SF-2337 DESCRIPTION ANTIFOULING COATING COMPOSITION AND USES OF THE SAME
TECHNIGAL FIELD [00011 The present invention relates to an antifouling coat composition which
comprises a hydrolyzable copolymer and an antifolling agent and is employable for prevent ing
aquatic animals from fouling a substrate. The present invention also relates to 10 uses of the
antifouling coating composition. BACKGROUND ART [0002] A material to coat a bottom of a ship
that is now widely employed is an antifoulingﬁggﬁg?gﬂ%ggrial containing a component such as a
(meth) acrylic acid metal salt copolymer and a'silyl ester copolymer, and various antifouling agents, for

its ability to ex%%&%%%%i%”@#ﬂ%%%@%ﬂé i gg&gﬂ@&\ya%qguI{E%%roggrtﬁlélog%%r, less often

ship-operating, ‘or under cer conditions, animals, e.g., barnacles, and slimes
(microorganism coating), e.g., diatoms, adhere onto the substrate of the ship, often causing a problem.
[0003] In view of the above, conventional antifouling coating ST-2337 2 compositin contained a
copper compound, e.g., cuprous oxide, aimed at preventing the adhering of the barnacles and the like,
or an orggﬁ%{ﬁﬁﬁ&}lin t intended as an anti-slime agent, e.g., N,N-
methyl-N'-phenyl-(N-fluorodichloromethylth )sulfamide, 2,4,6-trichlorophenylmaleimide, and

2,3, ,6-te& Wo]ro-4-(methylsuIfonyl)py d 1 [0004] These conventional antifouling coating
compositions, 10 however, need to contain an antifouling agent in a large amount in order to
sufficiently exhibit 3R anlifoiifing effete EndthisTtds &t adverseleffett on ToatiRg fifii propetty. [0005]
For this reason, there has been a demand for an antifouling coating composition excellent in coating
film prop&fyRPich-had stabliecCoatRBfmSEohstmptidhcdeited of sk tfdeRvaed sittictures and

the like and which exhibits excellent antifouling oroperty over a long term.
antifouling agent and is employable forpreventing aquaticanimals

from fouling a substrate. The present invention also relates to

10 uses of the antifouling coating composition.

RACKGROUND ART
[0002]
A material to coat a bottom of a ship that is now widely

15 employedisanantifoulingcoatingmaterial containinga component

such as a (meth)acrylic acidmetal salt copolymer anda silyl ester

copolymer, and various antifouling agents, for its ability to

exhibit good consumption property and good antifouling property.

However, 1in less often ship-operating, or under certain sea
20 conditicns, animals, e.g., barnacles, and slimes (microorganism

coating), e.g., diatoms, adhere onto the substrate of the ship,

often causing a problem.

[0003]

In view of the above, conventional antifouling coating



[0006] 20Patent document | describes the use as an antifouling component of medetomidine bonded
to metal rignopadticles. Patent document 2 descrThes the use as an antifouling component of
medetomidine bonded to a skeleton of a polymer stich as polystyrene and an acrylate polymer. Patent
documen 3 describes a protective 2337 coating contain. ngmedeto dine and an organic antifouling
agent such as 3-(3,4-dichloropnehy1)-1, dimethyl urea serving as an algal inhibitory substance.
Patent document 4. aescrices ttge useé:)f medetomidine as a c%emical to inhibit marine bio%ouling, and
further describes the 6|Derﬁd?nognofa medetomidine into 5%%%%8 rﬁat%figl'don(igﬁlrn%ugn %férjy ic polymer.
[0007] Still, it is difficult for these conventional antifouling coating compositions to_form an
antifouling soATAg TFWRIER 10.RAs SI4bIE CORHAG FIF carkCrRREGH HLgTod B SHiss, undetwater
structures and the like and ich e ibjts excellent antifouling property over a long te CITATION LIST
PATENT SOCUMENT [000T AT ORITEHT 1- JP 2606 833737 A Patent Hoclmeri 2 3p
2008-535943 A Patent document 3: JP 2009-503229 A 20Patent document 4: JP 2002-535255 A
SUMARRY GF THE INVENTION PROBLEM TO BE SOLVED BY THE INVENTION 0009] SF-233V It
is an object of the present invenLion to provide an ifoul g coating composition capable of forming an
antiSuling boXTAG Tt WHE hES SRIBIE Sy AT ECSUrOISTTESHEG Oh-SHiBS. Litehigter
structures and the like and which exhibits 5 excel lent antifouling property over a long term. it is
another object of The prEsERE RIVRATIOH 5 provitlélGse$8Fthe antifouling coating composition. MEANS

FOR SOLVING THE PROBLEM 10{0101
2,3,5,6-tetrachloro-4- (methylsulfonyl)pyridine.

[0004]
These conventional antifouling coating compositions,

10 however, need tc contain an antifouling agent in a large amount
in order to sufficiently exhibit an antifouling effect, and this
has an adverse effect on coating film property.

[0005]
For this reason, there has been a demand for an antifouling

15 coating composition excellent in coating film property which has
stable coating film consumption degree on ships, underwater
structures and the like and which exhibits excellent antifouling
property over a long term.

[0006]

20 Patent document 1 describes the use as an antifouling
component of medetomidine bonded to metal nancparticles. Patent
document 2 describes the use as an antifouling component of
medetomidine bonded to a skeleton of a polymer such as polystyrene

and an acrylate polymer. Patent document 3 describes a protective



As a result of repeated studies, the present inventors have found that the use of an antifouling coating
compositidR-cohyprising a specific hydrolyzable copolymer, and medetomidine as an antifouling agent,
can form an antifouling coating film that solves 15 the aforesaid problem. The present invention has
been accomplished nased on this finding. [0011] That is, the antifouling coating composition of e
present invention is an antifouling coating composition comprising at least 20 one hydrolyzable
copolymer (A) selected from the grou consis&inrg of th% followingto, aSﬁ) , anﬁd arlantifoulinggggent B)
comprisin%ogt 84§ rddetortidi e et(gfy:é rhetal™Salt Bond-containi ng 6 &?mlerrl%vﬁigﬁ‘i an acrylic
resin or a polyester resin and has a side-chain en represented by the general formula (1) :
-COO-M-BEEDRE(IYthe tofmdm(l) 2B edpper, and RiEAH Srganicgrol: 827 atefdl salt
bond-containing copolymer havin a component unit derived from a monomer (a21)
represenl%ﬁ%ﬂﬁé*&é%érﬁ?ﬁnﬁﬁgﬁﬁ@—T’ZEC (RN COCREETEB 0 IR ZGHAAT TS USFin the
formula (I) , M is zinc or copper, and R' is a hydrogen 10 atom or a methyl groupi, and a component
unit derived fR5A BB (hsaturated MOFOMEF (a22) copdiymér Zadie Wit trietmbhonter (820 ; and
(a3) a silyl ester copolymer having ~acomponent unit derived from a monomer (a31)
15represéitedbythe GereraTsrmig (RHeREHRE RB) TRRSIRARGRS [t fife forrrufa-(mds a

hydrogen atom or a methyl group, and R6 are each independently d hydrocarbon group, 20 and
material containing an acrylic polymer.

[0007]
Still, it is difficult for these conventional antifouling
coating compositions to form an antifouling coating film which
10 has stable ceoating film consumption degree on ships, underwater
structures and the like and which exhibits excellent antifouling

property over a long term.

CITATION LIST

15 PATENT DOCUMENT

[0008]
Patent document 1: JP 2008-533237 A
Patent document 2: JP 2008-535943 A
Patent document 3: JP 2008-503229 A
20 Patent document 4: JpP 2002-535255 A

SUMARRY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0009]



hydrogen atom or R8-0-CO- (wherein Rs is an organic group or a silyl group represented by c ',therein
R9, RL9 arit-R13are each independently a hydrocarbon group) j, and optionally component unit
derived from other unsaturated SF-2337 monomet(a32) copolymerizable with the monomer (a31).
[00121 Preferably, an organic group R In the metal salt d-containing copolymer (al) is an ordanic
acid residue formed fromamonobasic acid, and is a saturated orunsaturated aliphatic hydrocarbon
group having 2 tol%o carbon atoms, %sa}:urgked or unsat%rated alic%/clic hﬁslrocarbo,n up having 3 to 20
carbon atoms, an aromafic h)? rocarbon grouﬁ F%Wnsge o 18 tarbon ato Os,%?%vslu%%titﬁ?ed roup
thereof. More specific examples of the organic 10 group P.1 include an organic acid_residue formed
from at Ie8RE G ot EBASIE Ruis SIEEREE o Re GRTID SORGIStAG b VErRAtE Heid, Pairhite acid,
stearic acid, oleic acid, linoleic acid linclenc acid, abiet acid, neoabiet ¢ acid, pimaric acid, dehydroabie
ic acid, 12ydrdxysteafll atid SRd HEprthémc &8 AWithfegard 150 HERetal sk BHRE-¢Ihtaining
copolymers (al) and (a2) and the silyl ester copolymer (a3), detailed embodiments n other respects are
describedfatérs [Oﬂ%ﬁeﬁﬁ?ﬁﬁﬁeﬁgﬁﬂﬁﬁ%%nﬁﬁe&ﬁ%féﬁdﬁy f4h Ymitit 85269 015to 200 parts
by weight based on 100 parts by weight of the hydrolyzable copolymer (A). The antifouling coating
compositfoh Gt thE presehit ihrentioh maY faeHernt SR isdanaitfotfigiagentotherthat her
medetomidine such as cuprous oxide, copper pyrithione and zinc pyrithione. SF-2337 [0014] An
ant foul irdPe&ating fi I ®ftRE presentinveitcis formed idmm e arttifotlifgrcoating tbiipbdsition.
Ina substrate with a coating film of the present invention, 5 a surface of the substrate is coated with a
coating fifr® ®btditeByRAAAG e antifouling coating composition. A method for mroduoing a
substrate with a coating film of the present invention comorises a step or applying or impregnating the
antifouling coating composition to a surface of a substrate, 10 and a step of curing the composition to
form a coating film_ EFFECT OF THE INVENTION 1_0(315] The use of the antifouling coating
compositiorrdtihé present YIiNtertion daPdman antifouling coating film which has stable coating
film consumption degree on ships, underwater structures and the like and which exhibits excellent
antiféuling pPaperty over a long term. Furthermore, in the present invention, the composition does not
need to contain a large amount of an antifouling 20 agent to exhibit excellent antifouling property, and
thus this does nokhaveram adverse effeectar doating fidm propertyresent inventors have

found that theuseof anantifoulingcoating composition comprising
a specific hydrolyzable copolymer, and medetomidine as an
antifoulingagent, can formanantifoulingcoating filmthat solves
15 the aforesaid problem. The present invention has been
accomplished based on this finding.
[0011]
That is, the antifouling coating composition of the present
inventionisanantifoulingcoatingcompositioncomprisingat least
20 one hydrolyzable copolymer (A) selected from the group consisting
of the following (al) to (a3), and an antifouling agent (B)
comprising at least medetomidine,
fal) a metal salt bond-containing copolymer which is an

acrylic resin or a polyester resin and has a side-chain end group



EMBODIMENTS FOR CARRYING OUT THE INVENTION [0016] SF-2337 In the present
invention Sthedueight of a substance serving as a standard to define a content of a component, is a
weighL of a component capable of forming a dried Toating film which excludes a volatile component,
e.g., a resin polymerization solvent and a coating material dilution solvent: in other words, a weight of
a "solid component”. The terms "(meth) acrylic acid” and "(meth)acrylate" collectively refer to an acrylic
acid and %em%tgagggc gcgi, angeac%gl%tera d g]oeti;n%cglatez r(_a_spectively. Inthep_resent specification_,
each compo‘%en? may be tded ina mgle 10 kindorincom n‘?atlonoftwcormore kinds, unless otherwise
noted. [0017] Mngf&%ﬂ% _Coo_géigglCompos tionj The antifouling coating composition acc ding to
the present invention comp’ses a ydrolyzable copﬁ;}mer (A) and -an anti fouling 15agent (B). [00181
<Hydrolyzable cogoa/mer (A§> The antifouling coating composition of the present invention comprises,
as a resin compohéht, & *hydrdiyzablé copolyhier Which 2095 R§ droR 2abfe ih%an ARAR &fdsphere
such as in seawater (also referred to as a "hydrolyzable copolymer (A)", hereinafter) . The use of the
hydrolyza%lféjﬁ%dlymer (A) as a resin component can form an antifouling coating film which has stable
coating film consumption degree on ships, underwater structures and like and SF-2337 which exhibits
exceflent antifouliﬁ@%roﬁef?ﬁtéé., TRdck resistance did BdREsiGR ARthya edh<trafd Pénd excellent
surface smoothness. [0019] The hydrolyzable copolymer (A) is at least one hydrolyzable
copolymer selected from thé §FEUp EdHsisting fof 1€ T 1 e metal Ealtdb RS Ainirty copolymer (al) (
also referred to as a "copolymer (al)" hereinafter) , a metal salt bond-containcopolymer (a2) ( also

referred OB B33 Copolypier @) Irsteimatteo@nela (I1):
CH,=C (R*) ~COO-M-0-CO-C (R?) =CH; (IT)
[Intheformula(II),D&iszincorcmpper,andR?isaahydrogen
10 atom or a methyl group], and
a component unit derived from other unsaturated
monomer (a22) copolymerizable with the monomer (a2l); and
(a3) a silyl ester copolymer having
a component unit derived from a monomer (a31l)
15 represented by the general formula (III):
R’-CH=C (R*) -COO-SiR*R°R® (IT1)
[In the formula (III), R’ is a hydrogen atom or a methyl
group,
R*, R’ and R® are each independently a hydrocarbon group,
20 and

R’ is a hydrogen atom or R®-0-CO- (wherein R® is an organic

1
lDRll 10

group or a silyl group represented by -SiR°R , wherein R%, R
andR?lareeachindependentlyahydrocarbongroup)},andoptionally

a component unit derived from other unsaturated



a s lyl ester copolymer (a3) (also referred to as a "copolymer (a3)" hereinafter) [0020] The
hydrolyzdble é6galymer (A) may be a conolymer satisfying 15 requirements of both the copolymer (al)
and the copolymer (a2) , i.e., a copolymer containifg a structure of a side-chain end metal salt bond as
seen in the copolymer (al) and a structure of a crossl nked metal salt bond as seen in the copolymer
(a2) . The hydrolyzable copolymer (A) may be used in a single kind 20 or in combination of two or
more kinds, [0021 ] Metal salt bond-containing copolymer (al) The metal salt bond-containing
copolymer?QélL is'&n a r%/%%])sﬁ% yc%ep%}yzrﬁ%%lﬁa\ﬁﬁlgg s%éjg?cﬁgirﬁoénn%rgr?)%f)ggpresented by the
genera.] fféwr%i;(l) . In the present invention, the above structure is also referred to as a "side-chain
end metal salt bond". [0022] -000-M-O-COR1(l) In the formula (1), M is zinc or copper, and Rl is
an organic group._In the copolymer (al..), Usually, plural side-chain end groups each represented by
the formula (1) aré presert. and e4ch 8F Riay bathERame 48 or dfdtentHrorfine another, and each
10 of N may be the same as or different from one another. [0023] Preferably, the organic group
R1 in the EYPONRTEr (AN TR BrgaRR 'GP Raih theSrétm@adi desérib d Rfery ieah df§itic acid
residue formed from a monobasic acid, and is a saturated or 15 unsaturated aliphatic hydrocarbon
group havihg™ 305 eabon atbms! a $aflirated BF bHsathFdedraitydit Hyarsabbhft6lp Raving 3 to
20 carbon atoms, an aromatic hydrocarbon group having 6 to 18 carbon atoms, or substituted groups
thereof; Mrepreferably & &idPated of tmsaturated hliphafe hydroeafborfgrdtip HavirR 200 20
carbon atoms, a saturated or unsaturated alicyclic hydrocarbongrouphaving3tc2ocarbonatoms, o
substitutéttFeiys thetdot /AR BRArmpieYsTIRE 3tBSHuEE Group'is 2hy drdxid §rotipsubstitiited group.
Of these, particulariypreferable are organic acid residues formed from at least one monobas o acid
selected 3SF 23837211 §rohy heg FFUpeonsiBliAg bf versatie dcit Opaltitie Beiel stéariesacid,oleic acid,

linoleic acid, linolenic acid, structural isomers of these unsaturated aliohatic acids, e.g.,
substituted group thereof. More specific examples of the organic

10 group R include an organic acid residue formed from at least one
monobasic acidselected fromthe group consistingof versaticacid,
palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic
acld, abietic acid, necabietic acid, pimaric acid, dehydroabietic
acid, 1l2-hydroxystearic acid and naphthenic acid. With regard

15 to the metal salt bond-containing copolymers (al) and (aZ2) and
the silyl ester copolymer (a3), detailed embodiments in other
respects are described later.

[0013]
The medetomidine is contained preferably in an amount of

20 0.01 to 200 parts by weight based on 100 parts by weight of the
hydrolyzable copolymer (A). The antifouling coating composition
of the present inventionmay further comprise an antifouling agent
other than medetomidine such as cuprous oxide, copper pyrithione

and zinc pyrithione.



isostea c acid; the same applies hereinafter.), abietic acid, 5 hecabietic acid, cimaric acid,
dehydroableti¢atid, 12-hydroxystearic acid and naphthenic acid. The copolymer (al) having such Rl is
easy to prepare, and the use of the copolymer (al) having such R can provide an antifouling coating
film with much superior hydrclysis property and recoatabilicy. 10[0024] <Acrylic resin type>

Among the copolymer (al), an acrylic resin type polymer is preferable. In the copolymer (al), the acrylic
resin type 88I¥21Jer can be prepared, for example, throughpolymerizationreac on using 15 a metal salt
bond-con{ainlng monomer represented by the general formula (1V), i.e., a monobasic acid metal
(meth)acrylate (also referred to as a "monomer (all)" hereinafter). [0025] CH2- .

A2 00010 ) SO0t AT B (R TS S GO R W BR SN 33 Sha R2 is
hydrogen_atom or a methyl group (the same definitions as in the formulae) and (II) . The definition and
preferred 1585 6f' R iff H ffg%h A VY Bre tH9s 4B A% Thos€ described with regard to the organic
group RI in the formula (1), R7-2237 12 with the proviso that Ri in the formula (IV) is not a vinyl group
[-CH-CH21 and aH iSopropehyfgfotip FCEA3) H2T 9 ortérto beé Aishiifidhed frofms mdhomer (a21)
representedby the formula (II) capable of forming a crossl inked metal salt bond, which is described
later?[0026F U L4H8 Edpblymertah mhay Be'd polrherobidifed thréugh Copoly e 2 atfor fection
between two or more kinds of monomers (all), or may be a polymer obtained through copolymerization
10 reacti6tY betiveetforié Rind bF o b Rfbré Ritds o meRBIRErS (M) and one kind, or two or more
kinds of "other unsaturated monomers" copolymerLzal-le with the monomer (all) (also referred to as a
"monomer (al2)"2héfeif&fter) Oife P AXOpBRTe FcHaMING & Tompohentaftdervedifid e
monomer (all) and a component unit 15 derived from the mono= (al12). [0027] The monomer (al2)
is arbitraril SElEE@BIEfronT YA COPAPOURIS USed el poly ATanizable s athirated hecnonters for
acrylic resins, and preferred examples thereof include a monomer not 20containing a metal salt bond,
e.g., alkyFtmeth)aérybatesn glkoxyalkyb(rmeracylatés and hydroxyalids (Aferh)asBAdtes. [Gf these,
particularly preferred are methyl (meth)acrylate, ethyl (met'-)acrylate, butyl (me )ocrylate,
2-méthoxgethy: SEE@RB57f curing the composition to form a coating film.

EFFECT OF THE INVENTION
[0015]
The use of the antifouling coating ceompositioncof the present
15 invention can form an antifouling coating film which has stable
coating film consumption degree on ships, underwater structures
and the like and which exhibits excellent antifouling property
over a long term. Furthermore, in the present invention, the
compositiondoesnotneedtocontaina largeamount of anantifouling
20 agent to exhibit excellent antifouling property, and thus this

does not have an adverse effect on coating film property.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0016]



13 (meth)acrylate, and so on. [0028] The acrylic resin type copolymer (al) can he also prepared,
for example-aysa’'method comprising preparing an acrylic resin by using a (meth)acrylic acid, an alkyl
(meth)acrylate, an alkoxyalkyl (meth)acrylate, a hy@roxyalkyl (mej)acryialLe, etc., and then performing
a reaction which introduces a structure having an organic group (R-) bonded to a carboxyl group
through zinc or copper (M), wherein the carboxyl group is present at a side chain 10 of the acrylic resin
where a metal salt bond has not yet been formed, thereby forming a side-chain end group represented
by the formula (1)L F0B281°ES 515t TEER Ty pE> 15KMERGIRE CpblyPHErBARE DSisester Rsin type
polymer is a polyester resin which is synthesized from a polybasic acid and a polyhydric alcohol as a
main rawRateriat ZaNEREs an §6d vafue of 3T 5200 mGKEMIG Opretérabhy? 8d tHet7 @ thgRBH/g, and
which has, at its end, a side-chain end group represented by the formula 20(l). [0030 Examples of
the acid COMPBRERED (geRerate the pdlyéster fesi ncRitE Aiondearboxylit acis stch-as'Bénzoic acid
and p-t-buhylbenzoicacid;dicarboxylicacids andanhydridesthereof SF-2337 14 such as terephthalic
acid, isophtialicdcid, pItRRRCa/Rydride; 4;4 napkthidl Acild dipfhicaidl 44 Sexytsshzofs  Acid, 2,
5-naphthaienedicarboxylic acid, tetrahydrophthalic acid, tetrahydrophthalic anhydride, no
bornenedicabdkylitatidlt exaliclacit; raloicseld, irhethyintdldsic acsid Ssuccinitsacid) tylataricacid,
adipic acid, azelaic acid, sebacic acid, 1, - yclohexyldicarboxylic acid; and alkyl esters having about 1
to 4carbonatoms bfthesedbcarboxylic atids. Thess mayise bsedtinya singiekind crrint combination of
10 ti,;0, or more kinds. Along with these examples, trifunctional or more carboxylic acids such as
trimellitic acide trimeli iy anhydride; pyearhelitc acidedrd pyronellitecanhydridecidydrecused, and a
slight amount of unsaturated dicarboxylic acids and esters thereof such as maleic anhydride, maleic
acid, itacomit scanhydodes itacoric dcidcand furmardc aciteimay beydsectein combination.40031]
Examples of the polyhydric alcohol component to generate the polyester resin include ethylene glycol,
diethylene glycel 2@ triethyterec-dlycalz pakyethyglene glyeob d2rpropylere glycol, rilBprapylene glycol,
dipropylene glycol, polypropylene glycol, neopentyl glycol, 1,5-pentane diol, 1,6-hexane diol, 3-methyl i
-pentane kdiol dZ=methylel8<ptapans diol £ 2,2 -diettytd B:mrapanediels 2 utyh2:ethy k- h3+prapane diol,
SF-2337

[0017]

[Antifouling Coating Composition]
The antifoulingcoatingcompositionaccording to the present
inventioncomprisesahydrolyzable copolymer (A) andanantifouling
15 agent (B).
[0018]
<Hydreclyzable copolymer (A)>
The antifoulingcoating compositionof the present invention
comprises, as a resin component, a “hydrolyzable copolymer” which
20 is hydrolyzable in an alkali atmosphere such as in sea water (also
referred to as a “hydrolyzable copolymer (A}”, hereinafter). The
use of the hydrolyzable copolymer (A) as a resin component can
form an antifouling coating film which has stable coating film

consumption degree on ships, underwater structures and like and



bisphenoT A, and a hydrogenated bisphenol A. These may be used a single kind or in combination
of two or fore kihds. Along with these, trifunctionai or more alcohols such as trimethylolethane,
glycerin and pentaerythritol may be used in combir¥ation. [0032] The polyester resin type
copolymer (al) can be prepared, for example, by a method comprising carrying out esterification
reaction or ester exchange reaction by a known process such as 10 a dissolution process using these
various acid components and alcohol components therehy preparing a polyester resin, and then
performin‘(ﬁfjhalFekact%ﬁ\iv%ilcmntt%ﬁﬁ%é Struétlire hAVinG Ak ofJaii€ § (bofided to 5 & boxy!
group through zinc or copper (M), wherein the carboxyl group is present at the end where a metal 15
salt bond Has vt %?Beﬁﬁ%ﬁﬂgﬁ,sthgfbﬁﬁﬁc}?nﬁna%Pﬁgé-%h%'m 2hd §r86p tefresentedti the formula
(1. [0033] In the case of introducing the prescrhed side-chain end group into the acrylic resin or the
polyester TBSIA 13 thE 20 preparation method as described above, too, preferable types of RI in the
formula (I) are the same as those previously described. tn the preparation method as describe above,
the monob48ié Acids as described above can be used for a reaction to introduce the organic group
ST-2337 16 [0034] In the copolymer, zinc and/or copper attributed to the structure of the formula I is
contanad preferaBiySn ait ambrR ST (B5eZ0vs By welght: tndfe prefefabiraltg A9% by welght of the
copolymer. The use of the copolymer (al) fulfilling such requirements can form an antifouling coating
film muchCsuserich Dbt Ml anifeding propeny ahddnRoASHMmpica proserty. The "amount of zinc
and/or copper" as used herein refers to a total amount of zinc and copper if both zinc and copper are
contained. [003'ca me tFhe addduhoidziceand/on copperrean eewithin the above rniger for@xample,
by controlling the blending ratio between the monomer (all) containing these metals and the monomer
(a12) whick are used forthe preparation of tereopalyrper {al), or the addition 15 amount of the
compound (e.g., the monobasic acid as de cribed above ) containing zinc and/or copper to be reacted
with the acrylic resinet e polyesten cesin previously preparedn§0036PMetat alt bentecorgaining
copolymer (a2) 20The metal salt bond-containing copolymer (a2) is a copolymer ing a component
unit.derived from a Mongérfa2l) representeddiynthergenerakfodmula (1) and a component unit
derived from "other unsaturated monomer (a22)"copolyme z lewithtilemonomer (a2 1) . [0037]

SF-2337 17 asilylestercopolymer (a3) (alsoreferredtoasa “copolymer
(a3)” hereinafter).
[0020]

The hydrolyzable copolymer (A) may be a copolymer satisfying
15 requirements of both the copolymer (al) and the copolymer (a2j,
i.e., a copolymer containing a structure of a side~-chain end metal
salt bond as seen in the copolymer (al) and a structure of a
crosslinked metal salt bond as seen in the copolymer (a2).
The hydrolyzable copolymer (A) may be used in a single kind
20 or in combination of two or more kinds.
[0021]

Metal salt bond-containing copolymer (al)

The metal salt bond-containing copolymer (al) is an acrylic

resin or a polyester resin, and is a metal salt bond-containing



CH2=C(R2)-000-M-0-CO-C(R2)=CH2(II) In the formula (1), M is zinc or copper, and 34 is a
hydrogensatea3aria methyl group. In the copolymer (a2), usually, plural component units each derived
from the monomer (a21) represented 5 by the formala (Il) are present, and each of R' may be the
same as or different from one another, and each of may be the same as or different from one another.
[0038) Examples of the monomer (a21) include zinc diacrylate, zinc 10 dimethacrylare, copper
diacrylate, and copper dimethacrylate. The monomer (a21) may be used in a single kind or in

combinatiorFeT W oT fribfe Kihds: fE636T 2 L MTHE g Bthet (82 DG 6 prépare Py & kiown
method, such as a method in which an inorganic metal compound (e.%, an oxide, a hydroxide , a
chloride, &fcFBF zic o coppe”, dftFalrfetfacryticvention, the above structure igacpylic
acid or its ester compound are heated and stirred, at not higher thanatemperatureatwhicham al sat is
decompo3ed Finlthé présencedfan dcoliol Baset drgartic Solveht and Water? 20f0040] The component
unit derived from the monomer (ail) has a structure represented by the general formula (V), and this
structure {8186 referred to as a crosslinked metal salt bond" in the present invention. SF-2 337 18
[00411 10 0 R-C-C--O-8- c-R2 9H12CH2 (V) 00421 The "other unsaturated monomer (a22)"
copolymerizable witR @& nsorigvier (a2 1) is arbitfarily selectable from various compounds employed
as bolymerizable unsaturated monomers for acrylic resins, as is t he case with the monomer (a 12)
inconnectionwiththecopelyinen(alp. Preferfed examplesrof tevansatratét menomer @22) include
alkyl (meth)acrylates, aikoxyalkyl (meth)acrylates, and 10 hydroxyalkyl (meth)acrylates. Of these, part
icularly prefersed aré iméthyl (pegth)acr@ate( @iyl (metdadylate lbutyll(nsethyac: lykate, Zmethoxyethyl
(meth)acrylate, 3-methoxybutyl (meth)acrylate and 2-hydroxyethyl (Teth)acrylate. [00431
groups each represented by the formula (I) are present, and each
of R' may be the same as or different from one another, and each
10 of M may be the same as or different from one another.
[0023]
Preferably, the organic group R' in the copolymer (al) (an
organic group R in the formula (IV) described later) is an organic
acid residue formed from a monobasic acid, and is a saturated or
15 unsaturatedaliphatichydrocarbon grouphaving 2 to 30 carbon atoms,
a saturated or unsaturated alicyclic hydrocarbon group having 3
to 20 carbon atoms, an aromatic hydrocarbon group having 6 to 18
carbon atoms, or substituted groups thereof; more preferably a
saturated or unsaturated aliphatic hydrocarbon group having 10
20  to 20 carbon atoms, a saturated or unsaturated alicyclic
hydrocarbongrouphaving 3toZ20 carbonatoms, cr substitutedgroups
thereof. An example of the substituted group is a hydroxyl group

substituted group. Of these, particularlypreferable are organic

acld residues formed from at least one monobasic acid selected



15The monomer (all), described above in connection with the copolymer (al),.e., the monobasic acid
metal (meth}aceyate represented by the formula (1V), too, is a monomer copolymerizable with the
monomer (a21), and thus corresponds to the mondier (a22), employable for the preparation of the
metal salt bond-contain 20 copolymer (a2). With regard to the monobasic acid metal SF-2337
(meth)acrylate represented by the formula (IV) as the unsaturated monomer (a22), too, the definition
and preferred embodiments of "2'a:re the same as those described with regard to theorgani group in
the formufd AT 5TFReIGNSRUTARERORGR & (F2D Thdy b GL6d iR Al Gnhdie kind ot irddimbination of
two or more kinds. [0044]  In another preferable embodiment, the unsaturated monomer (a22)
comprises thé!mdnobasicHcid metal {methfachiaté représentéd By five formuta AV} @né @t least one
unsaturated monomer selected from the group consisting of an alkyl (meth)acrylate, analkoxyalkyl
(meth)acr/idte Candahy drex7iias (Mmethagafatel (G04512EGtherldritiples of Hélansaufated
monomer (a22) include 15 styrene and styrene derivatives; v y1 esters such as vinyl acetate and vinyl
propionates GrRéfacrylatride ard GerfrativesRRereds dtrmetdacstonitrile: j0646]dnake éepolymer
(a2), too, zinc and/or copper attributed 20 to the structure of the formula (11) is contained preferably in
an amourtssTas €5 2003ky: Weightmbie preférdblyl e iy 199 by telghtat ilse copolymer, from the
same viewpoint as described with regard to the copolymer (a The "amount of zinc and/or copper" as
used heréin refeds (o 16tak amount of zintcand ebpperif botr S-23B7ezincrandcopper ate
contained. 10047] The amount of zinc and/or copper can be within the above range, for example,
by controliingithe bierding ratie of amonomers 6 employed fortthe preparationief therwopgtymer (a2).
When the copolymer (a2) has a structure of the crosslinke metal salt bond and a structure of the
side-chair &hil imetal saltshorid, At is preferable trattheztotal fmauint of zincandy/of toppet attributed to
each structure is controlled so as to be within the above range. 10[0048] The number-average
moleculamwelght (Mar inctermsg of polystyrepe paad the areightsaverage molegular we ht (Mw: in terms
of polystyrene) of the copolymer (al) and the copolymer (a2) can be arbitrarily adjusted in view of a
viscasity and adstorage

<Acrylic resin type>

Among the copolymer (al), an acrylic resin type polymer is
preferable. Inthe copolymer (al), theacrylicresin type polymer
canbeprepared, forexample, throughpolymerizationreactionusing

15 a metal salt bond-containing monomer represented by the general
formula (IV), i.e., a monobasic acid metal (meth)acrylate (also
referred to as a “monomer (all)” hereinafter).

[0025]
CH,=C (R*) ~COO-M-0-COR* (IV)

20 In the formula (IV), M is zinc or copper, R' is an organic
group, and R? is a hydrogen atom or a methyl group (the same
definitions as in the formulae (I} and (II)). The definition and
preferred types of R' in the formula (IV) are the same as those

described with regard to the organic group R' in the formula (I),



15 staty of the antifouling coating composition and an elution rate of the antifouling coating film, etc.,
andMn isassualy about 1,000 to 100,000, preferably 1,000 to 50,000, and Mw is usually about 1,000 to
200,000, preferably 1,000 to 100,000. [00491 20Silzl ester copolymer (a3) The silyl ester copolymer
(a3) is a copolymer having a component unit (also referred to as a silyl ester component
unit"hereinafter) derived from a monomer (a31) represented by the general formula (111) (also referred
to as a "silyi ester SF-2337 21 monomer" here lafter) , andthecopolymercptionaliyhasa component
unit derivéd frorhBiheF Giifsattrated mdnormel (32 c3polyméfiza- feSwiththd monsme&r{a3 D) . [0050]
R -CH=C(R)-COO-SiR4R5R6(llIl) In the formula (I11), R3 s a hydrogen atom or a methyl group, R5 and
R6 are eactrifidepehdentlya hydroeamiomrgrouprand [—C (islahydfegen dtoRr6eR810200€ (wherein
Re is an organic 10 group or a silyl group represented by -S R9R1 R , wherein R9, and R11 are each
independéhfly By dr6ECerBontGroap) O [00BAT Tie silyr et fonbatePias Lpwherginisia hytrogen
atom (H) is represented by the general formula (llla) : CH2=C (R3) -000-S1R4RDR6(llla) In the
formula (Fays8andeRE arenthecsame B R3I RECRBeihd Re2 réspettively i theSotafta R d0052]
The hydrocarbon group in the R, Rt. and Rh is preferably an 20 alkyl group having 1 to 10 carbon
atonds, pariceharly 1 to 5 carbon atoms, and more preferably, an alkyl group such as methyl, ethyl,

p...opyl and isopropyl. [0053]
[0026]

The copolymer (al) may be a polymer obtained through
copolymerization reaction between two or more kinds of monomers
(all), or may be a polymer obtained through copolymerization

10 reaction between one kind, or two or more kinds of monomers (all),
and one kind, or two or more kinds of “Yother unsaturated monomers”
copolymerizable with the monomer (all) (also referred to as a
“monomer (al2)”, hereinafter), i.e., a copolymer containing a
component unit derived from the monomer (all) and a component unit

15 derived from the monomer (al2).

[0027]

The monomer (alZ2) is arbitrarily selectable from various
compounds used as polymerizable unsaturated monomers for acrylic
resins, and preferred examples thereof include a monomer not

20 containing a metal salt bond, e.g., alkyl (meth)acrylates,
alkoxyalkyl (meth)acrylates, and hydroxyalkyl {(meth)acrylates.
Of these, particularly preferred aremethyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2Z2-methoxyethyl

(meth)acrylate, 3-methoxybutyl {(meth)acrylateandZ-hydroxyethyl



SE-2337 22 formula (Illa), include trialkyisilyl (meth)acrylates such as yl (meth)acrylate,
triothylsilyl {mef¥acrylate and triisopropylsilyl (met.h)c_c ylate. Of these, trii sopropyisilyi
(meth)acrylate is preferable, which provides excelfeht elution r of a resin from the coating film,
long-lasting elution property of a resin and coating film property (e.g., crackresistance). [0054] The
silyi ester monomer (all) wherein R7 is "RB-0-00-" represented by the formula (liro):

10R8-0-C -CH-)C(RS' SOtO-SiR4§5R6(IIIb) In the formula (ITib), R-, R, R5, Re and R8 are the
same as el-rlﬁ‘ ﬁg,rl-éé gn(fR8?Pesp%%ti\9é1y in the formula (IIl) or the formula (llla). [0055] 15The
organic grm&%the Rd is preferably an alkyl group having 1 to 10 carbon atoms, particularly 1 to 5
carbon at Pns, ore preferably an alkyl group such as methyl, ethyl, propyl and isopropyl. The
hydrocarbon group in the R9, R13 and R is preferably an alkyl group havin to 10 carbon atoms,
particularly 1 to 528 cAfbof-atorh§ Smors Yréréraby o atkyl Groufs slich%s hhyE a5y S5topyl and
isopropyl. [0056] An example of a silyl ester monomer (a34), represented by SF-2337 23 formula (IT..
Ib) wherelPRi fgamPLe 'E%Yn6Ie§%¥}fﬁ§oﬂ%?%§ﬁﬂﬁﬁteﬂrﬁ8ﬁ6ﬁﬂ%g (832 ¢&Opolyrfiefizabléwith the
monomer (a31) (or with the monomer3) and/or the monomer (a34)) include the "other unsaturated
mondmer(a12& the "BRier irsatirate BmdAonetr (822)Y exdiplifidd 88 Yaw FRatefisls compound
of the copolymer (al) and the copolymer (a2), respectively. [00571 Preferred examples of the other
unsaturatet {ASHemEY (adPy 10 ifchide alk§l (mEthyE AR Alkdxirliyl fmeth)assatsCand
hydroxyalkyl (meth)acrylates. Ofthese,particularlypreferabie are methyl (meth)acrylate, ethyl

(meth)ach/ie; HeyR St ace Rtec 2 methbxyeiti (mdthrabrylate 23simetioxybatylgiiet Jacrylate
and 2-hydroxyethyl (meth)acrylate.
an organic group (R') bonded to a carboxyl group through zinc or

copper (M), wherein the carboxyl group is present at a side chain
10 of the acrylic resinwhere ametal salt bond has not yet been formed,
thereby forming a side~chain end group represented by the formula
(I).
[0029]
<Polyester resin type>
15 Among the copolymer (al), a polyester resin type polymer
is a polyester resin which is synthesized from a polybasic acid
and a polyhydric alcohol as a main raw material, and has an acid
value of 50 to 200 mgKOH/g, preferably 80 to 170 mgKOH/g, and which
has, at its end, a side-chain end group represented by the formula
20 (I).
[0030]
Examples of the acid component to generate the polyester
resin include monocarboxylic acids such as benzoic acid and

p-t-butyl benzoic acid; dicarboxylic acids and anhydrides thereof



13The silyl ester monomer (a31) may be used in a single kind or in combination of two or more kinds.
The otherfunsaturated monomer (a32) may be used in a single kind or in combination of two or more
kinds. [0038] 20In the silyl ester copolymer a3), thel component unit derived from the silyi ester
monomer (a31) is contained s allyinanamount of 10 to 100% bymol, preferably 10 to 9096 hy mol, and
the component unit derived from the "other unsaturated monomer (a32)" is contained in a residual

amount, that is, usually in an.amaount of, %F'2337 271 0 to 90% hy mol, preferably 10 to 90% by mol,
based onsl%)%&a/oabsy%meo %?%oﬁéﬂtl uents’in helgé)ﬁ)o}f);r%ér)l. Thé 5%%’11&‘8. %tig?ﬁelgoﬁ%b%%ﬁll ts being
wiLhin th(ﬁKanve r nt%e re préeféerable, which provides excellent viscosity of a resin in the coating film

(e.g., crac resistance)” stéra 'stability of the coating material, elution of a resin from the coating
film, etc. 059]eThe number-average molecular weight Mn (in term.s of polystyrene%of the silyl ester
copolymer (&3)78 Usdailyt,dod 1016 266000 preferdbly 1200t-R 106068 S¥in e 2 WWithin'the above
range is preferable, which provides excellent viscosiy of a resin in the coating film (e.g. , crack

resistancé)’ Sordge Stabili SRS dading AaterialC8iutieh B ARSI Trdm thé Laaitg MRy, etc.

[00601 In the antifouling coating composition of the present invention, the hydrolyzable copolymer
(A) iS conMtaRBa e RS R S8 dorfipGirertt préféfanly it an Amdiit 9F 82 #X991999% by weight,
more preferably ' to 99.999% by weight, most preferably 203 to 99.999% by weight. [ 0061 ]
<Antifoulifg geht (3)3L 011 cThe Hhtifdli < ARG SoHting oSmpbaitidRot e prestnt inverttioh .comprises
medetomidine as an antifouling agent (B) SF-2337 25 Medetomidine(systemname:

()4-[1-(2,3-diméthyIpleryl )eaalchtidazer) i$ alcompouiexyldicarboxylic acid; and
alkyl esters having about 1 to 4 carbon atoms of these dicarboxylic
acids. These may be used in a single kind or in combination of

10 two or more kinds. Along with these examples, trifunctional or
more carboxylic acids such as trimellitic acid, trimellitic
anhydride, pyromellitic acid and pyromellitic anhydride, may be
used, and a slight amount of unsaturated dicarboxylic acids and
esters thereof such as maleic anhydride, maleic acid, itaconic

15 anhydride, itaconic acid and fumaric acid may be used in
combination.

[0031]
Examples of the polyhydric alcohol component to generate
the polyester resin include ethylene glycol, diethylene glycol,

20 triethylene glycol, polyethylene glycol, 1,2-propylene glycol,
1,3-propylene glycol, dipropylene glycol, polypropylene glycol,
neopentyl glycol, 1,5-pentane diol, 1,6-hexane diol,
3-methyl-1,5-pentane diol, 2-methyl-1,3-propane diol,

2,2-diethyl-1, 3-propanediol, 2-butyl-2-ethyl-1, 3-propane diol,



represented by the following structural lo uia. [0062] [0063] The use of medetomidine with the
metal sals bend-gontaining hydrolyzable copolymer (A) can provide an antifouling coating composition
excellent in coating film property which has stableléoating film consumption degree on ships,
underwater structures and the like and which exhibits excellent antifouling property over a long term.
[0064] The amount of medetomidi e contained in the antifouling coating composition of the present
invention is preferably 0.01 to 200 parts by weignt, morepreferablyO 02 to 100 parts by weight, most
preferabl§ 008088 Parts By weightIhasEd 6 180 R EGRt of the AVEToR/Z4ble BopdIFmsr (A).
2337 26 By satisfying these requirements, the antifouling coating composition of the present
inventionBeconiés fidte tesitable internof anErtfoRling @fe & SPetficaly: e arftitdulifig coating
composition comprising the hydrolyzable copolymer (A) and medetomidine, in spite of using a small
amount df thé ahtiPdfing agéntiirederid eP folexampeS abshe3 84t £6 parts byweight,
preferably about 0.01 to 2.0 parts by weight), can exhibit an antifouling effect over a long term. In the
present invertR thecesrhpasifion B0ES Tt Reed do ROATEHT AVafelamouRtaf &F 103 fouling agent
as described above, and thus this does not have an adverse effect on coating film property such as
crack resistande Méariwhile, the antifouling effect is exhibited over a long term even if medetom dine
is contained in an amount of some degree (for example, about more than 10 parts by weight to not
more thah @0®215 parts by weight). [0066] The antifouling coati.ng composition of the present,
invention, by containing medetomidine as the antifouling agent (B), exhibits much superior antifouling
property. The antifoalipg teatiige20 cempositigreofthe present inventioremapoptiopakyreshtain an a
-fouling agent, in addition to medetomidine, in order to have still more improved antifouling property.
[0067] SE233%2fnrciide cuproas bxide; coppersrhodanide; his(2-pyudinesicli-oKide} copper salt
(also referred to as "copper pyrithione" hereinafter) , Pis(2-pyrid ediol-I-oxide) zinc saltreferred to as
"zinc pyritkiane"iheremnaftes) 4,5-dighloto-@en-oetyds4-isothiazeline:3~one; trjprenyllzoroh.amine
complex, dichloro-N-((dimeo)sul onyl)fluoro-N-(p-tolyl)metnane

10 a dissolution process using these various acid components and

alcohol components thereby preparing a polyester resin, and then
performing a reaction which introduces a structure having an
organic group (R') bonded to a carboxyl group through zinc or copper
(M), wherein the carboxyl group i1s present at the end where a metal
15 salt bond has not yet been formed, thereby forming a side-chain
end group represented by the formula (I).
[0033]
In the case of introducing the prescribed side-chain end
group into the acrylic resin or the polyester resin by the
20 preparation method as described above, too, preferable types of
R! in the formula (I) are the same as those previously described.
In the preparation method as describe above, the monobasic acids
as described above can be used for a reaction to introduce the

organic group R,



sulfeneamide, and -chloropheny1)--cyano-4-bromo-5-trifluoromethylpyrrol. 10Further examples thereof
include inerganic;antifouling agents such as inorganic copper compounds, e.g., copper powders; and
organic anftfouiing agents such as -d methyldichlosophenyl urea, 2,4,6-trichlorophenyl 15 maleimide,
2-methylthio-4-tert-butylamino-6-cyclopropyl-s-triazine, 2,4,5,6-tetrachloroisophthalonitrile,
bisdimethyldithiocarbamoyl zinc ethylene bisdithiocarbamate, chloromethyl-n-octyldisulfide, 20
N,N'-dimethyl-N'-ohenyl-(N-fluorodLchloromethylthio)sulfamide, teLraalkyl thiuram disufide, zinc
dimechyldithidbtarbamate, zinc ethylene bisdithio carbam e, 2,3-dichioro-N-(2',6'-dieLaleimide, and
2,3-dichloro-N-(2'-ethyl-6'-methylphenyl)malei ide. S7-2337 These antifouling agents may be
used in a single Kind-oeLaxombination of twoZoracre irfels. F0068T FHe ambuhest e ahfifouling
agent other than medetomichne 5 contained in the antifouling coating composition of the present
inventiorsismot particalarlytimited ms long s beimpwithin e thrge hichrdoes hotthakeai adverse
effect on coating film property such as crack resistance, and is preferably 0 to 15000 parts by weight,
more prefeérablyb to 3000%drts byeweight, stillmaore &0 prefetably Stto T500 partsby welight fmost
preferably 10 to 500 parrs by weight, based on 100 parts by weight of the hydrolyzable copolymer (A).
Thesamount of-thecantifewling agentathepthan medetonmidiners peeferabht 016 500006 parts by
weight, more preferably 100 to 200000 parrs by weight, most preferably 200 to 100000partshyweight,
based o200 padsdyneight-ofmedetomidineiFRO69] <@ther campohehts>uch Thecantifouline
coating composition of the present invention can comprise, in addition to the aforesaid components,
various Z{Leempeanents usedin agenesakeaatingr-eompositern such asceleppigntents, &xtender
pigments, dehydrating agents, plasticizers, thixotropic agents, resins other than the hydrolyzable
copolymer; (i), argasic acids, and selventsrEhesesmaydeiused i a single kindor in cembhine.tion of
two or more kinds. SF-2337 29 [0070] Color pigment

amount of zinc and copper if both zinc and copper are contained.
10 [0035]

The amount of zinc and/or copper can be within the above
range, for example, by controlling the blending ratio between the
monomer (all) containing these metals and the monomer (al2) which
are used for the preparation of the copolymer (al), or the addition

15 amount of the compound (e.g., themonobasicacidasdescribedabove)
containing zinc and/or copper to be reacted with the acrylic resin
or the polyester resin previously prepared.

[0036]

Metal salt bond-containing copolymer (aZ2)

20 The metal salt bond-containing copolymer (a2) is a copolymer
having a component unit derived from a monomer (a2l) represented
by the general formula (II) anda component unit derived from“other
unsaturatedmonomer (a22)” copolymerizablewith themonomer (a2l).

[0037]



Examples of the color plainer. t include inorganic pigments such as red iron oxide, titanium white
(titanum GEde)3ad yellow iron oxide; and organic pigments such as carbon black, naphthol red and
phthalooyanine blue. The color pigment may be uséd in single kind or in combination of two or more
kinds. The color pigment may further contain various colorants such as dye. The blending amount of
the color pigment can be arbitrarily adjusted, 1.0 and is preferably 0.05 to 230 parts by weight, more
preferably a to 125 parts by weight, based on 100 parts by weight of the hydrolyzable copolymer (A).
[0071] Extender pigmentC fﬁe? %x}égggﬁﬁ?jﬁéﬁﬁéca%g‘idmtg#of a low refractive frdex that is
transparent and does not hide the coated surface when mixed with an oil or avarilish. Examples of the
extender pigmentihditide 12 Silica’ mida, Yay® Zint oxides CBRiUM catBdhate tial I issddlso as an
anti-settling agent, kaolin, alumina white, white 20 carbon that is used also as a flatting gent, aluminum
hydroxidé: Thagfésitnt Earbbhate, Baium Carbfate® BaruResulite and iésdifide POt Se,
preferable are zinc-xide, talc, silica, mica, calcium carbonate, kaolin and barium carbonate. The
extender PRIHEREMAY B iSe G A Siifdie kit 6F PFeomiBimainms1-2337130 BFRYE OF fo?é kinds.
The blending amount of the extender pigment can be arbitrarily adjust%d, and is preferably 0.5 to 750
parts’ b-y Wi i embre Bretérably 5 1800 parts By veightdnfost preferdbly ey t6>250 prartgdyaweight,
based on 100 parts by weight of the hydrolyzable copolymer (A) . r 00721 Dehydrating agent The
dehydrating &jeritis acomporiertthalcortiibites fo the improvementofithg dteragesstabiliy of the
coating material. 10 Examples of the dehydrating agent include inorganic ones including anhydrite,
hemihycifste @y pSirhieelotatedagypsumm)a apidie synthetic zeolite based adsorbent (e.g. , a product
named "molecular sieve”) . Further examples include orthoesters (e.g. , methyl orthoformate, methyl
orthoaceta®é, ahd orthoboric acid ester) , silicates, and Isocyanates. Of these, anhydrite and
nemihydrate gypsum (exsicoated gypsum) , each of which is an inorganic dehydrat agent, are
preferred. The detwelratingsagént msay becused irad Singledkindierin combiaatign of two 0t more kinds.
The blending amount of the dehydrating agent can be arbitrarily adjusted, and is 20 preferably 0 to 100
part® by weight,maoreypreferablyc®bdo 28ipartsyiy: wejght roaseckpre 100 pasts hyoweight-ef.the
hydrolyzable copolymer (A) . 10073] SF-2337 Plasticizer The plasticizer is a component that
contribute$: to thenimnprovéatent of cratkeresistance and watereresistance and thernhibiionof
discoloration of the antifouling coating film. 5 Examples of the plasticizer include n-paraffin,chlorinated
paraffin, tefpene pbenalotricresyt phosphate (TCP), and polyvinyl ethyl ether. Of these, chlorinated
paraffin and terpene phenol

[0039]

The monomer (a2l) can be prepared by a known method, such
15 as a method in which an inorganic metal compound (e.g., an oxide,
ahydroxide, achloride, etc. of zincor copper), anda (meth)acrylic
acld or its ester compound are heated and stirred, at not higher
thanatemperatureatwhichametal sat isdecomposed, inthepresence
of an alcohol based organic solvent and water.
20 [0040]
The component unit derived from the monomer (a2l) has a
structure represented by the general formula (V), and this
structure is also referred to as a “crosslinked metal salt bond”

in the present invention.



are preferable; and chlorinated paraffin is particularly preferable. The plasticizer may be used in a
single kindor4$ 320 combination of two or more kinds. As the n-paraffin, an example of a commercial
product employable is "n-paraffin”, manufactured By Nippon Petrochemicals Co., Ltd. As the
chlorinated paraffin, examples of commercial products employable are "Toyoparax A-40/A-50/A-
0/A-145/A-150", manufactured by Tosoh Corporation. 15 The blending amount of the plasticizer canoe
arbitrarily Mslt d, and is preferably 0.5 to 10% by weight, more preferably 1 to 5% by weight, based
on 100% by weight of all solid components including the plasticizer in the antifouling coating
composition. [0G74] 20 Anti-sagging/anti-settling agent Examples of the anti-sagging/anti-settling
(thixotropic agent) include organic clay compognds (e.g., an amine salt, stearate salt, a lecithin salt
and an alkyl sulfpnag€)of Al, Ca and Zn.)(Qrgaric waxes (e. g., polyethylene wax, oxidized SF-2337
32 polyethylene wax]j polyamide wax, snitle wax, a_nd@ydrogenated castor oil wax), and synthetic
finely dividégﬁjar th€3e Pl feEhte Ble-t{c er§fNic clay compounds, polyamide wax, amide wax,
oxidizedpoiyethylene wax, and synthet c fine] \ divided silica. The anti-sagging/anti--settling agent may
be used in a singl¢knd or in combination of td Iok-more kinds. The blending amount of the ant * -
agging/anti-sett {L ing agent can be arbitrarily afljusted, and is, for example, 0.25 to SO parts by weight
based on 100 p%rts by weight of the hydrolyzable copolymer (A) Ie{?OjnS] Other resins and organic
acids Theantifoulingcoat ng composition of the present inventi®n ¥nay comprise one kind, or two
or more kinds of other resins, in addition to the metal salt bond-containing copolymer (P.) as 15
described!d5d\v&l. [0076] Employable examples include water-insoluble resins or poorly
water-soluble resins, such as an acrylic resin not containing a metal salt bond, an acrylic 20
siliconeresin,apolyésterrasig anunsaturatidpdlyesterresin 2 2o Loicesnd yapolybatehe resin a silicone
rubber, a polyurethane resin, an epoxy resin, a polyam'de resin, a vinyl resin (e.g., a vinyl chloride
copolymerandanathylerely ¥ 1 sSRR.3873R tesirg Assty@néfbltadiena copolymernpesimdsketone
resin, an alkyd resin, a coumarone res , a terpene phenol resin and a petroleum resin.
employedaspolymerizableunsaturatedmonomers foracrylicresins,

asisthecasewiththemonomer (al2) inconnectionwiththe copolymer
(al). Preferredexamples of theunsaturatedmonomer (a22) include
alkyl (meth)acrylates, alkoxyalkyl (meth)acrylates, and

10  hydroxyalkyl (meth)acrylates. Of these, particularly preferred
are methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, Z2-methoxyethyl (meth)acrylate, 3-methoxybutyl
(meth)acrylate and 2-hydroxyethyl (meth)acrylate.

[0043]

15 The monomer (all), described above in connection with the
copolymer (al), i.e., the monobasic acid metal (meth)acrylate
represented by the formula (IV), too, is a monomer copolymerizable
with the monomer (a2l), and thus corresponds to the monomer (a22),
employable for the preparation of the metal salt bond-containing

20 copolymer (aZ2). With regard to the monobasic acid metal



[0077] 5Further examples employable with the hydrolyzable copolymer (A) include water-soluble
resins su€liag pine tar, rosin (gum rosin, wood rosin and tall oil rosin) , and monbbasic organic acids
such as naphthenic acid, versat ¢ acid, triphenylisbButeny.t cyclohexene carboxylic acid ("A-3000"
manufactured by Yasuhara 10Chemical Co., Ltd . ) . [00781 Solvent Various components
constituting the antifouling coating composition of the present invention are usually dissolved or 15
dispersed in a solvent, as is the caseh a general antifouling coating compasition. A solvent employable
i the preSARE IMVBNTON 6 BE K SoRERT Ganaral GSEeHTOF ah Antfbuling Eaating HatefidIcthe
examples of which incl ge an aliphatic solvent, an aromatic sol ven,g., xylene and tnllienej , a ketone
solvent (&' 26 K/Illé‘?éj Hd cyEiBhexafohE) & este? soivertan &ther SoVBRPEE g " propiene glycol
monomethyl ether and propylene glycol monomethyl ether acetate) , and an alcohol solvent (e. g .,
isopropyl alcbholf M PheBiEndh g AnTsU ﬂleéf:tﬁék%%(fggﬁt%ﬁ REHBitr &rily FdfUetEd Hnd SR o
example, such an amount that all solid components account SF-2337 34 for 20 to 90% by weight in
the antifodling"toafifig tomBosfioh! The solvent nay be further added in coating operation in view of
workability. [0079] 5[Production Method and Uses of Antifouling Coating Composition ~ The
antifuling coatiné%%nﬁlﬁﬁﬁﬁdﬁ Bithe proseRtinvention camrbeprepared with apparafischiehns, etc.
similar to those employed for generally known antifouling coating materials. For example, the metal
salt bond<containfrieféopolymer (e ior (42),9¢ ortieEsilyl @Sfer copolymer (a3) is prepared in advance,
and then this copolymer (reaction liquid) and the antifouling agent (B), optionally with other
componeht$éich as additives, are added into a solvent, at a time or in series, and stirred and mixed.
[0080] 15The antifouling coating composition of the present invention can be used in embodiments
similar to those forrigémeralhye knewalgntidoulhgobatihgmaterials cand siee antfoaling eoatisg-film of the
present invention is formed from the antifouling coating composition_ For example, a surface of a
substrate (is oatethow20 impreghatetwithtkedntifeuling coatirgcompadditionorhye present invention, and
then dried for a prescribed period of time, thereby forming a cured antifouling coating film on the
surfdce of tye suestrate. je081¢ formula (IV) andat least oneunsaturatedmonomer

selected from the group consisting of an alkyl (meth)acrylate,
analkoxyalkyl (meth)acrylate, andahydroxyalkyl (meth)acrylate.
[0045]
Further examples of the unsaturated monomer (a22) include
15 styrene and styrenederivatives; vinyl esters suchas vinyl acetate
and vinyl propionate; (meth)acrylamide and derivatives thereof;
and (meth)acrylonitrile.
[0046]
In the copolymer (a2), too, zinc and/or copper attributed
20 to the structure of the formula (II) is contained preferably in
an amount of 0.5 to 20% by weight, more preferably 1 to 19% by
welght of the copolymer, from the same viewpoint as described with
regard to the copolymer (al). The “amount of zinc and/or copper”

as used herein refers to a total amount of zinc and copper if both



SF-2337 35 For example, in a substrate with a coating film (e.g., an antifouling substrate) of the
present ird/ention,/a surface of the substrate is coated with a coating film obtained by curing the
antifouling coating composition; 5a method for protiicing a substrate with a coating film of the present
invention comprises a step of applying or impregnating the antifouling coating composition to a surface
of a substrate, and a step of curing the composition to form a coating film; and a method for preventing
a substrate from foyling of the 10 present inventijon comprises a step of applying or impregnating the
antifoulinﬁ 10%5“%61 (go %%%ﬁi%n% a SUHhce dr% Substrate, and a step of curing the composition to
form an antifouling coating [00821 15Examples ofthe substrate includea substrate ich is (e.g., always
or intermi@t%%);)] in contact with seawater or freshwater, and more specific examples include an
underwater structure, an outside board of a siip, a fishing net and a fishing gear. 00 20The surface of
the substrate, by b Gt vith ﬁéhcaﬁ%?ﬁ/ifbﬁliﬁﬁ’%Bﬁﬁnﬁrﬁﬁn})@aﬁv B %Jré\/é%ﬁé?d A Bng term
from fouling caused by aquatic animals. The (dried) thickness of the antifouling coating film can be
arbitrarily&djg&edin vigh G ohs Hptioh ratelof the dduftiry iRt i€ EXErmplary HHBkeRE SSF-2337
thereos 40 to 400 pm per one coating., preferably about 40 to 200 pm per one coating. EXAMPLES
[0083] CMRiereiRgftéC the presehtRvEAtiIGR TS fafther BeSCiiet IRl réféfence B EXarhples, but it
should be construed that the oresent invention is in n way limited to these Examples. In the following
Example§ aRé Cotfiparative Ex&nipeSriHettera art [© means IDarked 16 by, <yt tapd™/" with
respect to the indication of a solid component means % by weight, unless deviating from the point.
[0085] amdithe preseatiaventicn, ifcudingtbiésasdesaribetiater, sSmefe pefefbncetel ). | to
"copolymer (A) " basically means a "r s 15 which is a coating film-forming component. The reference
e.g., to "copelener(Ay" Withtthe indicdtioh ohawolidodomponem alsorneansa "sésin sblatient or
dispersion/1 containing a volatile component such as a solvent as well asresin serving as the
coatifilm-formingrcomponentr 20[6086htrolled so as to be within the above range.

10 [0048]

The number-average molecular weight (Mn: in terms of
polystyrene) and the weight-averagemolecular weight (Mw: in terms
of polystyrene) of the copolymer (al) and the copolymer (a2) can
be arbitrarily adjusted in view of a viscosity and a storage

15 stability of the antifouling coating composition and an elution
rate of the antifouling coating film, etc., and Mn is usually about
1,000 to 100,000, preferably 1,000 to 50,000, and Mw is usually
about 1,000 to 200,000, preferably 1,000 to 100,000.

[0049]

20 Silyl ester copolymer (a3)

The silyl ester copolymer (a3) is a copolymer having
a component unit (also referred to as a “silyl ester component
unit” hereinafter) derived from a monomer (a3l) represented by

the general formula (III) (alsc referred to as a “silyl ester



<Measurement conditions of Gardner viscosity> Gardner viscosity was measured under the
condition§ of a¥édin concentration of 35% by weight and 25C in accordance with JIS K 7233-4.3, as
described in JP 2003-55890 A. SF-2337 [00871 <viscos y> The viscosl at 25C was measured with a
3-type viscometer. [0088] <Solid component> A solid component means a heating residue given
when a reaction mixture, a coating material, an uncured coating film or thelike containing a polymer, a

sol vent, etc. is heated and IQQEQ for 3 ho%r% in a drier, of heatet;iC %r?t ]’}325% to evagorateéh% 10

solvent, etc. The soli ec%%ponen?ﬂéﬂﬁ@ mckiﬁo%%pé)%eysqlr?raoﬁgmen , € ¢ aan%%gcénrﬁgga%oating

film-forming component. For the calculation, monomers (examples: Table 2) contained ir t501e
coatingmléllfqelrtaldtt)%ft’rlf‘é’Efi(l%efgr?a1 (?at&%feuorﬁgr?ﬁjiﬁﬁ %er%éﬁ‘é?é’éﬁ%%%%%n&#ﬂmﬁ%ﬁ&ﬁ ?'eza%ﬁ i are also
included in,tl‘be solid com onent.éo %] <Measurements of number-average molecular weight (Mn)
and weight-a erqﬁg ﬂ&%%ﬂﬁ%M ?goﬁt (mw)> Weight-average molecular weight (Mw) of a resin was
measured 20 b%}gel permeationchromatography (GPO) method with "HLC-8120GPC", manufactured

by Tosoh[(%rfb ation, using two separation columns (a-M) of "TSK-gel a type", manufactured by
Toson Corporation, and using, as an elutiQ%§ogution, dimethylformamide (DMF) to which 20 mM of

LiBr had been addleo-TReWE ght averagembiécularweight SF-2337 of the resin was determined in

terms of polystyrene. Number-average molecylar weightof the resin was measured by GPO as

described above ARd B&téiPiftEd in terms offbolystyrake [peoD] SiPfbatcldHERAhpIE 1P/

R*, R’ and R® are each independently a hydrocarbon group,
and
R' is a hydrogen atom or R¥-0-CO- (wherein R® is an organic

lGR‘l, wherein R9, R0

10 group or a silyl group represented by -8iR°R
and R'' are each independently a hydrocarbon group).
[0051]
The silyl ester monomer (a3l) wherein R’ is a hydrogen atom
(H) is represented by the general formula (IIIa):
15 CH,=C (R”) -COO-S1iR*R°R® (IIIa)

4

In the formula (IIIa), R% R',Eﬁ and R® are the same as R%
RQ, R° and R6, respectively, in the formula (III).
[0052]
The hydrocarbon group in the R*, R’ and R® is preferably an
20 alkyl group having 1 to 10 carbon atoms, particularly 1 to 5 carbon
atoms, and more preferably, an alkyl group such as methyl, ethyl,
propyl and isopropyl.

[0053]

Examples of a silyl ester monomer (a33), represented by the



Prod.ucta on of side-chain end metal salt bond-containing copolymer (al-1) Into a four-necked
flask equipped With a condenser, a thermometer, a dropping funnel and a stirrer, 30 parts of propylene
10 glycol monomethyl ether (PGM) and 40 parts of xylene were introduced, and with stirring, they were
heated to 100C. Subsequently, from the dropping funnel, a mixture consisting of monomers and a
polymerization initiator shown in Table 1 was dropped at a constant rate over 3 hours. After the

dropping was compl 1 part of 15 t-butyl peractoate and 1 rts of xylene were dropped ove 2
hours, an%voarf%fois%rrﬁwtl?r%? é’holur}g,%féj %ar S %?)%Ig%g J‘Wla fjad@?egol%, ft@ ﬁﬁcerr)gg)? %%tsair? 3?%%&%n mixture
containing a, side-chain.end metal salt bond-containing copolymer (al-1) . [0091] 20The Gardner
viscosity gﬁé’ Tﬁe% 1g‘}é/llfl (::Lorbﬁ%o %%%%1??5\%?0%%@ [t)F:o%Ee? yy\ilglﬁzggof %é%léb%ﬁ/%eia(gff?gr ther
a-tion mixture, containing the_copol megr"lgal-l) ibtained, were evaluated. The results are set forth in
Table 1. [66@??%@?2% %@Wiblg‘ﬁt &Bié 15Frdduction EXaniple of Side2Bi&R Ehd metal salt
bond-containing copolymer (al) Production Example 1 Side-chain end metal salt bond-containing
copolymel{&h al-1 Mbndbasiciadid Phé&tar (éth) 4ty e ARBHOMEF afl ¥efeatie Heid zint 1 on
methacrylate35 Rither unsaturated monomer2-methox eth | ac late10 copolymerizable with monomer
(all):3-methoR bLE FAE 14630 hithorer(H12) sty ackak 25 Pbiyide fizatfohdhitREGRSUy peroxide

6 Gardner viscosity+Z Property values Solid component (%250.5
of a resin and coating film property (e.g., crack resistance).

[0054]
The silyl ester monomer (a3l) wherein R’ is “R®-0-CO-" is
represented by the formula (IIIb):

10 R%-0-CO-CH=C (R’) -COO-SiR"*R°R® (I1Ib)

In the formula (IIIb), R3,Eﬁ, R5,E@ and R® are the same as
R3, RQ, R5, R® and RS, respectively in the formula (III) or the
formula (IIIa).
[0055]

15 The organic group in the R® is preferably an alkyl group
having 1 to 10 carbon atoms, particularly 1 to 5 carbon atoms,
more preferably an alkyl group such as methyl, ethyl, propyl and
isopropyl. ThehydrocarbongroupjjltheRg,R?Oannglispreferably
an alkyl group having 1 to 10 carbon atoms, particularly 1 to 5

20 carbon atoms, more preferably an alkyl group such asmethyl, ethyl,
propyl and isopropyl.

[0056]
An example of a silyl ester monomer (a34), represented by

the formula (IIIb), is a maleate (a compound represented by the



*The values of the monomer (all), the monomer (al2) and the polymerization initiator denote parts by
weight. 530093j JPreparation Example 17 Preparation of metal-containing monomer (a21-1) to a
four-necked flask equipped with a condenser, 10 thérmometer, a dropping funnel and a stirrer, 85.4
parts of propylene glycol monomethyl ether (PGM) and 40.7 parts of zinc oxide were introduced, and
with stirring, they were heated to 75C. Subsequently, from the dropping funnel, a mixture consisting of
43.1 parts. of methacyyli id (MAA), 36.1;parts of acrylic acid (AA) and 5 parts of water was drooped
at a cons a%??éltieaovg glr%?uréw &ﬁg)rit%e%rojp%in%gvvas completed, the reaction solution turned
transparent from an opaque w ite_s ate. After stirring for 2th0 rs, 36 [Pgarts f propylene glycol
monomethyl ether WasFadded to %?eﬁioﬁt%iﬁ‘ﬁ? &&tton-iguid 289 ?rﬁnga metal-contaln ng
monomer (a21-1). The charged amounts of the raw SFE-2337 40 materials are set forth in terms of
molar ratio; BRd YHE Eompositidh-of the feSitart Féadfioh iquidtis 'set tortASH RS BF wéight
percentage in Table 2. [0094] [Table 2% <Table 2> Preparation of metal-containing monomer (a21-1)
[0095] [POtCHON EXamPeIEBrdduttibh of ErossimKketmetal st BBRA-CORRY E5H6RAREr (a2-1)
Into a four-necked flask equipped with a condenser, a thermometer, adrooping funnel and a stirrer, 15

parts’of pfépylene Yyttt ifonSthethyl Bt (PEMFANESTIRHS dPiylene WerBiitidduged2and with

stirring, they were heated to 100C. Subsequently, from the dropping funnel, a transparent mixture
consisting ®F 52 ¢afts 120 6f theteattich Piguid:8f ﬁ@ﬁé@%nﬂ?ﬁﬁ&g%ﬁ@né%@r t&Priysbtained in
Preparation Example 1, 1 part of methyl methacryl ate (MMA), 66.2 parts of ethyl acrylate (EA), 5.4
parts of SFE23B1 4FpafietBoxyEthyl acrylate (2-MEA), 2.5 parts of azobi sobutyron trile (AIBN,

manufactured by Japan Hydrazine
[0057]

Preferred examples of the cother unsaturated monomer (a32)

10 include alkyl (meth)acrylates, alkoxyalkyl (meth)acrylates, and
hydroxyalkyl (meth)acrylates. Of these, particularlypreferable
are methyl {(meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, 2-methoxyethyl (meth)acrylate, 3-methoxybutyl
{meth)acrylate and Z2-hydroxyethyl (meth)acrylate.

15 The silyl ester monomer (a3l) may be used in a single kind
or in combination of two or more kinds. The other unsaturated
monomer (a32) may be used in a single kind or in combinatiocn of
two or more kinds.

[0058]

20 Inthesilyl ester copolymer (a3}, the component unit derived
fromthesilyl estermonomer (a31l) iscontainedusually inanamount
0f 10 to 100% by mol, preferably 10 to 90% by mol, and the component

ANY

unit derived from the “other unsaturated monomer (a32)” is

contained in a residual amount, that is, usually in an amount of



Company Inc7 parts of azobismetnylbutyronitrile (AMBN, manufactured by Japan Hydrazine Company
Inc.), 1 pait ofa ehain transfer agent ("Nofmer MSD", manufactured by Nippon Oil & Fats Co., Ltd.),
and 10 parts of xylene was dropped at a constant#dte over 6 hours . After the dropping was
completed, 0.5 part of t-butyl peroctoate (TBPO) and 7 parts of xylene were dropped over 30 minutes.
After stirring for u hour and 30 minutes, 4.4 parts of xylene was 10 added, to thereby obtain an

insoluble-free, light.yellow, transparent reaction mixture containing a crossiinked metal salt
bond-conéaiﬁi{ﬁggclao")p/o mér a’z-%f &ne %é%orln%;)o%ﬁio%%aﬁn Efrég%?ty \?}aﬁgsdofjfhelc;%o%ﬁlﬁer (a2-1)
or the reaction mixture containing the copalymer (a2-1) obtained are set forth in Table 153. [0096]
[Table 31" abgfréysg oﬁﬁ%ﬁ’&f%ﬁﬁ&ﬁe of cro8SlinkeRmetaF Salt bond-ESHiaing Sopolytfer (a2)
SF-2337 Crosslinked metal salt bond-containing copolymer (32) Reaction liquid_of metal-containing
a21-1 monOTHEE HohdHer (a2 Strer Unsath et MERTTRERAVEE CBPGYMetizable With Fronomer
(a21):EA monomer (a22)2-MEA AIBN InitiatorAMBN TBPO Chain transfer agentNofmer MSD Gardner
chogQ/gBﬁYtgﬁ@éﬁ%ﬁ?%%ﬁ“iVlSCOSlty(Ifa~IESlnjilthe coating film (e.qg.,

5 crack resistance), storage stability of the coating material,
elution of a resin from the coating film, etc.
[0059]
The number-average molecular weight Mn (in terms of
polystyrene) of the silyl ester copolymer (a3) is usually 1,000
10 to 200,000, preferably 1,000 to 100,000. Mnbeingwithin the above
range is preferable, which provides excellent viscosity of a resin
in the coating film (e.g., crack resistance), storage stability
of the coating material, elution of a resin from the coating film,
etc.
15 [0060]
In the antifouling coating composition of the present
invention, the hydrolyzable copolymer (A) is contained in terms
of a solid component preferably in an amount of 0.1 to 99.999%
by weight, more preferably 1 to 99.999% by weight, most preferably
20 3 to 99.999% by weight.
[0C6l]
<Antifouling agent (B)>
The antifoulingcoatingcompositionof the present invention

comprises medetomidine as an antifouling agent (B).



Properly values Number-average molecular weight (Mn) Weight-average molecular weight (Mw)
[0097] [Production’ Example 31 Production of crosslinked metal salt bond-containing copolymer (a2-2)
A crosslinked metal salt bond-containing copolymég(a2-2) was prepared in the same manner as in
Production Example 1, except that the blendinc comoonentsofthemix u e cc ainingthemonomers and
the polymerization initiator were changed as shown in Table 4. Blending composition and property

values of the cop%%/ er azhzgl or the reaction mixture contalnln %feopolymer (a2-2) 10 obtained are
set forth In Table e 4] <Table 4> Production Exanil Ctosslinked metal 84ft *
bond- contalnlng cop mer (a2) Production Example 3 SE-27 43 Crosslinked metal salt

bondcon&ﬂh%g péwﬂﬁge §lEﬁEQﬂ&&§Eﬁ§l ~1H-imidazole) is a compound

represented by the following structural formula.

[0062]

N::f\
e NH

[0063]
The use of medetomidine with the metal salt bond-containing
hydrolyzable copolymer (A) can provide an antifouling coating

10 composition excellent in coating film property which has stable
coating film consumption degree on ships, underwater structures
and the like and which exhibits excellent antifouling property
over a long term.

[0064]

15 The amount of medetomidine contained in the antifouling
coating composition of the present invention is preferably 0.01
to 200 parts by weight, more preferably 0.02 to 100 parts by weight,
most preferably 0.05 to 50 parts by weight, based on 100 parts
by weight of the hydrolyzable copolymer (A).

20 [0065]



a2-2 8 Metal-containing monomer (a21) Z nc dimethaclate isostearic acid zinc aclate 8 Monobasic
acid meta¥ fmethjdcryla e monomer (a22) 12 isostearic acid zinc methacrylate 12 Other unsaturated
monomer copolymerizable with monomer (a21): n\dhomer (a22) 2-methoxyethyl acrylate 13 13 methyl
methacrylate ethyl acrylate 34

By satisfying these requirements, the antifouling coating
composition of the present invention becomes more desirable in
terms of an antifouling effect. Specifically, the antifouling
coating composition comprising the hydrolyzable copolymer (A) and

5 medetomidine, in spite of using a small amount of the antifouling
agent (medetomidine) (forexample, about 0.0l to10partsbyweight,
preferably about 0.01 to 2.0 parts by weight), can exhibit an
antifouling effect over a long term. In the present invention,
the composition does not need to contain a large amount of an

10 antifouling agent as described above, and thus this does not have
anadverseeffect oncoating filmproperty suchascrack resistance.
Meanwhile, the antifouling effect is exhibited over a long term
even if medetomidine is contained in an amount of some degree (for
example, about more than 10 parts by weight to not more than 200
15 parts by weight).
[0066]

The antifouling coating compositionof the present invention,
by containing medetomidine as the antifouling agent (B), exhibits
much superior antifouling property. The antifouling coating

20 composition of the present invention may optionally contain an
antifouling agent, in addition to medetomidine, in order to have
still more improved antifouling property.

[0067]

Examples of the antifouling agent other than medetomidine



Polymerization initiator t-butyl peroxide 5 Property values Gardner viscosity -Y Solid component (A)
49.7 [0099]{Rrotlliction Example 4] Production of silyl ester copolymer (a into a reaction vessel
equipped with a stirrer, a condenser, 5 a thermométer, a dropping device, a nitrogen introducing pipe
and a heating/cooling jacket, 100 parts of xylene was introduced, and heating and stirring were carried
out in a stream of nitrogen at a temperature condition of 85C. With this temperature kept, from the

dropping Qg\éi e,.a mixture of 60 }Qacrits of triiso%rropﬂqsiiéél 10 acrylate, 40 parts of methyl methacrylate

and 0.3 part o lﬁlfif‘-zlef)ﬁf)|rs?§losbu(fyr%)n|E?|’ilecvf/)§§3 roppe(():i ifto the reaction vessel over 2 hours.

Thereafter, stifring was carried out for 4 hours at this temperature, and then 0.4 part of
2,2'—azok?%%sso ut rgﬁi%rﬂérﬁ%lggdéd,%%ﬁds?ifrir?é) RS fur ﬁért caf iga%uf?gefﬁgasta? thi§

temperatyre, to thereby obtain a cglarless and transparent reaction mixture containing a S Yi SF-2337
44 of the 088&9%%?%915&6?’ ﬂ?eeregﬁ 5 PAIRIUTE & ht%rﬁﬁé ?ﬁé) EopolyPhier t&3-1) afs'sétForth in

Table S. [0100] [Table 5] <Table 5> Production Example of silyl ester copolymer (a3)
zinc salt (also referred to as “zinc pyrithione” hereinafter),

5 4,5-dichloro-2-n-octyl-4~-isothiazoline-3-one,
triphenylboron-amine complex,
dichloro-N-((dimethylamino)sulfonyl)fluoro-N~(p-tolyl)methane
sulfeneamide, and
2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethylpyrrol.

10 Further examples thereof include inorganic antifouling
agents such as inorganic copper compounds, e.g., copper powders;
and

organic antifouling agents such as
N,N-dimethyldichlorophenyl urea, 2,4,6-trichlorophenyl

15 maleimide,
2-methylthio-4~-tert-pbutylamino-6-cyclopropyl-S-triazine,
2,4,5,6~tetrachloroisophthalonitrile,
bisdimethyldithiocarbamoyl zinc ethylene bisdithiccarbamate,
chleoromethyl-n-octyldisulfide,

20 N,N’-dimethyl-N’'-phenyl- (N-fluorodichloromethylthio)sulfamide,
tetraalkyl thiuramdisulfide, zincdimethyldithio carbamate, zinc
ethylene bisdithio carbamate,
2,3-dichloro-N-(2’,6’-diethylphenyl)maleimide, and

2,3-dichloro-N- (2’ -ethyl-6'-methylphenyl)maleimide.



Production Example 4 Silyl ester copol mer a3 a3-1 Solvent xene 100 Components dropped
triisopropylisilylPactylate 60 methyl methacrylate 40 2,2'-azobisisobutyronitrile (initial stage) Total 0.3
200.3 Component added [ 2,21-azobisisobutyronitfife (later stage) 0.4 Property values | Solid
component (%)

These antifouling agents may be used in a single kind or
in combination of two or more kinds.
[0068]
The amount of the antifouling agent other than medetomidine
5 contained in the antifouling coating composition of the present
invention is not particularly limited as long as being within a
range which does not have an adverse effect oncoating filmproperty
such as crack resistance, and is preferably 0 to 15000 parts by
welght, more preferably 1 to 3000 parts by weight, still more
10 preferably 5 to 1500 parts by weight, most preferably 10 to 500
parts by weight, based on 100 parts by weight of the hydrolyzable
copolymer (A). The amount of the antifouling agent other than
medetomidine is preferably 0 to 600000 parts by weight, more
preferably 100 to 200000 parts by weight, most preferably 200 to
15 100000 partsbyweight, basedon 100 partsbyweight of medetomidine.
[0069]
<Other components>
The antifouling coating compositionof the present invention
can comprise, in addition to the aforesaid components, various
20 components used in a general coating composition, such as color
pigments, extender pigments, dehydrating agents, plasticizers,
thixotropic agents, resins other than the hydrolyzable copolymer
(A), organic acids, and solvents. These may be used in a single

kind or in combination of two or more kinds.



51.2 | Viscosity (cps/25C) 408 : Number-average molecular weight (Mn) 9,735 ', Weight-average
moleculasweight (Mw) 55,650 [0101] [Examples 1 to 3 and Comparative Example 1] Production of
antifouling coating composition-1 The reaction mixtdre containing the crosslinked metal salt 10
bond-containing copolymer (a2-1) obtained in Production Example 2, along with the antifouling agent
(B) and other components, were homogenously mixed using a paint shaker, to thereby produce an
antifo --ng 882%19 composition having a blending composition as shown in Table 6 (Examples 1-3 and
Comparative Example 1) (values 15in the table denote part(s) by weight). [0102] [Examples 4 to 52
and Comegrg(t)i\r/e E_{(alrzp Aes 2 to 11] SE-2337 Production of antifouling coating comp s t on-2 The
reaction s i H% the crossl,nked metal salt bond-containing copolymer (al-1), (a2-1) or
(a2-1), obtained in Production Examples 1 to 3, or contain ing the silyl ester copolymer (a3-1) obtained
in Production ExaripiB 2, aforiy with $h& antifou? i &Jent (35 aHd St Cotiporerts Glférat S
homogenously mixed using a paint shaker, to L_herebyproduce an antifoulinu coating composition
having a Bl‘éﬁ%iﬁﬁ JOTpOELONHS BRo- Ghtédsl Fioshe (Exdmbfed 4 52 arnd Eonparatite ER4mples 2

to 113 (values in the tables denote 10part(s) by weight). [0103]
iron oxide; and organlc pigments such as carbon black, naphthol

red and phthalocyanine blue. The color pigment may be used in
a single kind or in combination of two or more kinds. The color
pigment may further contain various colorants such as dye. The
blending amount of the color pigment can be arbitrarily adjusted,
10 and is preferably 0.05 to 250 parts by weight, more preferably
1 to 125 parts by weight, based on 100 parts by weight of the
hydrolyzable copolymer (A).
[0071]

Extender pigment

15 The extender pigment is a pigment of a low refractive index
that is transparent and does not hide the coated surface when mixed
with anoil or a varnish. Examples of the extender pigment include
talc, silica, mica, clay, zinc oxide, calcium carbonate that is
used also as an anti-settling agent, kaolin, alumina white, white

20 carbon that is used also as a flatting agent, aluminum hydroxide,
magnesium carbonate, barium carbonate, barium sulfate and zinc
sulfide. Of these, preferable are zinc oxide, talc, silica, mica,
clay, calcium carbonate, kaolin and barium carbonate. The

extender pigment may be used in a single kind or in combination



[Criteria for evaluation of static antifouling property based on an area of adhesion of undersea
organismSFin’Bxaimples and Comparative Examples] 15Criteria for evaluation of static antifouling
property based on an area of adhesion of underse®organisms are as follows. 0 point: The area of
adhesion of the undersea organisms is about 1 point: The area of adhesion of the undersea
organisms is 20 about 51 to 2 points: The area of adhesion of the undersea organisms is about 31

to 50%. oints: The area of adhesion of the.undersea organjsms is about 11 to 30%. SF-2337
46 4060}%%% ?ﬁemé)r%%%fl a Sésic?r?%? tﬁgeurh(gjérrlﬁg%?élannglsgn%s %gb%ﬁff § e:ﬁLtw)@%.lgme%tpoints:

The area of adhesion of the undersea organis-ms | s about 5[0104] <Experiment
ofstatican%ﬁguﬁ)negparg%éﬁyfgtra%ﬁoﬁ?n}guggtaeﬁsg Tﬂrrﬁd[ﬁx%rﬁﬁlgéo 9% ar61)d &rﬁp?a?a%v%%?a?nples 1lto
11]> A sandblasted steel pl ter(% gth.300 mm x width 100 mm x thickness 3.2 mm) was coated
with an eB&XY A Cortdi% Ed iﬁ%el ?%r!é%/eﬁaq?eqp%%? AE CoRUNy mAteral" produEEhi&mha ™ Bannoh
300", manufactured by Chugoku Marine Paints, Ltd.) so that the dried film thickness would be 150 pm,

and then Whs-farthel cBafed ity alepdxy brirdr Coaing Madfiar forodudtiiafie: “Bandis00N",

manufactured by .".hug Marine Paints, Ltd.) so that the dried film thickness would be 100 pm.
Subsequéti: ?ﬁ@r@%ﬁ%&tﬁ%‘?@ wédE%oatéd with the antifouling coating composition produced in the
Example or Comparative Example one time so that the dried film thickness would be 100 pm, and then
dried at ré@r%%%ﬂnperature for 7 days, to thereby prepare a test plate with an antifouling coating 20 film.
The above three coatings were each carried cut under the condition of 1 day/I coat. [0105] The test
plate prep&fedEsidest¥ibadsbove was immersed and SE-2337 Li Prefecture. During this. period of
time, the area (1) of the adhesion onto the coating, film surface of undersea organisms is excluding
slime, was measuretl Ty 846 hiériths JMrdccofdanceOWiR Tiee [Critefia forevaldatiorest static
antifouling property based on an area 5 of ad5e on of undersea orgam smsj, the static antifouling
property 6fithe- antifoulirg ebatingfilm Wasr@atuatedh The resufistdre setForthdnFalsesi 2,19-1 to 9-6.

10 Examples of thedehydrating agent include inorganic ones including
anhydrite, hemihydrate gypsum (exsiccatedgypsum), anda synthetic
zeolite based adsorbent (e.g., a product named “molecular sieve”).
Further examples include orthoesters (e.qg., methyl orthoformate,
methyl orthoacetate, and orthoboric acid ester), silicates, and

15 isocyanates. Of these, anhydrite and hemihydrate gypsum
(exsiccated gypsum), each of which is an inorganic dehydrating
agent, arepreferred. Thedehydratingagentmaybeusedinasingle
kind or in combination of two or more kinds. The blending amount
of the dehydrating agent can be arbitrarily adjusted, and 1is

20 preferably 0 to 100 parts by weight, more preferably 0.5 to 25
parts by weight, based on 100 parts by weight of the hydrolyzable
copolymer (A).

[0073]



[0106] <Experiment of consumption degree of antifouling coating film 10[Examples 4 to 52 and
ComparatiVe Examples 2 to 11]> A hard vinyl chloride plate of 50 x 50 x 1.5 mm was coated with
the antifouling coating composition produced in EXample or Comparative Example, using an
applicator, so that a dried film thickness would be 250 Tam. The coated plate was rotated at 15 15
knots, and the consumption degree (decrease in the film thickness) of the antifouling coating film was
measureg pver ircngnthr. The results are set forth in Tables 9-1 to 9-6. Aunitoftheconsumption degree
of the Coatfﬁg—ft:}/ﬁ‘ﬁﬁ%%e tables is pm". 10107] 20 <Experiment of antifouling coating film property
[Examples 4 to 52 and Comparative Exa .ol-s 2 to 1.1l3> hA substrate which was a s%ndblasted
steel plate coated Wfthpanagrgtfc%%rzo%ﬁ/elcsoaéﬁnﬁéq‘ﬂ‘l%ov{/}asn Eogteﬁj%/vi%o%%ré%ﬁgﬁ%gt@oaﬁn§
composition produced in Example or Comparative Example, SF-2337 48 so that a dried film thickness
would be'Z50°GRETREH, s Was fimersed i SterliZ8d and fitered S2aWat&rT6r 3 HonthS, and then
dried at room temperature for 'week. Each nf the deter.orated antifouling coating films thus obtained
was coate8With-ar 8anftitof6Si78 toafhd eBnipbsitioh HEVng e sHife E6MbbEition dd that a dried
film thickness would be 250 um, and then the resultant coated plate was dried for 1 week. Then, this
was ImmersEtnn Sterflizel HhoFiifRtéd Sédmatet At 58X 81 & AontHs, To obServetha tBsting film
about crack and peeling. Finding no crack and 10 peeling was evaluated as AA; finding partial crack
was evaliated s BB Hiontg partrarpeeling WacevalteF RS T AhdfihdmgtPackvahdpeeling
throughout the entire surface was evaluated as DD. The results are set forth in Tables 9-1 to 9-6.

[0108] 157Fable 6] rable G3ARRRMing Bohfing coRfpdsHRT £ Ex. BEX2IEXBCGET fetal salt

bond-containing 32-1) (solid component: 45.6%) , 100: -, 100100
are preferable; and chlorinated paraffin is particularly

preferable. The plasticizer may be used in a single kind or in
10  combination of two or more kinds. As the n-paraffin, an example
of a commercial product employable is “n-paraffin”, manufactured
by Nippon Petrochemicals Co., Ltd. As the chlorinated paraffin,
examples of commercial products employable are “Toyoparax
A-40/A~-50/A-T70/A-145/A-150", manufactured by Tosoh Corporation.
15 Theblendingamount of the plasticizercanbearbitrarilyadjusted,
and 1s preferably 0.5 to 10% by weight, more preferably 1 to 5%
by weight, basedon 100% byweight of all solid components including
the plasticizer in the antifouling coating composition.
[0074]

20  Anti-sagging/anti-settling agent

Examples of the anti-sagging/anti-settling (thixotropic
agent) include organic clay compounds (e.g., an amine salt, a
stearate salt, a lecithin salt and an alkyl sulfonate of Al, Ca

and Zn), organic waxes (e.g., polyethylene wax, oxidized
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polyethylenewax, polyamidewax, amidewax, andhydrogenatedcastor
oil wax), and synthetic finely divided silica. Of these,
preferable are the organic clay compounds, polyamide wax, amide
wax, oxidizedpolyethylenewax, andsyntheticfinelydividedsilica.

5 The anti-sagging/anti-settling agent may be used in a single kind
or in combination of two or more kinds. The blending amount of
the anti-sagging/anti-settlingagent canbe arbitrarilyadjusted,
and 1s, for example, 0.25 to 50 parts by weight based on 100 parts
by weight of the hydrolyzable copolymer (A).

10 [0075]

Other resins and organic acids

The antifoulingcoating compositionof thepresent invention
may comprise one kind, or two or more kinds of other resins, in
addition to the metal salt bond-containing copolymer (A) as

15 described above.
[0076]

Employable examples include water-insocluble resins or
poorly water-soluble resins,
suchasanacrylicresinnot containingametal saltbond, anacrylic

20 siliconeresin, apolyester resin, anunsaturatedpolyester resin,
a fluororesin, a polybutene resin, a silicone rubber, a
polyurethane resin, an epoxy resin, a polyamide resin, a vinyl
resin (e.g., a vinyl chloride copolymer and an ethylene/vinyl

acetate copolymer), a chlorinated rubber, a chlorinated olefin
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resin, a styrene/butadiene copolymer resin, a ketone resin, an
alkyd resin, a coumarone resin, a terpene phenol resin and a
petroleum resin.
[0077]

Further examples employable with the hydrolyzable copolymer
(A) includewater-soluble resins suchaspinetar, rosin (gumrosin,
wood rosin and tall oil rosin), and monobasic organic acids such
as naphthenic acid, versatic acid, triphenylisobutenyl
cyclohexene carboxylic acid (“A-3000” manufactured by Yasuhara
Chemical Co., Ltd.).
[0078]
Solvent

Various components constituting the antifouling coating
composition of the present invention are usually dissolved or
dispersed in a solvent, as is the case with a general antifouling
coating composition. A solvent employable in the present
inventioncanbeasolvent generallyused foranantifoulingcoating
material, the examples of which include an aliphatic solvent, an
aromaticsolvent (e.g., xyleneandtoluene), a ketone solvent (e.qg.,
MIBK and cyclohexancone), an ester solvent, an ether solvent (e.qg.,
propylene glycol monomethyl ether and propylene glycol monomethyl
ether acetate), and an alcohol solvent (e.qg., isopropyl alcohol).
The blending amount of the solvent can be arbitrarily adjusted,

andis, forexample, suchanamount that all solidcomponents account
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for 20 to 90% by weight in the antifouling coating composition.
The solvent may be further added in coating operation in view of
workability.

[0079]

[Production Method and Uses of Antifouling Coating Compositiocn]

Theantifoulingcoating compositionof the present invention
can be prepared with apparatus, means, etc. similar to those
employed for generally known antifouling coating materials. For
example, the metal salt bond-containing copolymer (al) or (aZ2),
or the silyl ester copolymer (a3) is prepared in advance, and then
this copolymer (reaction liquid) and the antifouling agent (B),
optionally with other components such as additives, are added into
a solvent, at a time or in series, and stirred and mixed.
[0080]

The antifoulingcoating compositionof the present invention
can be used in embodiments similar to those for generally known
antifouling coating materials, and the antifouling coating film
of the present invention is formed from the antifouling coating
composition. For example, a surface of a substrate is coated or
impregnatedwiththeantifoulingcoatingcompositionof thepresent
invention, and then dried for a prescribed period of time, thereby
forming a cured antifouling coating film on the surface of the
substrate.

[0081]
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For example, in a substrate with a coating film (e.g., an
antifouling substrate) of the present invention, a surface of the
substrate is coated with a coating film obtained by curing the
antifouling coating composition;

a method for producing a substrate with a coating film of
the present invention comprises a step of applying or impregnating
the antifouling coating composition to a surface of a substrate,
and a step of curing the composition to form a coating film; and

a method for preventing a substrate from fouling of the
present invention comprises a step of applying or impregnating
the antifouling coating composition to a surface of a substrate,
and a step of curing the composition to forman antifouling coating
film.

[0082]

Examples of the substrate include a substratewhichis (e.qg.,
always or intermittently) in contact with seawater or fresh water,
and more specific examples include an underwater structure, an
outside board of a ship, a fishing net and a fishing gear.
[0083]

The surface of the substrate, by being coated with such an
antifouling coating film, can be prevented for a long term from
fouling caused by aquatic animals. The (dried) thickness of the
antifouling coating film can be arbitrarily adjusted in view of

consumption rate of the coating film, etc. Exemplary thickness
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thereof is 40 to 400 um per one coating, preferably about 40 to

200 um per one coating.

EXAMPLES
[0084]

Hereinafter, thepresent inventionis further describedwith
reference to Examples, but it should be construed that the present
invention is innoway limited to these Examples. Inthe following
Examples andComparative Examples, theterm“part (s)” meanspart (s)
byweight, and“%”withrespect totheindicationofasolidcomponent
means % by weight, unless deviating from the point.

[0085]

Inthepresent invention, includingtablesasdescribedlater,
amerereference, e.g., to“copolymer (A)”“basicallymeansa “resin”
which is a coating film-forming component. The reference e.qg.,
to “copolymer (A)” with the indication of a solid component also
means a “resin solution or dispersion” containing a volatile
component such as a solvent as well as the resin serving as the
coating film-forming component.

[0086]
<Measurement conditions of Gardner viscosity>

Gardner viscosity was measured under the conditions of a

resin concentration of 35% by weight and 25°C in accordance with

JIS K 7233-4.3, as described in JP 2003-55890 A.
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[0087]
<Viscosity>

The viscosity at 25°C was measured with a B-type viscometer.
[0088]
<Sclid component>

A solid component means a heating residue given when a
reaction mixture, a coating material, an uncured cocating film or
the like containing a polymer, a solvent, etc. is heated and dried
for 3 hours in a drier of heated air at 105°C to evaporate the
solvent, etc. The solid component usually includes a resin, a
pigment, etc. and becomes a coating film-forming component. For
the calculation, monomers (examples: Table 2) contained in the
coating material or the like and capable of forming a resin (solid
component) through reaction are also included in the solid
component.
[0089]
<Measurements of number-average molecular weight (Mn) and
weight-average molecular weight (Mw)>

Weight-averagemolecular weight (Mw) of a resin was measured
by gel permeation chromatography (GPC) method with “HLC-8120GPC”,
manufactured by Tosch Corporation, using two separation columns
(a-M) of “"TSK-gel a type”, manufactured by Tosoh Corporation, and
using, as an eluting solutiocon, dimethylformamide (DMF) to which

20mM of LiBr had been added. The weight-average molecular weight



C.1CN

10

15

20

SE-2337
38

of the resin was determined in terms of polystyrene.
Number-average molecular weight (Mn) of the resin was measured
by GPC as described above and determined in terms of polystyrene.
[0090]

[Production Example 1]

Production of side-chain endmetal salt bond-containing copolymer
(al-1)

Into a four—-necked flask equipped with a condenser, a
thermometer, a dropping funnel and a stirrer, 30 parts of propylene
glycolmonomethyl ether (PGM) and 40 partsof xylenewere introduced,
and with stirring, they were heated to 100°C. Subsequently, from
the dropping funnel, a mixture consisting of monomers and a
polymerization initiator shown in Table 1 was dropped at a constant
rate over 3 hours. After the dropping was completed, 1 part of
t-butyl peroctoate and 10 parts of xylene were dropped over 2 hours,
and after stirring for 2 hours, 20 parts of xylene was added, to
therebyobtainareactionmixture containing a side-chainendmetal
salt bond-containing copolymer (al-1).

[0091]

The Gardner viscosity and the solid component (%), which
are property values of the copolymer (al-1) or the reactionmixture
containing the copolymer (al-1l) obtained, were evaluated. The
results are set forth in Table 1.

[0092]
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[Table 1]

<Table 1> Production Example of side-chain end metal salt bond-containing copolymer (a1)

Production
Example 1
Side-chain end metal salt bond-containing copolymer (at1) al-1
Monobasic acid metal (meth)acrylate: monomer(a11) | versatic acid zinc methacrylate 35
Other unsaturated monomer 2-methoxyethyl acrylate 10
copolymerizable with monomer (a11): 3-methoxybutyl acrylate 30
monomer (a12) ethyl acrylate 25
Polymerization initiator t-butyl peroxide 6
Property values Gardner viscosity +Z
Solid component (%) 50.5

*The values of the monomer (a11), the monomer (a12) and the polymerization initiator denote parts
by weight.

[0093]
[Preparation Example 1]
Preparation of metal-containing monomer (a2l-1)

Into a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel and a stirrer, 85.4 parts of
propylene glycol monomethyl ether (PGM) and 40.7 parts of zinc
oxlide were introduced, andwith stirring, they were heated to 75°C.
Subsequently, from the dropping funnel, a mixture consisting of
43.1 parts of methacrylic acid (MAA), 36.1 parts of acrylic acid
(AA) and 5 parts of water was dropped at a constant rate over 3
hours. After the dropping was completed, the reaction solution
turned transparent from an opague white state. After stirring
for 2 hours, 36 parts of propylene glycol monomethyl ether was
added, to thereby obtain a reaction liquid containing a

metal-containing monomer (a2l-1). The charged amounts of the raw
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materials are set forthinterms ofmolar ratio, and the composition
of the resultant reaction liquid is set forth in terms of weight

percentage in Table 2.

[0094]
[Table 2]
<Table 2> Preparation of metal-containing monomer (a21-1)
Volatile Solid
component (%) of | component (%)*
Charged amount (molar ratio) rea"“‘"? I!qu1d of reactnqn' liquid
containing containing
metal-containing | metal-containing
monomer monomer
MMA AA /n0O | water | PGM water | solid component
Efg;’;gﬂ” a2t1 | 05 | 05 | 05 | 027 | 532 | 2 44.8

*Solid component (%) contains a monomer capable of forming a resin through reaction.

[0095]

[Production Example 2]

Production of crosslinked metal salt bond-containing copolymer
(aZ-1)

Into a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel anda stirrer, 15 parts of propylene
glycolmonomethyl ether (PGM) and 57 partsof xylenewere introduced,
and with stirring, they were heated to 100°C. Subsequently, from
the dropping funnel, a transparent mixture consisting of 52 parts
of the reaction liquid of the metal-containing monomer (a2l1-1)
obtained in Preparation Example 1, 1 part of methyl methacrylate

(MMA), 66.2 parts of ethyl acrylate (EA), 5.4 parts of
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2-methoxyethyl acrylate (2-MEA), 2.5 parts of
azobisisobutyronitrile (AIBN, manufactured by Japan Hydrazine
Company Inc.), 7 parts of azobismethylbutyronitrile (AMBN,
manufactured by Japan Hydrazine Company Inc.), 1 part of a chain
transfer agent (“Nofmer MSD”, manufactured by Nippon 0il & Fats

Co., Ltd.), and 10 parts of xylene was dropped at a constant rate
over 6 hours. After thedroppingwascompleted, 0.5partof t-butyl
peroctoate (TBPO) and Tpartsof xyleneweredroppedover 30minutes.
After stirring for 1 hour and 30 minutes, 4.4 parts of xylene was
added, to thereby obtain an insoluble-free, light yellow,
transparent reaction mixture containing a crosslinked metal salt
bond-containing copolymer (a2-1). Blending composition and
property values of the copolymer (aZ2-1) or the reaction mixture
containing the copolymer (a2-1) obtained are set forth in Table
3.

[00%6]

[Table 3]

<Table 3> Production Example of crosslinked metal salt bond-containing copolymer (a2)
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Production
Example 2
Crosslinked metal salt bond-containing copolymer (a2) a2-1
Reaction | liquid of metal-containing 211 59
monomer: monomer (a21)
Other unsaturated monomer MMA 1
copolymerizable with monomer (a21): | EA 66.2
monomer (a22) 2-MEA 5.4
AIBN 2.5
Initiator AMBN 7
TBPO 0.5
Chain transfer agent Nofmer MSD 1
Gardner viscosity -Y
Property values Solid component (%) 45.6
Number-average molecular weight (Mn) 1950
Weight-average molecular weight (Mw) 5200
[0097]

[Production Example 3]

Production of crosslinked metal salt bond-containing copolymer

(az2-2)

A crosslinked metal salt bond-containing copolymer (a2-2)

was prepared in the same manner as in Production Example 1, except
that the blending components of themixture containing the monomers

and the polymerization initiator were changed as shown in Table

4. Blending composition and property values of the copolymer

(a2-2) or the reaction mixture containing the copolymer (a2-2)

obtained are set forth in

[0098]

[Table 4]

Table 4.

<Table 4> Production Example of crosslinked metal salt bond-containing copolymer (a2)

Production
Example 3
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Crosslinked metal salt bond-containing copolymer (a2) a2-2
- Zinc diacrylate 8
Metal-containing monomer (a21) Zinc dimethacrylate 8
Monobasic acid metal (meth)acrylate: | isostearic acid zinc acrylate 12
monomer (a22) isostearic acid zinc methacrylate 12
Other unsaturated monomer 2-methoxyethyl acrylate 13
copolymerizable with monomer (a21): | methyl methacrylate 13
monomer (a22) ethyl acrylate 34
Polymerization initiator t-butyl peroxide 5
Property values Gardner viscosity -Y
Solid component (%) 49.7

[0099]
[Production Example 4]
Production of silyl ester copolymer (a3-1)

Into a reaction vessel equippedwith a stirrer, a condenser,
a thermometer, a dropping device, a nitrogen introducing pipe and
a heating/cooling jacket, 100 parts of xylene was introduced, and
heating and stirring were carried out in a stream of nitrogen at
a temperature condition of 85°C. With this temperature kept, from
the dropping device, a mixture of 60 parts of triisopropylsilyl
acrylate, 40 parts of methyl methacrylate and 0.3 part of
2,2"-azobisisobutyronitrile was dropped into the reaction vessel
over 2 hours. Thereafter, stirring was carried out for 4 hours
at this temperature, and then 0.4 part of
2,2" -azobisisobutyronitrile was added, and stirring was further
carried out for 4 hours at this temperature, to thereby obtain
a colorless and transparent reaction mixture containing a silyl

ester copolymer (a3-1). Blending composition andproperty values
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of the copolymer (a3-1) or the reaction mixture containing the

copolymer (a3-1) are set forth in Table 5.

[0100]
[Table 5]
5 <Table 5> Production Example of silyl ester copolymer (a3)
Production
Example 4
Silyl ester copolymer (a3) a3-1
Solvent xylene 100
triisopropyl silyl acrylate 60
Components methyl methacrylate 40
dropped 2,2'-azobisisobutyronitrile (initial stage) 0.3
Total 200.3
Component added | 2,2-azobisisobutyronitrile (later stage) 04
Solid component (%) 512
Proberty values Viscosity (cps/25°C) 408
perty Number-average molecular weight (Mn) 9,735
Weight-average molecular weight (Mw) 55,650
[0101]

[Examples 1 to 3 and Comparative Example 1]
Production of antifouling coating composition-1
The reaction mixture containing the crosslinked metal salt

10  bond-containing copolymer (a2-1) obtained in Production Example

2, along with the antifouling agent (B) and other components, were

homogenously mixed using a paint shaker, to thereby produce an

antifouling coating composition having a blending composition as

shown in Table 6 (Examples 1-3 and Comparative Example 1) (values
15 in the table denote part(s) by weight).

[0102]

[Examples 4 to 52 and Comparative Examples 2 to 11]
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Production of antifouling coating composition-2

The reaction mixture containing the crosslinked metal salt
bond~containing copolymer (al-1), (a2-1) or (aZ-1), obtained in
Production Examples 1 to 3, or containing the silyl ester copolymer
(a3-1) obtained inProduction Example 4, alongwith theantifouling
agent (B) and other components, were homogenously mixed using a
paint shaker, totherebyproduceanantifoulingcoatingcomposition
havingablendingcompositionas showninTables8-1to8-6 (Examples
4-52 and Comparative Examples 2 to 11) (values in the tables denote
part(s) by weight).
[0103]
[Criteria for evaluation of static antifouling property based on
an area of adhesion of undersea organisms, in Examples and
Comparative Examples]

Criteria forevaluationof staticantifoulingpropertybased
on an area of adhesion of undersea organisms are as follows.

0 point: The area of adhesion of the undersea organisms is
about 100%.

1 point: The area of adhesion of the undersea organisms is
about 51 to 99%.

2 points: The area of adhesion of the undersea organisms
is about 31 to 50%.

3 points: The area of adhesion of the undersea organisms

is about 11 to 30%.
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4 points: The area of adhesion of the undersea organisms
is about 1 to 10%.

5 points: The area of adhesion of the undersea organisms
is about 0%.
[0104]
<Experiment of static antifouling property of antifouling coating
film [Examples 1 to 52 and Comparative Examples 1 to 11]>

A sandblasted steel plate (length 300 mm x width 100 mm x
thickness 3.2 mm) was coated with an epoxy anticorrosive coating
material (epoxy AC coating material, product name: “Bannoh 5007,
manufactured by Chugoku Marine Paints, Ltd.) so that the dried
film thickness would be 150 um, and then was further coated with
an epoxy binder coating material (product name: “Bannoh 500N”,
manufactured by Chugoku Marine Paints, Ltd.) sc that the dried
filmthickness wouldbe 100 ym. Subsequently, the resultant plate
was coated with the antifouling coating composition produced in
the Example or Comparative Example one time so that the dried film
thickness would be 100 um, and then dried at room temperature for
7 days, to thereby prepare a test plate with an antifouling coating
film. The above three coatings were each carried out under the
condition of 1 day/1l coat.
[0105]

The test plate prepared as described above was immersed and

allowed to stand still for 8 months in Hiroshima Bay of Hiroshima
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Prefecture. Duringthisperiodoftime, thearea (%) of theadhesion

onto thecoating filmsurface of undersea organisms excluding slime,

was measured every two months. In accordance with the [Criteria

for evaluation of static antifouling property based on an area
5 ofadhesionofunderseaorganisms], thestaticantifoulingproperty

of the antifouling coating film was evaluated. The results are

set forth in Tables 7, 9-1 to 9-6.

[010¢6]

<Experiment of consumption degree of antifouling coating film
10 [Examples 4 to 52 and Comparative Examples 2 to 111>

A hard vinyl chloride plate of 50 x 50 x 1.5 mm was coated

with the antifouling coating composition produced in Example or

Comparative Example, using an applicator, so that a dried film

thickness would be 250 um. The coated plate was rotated at 15
15 knots, and the consumption degree (decrease in the film thickness)

of the antifouling coating film was measured every month. The

resultsareset forthinTables9-1to%-6. Aunitoftheconsumption

AN I£4

degree of the coating film in the tables is “pm
[0107]
20 <Experiment of antifouling coating film property [Examples 4 to
52 and Comparative Examples 2 to 11]>
A substrate which was a sandblasted steel plate coated with

an anticorrosive coating film was coated with the antifouling

coating composition produced in Example or Comparative Example,
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so that a dried film thickness would be 250 pm. Then, this was
immersed in sterilized and filtered seawater for 3 months, and
thendriedat roomtemperature for 1 week. Eachof thedeteriorated
antifouling coating films thus obtained was coated with an
anticorrosive coating composition having the same composition,
sothatadriedfilmthicknesswouldbe 250 um, and then the resultant
coated plate was dried for 1 week. Then, this was immersed in
sterilized and filtered seawater at 50°C for 6 months, to observe
the coating film about crack and peeling. Finding no crack and
peeling was evaluated as AA; finding partial crack was evaluated
as BB; finding partial peeling was evaluated as CC; and finding
crack and peeling throughout the entire surface was evaluated as
DD. The results are set forth in Tables 9-1 to 9-6.

[0108]

[Table 6]

<Table 6> Antifouling coating composition-1

Ex.1 Ex.2 Ex.3 | Com.Ex.1
100 100 100 100

Crosslinked metal salt bond-containing
copolymer (a2-1) (solid component: 45.6%)

medetomidine 0.025 0.05 0.1 -
xylene 5 5 5 -
[0109]
[Table 7]

<Table 7> Result of antifouling property

Immersion period Ex.1 Ex2 | Ex3 | Com.Ex.1
2 months 4 4 5 2
4 months 3 4 5 1
6 months 2 3 5 0




9:x3'WOO St
SF~2337

CV St cc COr

Cv

49

| 8 months




Cvc CrcCv

St

COO) CO 00 9.x9 'WOO ,

50

(uo-g-auljozelyosi-p-{}20-U--0i0jyIp-G'y ‘SSeH PUB WYOY) |12 ININVISx. (P71 ueder JSva) GzdiN XaljoeT ,,

00}

004

004

00}

004

00}

004

004

00}

00}

Jybiam Aq ped jejo

€

£

€

€

Jayia JAyjewououw j094}6 susifdoid

6¢l

6¢l

6¢

68

68

568

568

68

98

68

ERETSY%

€

€

€

€

(%07 :Jusuodwod pijos) xem apie pioe Ane

¢

[4

¢

[/

(9%0¢ Jusuodwiod pijos) xem ausjkyiehjod pazIpixQ

10

10

10

L0

10

G600

500

10

v0

10

auIpILO}apaLL

louAdiAyiawo.onyu-g-owolq-y-oueko-¢-([Ausydoiojyo-d)-z

apiweauaynsaueyisw(A0}-d)-N-osony(iAuoyns(outeAyiawip))-N-0101ydig

aueJoqiAuaydui-suipuid

»NL L ANIN-YIS

Jles Jaddoo(apixo-| -joipautpukd-z)sig

Jles ouiz(apixo-| -joiyjaulpuid-z)sig

apiuepoys Jaddon

apixo snoydn)

3pIXO U0 pay

wnsdAb pajeooisx3y

ajejins wnueq buipes

apIX0 oUIZ

oe]

NI DD v N

0o
Nl S M N

N[22 e ey

wio

0o
N2 e el

N2 e

NI I~

uyjesed pajeulolyd

WOIN|M IO O e O

N DO O v 1 ON

«SCdN XS|joJET

<
—

<
—

uIsoy

0t

)4

(%2 16 Jusuodwoa pios) (}-¢ce) JawAjodoo Jaisa |AlS

14

(%2 6v Jusuodwoa pijos) (z-ze) JawAjodod Butuiejuod-puoq ifes [ejell paxulsso)

114

14

14

14

(%9°6 Jusuodwod pios) (|-ge) Jewkjodod Buiurejuod-puoq Jjes |elal paxuijssoi)

14

(%606 :Jusuodwoa pyjos) (}-| &) JawAjodod Buiuieluod-puoq jjes [ejal pus uleyo-apis

(A

¢l xg

bX3

013

6%

83

LXd

9x3

X9

yxg

Z-uonisodwod Buieod Buinouy <|-g a|qe | >

[T-8 ®Tq®L]
[0TTO]

Leeg-4s



00L | 00L | 00L | 0OL | 00L | OO | 0O | 00, | 00} | oOL Jybiom Aq ped fejo
¢ ¢ ¢ ¢ ¢ I ¢ ¢ ¢ I Jayis jAyrewououw 109416 suajkdoig
68 68 68 68 68 68 | 68 | 68 | 68 | 68 audjAx
£ £ £ £ £ £ £ £ £ £ (%0 :lusuodwiod pijos) xem apiuwe pioe Aje
4 4 4 [4 [4 4 I 4 [4 4 (%02 usuodwon pijos) xem ausjkylekjod pazipixQ
10 L0 L0 L0 10 L0 10 10 10 L0 sulpiwolspaw
g 0L [oLAdjAyiBwoIonyul-G-owoig-F-oueko-¢-(Ausydosojys-d)-z
G 0L apiweauajnsaueyisw(Ajo}-d)-N-osony{jAuoyns(ouiweAyiawip))-N-0101yoiQ
g 0l auesoqjAuaydu-aulpuid
G 0l N1 L2 ANIN-V3S
0l Jles Jaddoo(apixo-|-joipaulpuid-z)sig
S S g g 0l Jfes ouiz(apixo-| -jolyjoupuid-z)sig
apiuepoys Jaddon
- apixo snosdn)
o 14 4 /4 Z 14 14 /4 I Z 4 8pIX0 Lol pay
! } ! ! ! ! ! } } ! wnsdAb pajeodisx3
£ € ¢ 1 £ ¢ ¢ ¢ £ ¢ ajejins wnueq buyes
0l 0l 0l 0l 0l 0l 0l 0l 0l 0l SpIX0 dulz
0l 0l 0l 0} 0l 0l 0l 0l 0l 0l oel
= 4 4 4 [4 14 14 [/ [ [4 [4 uyesed pajeunoly)
GZd X8jjosen
W uIsoy
— (%16 Juauodwod pijos) (}-ce) Jowkjodoo sayss (AlIS
m (%, 6y Juauodwod pijos) (z-ze) Jawkjodos Buiuiejuod-puoq Jjes [ejall payulsso)
- 14 14 14 4 14 14 14 4 114 4 (%96 uauodwoa pijos) (}-ze) Jawhjodoo Buiuiejuod-puoq Jes [ejew payulissoi)
o (%6°0G Jusuodwod pijos) (}-1e) Jawkjodoo Buiuieluoo-puoq Jes [ejal pus uleyd-apiS
S €CX3 | ¢¢X3 | 1EX3 1 0Xd | 6LX3 [ 8LXT | L1X3 1 9Lxg | GLXT | pI'X3
I .
Z-uonisodwod buneod Buynouy <z-g ajqe | > [z-8 @T19el]
) (TTT10]
—
o
S '
LEEZ-AS
(o]




lz COO)9001 Corn.Ex.3 Str+ 91 L.c CV

52

004

004

00}

00}

00}

001

001

001

001

Jyblem Aq ped fejo

Jayis JAuiswouow 109416 suajhdoid

6¢

6¢

6¢

68

68

68

68

68

auajhy

(%07 jusuodwod pijos) xem apile pioe Ape

(%07 Juauodwod pijos) xem ausikyieh|od pazipixQ

10

10

10

10

10

L0

10

10

suIpIwo}apaLl

|ouAdiAuyswo.ony}-G-owolq-F-oueko-¢-([Ausydoiojyo-d)-z

aplweauajnsaueyiaw(jAj0}-d)-N-osony(iAuoyns(outwelAyiaip))-N-010[ydiq

aueJogjAuaydu-auipuid

Ni1¢ ININ-VIS

Jles Jaddoo(apixo-| -joiyjeuipukd-z)sig

Jles ouiz(apixo-|-joiyjaulpukd-z)sig

apiuepoyl Jaddon

apixo snoidn)

3pIX0 U0 pay

wnsdAb pajeooisxy

ajejins wnueq buipag

3pIX0 2UIZ

JEeL

NI M D e I ON

N OO e | ON

N M| e [N

N2 I2 o

OIS
N e [0 e N

N2 |

uiesed pajeuliolyn

SCdN Xsjjoie]

uisoy

(%g' 16 Juauodwod pijos) (}-ce) JawAjodoo Jajsa |A|1S

(% 61 Jusuodwod pijos) (z-ge) 1owkjodos Buiuieyuoo-puoq jes [elsw pexulissoi)

0¢

0¢

0¢

14

14

Sy

14

14

14

(%9°Gy :Jusuodwod pijos) (|-ge) JawAjodod Buiuiejuod-puoq Jes [ejell payuIssol)

(%506 uauodwoa pijos) (|-} e) sewAkjodos Buiuieyuoo-puoq jjes |elew pua Ueyd-apIS

¢exd

1£Xd

0£'xd

6¢X3

8¢'xd

LeXd

9¢x3

G¢xd

y¢ x4

Z-uonisodwoo buieod buinojiuy <¢-g 8jqe | >

[€-8 @TaRL]
(2T10]

LEEZ~-AS



191 [or.Cc)r CV.

6 CO 001 Zix3'WOO St

53

004

001

004

004

001

004

001

001

004

00}

Jubiem Aq ped jejo|

Jayje |Ayiewouow 0246 auajhdoid

68

68

68

68

68

68

68

68

68

68

8UBJAY

(9%0¢ usuodwod pijos) xem apile pioe Aned

(%0¢ 3uauodwod pijos) xem ausjhyiehjod pazipixQ

10

10

10

10

10

10

10

10

10

10

auIpILIO}apaLl

[ouAdiAyiswolonyL-G-owoig-F-oueka-¢-(jAusydoiojyo-d)-g

apiweauayinsaueiow(A|o}-d)-N-osony(iAuojns{ouiweiAyswip))-N-01014oiQ

auesoqiAuaydu-auipuid

NI1Z ININ-YIS

Jles Jaddoa(apixo-| -joiyjeulpuid-z)sig

Jfes ouiz(apixo-| -joiyjaulpukd-z)sig

apiuepoys Jaddon

apixo snosdn)

3pIX0 Uoli pay

wnsdAb pajeooisxg

0l

01

01

0L

0l

0l

ajeyns wnueq buipes

01

0l

0l

0l

0l

01

apIX0 oUIZ

04

0l

0l

0l

0l

0l

o]

~NI2I2 o o

[em 3 K]
N em | O N

N2 o~ e

N2 2 o |

uyjesed pajeunoy)

GCdIN X8joieT]

uIsoy

(%21 G usuodwod pijos) (|-ce) Jowkjodoo Je)se (KIS

(% 6 uauodwoa pijos) (z-ze) JawAjodoo Buiuieluoo-puoq Jjes |ejaul payuljssol)

14

14

14

Gy

14

114

Gy

114

14

114

(%9°Gy Juauodwod pijos) (}-ze) JawAjodoo Buiuigluoo-puUOq Jes [ejatl payuISsSol)

(%G 06 :usuodwoa pijos) (|-} &) Jawkjodoo Buiuiejuod-puoq Jes [ejew pus uieyd-apis

¢y xd

Lyx4

0v'xd

6€x3

8E€xd

JARE

9exd

Ge'x3

yex3

£ex3

Z-uonisodwoo buieos bunojjuy <p-g ajqe] >

(V-8 ®T19®L]
[(€T10]

Leec—dAs




Side chain end metal salt bond

CV CO CO CO Total part by weight 100 ----

1

L.9

containing copolymer (al-1) (solid compgent 50.5%) Crosslinked metal salt bond-containing

copolymer (a2-1) (solid component: 45.6%) Crossfinked metal salt bond containing coolymer (a2-2)
(solid component 49.7%) | Silyl ester copolymer (a3-1) (solid component 51.2%) Rosin Laroflex
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CLAIMS
1. An antifouling coating composition comprising a

hydrolyzable copolymer (A) and an antifouling agent (B),
wherein the hydrolyzable copolymer (A) is at least one
hydrolyzable copolymer selected from the group consisting of:
(al) a metal salt bond-containing copolymer which is an
acrylic resin or a polyester resin and has a side-chain end group
represented by the general formula (I):
-CO0-M-0~-COR? (1)
[In the formula (I), Mis zinc or copper, and R* is an organic
group];
(aZ2) a metal salt bond-containing copolymer having
a component unit derived from a monomer (a2l)
represented by the general formula (II):
CH,=C (R?) ~CO0-M-0-CO-C (R?) =CH, (I1)
[Intheformula(II),Dﬁiszincorcopper,andRZiseahydrogen
atom or a methyl group], and
a component unit derived from other unsaturated
monomer (a22) copolymerizable with the moncomer (a2l); and
(a3) a silyl ester copolymer having
a component unit derived from a monomer (a3l)
represented by the general formula (III):

R’-CH=C (R®) -COO-SiR*R°R® (I1I1)
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[In the formula (III), R® is a hydrogen atom or a methyl
group,

R*, R® and R® are each independently a hydrocarbon group,
and

R' is a hydrogen atom or R?-0-CO- (wherein R® is an organic
group or a silyl group represented by -3iR°R*°R**, wherein R%, R'C
andfflareeachindependentlyahydrocarbongroup)],andoptionally

a component unit derived from other unsaturated

monomer (a32) copolymerizable with the monomer (a3l), and

wherein the antifouling agent (B) comprises at least

medetomidine.

2. Theantifoulingcoatingcompositionaccordingtoclaim
1, which comprises 0.01 to 200 parts by weight of medetomidine

based on 100 parts by weight of the hydrolyzable copolymer (A).

3. Theantifoulingcoatingcompositionaccordingtoclaim
1 or 2, which further comprises an antifouling agent other than

medetomidine as the antifouling agent (B).

4. Theantifoulingcoatingcompositionaccordingtoclaim
3, wherein the antifouling agent other than medetomidine is at
least one antifouling agent selected from the group consisting

of cuprous oxide, copper rhodanide, copper pyrithione, zinc
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pyrithione, 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one,
triphenylboron-amine complex,
dichloro-N-((dimethylamino)sulfonyl)fluoro-N-(p-tolyl)methane
sulfeneamide,
2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethylpyrrol,
copper, N,N-dimethyldichlorophenyl urea, 2,4,6-trichlorophenyl
maleimide,
Z-methylthio-4-tert-butylamino-6-cyclopropyl-S-triazine,
2,4,5,6-tetrachloroisophthalonitrile,
bisdimethyldithiocarbamoyl zinc ethylene bisdithiocarbamate,
chloromethyl-n~octyldisulfide,

N,N’-dimethyl-N’-phenyl- (N-fluorodichloromethylthioc)sulfamide,
tetraalkyl thiuramdisulfide, zincdimethyldithio carbamate, zinc
ethylene bisdithio carbamate,

2,3-dichloro-N-(2’,6’ -diethylphenyl)maleimide, and

2,3-dichloro-N- (2’ -ethyl-6’ -methylphenyl)maleimide.

5. The antifouling coating composition according to any
one of claims 1 to 4, wherein the metal salt bond-containing
copolymer (al) 1s a copolymer of two or more kinds of monobasic
acidmetal (meth)acrylates each representedby the general formula
(IV) :

CH,=C (R?) ~COO-M-0~COR* (IV)

[In the formula (IV), M is zinc or copper, R' is an organic



62 CLAIMS 1.An antifouling coating composition comprising a hydrolyzable copolymer (A) and an
antifouling 8genrt(B), wherein the hydrolyzable copolymer (A) is at least one hydrolyzable
copolymer selected from the group consisting of: ©5 (al) a metal salt bond-containing copolymer
which is an acrylic resin or a polyester resin and has a side-chain end group represented by the
general formula (1): -COO-M-0-COR1 [In the formula (1), M is zinc or copper, and R1 is an organic

group]; (a2) a metal salt bond-containing copolymer havin a component unit derived from a
monomer’ a%&?fep?ggergedlﬁy %e%d’eynrg?gl%rr%g%%ISD:KCazgézﬁ)y&o%-(ﬁ}ll-%?co-C(RZ):CHZ(II)

[In the formula (11),Mis zinc or copper, and R2 is a hydrogen atom or a methyl group], and a
component unit derived from other unsaturated monomer (a22) copolymerizable with the monomer
(a21); and (a3) a siester copolymer ha a . . a component unit derived from a monomer (a31)
represented by th 'generg%f%%ﬁmé %ﬁl?i—ﬁ%—?—é@?%@@%? BRBRB{TN) SEIET oD, dltithe
formula (lll), R3 is a hydrogen atom or a methyl and B6 are each independently a hydrocarbon group,
R7 is a hydIogenh atorfl OFR8-0:00- twhBRsiR Reis dHorgahitigroap or a%inr giupFepreésented by

-SiR9R1R , wherein R9, and R1 are each independently a hydrocarbon group ) j and opti ona lly
copolymer (al) is a copolymer containing a component unit derived

from a monobasic acid metal (meth)acrylate represented by the
general formula (IV):

CH,=C (R?) -COO-M-0-COR* (IV)

[In the formula (IV), M is zinc or copper, R* is an organic
group,andR?iseahydrogenatomcnfan@thylgroup],andaacomponent
unit derived from at least one unsaturated monomer selected from
the group consisting of an alkyl (meth)acrylate, an alkoxyalkyl

(meth)acrylate and a hydroxyalkyl (meth)acrylate.

7. The antifouling coating composition according to any
one of claims 1 to 6, wherein in the metal salt bond-containing
copolymer (al), zinc and/or copper attributed to the structure
of the formula (I) is contained in an amount of 0.5 to 20% by weight

of the copolymer (al).

8. The antifouling coating composition according to any
one of claims 1 to 7, wherein the monomer (a2l) contains at least
one monomer selected from the group consisting of zinc diacrylate,

zincdimethacrylate, copperdiacrylate and copper dimethacrylate.



a component unit derived from other unsaturated monomer32) copolymerizable with the monomer
(a31), an@ -2 3uherein the antifouling agent (B) comprises at least medetomidine. 2.
Theantifoulingcoatingcompositiona000rdingtoclairfi &, which comprises 0.01 to 200 parts by weight of
medetomidine based on 100 parts by weight of the hydrolyzable copolymer (A). 3.
Theantifouiingcoatingcompositionaccordingtoclaim 1 or 2, which further comprises an antifouling agent
other than medetomidine as the antifouling agent (B). 4. Theantifoulingcoatinacompos
tionaccordingtocla= 3, wherein the anhifouling agent other than medetomi dine is at least one
antifouling agent selected_from the group consisting, of cuprous oxide, copper rhodanide, copper
pyrithione, zinc SF-2337 eﬁi%oﬁg,lig%féﬂﬁo?g ISR L2456 1AL 617e%3-0R8Y tO any
triphenylborcn. mipe complex, dichlorc-ﬁl\%&(dimeth iamino) Ifonyl)fluoro-N-Fp-toi i)methane
sulfeneariide °2-(p-GhiBIopHehy 1) 326 ano-4-BiotHos5-tiubr6MmEetRY T Fol, ééﬁge?,oﬂtams
N,N-dimetilyldichlorophenyl urea, 2,4,6-trichlorophenyl malei de, 2-methylt o
044embﬁ&&ﬁmiﬁﬁé%ﬁaéﬁﬁﬁ@ﬁé-ﬁﬁﬂﬂﬁ%@ﬁéﬁiﬁﬁ&%ﬁ%ﬁ%%ﬁﬁ%&ﬁﬁﬁﬁé?nSlstlng
Oisdimethyldithiocarbamoyi zinc ethylene bisdithiocarbamate, chloromethyl-n-octyldisuifide,
N,N'-diméthyRR-pheyl- (AL GHichibronTethythib)SiafiteY etttk iaimdidffigad a
zinodimethyldithiocarbamate, zinc ethylene bisdithio carbamate,
2,3-dichlSrEN2 6 -difethylpReryijAakeimiieS and 2,3-dicnio -N-(2'-ethyi-6'-methylphenyi)maleimide.
5.The antifouling coating composition according to any one of claims | to 4, wherein the metal salt
bond-containing copolymer (al) is a copolymer of two or more kinds of monbbasic acid metal (meth) )
acrylates each represented by the general formula (TV): ¢: =c(s/)-coo-m-c-cog'(IV) SF-2337 65 group,
an R2 - a hydrogeR atom’Grsa aethyicgrébupp coa6 iTise aritifoiting coatingreorapeosit,oa accordinr, to
any one of claims 1 to 5, wherein the metal salt bond-containing copolymer (al) is a copolymer
containingzecomponéntsuhit detived froni a iohobasic aciltmetab(Teathiatryidte represémed by the
general formula (IV): 052-0(R2)-COO-M-0-CORI(IV)

a monobasic acid metal (meth)acrylate represented by the general

formula (IV):
CH,=C (R*) ~COO-M-0-COR? (IV)
[In the formula (IV), M is zinc or copper, R' is an organic

group, and R? is a hydrogen atom or a methyl group].

11. Theantifoulingcoatingcompositionaccordingtoclaim
10, wherein the unsaturated monomer (a22) contains the monobasic
acidmetal (meth)acrylate represented by the general formula (IV)
and at least one unsaturated monomer selected from the group
consisting of an  alkyl (meth)acrylate, an alkoxyalkyl

(meth)acrylate and a hydroxyalkyl {(meth)acrylate.

12. The antifouling coating composition according to any

one of claims 1 to 11, wherein in the metal salt bond-containing



rin the formula (1V), M is zinc or copper,an organic group, andVisa hydrogen atom or a methyl group],
and a corfipoent Unit derived from at least one unsaturated monomer selected from the group
consisting of an alkyl (meth)acrylate, an alkoxyalk§l’(meth)acrylate and a hydroxyalkyl (meth)acrylate.
7The antifouling coating composition according to any one of claims 1 to 6, wherein in the metal salt
bond-contain copolymer (al), zinc and/or copper attributed to the structure of the formula (I) is
contained in an amount of,0.5 t0.20% by weight of the copolymer (al). 2The antifouling coating

com positi%?lpé%:grn(ﬁrr\g %g Ea Vi one of cefékl/%?sof t§ 9?@%gre|n }%el %uogn%?netro(a ?cgtréltrahlglcs%éﬁéeast one

monomer selected from 1-hegroupcansistingof zinc diacrylate, zinc dimetﬁt: cry-iate, cooper diacrylate
and coop%rfe dﬁr?]qééthggr@%lt%? Ség§3? %6congcamed = uﬁﬁg %%%ﬁé c8 Eoos%iiothoaéc%f’di%’ to any

one of claims 1 to 8, erejn the uns§turated mgnomer (a22) contacns at least one unsaturated
monomer'Seldéted -roft e §EUp ¢OHsTstig of an alkyl (meth)acrylate, an alkoxyalkyl (meth)acrylate
and a hy roxyalkyi (meth)acrylate. 10. The antifouling coating compositicn according to P one of
claimqg 1 to 9, wherein the unsaturated monomer (a22) contains a monobas acid metal (meth)acrylate
represented by the general formula (1li): CI -c(R2)-COO-M-0-COR1(1V) [In the formula (IV), M is
zinc or copper, RFi$-an ofgdhid Yrdds, and R XL H hyd SyeRPadm™6rra REMRYFEroUmitC 271, The
antifouling coating composition accordin to claim 10, wherein the unsaturated monomer (a22) contains
the monobasicOdcitl tRetaF (et h)atryl4iecrepréseritéd bythB ereraBriula TV énd gti@ast one
unsaturated monomer selected from the group con sting of an alkyl(meth)acrylate,an alkoxyalkyl (met
)acrylate afd & RydioxyalRAIrietRachnael yren 2( The drtifedlinty 6cdtirg esmposificn eecording to
any SF-2337 67 copolymer (a2), zinc and/or copper attributed to the structure of the formula (l1) is
contained AR &niolRit of 079 1> 6%y avigh: ofiHe tdopomemnic acid Trrsamtifeuling eoating
composition according to any one of claims 1 to 12, wherein the organic group R in the metal salt
bond-contginingecopdlgmetis ah wrgasic acid pésidue fored frenbamageoaic aeidl agd2hecorganic
acid residue is a saturated or unsaturated aliphatic hydrocarbon group having 2 to 30 carbon atoms, a
saturated3ér aasatoratstbalsA/clic hydroearbd o group davingt3: tb 20icarbon atorsy anaromatic
hydrocarbon group having 6 to 18 carbon atoms, or a substituted group thereof. 14. The
antifouling :coatingaomppsition adtardingdo ayoose of claims 16, d hand ddawherein theprganic
group R1 of themono/basic acid metal (me h)acrylate represented by the formula

having 6 to 18 carbon atoms, or a substituted group thereof.

14. The antifouling coating composition according to any
one of claims 5, 6, 10 and 11, wherein the organic group R! of
themonobasic acidmetal (meth)acrylate representedby the formula
{IV) is an organic acid residue formed from a moncbasic acid, and
the organic acid residue is a saturated or unsaturated aliphatic
hydrocarbon group having 2 to 30 carbon atoms, a saturated or
unsaturatedalicyclichydrocarbon group having 3 to 20 carbon atoms,
an aromatic hydrocarbon group having 6 to 18 carbon atoms, or a

substituted group thereof.

15. The antifouling coating composition according to any



is an organic acid residue formed from a monobaslc acid, and the organic acid residue is a saturated
or unsatufdted afiphatic hydrocarbon group having 2 to 30 carbon atoms, a saturated or unsaturated al
i cyclic hydrocarbon group laving 3 to 20 carbon &®ms, an aromatic hydrocarbon group having 6 to
18 carbon atoms, or a substituted group thereof. -2.3".c7 68 one of claims 1 to 14, wherein the
monomer (a31) contains a trialkyisi 1 (meth)ac late. 16. The antifouling coating composition
accordin%to ané/foncef);cllaigns{to?;bwtﬁreinwtfpeeruenisr@_tu{gted maonome aﬁZ% Egntains*at least one

e =] A
unsaturated monomer selected from tné group consis ofan %ﬁ(@ﬁ“&ﬁet acrylatce?%ﬁ%ﬁ{oiyaﬁkyl

(meth)ac y,ate and.a hydroxyalkyl (meth)acrylate. 17. An antifouling coating film formed from the
antifouling %63%5 %S%Xp%gitiéﬁei%g%&ﬁga%ﬁﬁy one of claims 1 to 16. 18. A substrate with a
coating film in which a surface of the substrate is coated with a coating film obtained by curing the
antifouling coating composition according to anyone of claims 1 to 16. 19. Ametnod for producing
a substrate with zacoatingf ilm comprising a step of applying or impregnating the antifouling coating

0

composition accotding to ahy BR& of HaiMEd 116 103 SRS a SlibstrafE 3hd% SREB¥ curing the

composition to form a coating film. ~ _
oneofclaimsltd1l5, whereintheunsaturatedmonomer (a32) contains

at least oneunsaturatedmonomer selected fromthe group consisting
of an alkyl (meth)acrylate, an alkoxyalkyl (meth)acrylate and a

hydroxyalkyl (meth)acrylate.

17. An antifouling coating film formed from the
antifouling coating composition according to any one of claims

1 to 16.

18. A substrate with a coating film in which a surface
of the substrate is coated with a coating film obtained by curing
the antifouling coating composition according to any one of claims

1 to 16.

19. Amethod for producing a substrate with a coating film
comprising a step of applying or impregnating the antifouling
coating composition according to any one of claims 1 to 16 to a
surface of a substrate, and a step of curing the composition to

form a coating film.



