersing a mixture solution including the agmer, the antifouling agent, and other additivesing a
disperser.

Regarding the mixture solution, the ingredientshsas the copolymers, the antifouling agent, aadilte
are preferably dissolved or dispersed in the salven

As the disperser, for example, the one which eanded as a micro-pulverizer can be suitably us€dr
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example, a commercially available dissolver, homiaem sand mill, bead mill, and the like can be dise
Furthermore, the mixed solution can be mixed asgealised by using a stirrer-equipped container guntpglass
beads for mixing and dispersing.

[0038]

3. Method for antifouling treatment, antifoulingating film, and coated object

The method for antifouling treatment of the présiemention is characterized in that an antifouling
coating film is formed using the above-explainetifanling coating composition on the surface ofcdoject that is
subjected to coating. The method for antifouliegitment of the present invention can prevent aohe$ aquatic
fouling organisms by the gradual dissolution of skieface of the antifouling coating film such thia surface of
the coating film is continually renewed.

Examples of objects on which the coating film carfdrmed include ships (in particular, ship bottpms
fishing tools, structures submerged in seawater tiaa like.

The thickness of the antifouling coating film camduitably selected depending on the type of thecob
on which the coating film is to be formed, the gation speed of a ship, the seawater temperatudethe like.
For example, when the object on which a coating i formed is a ship bottom, the thickness ofehtfouling
coating film is usually 50 to 700m, and preferably 100 to 6Q@n.

EXAMPLES
[0039]

Examples and the like are provided hereinaftet farther clarifies characteristics of the presewnéntion.
The present invention, however, is not limiteditese Examples.

In each of Production Examples, Comparative Pribolu&xamples, and Examples, "%" denotes "% by
mass".

The viscosity was measured with a Brookfield vineter at 25°C in accordance with JIS K7117-1.

The weight average molecular weight (Mw) was deieed by gel permeation chromatography (GPC)
(using a polystyrene standard). GPC was perfoumelr the following conditions.

Equipment: HLC-8220 GPC (available from Tosoh @oation)

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 was measured in accordatitbel IS K 5601-1-2:1999 (ISO 3251:1993).
[0040]
<Production Example 1 (Production of monomer (&1))
<< (a) Preparation of Grignard reagent 1 (isopno@gnesium chloride) >>

To a four-necked flask equipped with a thermometepoler, a stirrer, and a dropping funnel, 25505
mol) of metallic magnesium and 3625 g of tetrahfuthen were charged, and 825 g (10.5 mol) of isogroploride
was added dropwise over 4 hours under nitrogerattagsphere. During the dropping, the temperattitbheo

reaction mixture in the flask was maintained ate}60°C. Then, the mixture was heated and stated to 50°C
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for 2 hours to obtain a THF solution of isopropytmasium chloride.
[0041]
<<(b) Preparation of Grignard reagent 2 (1-methpkdpenylmagnesium chloride)>>

To a four-necked flask equipped with a thermometenoler, a stirrer, and a dropping funnel, 179.8
mol) of metallic magnesium and 1810 g of tetrahfutan were charged, and 480 g (5.3 mol) of 1-methyl
propenyl chloride was added dropwise over 2 hoadeu nitrogen gas atmosphere. During the dropphn,
temperature of the reaction mixture in the flasls waintained at 40 to 50°C. Then, the mixture hested and
stirred at 40 to 50°C for 2 hours, and then a Telgt®n of 1-methyl-1-propenylmagnesium chloridesvedotained.

To the THF solution of isopropylmagnesium chlorad#ained in (a) described above, 625 g (4.6 mol) of
trichlorosilane was added dropwise under a nitrogas atmosphere over 3 hours. During the dropphme,
temperature of the reaction mixture in the flasls waaintained at 40 to 50°C. Then, the reactiorturixin the
flask was heated and stirred at 40 to 50°C forur,hend then the THF solution of 1-methyl-1-progemgnesium
chloride obtained in (b) described above was adhblegwise over 1 hour. During the dropping, thegerature
of the reaction mixture in the flask was maintaia¢d0 to 50°C. Then, 1.0 g (0.0074 mol) of cofpechloride
was added, and the reaction mixture in the flask neated and stirred at 30 to 40°C for 5 hours. th&émbtained
reaction solution, 600 mL of water was added drgpwio dissolve the magnesium salt. The organierlay
separated from the aqueous layer was distilled rurediziced pressure to obtain 235 g of diisopropylethyl-1-
propenylsilane as a fraction having a boiling paih®6°C/33 to 34 mmHg.

[0042]

To a four-necked flask equipped with a thermometeooler, a stirrer and a dropping funnel, 195.4
mol) of the diisopropyl1-methyl-1-propenylsilanetaibed above and 400 g of toluene were charged@mp(1.1
mol) of chlorine gas was blown into it over 2 hour®uring the blowing, the temperature of the risctnixture
in the flask was maintained at 5 to 15°C. Into teaction solution, 5 L of nitrogen gas was blownekpel
dissolved chlorine and hydrogen chloride. The tieacsolution was distilled under reduced pressarebtain
204 g of diisopropyl1-methyl-1-propenylsilyl chldd as a fraction having a boiling point of 120 40%C/20 to 30
mmHg.

[0043]

To a four-necked flask equipped with a thermometeooler, a stirrer, and a dropping funnel, 2@4.9
mol) of diisopropyl1-methyl-1-propenylsilyl chlogdobtained above, 114 g (1.1 mol) of triethylamh,l g of 4-
methoxyphenol, 0.01 g of 2,6-di-tert-butyl-4-methtyenol and 204 g of hexane were charged, and {148 gnol)
of methacrylic acid was added dropwise over 2 houBuring the dropping, the temperature of thetieaenixture
in the flask was maintained at 40 to 50°C. Thiea mixture was heated and stirred at 40 to 50°G fuwyurs. To
the reaction solution, 150 mL of water was addeghdise, and the organic layer was taken out. Tharoc layer
was distilled under reduced pressure to obtain d@® diisopropyl-1-methyl-1-propenylsilyl methacayg as a
fraction having a boiling point of 70 to 80°C/12anmHg.

[0044]
<Production Example 2 (Production of monomer (&2))
Isopropenyl chloride was used instead of 1-methgtopenyl chloride and reaction was performed by

processes similar to those of Production Examptedbtain diisopropylisopropenylsilyl methacrylate.
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[0045]
<Production Example 3 (Production of monomer (&-3))

Using 2,5-dimethoxyphenyl chloride instead of 1tmye1-propenyl chloride, reaction was performed by
processes similar to those of Production Exampéedbtain diisopropyl 2,5-dimethoxyphenylsilyl mathylate.
[0046]
<Production Example 4 (Production of monomer (&4))

Pentafluorophenyl bromide was used instead of thyhé -propenyl chloride and reaction was performed
by processes similar to those of Production Exarhpeobtain diisopropylpentafluorophenylsilyl mathylate.
[0047]
<Production Example 5 (Production of monomer (&5))

Using 2-thienyl bromide instead of 1-methyl-1-peagl chloride, reaction was performed by processes
similar to those of Production Example 1 to obt#iisopropyl 2-thienylsilyl methacrylate.

[0048]
<Production Example 6 (Production of monomer (&-6))

Acrylic acid was used instead of methacrylic aeidl the reaction was performed by processes simila
to those of Production Example 1 to obtain diispgtb-methyl-1-propenylsilyl acrylate.
[0049]
<Production Example 7 (Production of monomer (&7))

Acrylic acid was used instead of methacrylic aeid the reaction was performed by processes simila
to those of Production Example 2 to obtain diispgtisopropenylsilyl acrylate.
[0050]
<Production Example 8 (Production of monomer (&-8))

Acrylic acid was used instead of methacrylic aeid the reaction was performed by processes simila
to those of Production Example 3 to obtain diispgt@,5-dimethoxyphenylsilyl acrylate.
[0051]
<Production Example 9 (Production of monomer (&-9))

Acrylic acid was used instead of methacrylic aeid the reaction was performed by processes simila
to those of Production Example 4 to obtain diispghpentafluorophenylsilyl acrylate.
[0052]
<Production Example 10 (Production of monomer (310

Acrylic acid was used instead of methacrylic aeid the reaction was performed by processes simila
to those of Production Example 5 to obtain diispgt@-thienylsilyl acrylate.
[0053]
<Production Example 11 (Production of copolymeusoh P1)>

To a four-necked flask equipped with a thermometepoler, a stirrer, and a dropping funnel, Bhigial
solvent) of xylene was charged, nitrogen gas waednced, and the temperature was maintained 4C85ith
agitation. Into the flack, a mixed solution of §@®f monomer (a-1), 6 g of methyl methacrylate, df g-butyl
acrylate, 6 g of 2-methoxyethyl acrylate, 34 g ofme@thoxyethyl methacrylate, 1g of 1,1,3,3-
tetramethylbutylperoxy-2-ethylhexanoate (initiab#obn) was added dropwise over 3 hours while naédig at
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85°C. After stirring at 85°C for 1 hour, 0.1 g 1oi,3,3-tetramethylbutylperoxy-2-ethylhexanoatesf@ddition)
was added 3 times every hour. After further stiyrat the same temperature for 2 hours, 66 g efey{diluting
solvent) was added and the mixture was cooleddmremperature to obtain a copolymer solution Pliable 1
shows the non-volatile content, Mw, and viscosit{ .
[0054]
<Production Examples 12 to 40 (Production of copay solutions P2 to P30)>

The monomers, polymerization initiators, and sotseshown in Tables 1 and 2 were used and
polymerization reaction was performed under eaahtien temperature condition by processes simildhdse of
Example 1 to obtain copolymer solutions P2 to P3Dables 1 and 2 show the non-volatile content, dmad

viscosity of P2 to P30. The numerical value inttidge is mass%.
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[0055]

[Table 1]
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[0056]
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[0057]
<Comparative Production Example 1 (Production ohamoer (c-1))>

To 318 g (0.7 mol) of a THF solution of isopropggmesium chloride obtained by processes similar to
those of Production Example 1, 139 g (0.6 mol)iohldrodiphenylsilane was added dropwise over Itionder
nitrogen gas atmosphere. During the droppingtehmperature of the reaction mixture in the flask waintained
at 40 to 50°C. Then, the reaction mixture in thek was heated and stirred at 40 to 50°C for *.hotihen, 0.17
g (0.0013 mol) of copper (I) chloride was added] #re reaction mixture in the flask was heated stinced at 30
to 40°C for 5 hours. Then, 100 mL of water waseatidropwise to the obtained reaction solution ssalive the
magnesium salt. The organic layer separated fneradqueous layer was distilled under reduced presswbtain
101 g of diphenylisopropylsilyl chloride as a fiiaat having a boiling point of 166°C/20 to 30 mmHg.
[0058]

To a four-necked flask equipped with a thermometenoler, a stirrer, and a dropping funnel, 5.8
mol) of diphenylisopropylsilyl chloride obtained ake, 32 g (0.3 mol) of triethylamine, 0. 003 g of 4
methoxyphenol, 0.003 g of 2,6-di-tert-butyl-4-mdghenol, and 120 g of hexane were charged, and(@Bgnol)
of methacrylic acid was added dropwise over 2 houBuring the dropping, the temperature of thetieaenixture
in the flask was maintained at 40 to 50°C. Thkea,mixture was heated and stirred at 40 to 50°@ fowurs and
35 mL of water was added dropwise to the react@ation, and the organic layer was taken out. ®tganic
layer was distilled under reduced pressure to ol@@ig of diphenylisopropylsilyl methacrylate asaection having
a boiling point of 110°C/1 to 2 mmHg.
[0059]
<Comparative Production Example 2 (Production ohamoer (c-2))>

Acrylic acid was used instead of methacrylic aeid the reaction was performed by processes simila
to those of Comparative Production Example 1 taiokdiphenylisopropylsilyl acrylate.
[0060]
<Comparative Production Examples 3 to 6 (Produadforopolymer solutions T1 to T4)>

The monomers, polymerization initiators, and sotgeshown in Table 3 were used and polymerization
reaction was performed under each reaction temperabndition by processes similar to those of Eplam to
obtain copolymer solutions T1 to T4. Table 3 sholesheating residue, Mw, and viscosity of T1 to TZhe

numerical value in the table is mass%.
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[0061]

[Table 3]
Table 3 component Comparative Production Example
3 4 5 6
S'onl'\f:']t xylene 32 36 40 45
silyl c—1 50
monomer (c) c—2 o4
trisopropylsilyl
methacrylate 50 o4
methyl
methacrylate 6 6 38 38
other
monomer n—butyl acrylate 4 4 3 3
(b)
2—-methoxyethyl 6 6 5 5
acrylate
2—-methoxyethyl 34 34
methacrylate
polymerization initial addition 1.0 1.0 0.8 0.8
initiator post addition 3 times 0.1 0.1 0.1 0.1
:!}f;’:ﬁ xylene 68 64 60 55
reaction temperature [°C] (within =5°C) 85 85 90 90
non—volatile content [%] 50 50 50 50
physical ot
properties weight averags 49,100 | 60,000 | 49,000 | 50,500
of copolymer molecular weight [Mw]
solution viscosity [mPa-s] (25°C) 310 690 360 350
copolymer solution T1 T2 T3 T4

[0062]

<Production Example 41 (Production of rosin zint salution)>

To a flask equipped with a thermometer, a reflomdenser, and a stirrer, 240 g of Chinese gum eoxin
360 g of xylene were charged in the flask, and 20 zinc oxide was further added so that all g acids in
The mixture was peftlland dehydrated at 70 to 80°C for 3 hours uretduced

pressure, cooled and filtered to obtain a xyleretism of rosin zinc salt (dark brown liquid, solantent 50%).

the rosin formed zinc salts.

The non-volatile content of the obtained soluticasvs0.2%.

[0063]

<Production Example 42 (Production of hydrogenatsih zinc salt solution)>

To a flask equipped with a thermometer, a refloxndenser, and a stirrer, 240 g of HYPALE CH
(hydrogenated gum rosin) and 360 g of xylene whegged, and 120 g of zinc oxide was further addetthat all

14




the resin acids in the rosin form zinc salts. Tigture was refluxed and dehydrated at 70 to 8@fiC3fhours
under reduced pressure, then concentrated, cantedfiltered to obtain a xylene solution of hydrogted rosin
zinc salt (dark brown liquid, solid content 65%)lhe non-volatile content of the obtained soluticasv@5.1%.
[0064]
<Examples 1 to 30 and Comparative Examples 1 tBréduction of coating composition

The copolymer solutions P1 to P30 obtained in &ectidn Examples 11 to 40, the copolymer solutions
T1 to T4 obtained in Comparative Production Exam@é¢o 6 were used and antifouling coating comjmrsitof
Examples 1 to 30 and Comparative Examples 1 toré feemulated bythe content ratio shown in Tables 4 to 7.
The numerical value in the table is mass%.
[0065]

Details of the antifouling agents and other addgiin Tables 4 to 7 are as follows.

15



[0066]

[Table 4]
Table 4
component Example
1 2 3 4 5 6 7 8 9 10
P1 18
P2 18
P3 18
P4 18
copolymer P5 18
solution (P) P6 18
P7 18
P8 18
P9 18
P10 18
cuprous oxide 35 35 35 35 35 35 35 35 35 35
copper pyrithione 1.5 15 1.5 15 1.5 15 1.5 1.5 1.5 1.5
o copper (I) thiocyanate 1 1 1 1 1 1 1 1 1 1
a”Z';‘;:L'r‘g Zineb NN N
SeaNine 211 3 3 3 3 3 3 3 3 3 3
Econea 1 1 1 1 1 1 1 1 1 1
medetomidine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
chlorinated paraffin 1 1 1 1 1 1 1 1 1 1
tris (2—ethylhexyl)
trimellitic acid 1 1 1 1 1 1 1 1 1 1
rosin zinc salt solution 7 7 7 7 7 7 7 7 7 7
gum rosin solution 2 2 2 2 2 2 2 2 2 2
hydrogenated
rgsin iolution 2 2 2 2 2 2 2 2 2 2
other hydrogenated rosin
additives zinc salt solution 5 5 5 5 5 5 5 5 5 5
red oxide 3 3 3 3 3 3 3 3 3 3
talc 9 9 9 9 9 9 9 9 9 9
zinc oxide 5 5 5 5 5 5 5 5 5 5
titanium oxide 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Ethyl Silicate 28 1 1 1 1 1 1 1 1 1 1
anhydrous gypsum 1 1 1 1 1 1 1 1 1 1
Disparlon A603-20X 0.4 04 04 0.4 04 0.4 04 0.4 04 0.4
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
sum 100.0] 100.0{ 100.0 | 100.0] 100.0] 100.0 { 100.0 { 100.0] 100.0] 100.0
amount of | 3 months 12 17 19 15 21 19 1 44 20 14
coating film| 6 months 18 32 45 29 45 46 86 80 48 26
Test Example 1 dissolved |12 months| 37 63 96 58 98 107 | 176 11 112 47
(um) 24 months | 81 118 | 192 | 118 | 183 | 229 | 357 | 295 | 243 93
rotary test
evaluation of condition
of coating film AA AA AA AA AA AA AA AA AA AA
after 24 months
Test Example 2 12 months AA AA AA AA AA AA AA AA AA AA
antifouling test 24 months A A A A A A A A A AA
Test Example 3
Wet and dry 6 months (0] 0] (0] 0 0 0 (0] o (0] (0]
cycle test
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[0067]

[Table 5]
Table 5
component Example
11 12 13 14 15 16 17 18 19 20
P11 18
P12 18
P13 18
P14 18
copolymer P15 18
solution (P) P16 18
P17 18
P18 18
P19 18
P20 18
cuprous oxide 35 35 35 35 35 35 35 35 35 35
copper pyrithione 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
antifouling copper ([)-thiocyanate 1 1 1 1 1 1 1 1 1 1
agent Zineb 1 1 1 1 1 1 1 1 1 1
SeaNine 211 3 3 3 3 3 3 3 3 3 3
Econea 1 1 1 1 1 1 1 1 1 1
medetomidine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
chlorinated paraffin 1 1 1 1 1 1 1 1 1 1
tris (2—ethylhexyl)
trimellitic acid 1 1 ! 1 1 ! 1 1 1 1
rosin zinc salt solution 7 7 7 7 7 7 7 7 7 7
gum rosin solution 2 2 2 2 2 2 2 2 2 2
hydrogenated ol 2| 22|22 2|2]2]:2
rosin solution
other hydrogenated rosin
additives Zinc ialt solution 5 5 5 5 5 o o o 9 5
red oxide 3 3 3 3 3 3 3 3 3 3
talc 9 9 9 9 9 9 9 9 9 9
zinc oxide 5 5 5 5 5 5 5 5 5 5
titanium oxide 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Ethyl Silicate 28 1 1 1 1 1 1 1 1 1
anhydrous gypsum 1 1 1 1 1 1 1 1 1 1
Disparlon A603-20X 0.4 0.4 04 04 04 04 04 04 04 04
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
sum 100.0] 100.0 { 100.0] 100.0 | 100.0 | 100.0 ] 100.0 { 100.0 | 100.0 | 100.0
amount of | 3 months 18 18 56 36 19 7 12 9 9 8
coating film| 6 months | 32 45 111 82 47 15 22 19 18 20
dissolved |12 months| 58 105 | 193 [ 143 | 115 27 43 61 50 59
Test Example 11 (y/m)  [54 months | 124 | 233 | 336 | 304 | 245 | 55 | 87 | 148 | 112 | 141
rotary test - —
evaluation of condition
of coating film AA AA AA AA AA AA AA AA AA AA
after 24 months
Test Example 2 12 months AA AA AA AA AA AA AA AA AA AA
antifouling test 24 months AA AA A A A A A A A A
Test Example 3
Wet and dry 6 months (0] (¢] (0] (0] (0] 0 (0] (6] 0} 6]
cycle test
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[0068]

[Table 6]
Table 6
component Example
21 22 23 24 25 26 27 28 29 30
P21 18
P22 18
P23 18
P24 18
copolymer P25 18
solution (P) P26 18
P27 18
P28 18
P29 18
P30 18
cuprous oxide 35 35 35 35 35 35 35 35 35 35
copper pyrithione 1.5 1.5 15 15 15 15 15 15 15 1.5
antifouling copper (l)lthiocyanate 1 1 1 1 1 1 1 1 1 1
agent Zineb 1 1 1 1 1 1 1 1 1 1
SeaNine 211 3 3 3 3 3 3 3 3 3 3
Econea 1 1 1 1 1 1 1 1 1 1
medetomidine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
chlorinated paraffin 1 1 1 1 1 1 1 1 1 1
tris (2—ethylhexyl)
trimellitic acid 1 1 1 1 1 1 1 1 1 1
rosin zinc salt solution 7 7 7 7 7 7 7 7 7 7
gum rosin solution 2 2 2 2 2 2 2 2 2 2
hydrogenated o | 2| 2] 2] 2]2]2/|2]|2]:
rosin solution
other hydrogenated rosin
additives Zinc gsalt solution 5 S 5 5 5 5 o o o 9
red oxide 3 3 3 3 3 3 3 3 3 3
talc 9 9 9 9 9 9 9 9 9 9
zinc oxide 5 5 5 5 5 5 5 5 5 5
titanium oxide 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Ethyl Silicate 28 1 1 1 1 1 1 1 1 1 1
anhydrous gypsum 1 1 1 1 1 1 1 1 1 1
Disparlon A603-20X 0.4 04 04 04 04 04 04 04 04 04
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
sum 100.0) 100.0] 100.0 | 100.0 [ 100.0 [ 100.0] 100.0] 100.0 ] 100.0 | 100.0
amount of | 3 months 9 45 35 21 6 9 7 47 38 26
coating film| 6 months | 20 81 65 40 13 21 17 89 70 41
dissolved |12 months| 60 162 | 129 82 31 39 64 155 | 120 75
Test Example 1| () m) 94 months | 154 | 335 | 265 | 164 | 51 | 83 | 152 | 319 | 258 | 158
rotary test - —
evaluation of condition
of coating film AA AA AA AA AA AA AA AA AA AA
after 24 months
Test Example 2 12 months AA AA AA AA AA AA AA AA AA AA
antifouling test 24 months A A A A AA AA AA A A A
Test Example 3
Wet and dry 6 months (0] (0] (0] 0] 0] 0] o o (¢} ¢}
cycle test
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[0069]

[Table 7]
Table 7
component Comparative Example
1 2 3 4
T1 18
copolymer T2 18
solution (P) T3 18
T4 18
cuprous oxide 35 35 35 35
copper pyrithione 1.5 1.5 1.5 1.5
o copper (I) thiocyanate 1 1 1 1
antifouling Ziob 1 1 1 1
agent SeaNine 211 3 3 3 3
Econea 1 1 1 1
medetomidine 0.1 0.1 0.1 0.1
chlorinated paraffin 1 1 1 1
tris (2—ethylhexyl) ’ ’ ’ ’
trimellitic acid
rosin zinc salt solution 7 7 7 7
gum rosin solution 2 2 2 2
hydlrogenat.ed 9 9 9 9
rosin solution
other hydrogenated rosin 5 5 5 5
additives zinc salt solution
red oxide 3 3 3 3
talc 9 9 9 9
zinc oxide 5 5 5 5
titanium oxide 0.3 0.3 0.3 0.3
Ethyl Silicate 28 1 1 1 1
anhydrous gypsum 1 1 1 1
Disparlon A603-20X 0.4 04 04 04
Disparlon 4200-20 0.2 0.2 0.2 0.2
solvent xylene 1.5 1.5 1.5 1.5
sum 100.0 [ 100.0 | 100.0 | 100.0
amount of | 3 months 20 63 8 54
coating film| 6 months 44 119 21 95
dissolved | 12 months| 110 | 205 53 171
Test Example 1| () m)  [94 months | 230 | 314 | 142 | 289
rotary test : .
evaluation of condition
of coating film AA C AA C
after 24 months
Test Example 2 12 months AA AA AA AA
antifouling test 24 months A A A A
Test Example 3
Wet and dry 6 months X X X X
cycle test
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[0070]
<Antifouling agent>

cuprous oxide: product name “NC-301" (availablEnirNISSIN CHEMCO LTD.)

copper pyrithione: product name “copper Omadire/a{lable from Arch Chemical, Inc.)

copper thiocyanate (l): product name "Copper yaoate (1)" (available from by Wako Pure Chemical
Industries, Ltd.)

Zineb: product name “Zineb” (available from Sigimlrich, Inc.)

Sea Nine: product name “Sea Nine 211", 4,5-dichn-octyl-3-isothiazoline (30% solids xylene
solution, available from Rohm & Haas, Inc.)

Econia: product name “Econea 028" 2-(p-chloropi@ngyano-4-bromo-5-trifluoromethyl pyrrole,
(available from JANSSEN PMP)

medetomidine: product name “4-(1-(2,3-Dimethylpyigrethyl)-1H-imidazole” (available from Wako
Pure Chemical Industries, Ltd.)
[0071]
<Other additives>

chlorinated paraffin; product name “EMPARA A-40@&YVailable from Tosoh Corporation)

tris (2-ethylhexyl) trimellitic acid: product nam@ris (2-ethylhexyl) trimellitic acid" (availabléom
TOKYO CHEMICAL INDUSTRY CO., LTD.)

rosin zinc salt solution: The one produced in Bobidn Example 41 was used.

hydrogenated rosin zinc salt solution: The onelpced in Production Example 42 was used.

gum rosin solution: xylene solution (50% solidsChinese gum rosin (WW)

hydrogenated gum rosin solutid% solids xylene solution of product name “HYPACH" (available
from ARAKAWA CHEMICAL INDUSTRIES, LTD.)

red oxide: product name “Bengarakingyoku” (avdédibom Morishitabengara Corporation)

talc: product name “CROWN TALC 3S” (available framatsumura sangyo Co., Ltd.)

zinc oxide: product name “zinc oxide II” (availadfom Seido Chemical Industry Co., Ltd.)

titanium oxide: product name “FR-41" (availablerfr FURUKAWA CO., LTD.)

Ethyl Silicate 28: tetraethoxysilane: product ndathyl Silicate 28” (available from COLCOAT CO.,
LTD.)

anhydrous gypsum: product name “D-1" (NORITAKE COMITED)

Disparlon A603-20X: amide thixotropic agent: prodmame “Disparlon A603-20X" (available from
Kusumoto Chemicals, Ltd.)

Disparlon 4200-20: polyethylene oxide thixotrop@ent: product name “Disparlon 4200-20" (available
from Kusumoto Chemicals, Ltd.)
[0072]
<Test Example 1(Dissolution test of coating filratéry test))>

A rotating drum with a diameter of 515 mm and @heof 440 mm was attached to the center of the
water tank so that it could be rotated by a motdéiurther, a cooling device for keeping the tempeeadf seawater

constant and a pH automatic controller for keepiregpH of seawater constant were attached.
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[0073]

A test plate was prepared according to the folhgwhnethod.

First, a rust preventive coating (epoxy vinyl AMZas applied on a titanium plate (71x100x0.5 mna) an
dried so that the thickness of the film after dgyis about 10Qum. Then, each of the coating compositions
obtained in Examples 1 to 30 was applied on thepreventive coating film so that the thicknesegiafirying was
about 40Qum. Test plates were prepared by drying at 40°Q fdays.

The prepared test plates were fixed to the ratauyn of the rotary device of the above device sbttey
came into contact with seawater, and the rotaryndras rotated at a speed of 20 knots. Duringdteding, the
temperature of seawater was kept at 25°C, the geafater was kept at 8.0 to 8.2, and the seawatereplaced
every two weeks.

The initial film thickness and the remaining fithickness after 3, 6, 12, and 24 months of eadiptate
were measured with a shape measurement laser pop®¥K-X100 manufactured by Keyence Corporatiomw, a
from the difference of the film thicknesses, thiekhess of the coating film dissolved was calculdteobtain the
amount of coating film dissolved. Further, aftee rotary test (after 24 months), the test platesewdried, and
the surface of each coating film was observed thighnaked eye or with a microscope to evaluatedieition of

the coating film. The results are shown in Tallés 7.

[0074]

AA: No defects were observed.

A: Hairline cracks wereobserved on part of the coating film.

B: Hairline cracks were observed on the entiréaserof the coating film.

C.: Defects such as cracks, blisters, or peelireyg wbserved on the coating film.
[0075]

<Test Example 2 (antifouling test)>

Each of the antifouling coating compositions aftai in Examples 1 to 30 was applied on both sifles o
a hard vinyl chloride board (100x200x2 mm) so thatthickness of the coating film after drying vedmut 200
um, and dried at room temperature for 3 days toiolatdest plate. This test plate was immerseddm2below
sea level in Owase City, Mie Prefecture, and faulim the test plate caused by adhesion was obsefierdl 2
months and 24 months.

The evaluation was determined by visually obserttmegcondition of the coating film surface accogdin
to the following criteria. The results are showrTables 4 to 7.
[0076]

AA: Fouling organisms such as shellfish and ald@a&ot adhere, and no slime adheres.

A: Level where fouling organisms such as shellfisld algae do not adhere, slime which can be rednove
with a brush adheres.

B: Level where fouling organisms such as shellfisd algae do not adhere, but slime which cannot be
removed even by wiping strongly with a brush adbere

C: Level where fouling organisms such as shellfist algae adhere.
[0077]
<Test Example 3 (Wet and dry cycle test of theioggt
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Each of the antifouling coating composition wasl&gponto a glass plate by using a 400 applicator
to obtain a test plate. The test plate was sudgjeitt the test in which immersion in fresh wated@tC for 12
hours and exposure in air for 12 hours were regédates months, and then the physical propertigh®fest plate
were visually evaluated. Those without peelingenmarked with O, and those with peeling were mavkigal X.
The results are shown in Tables 4 to 7.
[0078]
<Test results>

From Test Examples 1 to 3, it was found that th#aning coating films formed by using the antifing
coating compositions of the Examples of the presesmntion can maintain the dissolution of the awafilm for
a long period of time, exhibit good antifouling flemance and realize good antifouling performananen the

draft sectionwhere adhesion of aquatic fouling organisms is ¢a®¢cur.
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We claim that:
1. A copolymer for an antifouling coating compasitiobtained by copolymerizing a monomer (a) and an
ethylenically unsaturated monomer (b) other thantlonomer (a), wherein:
the monomer (a) is represented by general fornidja (
[Chem. 1]

R R?

H,C=C—C—0—Si—R’® (1)

o) R4

in the general formula (1),'Represents a hydrogen or a methyl grotiai®l R represent an isopropyl
group, and Rrepresents an alkenyl group, an aryl group, atarbaryl group.
2. The copolymer for the antifouling coating conmifios of Claim 1, wherein Rin the general formula (1)
is an alkenyl group.
3. The copolymer for the antifouling coating comifios of Claim 1, wherein Rin the general formula (1)
is an aryl group.
4, The copolymer for the antifouling coating comifios of Claim 1, wherein Rin the general formula (1)
is a heteroaryl group.
5. An antifouling coating composition, comprising

the copolymer for the antifouling coating compiasitof any one of Claims 1 to 4 and

an antifouling agent.
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