SPECIFICATION TITLE OF THE INVENTION ANTIFOULING COATING COMPQOSITION,
ANTIFOULING COATING FILM FORMED USING THE COMPOSITION, COATED OBJECT HAVING
THE COATING FILM ON THE SURFACE, AND METHOD OF ANTIFOULING TREATMENT BY
FORMATION OF THE COATING FILM TECHNICAL FIELD [0001] The invention relates to an
antifouling coating composition, an antifouling coating film formed using the composition, a coated
object having the coating film on its surfa@PECEFIOFEQ@of antifouling treatment by formation of the
coating film. BACKGROUND ART [0002]  Agquatic fouling organisms such as barnacles,
Tubewerms, EooFMoB R USSSSBHgNla neritina, sea squirts, green laver, sea lettuce, and slimes
attach to ships (especially the ship bottoms), fishing tools such as fishing nets and fishing net
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include Beiané 200 & MEDEcOppIITTErs FlHoMexample, a coating film formed by application of an
antifouling coating material that contains a polymer with tributyltin groups gradually dissolves the
polymer &kl HeALi8iELRwater, causing constant replacement of coating film surfaces, which
enables the prevention of the attachment of aquatic fouling organisms to the coating film After
dISSO|Utﬁ990t$‘Je coating film can be reapplied to exhibit continued antifouling effect. However, the use
of these antilthdingveodimg m&terals kas aoiifdekn @abaadogechdueots theablemsabtformianige pollution.
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HowevéH THtthough a coating f|Im that includes a triorganosilyl ester-containing copolymer initially
dissolves in seawater at a constant rate, the dissolving rate of the coating film gradually increases, and
becom%mmﬁmhwim’g@wﬁter a long period of time has elapsed, making the design of the coating
materla rlt For this reason, an attempt has been made to adjust the dissolving rate of the coating
film by usmg riorganosilyl ester-containing copolymers in combination with rosin (or rosin derlvatlves)
(Patent Docé%ﬁ%écl ‘t&é?%@éé%]umﬁo‘w&libﬁ RAGHT (PR FESIRBErivAIVEONERILE Sithough a
portion Bitgelrosiericaetswithsguidtal gmremndandrcortaietidriretencoatingesortzasitionstbiferm a metal

salt durtegﬁeem@ngta@ﬁte ofAtenetn g srateriabdheseactivity iminsy fisigninte sidtingsim e rosin (or
rosin dee{&"%tﬁé% it f esﬁ%[ é'&&%%8?%%@%@&@%&9%‘%%%%%%%@% Qn,; L rosin (or rosin

derivatives) has |gh I’Ophl IC properties, a ence tends to water resistance of the
coat.ngweﬁ%ﬁecé%ﬁlﬁﬁlﬁlm KIS PO HpRte FARALS AP RABFRAC d 8Rsl o7 defete Msehs i blisters,
cracks, @redsthpkken{D808]n. Accordingly, a method has been suggested to remove the rosin with
unreactgbsgg carboxylic acid by pre-mixing an excess of a metal compound with rosin (Patent

Document 13), iod NoNRYEL & ?R H?"ft%%rh:l al{} 9868 ﬁﬁ%ﬁ%&]ﬁ@ﬁ oypg s used, the
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metal compou 1J(’i and rosin dO not react sufficient Ing It ult'to completely remove the rosin

(or rosif BETHYR RS AEAHG 488 EBP&&%I%&’&E@@B? Do SRESHeP Ka AR HERR TS5 lymer
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rate of the,coating.flm 1 yery Righ (;6« R3S RAALWAIRHLIBSISIANEE: rgl%‘&%)%gt }éﬂﬁ‘&& fjo control the

dissolvi g rate oft e coating film. For this reason, copolymers obtai co ol merlza%]on of silyl
monom EUXG) Ffé%li%?%ﬁ%&ﬁ?‘ét@tﬁ’réﬁ%%’&@é R St S s %%?W&Eé gdre now
widely @@@dluigafém Patiarrsntyrhighi)alnehisegecroptiymershreaitech mswéwratheagsating films
are brittfleuting mapnhesaracked peetadnaitihe lik&el00B8b1utWherHbe theiabavenmentibeed
COPO'W@éﬁf}ﬂ&%ﬂ&%Qi‘t&%r@&X&Hﬂé@%ﬁ%@Mﬁﬁg%ﬁe&etaﬁ%%%%C@Q@‘?{lé@f g £gsin or rosin

derivatives, ed, the coatln fllm its stable solubili eawater emperature, i.e., 25
oo, & BPHIE RBR EURITIE e SER A Yar b P SRR RS G th @ e, of e coating fim
significan@iyiiteieelbatioresulting in an unexpectedly large amount of the dissolved coating film.
Therefd@gdt4)as been difficult to design the coating film thickness when applying an antifouling coating
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THE INVENTION Problem to be Solved by the Invention [0010] An object of the present invention is

to provide a composition for forming an environment friendly antifouling coating film that can effectively

exhibit an antifouling effect in seawater for a long period of time and furthermore exhibits a small
tamnaeratiire deneandencyy of the coatinAa film dicenlvzin amorint



Means for Solving the Problem [0011] The present inventors conducted extensive research to solve
the above problem, and found that the above object can be achieved by using a composition having a
" specific component. The present invention has been accomplished based on this finding. [0012]

Specifically, the present invention provides the antifouling coating composition, the antifouling coating

film forrped yhusingibe iHonpAhefopird pbieakhaving she aqating dim.emits sHrface, and the
method of %ntlf0f§ﬁ|ln gfreatme ntb formatlon of th CO: t|n f|I as described below.. %.1 %ln antifouling

coating comp ion comprlsmg atrlo an05| 62 oﬁ’tammg%gﬁg erobtained®by a mixture

of (a) a HiepEhisSSiyISPRtFieH fite promvivet F@ﬁ%@ﬁté@sﬁyfé{@e@%ﬂ g £P8BA6H3] in which,
[0014] gr&ip2]ignd&3avesequal dbediffesant-eacisiotigrharid efaeh 4dpreseeatant alkylgrobpdaving 3
to 6 carpppsand-Rranche Eh@rliés?gé'ﬁ@@k% o %é@éﬁa@'ﬂfmmeﬁ&%@%@%ﬂaw

monomer repr nte age eral form 2 OCH ich, [0016] represents an
alkylene %rgﬁ ethsgwl g% ]chcg onsd!’ e?éllr?)a csosr?[z Itl‘%aiflo 0 e reng(r)l%m a)nllr%%e rgmx%ure is 45
to 65 wé!fgm%naﬁ& AR BB ARSHBEF (AT SRR MBABHIEFIBIAR O TREIR is 80
weightldarvaone;anaBhaldopperesals thabi$at least one member selected from the group
consshmgfsl]osm copper salts and copper salts of rosin derivatives. 2. The antifouling coating

composmongﬁthe abov |tem0%i woerglpothe g&[{gg Vgrjoatlnsqeg1 ?[c})smoH forms an an ggullng
coating film w ICh has 8 coatrng fi dlssonmg ANGUNCiT SeaWater of 25 deh  EhieH & pm or more

per Mot IBAGHEAS éﬁéﬂ\%%ﬂ%@éﬁ%ﬂﬂ@ﬁ%@ﬁﬁﬁ Abothe (%FH@&‘M%MNP@ BURt (a
coatingdimeadissshlinguanmgutit énnseawitetofe3sf de go &t ilagroadirgitilnt Hisselviny apmnount in seawater

of 25 d%ﬁs@ﬁﬁ&'ﬂ&q@?ﬁéﬁ%@%&?%ﬁe%&é@%r ?bsfﬁ%@ﬁ%f&éﬂl@g %ﬁ%@ﬁé@%@%ﬁ?ﬁ&éﬁi@ above
item 1 or 2. wherein t g%tno nosﬂgl ester contalTﬂg cogol r(pre]rr (;Al1 a we V%hﬁy%ver olecular

weight o?%&%ou} %50 Hhe ant?f%ulllng ¢oating comp smon rec d 1R any one o items 1 to
3, wherB¥FEaREH PIORHiRR B tRenhs igabsig) i%tt%‘r emﬁe.ﬁiﬁg‘%ﬁayﬁ%‘f%%ﬁé Ehper salt
(B) is 8et201020180. 5f Tire artifiodiftpedatngoompasitiorseditedin gnyode of thevitbms 1 to 4,

wherei@@f\é@g@u@q%geﬁ;@ggy thadrarganpsiid grier-containing copolymer (A) / the copper salt (B)
is 60/4% 60. 6. A method of antifouling treatment comprising the step of forming an antifouling
Im o

coatin the surface of an %ﬁl]ect to be coated using the antifouling coating composition recited

in any one of\ﬂ?é”u’fé%% 1> 18 Brethom hatilefRESEsREEM FPEFmed S &ty P atifHuling coating
compositiorexetite drieeary ooeybictheiildpmyspreandix B gacoated ©hidci hastiabdbeantifodlinglcoating
film of thgsitenpratenthsssufacathaneofin this method, however, even though an excess of

a metal compound is used, the metal compound and rosin do not react

sufficiently, making it difficult to completely remove the rosin (or rosin

derivatives) having free carboxylic acid.

[0007]

On the other hand, when a copolymer obtained by the copolymerization of
silyl monomers having straight-chain alkyl groups, e.g., tri-n-butylsilyl
methacrylate, is used as the above-mentioned triorganosilyl copolymer, the
hydrolysts rate of the coating film is very high (i.e., has poor water resistance),
making it difficult to control the dissolving rate of the coating film. For this
reason, copolymers obtained by the copolymerization of silyl monomers wherein
all of the alkyl groups are branched, e.g., triisopropylsilyl methacrylate, are now
widely used (Patent Documents 4 to 12}. When these copolymers are used,
however, the coating films are brittle, and may be cracked, peeled, and the like.
[0008]

When the the above-mentioned copolymer containing triisopropylsilyl
methacrylate or a metal {(except copper} salt of rosin or rosin derivatives is used,
the coating film exhibits stable solubility at a low seawater temperature, i.e., 25
deg. C or less; however, as the seawater temperature becomes higher, the
solubility of the coating film significantly increases, resulting in an unexpectedly
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EFFECT OF THE INVENTION [0017]  An antifouling coating composition of the invention can form
an antifouling coating film which can inhibit or prevent attachment of aquatic fouling organisms by
effectively exhibiting the antifouling effect. [0018]  The antifouling coating composition of the present
invention can desirably control the hydrolysis rate of the coating film even when the temperature of

seawateiﬂgel*ggﬁoﬁher@m% Hl@&ﬂ@éiﬁgzéiﬁﬂxﬁ%’f e, byTeripgréhe, Gempesiien cammaintain a stable
antifouli dn effe for aato I%P?ﬂ? +BYE whSenN %ﬁfilin%$ %‘tﬁ"?ﬁyt?ﬂc%h C%h §eawater temperature.

In partic the ant coating film forme ntifouling coating tomposition of the invention
exh|b|t§ar§&i’8§ﬂéi%i9 Q:P%étﬁibehiﬁﬁtaié%w aRfoehtdT high seawater temperature (about 35

deg. C)[@B69h normal seawater temperature (about 25 deg. C). In other words, the antifouling coating
film has pmathtemperaiurg depgrdengy; Thersore)-thsogomposition of the present invention eases the
design o}f,}ihg ctogtin film Oé)lg]PFHrEthlrrn? B@ ?q@ggiﬁon of the invention has excellent long-term

storabilit é n other Wor the composition o he n“vention ardly thickens, or gelates or solidifies even

after a | %%?l@d’%‘ﬂ%%% F{}Dtﬁeﬁﬁbr]el S dRiTd AP Eoating composition of the invention is
environnrenefridnddyymed tius SEbst2AMHMLHEEEHDOM marine pollution even if dissolved in seawater.

[0020] pdibaanifeuinagatingrlifooneskgithg antifouling coating composition of the invention is
advanta ous inthat: 1 %ététagﬁxge%abm%%r 1sistance, and therefore cracking, peeling or the like

is unlikeé to occur even it it Is in_contact with seawater for a long time; 2) It has a suitable hardness,

and therefSfRE AP ABMBRbther FefsdS7d thikdlY to occur in the resulting coating film: 3) It has a high
adhesivétssitdhelohiact 8n vilidh asatirty fln is formed; and 4) because it exhibits a stable

coating fiin &ligsolyigrasneunt gpemigd@@hggmrature seawater, it can effectively exhibit an
antifoulirigde%gt(g(n Ceg%\gﬁ{e{{gor 928% i0 ﬁ{éiéne in sailing a sea area having high seawater

temperatur e coate ect o e |nvent|on can be preferably used as the
above-nieHFodd ST &rtlcuigr ing tool, structures submerged in seawater, etc.
For exafiplenth®abeveeniehBonéd- énﬂmﬁr@géﬁéiﬁig film is formed on the surface of a ship bottom,
the antifouling coating film gradually dissolves from the surface thereof so that the coating film surface

is alwaysy a@ﬂngﬁ@fmﬁ&@ attachment of aquatic fouling organisms to the coating
film. [0022 Furt ermore, the antifouling coating film has a suitable solubility. Therefore, the ship

can maintain the antifouling effect for a long time In particular, even when the ship sailes in a sea area
having Rigtblearetechep Solved hxdhedmprntiony-term, antifouling effect, because the coating film
dissolviimpraig is stable. In addition, even when the ships are not moving, for example, during

anchorage, A%ggtge&%f 'Et?é‘?neégélﬂ‘é AlngiIsin, atipuling. effegt, "%6'6@1'&6% FPehmY

accumulation of agua cfogl organisms. This reduces the frictio resivan eof the s ps and thus

reduce§ & RTEPEO: R pas cogtipg, T'Eatth(éa‘é?n h’ﬁ%n the surface is
basicalritdeuiong @é@ﬂtgmlm@r@@@rsf@mﬁaﬂemr@n@ %ﬁwm@ﬂbﬁmm@éﬁ%ﬁa using the

coated ebjent fomppredetermiped eitndoatheveaatitoyitigcontsagvitm aanchedesirably formed by
directly recoating the antifouling coating film composition thereon. This makes it possible to

Contm%é%tﬁfmgfé he ar‘ﬁ{%%l ffectin a eimpie and inexpensive manner. EMB.ODI.MENT EOR
CARR ] <Antifouling Coating Composition> An antifouling coating
composfifdhldomprises: (A) a triorganosilyl ester-containing copolymer obtained by a mixture of (a) a
triorganosilyrmethassiatenveanare ceptasenieskiyra genersd doch uta {d)y¢0@25h KoMaR| in which,
[0026] rd%zanaaﬁmtﬁleq&ﬂ%f%@é Ba5 @c@%ﬁ 30d aaehdghRie steitigrhaét% BRdIving 3 to
6 carbrglgs and branch na ositio heg rol Venntg glbil eéggx lé%nml e%'ylate
oo B0 iR SHE 5 S GuRBRSTrmm e (T ISR

based on this finding.

[0012]

Specifically, the present invention provides the antifouling coating

composition, the antifouling coating film formed by using the composition, the

coated object having the coating film on its surface, and the method of antifouling

treatment by formation of the coating film as described below.

1. An antifouling coating composition comprising:

(A} a triorganosilyl ester-containing copolymer obtained by a mixture of

(a) a triorganosilyl methacrylate monomer represented by a general formula (1):
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0-in which, [00281 R4 represents an alkylene group having 2 to 4 carbons, wherein a content ratio
of the monomer (a) in the mixture is 45 to 65 weight%, and a total content of the monomer (a) and the
monomer (b) in the mixture is 80 weight% or more, and (B) a copper salt that is at least one member
selected from the group consisting of rosin copper salts and copper salts of rosin derivatives. [0029]
The antifeghing coating composition of the invention can form an antifouling coating film which can
inhibit or prevent attachment of aquatic fouling organisms (can effectively exhibit antifouling effect).
[0030] In pal%ﬁ‘?ular, the arfifouling coating composition of the invention can form an antifouling
coating fiﬂgﬁt%ﬂi,smgmmpe;amr@depe@gency by containing the copolymer (A) and the copper salt
(B) as essential component. The antifouling coating film formed of the antifouling coating composition
of the invention exhibits a substantially identical coating film dissqlyipgamount in high seawater
temperature (about 35 deg. C) and in normal seawater temperature (about 25 deg. C). [0031]
Specific[@bqgﬁe antifouling coating composition of the invention can form an antifouling coating film

which has a goating film dissolving amount in seawater of 25 deg. C which is 2 pm or more, preferably
about 2 to l(§ ! "M g@%bﬁ@é@&?ﬁ %#)%% ‘ ?{’Wﬂgﬁﬂ%’dﬁ’ﬁ"ﬁﬁqﬁ%%%ﬁﬁg

amount§52priarinB e veb et eeddiranfihedamapropiitnslperhiticaybmydem amdifouling
effect inlspawatehdry sikampletfeic2y0s e Meaisr Topresaiingdilsy dissabinapfamaunt (pm) per
month ifg;jﬁtg[mined by the method of Test Example 6. [0032]  Furthermore, the antifouling coating
composition of the invention can form an antifouling coating film which has a temperature dependency
coefficient of a go%ting film dissolving amount (a coating film dissolving amount in seawater of 35 deg.
Cla coati;ggzﬁlfg_ﬂjs§nhzj@g,agagu@u,agﬁgawate&?f 25 deg. C), the coefficient being 1.3 or less. When
the temperature dependency coefficient is about 1.3 or less, the coating film thickness to be formed of
a ship which sails insea area having a high seawater temperatung, GaRibg easily designed. The
temperature dependency coefficient is determined by the method of Test Example 7. [0033]
Furtherm@ﬁa@}the antifouling coating film formed of the antifouling coating composition of the invention
is unlikely t%}ﬁguse coating film defects such as blister, crack, etc. in high temperature seawater.
[0034]  Thus, tH SRRl é%m&%miwlﬁﬁetﬁgem% YOG G ShERIUFRY coating film
which hesstisnedHesrpersmirerdapin dencyiaidns wniikely (casdhtYatimylftntadelestis inrtighi
temperahyersaawatar (@naifius eandeopiepeply insad-anifen exaggtewshih bationesating waterial.
003 hcersipeaconyentonabiucialzaflesnouing soaig malsrial pligugbie coatng
film dlss?I\r/es. stably at nqgnt&c?l seawater ten;ierat re (abqut 25 deg. C), the™Coating film |S§Ivmg

amountat' 38U 35 RfEYS GOR RS HaAL PR d6BYASE deg. C, and thus coating film

thickness design of a ship bottom of a ship which sails in a sea area having a high seawater
temperaturdwasdiffioullirlp addition dbersosasoa potiena tirka eeatingfiie-farmee of a conventional

hyolygapie,amiulng soAtmBELRBh RNds o fausEB9AIND UM dsTasis, Suph geiplister, crack, etc

[0036] Irtw. ad 'tlond.the ntifouling coatin compositlgn the inventigons are excellent in storage
stability” Bhd-will tReferore HARIR YR 16}%%%&1?;?%”\/8 drg IGntHERdY AL GR BB
<<TriorGiiidEiyRREIERE Sriam PRy Copsipere A nacsiiiticihg Coardioaniposiliosdomgrises: a
triorganmsilyh ester epntaigifigneaistyiven formbiaindd byavatdurg 86(@ka worganesiybmeathacrylate
MONOMErekeRies s R IY: 2 9L Bes LMY 6L d0088] the coefficient being 1.3 or less.

3. The antifouling coating composition of the above item 1 or 2, wherein the

triorganosilyl ester-containing copolymer (A) has a weight-average molecular
weight of 20,000 to 70,000,

4. The antifouling coating composition recited in any one of the items 1 to 3,
wherein a weight ratio defined by the triorganosilyl ester-containing copolymer (A)
/ the copper salt (B) is 80/20 to 20/80.

5. The antifouling coating composition recited in any one of the items 1 to 4,
wherein a weight ratio defined by the triorganosilyl ester-containing copolymer (A)
/ the copper salt (B) is 60/40 to 40/60.



inwhich, [0039] RI, R2, and Ware equal or different each other, and each represent an alkyl group
having 3 to 6 carbons and branched on a-position or a phenyl group, and (b) a methoxyallcyl
methacrylate monomer represented by a general formula (2): [0040] in which, [0041] R4 represents
an alkylene group having 2 to 4 carbons. [0042]  The glass-transition temperature (Tg) of the
copolymer (A) is preferably about 30 to 80 deg. C and is more preferably about 40 to 70 deg. C. When
Tg is ahout 30 t0.80 deg. C, coating film hardness is hardly dependent on water temperature or air
tomperaure: B s e B e Theretore
coating%mﬂf&é‘f}é%!%%&F&:‘H%fé%’lh‘?I‘E)\XP%@‘&R%&?W&EJ%Cr%%hﬁé}{j’%eéc%}ﬁﬂ’lﬁ)gl%] The
copolymext{i) s aawigh -averngsi tolecudded eig hnfMw)eod Ao 1200800 to 30,000, and preferably
about 30,000 to 60,000. When Mw is about 20,000 to 70,000, physical properties (coating film

hardness and strength).is preferable.(crack or peel-off is unlikel Qccur), a long-term, antifouling
effoct e prone o B TR P O e e S e B SR B s
gel periiatish EhroRiAB6rapRY (B8PS WheRthe Mw is measured by GPO, it is expressed as a value
(a polystyrene-reduced value), obtained by conducting the measurement after preparing a calibration
curve using pelystyress;asthERRIense matgHali tinglMRLOPaMRMA) imabiaingshye
copolyngﬁéi%é%g‘ the monomer (a), the monomer (b)(, and the monomer (c) below). The
copolymerization ratio of these monomers are usually proportional to the content ratio of the
monomers in the mixture explaiend in the section " Synthesis of Triorganosilyl Ester-containing
Copolymer (A)" below. [0046] The copolymer (A) may be any copolymer of random copolymer,
alterna lQdl lymer, or block copolymer. [0047]  Hereinafter, methods of
synthe%ﬁg&%ﬁ&%ﬁgﬁmé mer (b), the copolymer (A) are specifically explained. [0048]
Triorganosilyl Methacrylate Monomer (a) Examples of the alkyl group having 3 to 6 carbons and
branchéd®h il-position include isopropyl, s-butyl, t-butyl, 1-ethylpropyl, 1-methylbutyl, 1-methylpentyl,
1,1-dimethylpropyitiiotldigethyibogy b ahaxysistor [@048] invenpanticidar fehmiaveatitiarabtes
formatie&fiap ﬂﬁﬂf%mi&aﬂ%}MWB@W'H&QB@M%H@%F@@H&&@Kﬁ&ﬂg%ﬁgaﬁﬁﬂﬁe”emén
water resis . 0gQ. ific 2, and R3. From such an aspect, RI, R2, an
are eqtﬁ?éﬁgi é?gir?f %ﬁ%ﬁ%%ﬁgr%d%g@%{ggr%%ébly isopropyl, s-butyl, t-butyl, and phenyl, and
more p }%Iy isopropyl, t-butyl, and phenyl. [0050] Examples of the monomer (a) include
triisopropylsiyierrstiideriiate, aviedibgtylsivbosetivacniale; piptsenylsilyemietracatatesirably
diisopramhs-auiisibg drethaiy viate ofisepeepylibatyisiyemeaitasntatedigeprapyithexylsilyl
memaclaiea fisAPrapK e RUSIN Al SRR S OIS, BEINATG don

isopropyl-diphenylsjlyl‘methacrylate, diphenylthexiysilyl methacryl t-butyldiphenylsilyl methacrylate,
etc. In PARCHRAT AV RNP SRS OSSR ARTR ITRE EoRtng fmRBPIS Rike R Guse
coatingifilrard efsgtbhdedx sedarater wemepessistance[wiguptoplasiyhaehtitpiating gbstbugylsilyl
methactillatéoandd-bottdipheaiii smeiheery aterasespriartddhanch idistpiopylsilylmethacrylate,
and t-butyldiphenvisiivlaeiiagridale arednara RERY aﬂﬁ‘c?&ﬁéﬁhqrﬁh%i?%%ﬂv%‘ﬁg}aﬂy'ate monomers

are used singly or in"combination. [00 Methoxyalk ethacrylate nomer (b
temp%lyature about %% Heé. Cl Amd JI.n norm seawate¥ temperature a%out 25 deg.

C). In other words, the antifouling coating film has small temperature
dependency. Therefore, the composition of the present invention eases the
design of the coating film.

[0019]

Furthermore, the composition of the invention has excellent long-term
storability. In other words, the composition of the invention hardly thickens, or
gelates or solidifies even after a long period of storage. Furthermore, the
antifouling coating composition of the invention is environment-friendly, and
thus substantially free from marine pollution even if dissolved in seawater.
[0020]

The antifouling coating film formed of the antifouling coating composition of
the invention is advantageous in that:



Examples of the alkylene having 2 to 4 carbons include ethylene, 1-methylethylene, propylene,
butylene, etc. R4 is preferably ethylene. [0052]  Examples of the monomer (b) include

~ 2-methoxyethyl methacrylate, 2-methoxypropyl methacrylate, and 4-methoxybutyl methacrylate, etc.

2-methoxyethyl methacrylate is especially preferred. These methoxyalkyl methacrylate are used singly

or in compieatiane{QRBhARIhar Moremele, anthentlixibre Brayferhepsontainangthgiethylenically
unsaturated 9@}9&(&) \évh %hiﬁtcosogﬁyrge@zgple.mtg the man merﬁ; ar)[d theﬁn pomer (b). [0054]
Examples _o%%%%pmonomer c% Include met ﬁ (amet%’}acry‘ii'ﬁft‘g,a e (mae R}la%r)l/ﬁi%, ri-%u%ﬁs‘a
(meth)aﬁﬂ}@t@,q-Bﬁfﬂ?ﬁ?@th‘)‘ﬁ’&)ﬂ%?é?f%’ﬁtﬂo%ﬁi]@ﬂﬁ‘}é@ﬁﬁ&l@??d&}%ﬂ%iﬁlﬁﬁ%&ﬁﬁéﬂl%ﬁé}%myl
(meth)atinglaes 2 inng voryatayiboryfatl, Rawethogiprdbyisiceylass, @ tiathubigoutyhactylakea
2-ethoxyethehiath) acnsaiesethylansg @J&@Q{l@@ﬂoé&ﬁm&éfaeéta%@éy&@tiﬁﬁﬁ}imﬁ&'&ﬁ%g

i)

monom L {methlaceyl - 0] hyl (meth cry% te, 2-hydroxypro th)acrylate,
dimethy%%m)éi}dggtégl mét%&%ﬁy%\%%%gieﬁ%%r%?r?c%%%f’(rﬁ&%?a%ﬁy g?éyfg%r‘fg%i/? rﬁi?ﬁ%acrylate, and
phenyl GREHIHER RS Srid e ATEIR ) IR eagpeimA Glishae inissacarmea having
(meth)abiglomitdie abimicopertatunsyl vinyl ether, lauryl vinyl ether, n-vinyl pyrrolidone and like vinyl
compoyads styrene, vinyl toluene, a-methyl styrene and like aromatic compounds, etc. Among these,
(meth)acrylicrester f -and | (meth)acrylate, ethyl (meth)acrylate, n-butyl

(meth)ac yI:{gf%i-%ﬁ?flé ?meﬁﬁé%%gfg% ﬁ%%%?g& m%?l‘é)gg?gf&g%fa(ﬁaef!jr%gt%g(yethyl acrylate are
more pl%%é)r%ﬁ%‘rﬂ’ﬁ%% PR EMBASHH A $hal Bettiery sy sr indoftBIEREE Bs monomer
comporfabpiiergedopoigrtertd). f0055F8yrthesipis! Triorghoosilyldsionednaitiiog @opolymer (A)
The cop@ties (Aisohiained Frhheunxke &0k big PEsaNEe, (@ ermanomesdiinandthe
monomeralaidatlsqp Lasseantent dihia anomelr @l i e APAULS I3 PISISTaRM AROLL 45 10 65

weight%, and more preferabl out 50 to 60 welght% en the content™of ﬂjesmpr%me? (a) is about
45 to 6?Wearéfﬁt%%%%a?ﬁ%“ﬁﬁgfgfﬁmmg@’%émm%ﬁ%ﬂﬁﬁ@‘é@&ﬁn@‘égﬁﬁ)osition can
exhibit sEgsaiksehbiknihenebrtdéag fMamtain an antifouling effect for a long period of time [0057]  The
contentjofitk2; monomer (b) in the mixture is preferably about 30 to 50 weight%, and more preferably

about 30 to 49,4eiahiA e e ERNEAL AL MaRME,(0) 5APRLL30 fa 50 weighto, the coating

film formed using the resyltant antifquling tQating composition can exhipit sta égblubility, and it can
maintaiﬁ%ﬁg %um% @Pfé’c?zf& PRIRGPBAOE SR BBg eI ec HY Baws MBI of e monomer (a)
and thelvewiar (by s tve et sipredéeibip absut 80w dighta drighorea smd enopearafecably
about 8f? teaBilewieight % 10Maer the, total Raniapt dsedo W2 uaighdeconmagesthe Gealingfim formed
using thedesylianhantioyina GerinGeemRariomas spell iempetatue depsndencyapd excelent

physical, properties, [0059] . The copolymer (A) Is gbtained by polymerizing the mgon rﬁé,r (@), the
monom%_{3 b@%@ﬁ‘e‘&%@%ﬁ? ﬁggﬁﬁo‘?ﬁ%r (&AL el e S PmBRELABLRe e exammisie
performédiih aHepresenRt @ OREPUIHetizatioh astiatde. foobog or@eisples dTlthe polymesization
initiatortinelfrdet 213 =azobisiantvetyfahit ith (A45 M2t Brazehisreem etyiaeEositiaidirnatyk.
-2,2'-aszq§§3i§Pbutyrate and like 270 compounds; benzoyl peroxide, di-tert-butyl peroxide, tert-butyl

peroxybenzaqate, tert-butyl peroxy isopropylcarbonate, t-butyl peroxy-2-ethyl hexanoate and like
peroxide, et‘%?ulrf%ggmg’f m%} zg‘ggrfolﬁ!ﬂii%?g ?ﬁﬁ%@té%ﬁs%la éﬂ%ﬁ}‘ﬁ%ﬁ%&#&ﬁ%@a{ Fepirom
polymefi2atieig ifiliaeeieces saeminlbre e tanttodseon, ot dvmtsisisBbutihbnitrifs canchftbotyising
peroxy-hethyhhekahpate ({006 bred ctoammoater platwgight ohthe tifoiganeIbd Laterizantaining
copolymercaiip sy iabivadysiensylebhisgleding e amaunialine RN ETEAYgR it
used. [(%ggz‘lon E ryglg&gfg%yrgenz%log methods include solu |one€k(&_‘»l merizatjon, %I
polymerization, emutsion pofymeRzation, s R SERSIBH PORAN MG ?,&’fﬁgﬁﬁj‘l\ﬁ&éﬁ bition
polymeliz &tishiip srardises BaralyseamBiis the copolymer (A) to be prepared easily and accurately.

[00631 (t§ lymerization reaction. an organic solvent may be added, if necessary. Examples of
the orgaﬁl%yb \%ﬁ%%gﬁoggﬁé?@%mgQ\Hgﬁk’g%mmyg%arbon-based solvents; hexane,

heptan ike aliphatic hydrocarbon-based solvents; ethyl acetate, butyl acetate, isobutyl acetate,
methoxypropyl acetate and like ester-based solvents; isopropyl alcohol, butyl alcohol and like
alcoholBHEeiPEbvEftoaliBahe raapifi@ner, dibutyl ether and like ether-based solvents; methyl ethyl
ketone, methyl msolinyllkegormeting: lkekptehedrasechgolyents, etc. Among these, aromatic
hydrocaalyentbased:solysnissaee BeslesabiaansbyKans ismarinsiany prafeable. gphese solvents may
be useg%?iggt%/. SLin combination. goo%]ﬁ]m@g I{le%crj[éorl[ tg(renrﬁerc?%ne in the Ipagl}zmrenréﬁzlgig reaction
may be suita fy s%ﬁle}ctedydepen |n6Yon e type of the%glymeﬁza TS iFTHATOT: ete . isusually about
70 to ﬂﬁpgéé C, and preferably about 80 to 120 deg. C. The time necessary for the polymerization
reaction may be suitably selected depending on the reaction temperature, etc., but is usually about 4
to 8 hours. 6



[0065] The polymerization reaction is preferably conducted in an inert gas (e.g. nitrogen gas and
argon gas) atmosphere. [0066] <<Copper Salt (B)"  An antifouling coating composition of the
invention contains at least one copper salt (B) selected from the group consisting of rosin copper salts
and copper salts of rosin derivatives. [0067]  Because the copper salt (B) have high compatibility
with the copolymer (A), it canstably exist in the coating film. Therefore, the composition of the present
invention has ekcellent long-term storageability. [0068]  Furthermore, the copper salt has low
hydrophitigity;-ane-is-unlikelyste-befinvolvéd in ion exchange with other metal ions in seawater.
Therefore, an obtanﬁ antlfoullhg coating film exhibits preferable water resistance and stable solubility
for a long time, and‘%ardly cduse coating film defects even in a s&a&tgalhaving a high seawater
temperature (about 35 deg. C). [00691  When sodium salt, calcium salt, magnesium salt, etc. of
rosin (oj0o3&i derivatives) is used in place of rosin copper salts and copper salts of rosin derivatives,

the water registase.oldie coating, firAeigriowies hasayse.of Niahdxdioplicly af dhesappetal salts.
Furthermore, salts of rosin (or rosm rlvatlvesﬁtare also h drop ilic, %ﬁ] less hydr hilic than
e A U s L TS i
rosin déhmuvwwgﬂ@ym@aawlﬁé@mcaﬁ%mwééaﬁ% hyatesanexmibREAY gréBlem in use
in a sed@dea having a relatively low seawater temperature (25 deg. C or less), but excessively
increases solu@jjjgy in a sea area having a high seawater temperature (about 35 deg. C) and tends to
cause crack, blljster and like coating film defects. [0070]  Examples of the rosin copper salt include
gum rosmaﬁeﬁﬁewal&wmdfﬁbsmweﬁper salt,itall oil rosin copper salt, etc. Examples of the copper
salt of the rosin derivative include hydrogenated rosin copper salt, disproportionated rosin copper salt,
maleinized rosin coﬁper salt, formylated rosin copper salt, polymé?lzfé@llﬁé‘ilsln copper salt, etc. An
antifouling coating composition of the invention may contain these copper salts (B) singly or in
combingtiopg[0071]  The copper salt (B) is preferred to be at least one copper salt selected from the

ﬁ;%?é’g?n”ai'ééﬁg%%é%*a%%%%ﬁ?ﬂ%ﬁ@'%awﬁ%ﬁ r%e'i %@H%W%ﬁ"&%%%io salt )
iy Do ETLT R SRATAEIUAR (oD HES Rt ncutiisy e SHR e e, ror
exampléhene epppesistl (B)cHrcoaprepaced Dyiretet riiglmswﬁ(m &Qd&mgﬁ?{v@w@wﬁa@m@ a free
carboxyEgraup e sgrotim visanleappenbysienitevdaliecheatingtthere iraugotdionsiOZ3F  The
antﬁoulm&pgggg,&ogm&%& af the.invention: may fusther ingludes other metal salts (e.g. zinc salts,
etc.) of ﬁﬁ? :lor rosin derivatives) than the copper salt (B) as long as they do not adversely affect the
effect o 7 vention. [0074]  The weight ratio defined by the copolymer (A) / the copper salt (B) in
the antifouling’€cafiHEPEOMBCsIasM BB PRAHEH 9§ BreferspRiEBbaesdZoa P08t iaHd Atore
preferablysahoufiGo/4hie0HL0inMiken drepwsight mmgcﬂfMG:@ﬁ(ﬂmmeti(m)aﬁdgh&gmpﬁanalt (B)

about 8&/2%(} 9r20/RRThex gk tank aptifleqlingreeating film is insusceptible to seawater temperature,

and exH f%% table coating film dissolving rate even in seawater having a high temperature. In
additio ntifouling coating film has suitable coating film hardness, and excellent strength and

water re&stéﬁc@a{@??@?I: thespraferbn graaHe SSIApoesHasT etb?e%émﬁ%hﬁaﬁ i sWbstantially
free frommnmﬂlmtmdem@cﬂhaswhﬁt sMnémpmmm&gmpkmemeaﬁm@Mt of the

rosin and t!é(ﬁdntﬂ%e QP%'ER’} ﬁ@&%@ﬁ&%ﬁ%@q@ref%%ﬁ%@ﬂ&qgr less
weight% a{w Qrefer (£ out 0t mwelgag)/ The rosm and rasin der derlvatlves that contain free
dro %a}%% }1 ore, coaf)ng m contalns 'Slich rosins and

carboxﬁ ave ﬁmﬁ
rosin dé‘r’%ﬂﬁ\?@s%ﬁ“@%@ﬁé@%ﬂ&%@@ﬁ%ﬁé’@%&ElﬂWWﬁ%@WME%WtBTStHS

crackingeanpdiketefé¢ats>omn #iedaatiDp=fiteh i1 {0Q 36114 yamwrs Oxideh perHtisipréiboad Hiattwe
antlfoultljg coatlng composition of the present invention contains cuprous oxide. By containing the
cuprousE , the resulting coating film can effectively exhibit the antifouling effect. The cuprous oxide
can function s an antifoulant. There is no limitation to the form of the cuprous oxide, as long as it
does not ad¥iteeijcalborthe aRELBERB AERBHROTEOSIHADR the EUYHBHSBEEE fMEP ke a fowl
of a parick{dQU7g] coatiine fHve ratéchanticie diaaiater dihthé ssphrong exitsiis preferabiytabolit 3 to 30
pm. Whem the comaoritian of the Bfeﬁﬁﬁieiw%&@ammaﬁ@@umﬁpme@ﬂ@&ﬁbwerage
particle dqam{a?;& otsabout 3rt9n %O twaﬁdls %vm e 11'[It:gle 598 IR)%IHIT] C%Qm&%efiranqlgrcontrolled
so that & ong-terma p?o]a?ng eﬁ?ectc & exhibited. g H

more per month, the coating film can appropriately exhibit a long-term

antifouling effect in seawater, for example, for 2 or more years. The coating film



[0078] A preferable example of the form of the cuprous oxide is a cuprous oxide whose surface is
~ covered with a coating agent. For example, when a particulate cuprous oxide is used, it is preferable
- that the surface of each particle be covered with a coating agent. By covering with a coating agent,
oxidation of the cuprous oxide can be desirably prevented. [00791  Examples of the usable coating
agents iRINGRSIBANE AGith |AUICAGIdn BIERHD (RUEFISHJROIM £hThe a8 FaatingE3asRttdMay be
used singly or in combination. [0080] It is preferable that the composition of the invention contains
100 to ﬁ%rts by weight, and more preferably 200 to 400 parts by weight of cuprous oxide per total
amountl8P parts by weight of the copolymer (A) and the copper salt (B). When the content of the
cuprous oxideusthefrimddparts:bhyonéightqpertthe tatal pomoio off 10 pavtebioweightfdhe coating
film Cana%%@t@ﬁt%ﬁﬁﬁ%‘%@@&ﬁ@ﬁ%'%%@%@Q%&hpe@&?@@%éﬂ@&%ﬁ'&%é%’fﬁ%@ﬂ% igvgntion may
contain ané/ ino ﬂﬁnlgantlfloulant in 1_é!lon to the us oiqde in_such h an. amounl;[that S not

adverse(iy a e anﬁou‘ﬂn %S (ﬁ eSISn%I’ al%c anﬁoulan?s Inciu 5%%pper

thiocyas5& (@ @P&%&t&é%@éﬁ@ﬁaagrﬁaeywrﬁeﬁetatfape%%dwgep)eteﬁqﬁeeﬁimeman.c
antifoulaeisgayberUussd. silycor th € oeabpreatianr {00823 110egaryi cAeflifdelants"abolt sl pdeferable that

the antifeglingicoating compasitioneliiepreseniinventpn turther ranaing organic aptifoulant. There
is no limitation to flhe organic 9nt|{orl%llants sl_lgr(t:gla%th nlal%% asklllln orqtggetlllrr% ffect aegalnst
aquatlcl?oulln org ISms, ViL:%<amp(fespoefrtgn organic an ou r%:rllu e2 merca pyn}f“ne N-oxide
copper f5E5EPRSEMECEH] ﬁiﬁ%?bﬁuﬂﬁé%?g}ﬁt%m HrsamitBoshet tepdotmae
2-merc@ptsi3ridine-N-oxide zinc (general name : zinc pyrithione), zinc ethylene bls(dlthio carbamate)
(general nange; - ZieioZdnG iRisAirvRicl Q@&ﬁt@m@ﬁeﬁo&gﬁeer@t @B@%}tﬁfﬁiﬂhé’%ﬁ%m

bls(dlmet)h nglgi %%r% rﬂaéel)tetgyllgglelbllss(u ?Qcartggrg%eg( en raI lalp% f@o%carb mate and like

organic_zin compoun s; pyndine- tnphen oraie, 4-15opropyl p enyimethyl Gorane,
4-phenytlf rﬁ’fﬂﬁﬁeﬁ%bﬁt ﬁ%ﬁﬁ?ﬁﬂ%ﬁﬂé‘)ﬁ ?F%E‘t%tfécyl amlne trlphenyl[3 (2-ethylhexyloxy)

propyl dRfdboron and like organlc boron compounds; 2,4,6-trichloromaleimide,
N-(2,6-diethytahenydh:2a+ishl @ﬂiﬂ@%&ﬂ%@gﬁﬂi@'@frﬂﬂ?tﬁQ@%@%@Mm an
4,5- dlcr%%@fgu@zg t¥(])' :% ﬁg%&% QRS ( %réesr i SegtNme leé}tdency and is unlikely

3,4-dichlorophen urea enera name

2- meth;tmﬁela@emta%ﬁ% §E¢8ﬁdﬁytaﬁtwglﬂaﬁﬁeﬁge%wﬁan@dl Gt IoFa5 B
2,4,5,6revachiproisaphthaionitrikenigénesalindmetonhlorathagpni ferial.
N-dichlgpafggromethylthio-N',N'-dimethyl-N- p tonIsquamide (general name : tolylfluanid),

N-dichlorom %%%&%lam egFﬁM%BQP é%e (gerterih(%ag %‘fﬁOﬂ n|d

2-(4-thiazolyl)benzimi eneral name- t n a zole en- -y

6- dlhycﬂ’]&}lohl theraatinolilo i ag S PR 2hRaTEY ﬁf\g@)water temperamre about

2-(p- ch@Eo@t@rﬁjl)tB@yaﬁMgﬁtbmdasammmmpytre@@geaér@tga@twaﬁomw&)rgm Among
these, coppetRytitic ZNEsPNENIONeuzNgh Sea:lving Akd, anduraarolQddase prefeped, and

COpperBé!’E‘ES“ﬂ”@f 238, n%%ﬁ&e% YL RIEICHEG: E‘E%ﬁ 1 &39&3;%5%6%@{0 ghance the

antifoulin t In_ combination, with the above- mentlone cupro re even a little
amount Fth%lfg e RSt HAAwHIRE SRR AERT Be Aot frigtetfds 2 darrardaifiaving active
fouling emﬂemen%esémaﬁ@aﬁmemanmmbegse@temglyx@ncﬂ@ tormbirstiora {3088lm The
contentdfftheDsgritGantiftanisrictheegemposition of the present invention is preferably 1 to 50
parts by ueight, and more preferably 10 to 30 parts by weight per total amount of 100 parts by weight
of the copol er( ,;and tﬁg coppée)ﬂr)jalt (B). If the content of the organic antifoulants is less than one
part by We| RS R0 trtﬁeCB?gﬁﬁ?ﬁccé’ﬁﬁRﬁﬁgn?%éﬁrﬁ&es’ét‘é‘Tﬁ&Bﬂﬁ/%@exhlblted If the
contenteéi%@é@g 50 ptem’egfywtetghtynettdpmﬂémemfmweaadiﬁcgﬂﬁ@gee@espbéﬁbemeﬁed in
proport@mgﬁﬁeiﬁt@&%eﬂmfg@:.amount of the organic antifoulant; this is thus uneconomical. [0084]
"Other b Mes, Etc." The antifouling coating composition of the present invention may further
contain JJ t|C|zers d enrég ents, d rsa ts, know. ngments and like known additives. [0085]
By contair ﬁﬁ)ﬁgﬁﬁgﬁ |§ F&K}l 088 itioh can be enhanced, allowing a desirably
strong coatlF?@f%tﬁé%‘élﬁﬁtﬁmﬁﬁamm@@@mhemf Ei28rs include tricresyl phosphate,

trioctylghosiphate) dejiheaytghosphaitei ran ddikel phesphatetasieisd dibuiyphtbatatd, dioctyl phthalate
and like phihalaieeatecs; il adippite diecivladinais and Jike adinaiegatersisipHiyl sehacate,

dioctyl E(e%% Tte and like sebacate esters; epoxidized soybean olil, époxidized linseed oil and like
epoxidized olls and fats; methyl vinyl ether polymer, ethyl vinyl ether polymer and like alkyl vinyl ether
polymers; polyethylene glycol, polypropylene glycol and like polyalkylene glycols; and,
t-nonylpentasulfide, vaseline, polybutene, tris(2-ethyl hexyl) trimellitate, silicone oil, liquid paraffin,
chlorinated paraffin, polymeric plasticizers fanned &f ethylenically unsaturated carboxylate polymer,
etc. Among these, tricresyl phosphate, epoxidized soybean oil, and epoxidized linseed oil are
preferred. Epoxidized soybean oil and epoxidized linseed oil are especially preferred. By use of these

plasticizers, physical properties of the coating film is improved, and in addition water resistance is
oanhanced Therefare nenetratinn of ceawAatar into the coatinAa film ie nrevvented and thiie crack hlictar




[0089] The dehydrating agent is a compound that can remove water in the composition by
incorporating the water into the dehydrating agent as crystallization water. Examples of dehydrating
agents include anhydrous gypsum, molecular sieves, magnesium sulfate, sodium sulfate, etc. [0090]
There is no limitation to the content of the dewatering agent in the composition of the present
invention, but itdg, preferably l:to 50 parts by weight, and more preferably 2 to 30 parts by weight per
total amount of ‘130 parts by weight of the copolymer (A) and the copper salt (B). When the content of
the dewdtgiirig agent-is-abouti1-t@50 parts by weight per the above-mentioned total amount of 100
parts by weight, theiiéstorage stability of the coating composition of the invention is further improved.
[0091]  The antifdtling coafflgng composition of the present invention wiefgrably further contains a
dispersant (an antisettling agent). By containing a dispersant, sedimentation of the components (e.g.,
cuproug @&y mentioned above, pigments mentioned below) of the composition of the present

invention, asuvefbasihg fesmatian.of AdpaifieakR(aard pige pé&%ﬁéa%@ﬁr%%ﬁ%’ﬁ{;éﬁ?h%%ahib“ed

during storage.of the ¢ sition of the present invention. This also effectiv oblem of
drippingg(r)??%ef%%%%s%%ﬁg(tﬁ@rggﬁﬁﬁl}#;@ﬁ?ﬁ%ﬁéeﬂ%%&%ﬁﬁﬁ&?ﬁ%ﬁfs%?%%&Iglwé%tﬁfé@e of an
object thbé sBstb@BRIsHgHIsE CsHIfasniBI Bl Drevensintedtian J@sozral Erampidof
dispersgiistdiclude oxidized polyethylene-based dispersants, fatty acid amide-based dispersants, fatty
acid ester-bas%gigdispersants, hydrogenated castor oil-based dispersants, vegetable polymerized
oil-based dispeisants, polyether ester-type surfactants, sulfate-type anionic surfactants, polycarboxylic
acid amiﬁn%ﬁﬁﬂaasg@ﬂisw%srpe@ﬁarboijc acid-based dispersants, polymeric polyether-based
dispersants, acrylic polymer-based dispersants, special silicon-based dispersants, talc-based
dispersants, bentonite-based dispersants, kaolinite-based dispersamts}sitica gel-based dispersants,
etc. These dispersants may be used singly or in combination. The composition of the present
inventigo@«eferably contains a fatty acid amide-based dispersant. The composition of the present
invention ca duced. by, { RSXA0P [ [ iQn containing the copolymer (A)
etc., amz??fr%ﬁ{% and d%%e‘%ing the &%ﬁ@%ﬁ?ﬁiﬁ the én%géd solution contains the fatty
acid amide-based dispersant, the storage stability of the mixed solution can be enhanced, and the
composition Gi¢rEaredeanisilianticereaerbelaistilige oftoreconsityrand (Alistbiy:ooB]y alinthe present
inventio) corsmeleially available sispaicrnts-maydi usedtdExanplesof thetatyacid amide-based
dispersapts,| isp . Di - ispal 0-10X (or
aptsnsrdeDir %@%@ﬂ&%&%{@@&@%@ﬁ%ﬁ&&ﬁ% @ @?&%ﬂ@ﬁ&@@

20X), and Dispalon 6810-10X (qr 20X) (all products oto Chemica en 500-20 and
FlownoR'SB1 Wﬁﬂﬁ%&d&%@%&@ﬁ%ﬁ@%ﬁ@fﬁf&&ﬁé&?Eta!“—ﬁe&%%ﬁ%h HEGen Brtatlon
AB03-18% ol prefEhettiBes apntime Slmigsdesimnsdd ot aedtlidlomettacil petiandl and like
hydrophitte. solvenisksie stotagestability of the antifouling coating composition can be more preferably
maintai 094] The dispersants may be used after being dispersed in a hydrophobic organic
solvent, such.as xylene. [00 There js_no limitation to,the content of the dispersant in the
compositionqg%?hceg red ?ﬁjgir]i}%%?h%%%&??ﬁ?é%%f@ﬁﬁ?ﬂ%‘fé?ﬁﬁgﬁ (M‘g%)‘bfa OBy weight, and
more prfePRI2 18 3 SarksBynielieraiperabeataf{d G ota 60 S8 byheigHyst ihebopsdlymer (A)
and thexcppper salt (R)OW heinyttieadonteptoff the( cispaigatils idaln dstohpasts iyt meight per the
above- pRAteast RAlamaupLel A ataRUebE NG itsiy kihe dspersehl erdiagentng the
formation of alhaéd c%)k% s preferably exhibited, and the Storage stability of the coating composition of
the invention Ifsyfu?fﬁlé improved. [0096] Itis preferable that the antifouling coating composition of
the pre&‘ﬁf*ﬁflvention may further contain known pigments. Examples of the usable pigments include
zinc oxide, rédh & exaxigés; tdlchtitanitivodxXisteisdiags Dantonite dslomital walSigen sarbenpatenbarium

sulfate @nebiike IBOFaBRIE RIGTENISHARG, AGARIGPIgMRDIS Hed colPcbie calgr, elc. Ahesg pigments
may bevléfgd gén[g orin gggjlbé tf'c%?tl L% 92\}/\/ ObIheredl%no lim ggon to,the content of the pigment in
the composition fof the present nvertion: ROweVar e content s Prafratly T S8 5EHE By weight,
and mAE P TEFRBKINS F0oPbi BE 0By SHENhESER opal BT RO ©OR S BOTEETTS PYewBRIST tstlthe copolymer
(A) and &t odpper salt (B). When the content of the pigment is about 1 to 50 parts by weight per the

above-mentioged pshameyof L. nata By welstlusasluiomefuls egalnginand thus reneual

of the coating film jis,prometed. In addition, there does not occur a problem that dissolution control in a
sea arelg%%(\%ﬁgra(ﬁigha?e%v% e%?e%p%%t@é%%%‘gﬁ\es iﬁigﬁﬂoc_&]gl {0 l%f‘i%é’ﬁc@?ﬁ%’n?tf gepenetration
of seaBEIIMGHEED AT PToBosT onah tdHiforo HEHREIRG SBatr e diidhof the
inventieniriay ciermptessadyirintladedyes, alHilidoditgdJantrgatifosiipingagentsrandhlikg common
additivesoies geadinganatelialy [0099]  The composition of the present invention is usually dissolved
or dispersed In an organic solvent. This makes the coating material desirably usable. Examples of the
usable organic solvents include xylene, toluene, méneral spirit, M1BK, butyl acetate, etc. Among these,
xylene and MIBK are patrticularly preferable. These organic solvents may be used singly or in
combination. [0100] <Method of Production of Antifouling Coating Composition>  The antifouling

coating composition of the invention can be manufactured, for example, by mixing the copolymer (A),
thea conper ealt (RY and if necreacecarvy known additivvace crich ac the cirinrorie nvide the nlacticizer ote



The amounts of the copolymer (A), the copper salt (B), etc. used may be suitably selected so that the
resulting antifouling coating composition contains the copolymer (A), the copper salt (B), etc., in
acceptable content ranges as described above. [0102]  Examples of the usable solvents include
xylene, toluene, mineral spirit, MIBK, butyl acetate, etc. Among these, xylene is particularly preferable.
They mgyd@ sed singly or in combination. [0103] These components may be mixed in such a
manner that €,¢o %I mer (Aﬁ angili eevéalgio%s m t%gials are di&solved or dispersed in astsolvent. For
example, the copo f/)m}é’?—?ﬁ gn}dnﬂ‘]éf coppey satt) m%ry%era%s%f\r}e%ogro &%% s ot I SBlvent first,
and theRARNEEFitPSTHEFIFRt SRS lIRTER &% BigakiCaPPTBUIshts). As the solvent, the
above-f{eddidhed ones may be used. [0104]  Mixing may be conducted, for example, by a known

disperser. The-disparser, masthedesirabhiaelesiad fimpthesathatcanibe Mesthasmigjopdverizers.
Specific Iéxai’n Iems ﬁ?\jr&gr%f incelucﬁecéﬂllse%n? diss(?Ivers. Examples of the usable mills include ball mills,
sand mif&’Bead mi , peaﬁp yXo i I%l,n(%WIes mills, basket mills, attritors and like mills
general[?@@@b for mixing and dispersing coating materials A dissolver is a disperser having a rotary
vane-tyfei grmdersihieMukedcsylatiodViambecmized and dispersed by rotating the grinder. The
dissolver may;alseiescatiedadispes- (0P Rdvind\1en @ eupraus axdedserniaingd, timing of adding
the cuprous oxide and, mixin c%%ditlpngg&ﬁ]pet)ﬁrligq dﬁ%%ﬁd{ngoon fh?-?ﬁ'g{ﬁr%ﬁaﬂ%niide diameter of
the cuprogs oxide. ][%?L %%ec?f}’caﬁ'y, Wheh a cuprous oxide N an average B’article diameter

of about 3G Y RANEYbidrdb ARSIy PRoBYB id wheee thid brésdr d4bedd ritEthe copolymer (A), the

copper Ed®), the cuprous oxide, and if necessary, known additives, and after that, to mix and
disperse therreiliantmix{ure-on the dispeiser e ntianad ahoyeaf0df e ouliHE GRIAYSgrde having
an avergae parlile, diameter ofabout, 249,40 pm dends o foim seqpndary addreqation, Therefore.
when ingredients containing a cuprous oxide are mixed, fhie oB?alnedncomposmon iS ﬁkgﬁll 0 have

aggregabbRC RIS AP el IR B RtheRik e re SUIARY BHRRT kP B kit afBdispersing
a mixedSolntaqtEt @odifinsnomacs oiide, ravihgrancavkr agefpeatityel siamepet . of -dlhowt,3 to 10 pm
using atdE@%%mﬁﬂ%E@ﬁ%,dﬂﬁ&%ﬁgm%%@E&)%K&ﬁyﬁaﬂm@mbﬁﬁ Gy T his makes it
possibl? tain an antifouling coating composition with the cuprous oxide desirably dispersed
therein.”[010 When a dissolver is used as the disperser, it is preferable that the grinder of the
dissolver be TGRSR MGHSpREIBY5haRking tHgrinder roery a3l igr spebd aite
secondéradgragated sutvaspldte, caipberddsitably tiiokerytiswnd[01g8jo pyehen lsiiptous oxide
having aneaMerag:parigledissster-ofapniiid Qe 20 aRneciaraiiyahRuHEd92QPpm is used as the

cuprou ide, JLis pre %t I copper. sal and if necessary, known
additiveig?égﬁg %%%2a@%%gﬁéﬁﬂﬁﬁ%?%%gxﬁgﬁ%}{ﬁg ?ﬁefxlt%ggrféjﬂb P _tg%%figuprous oxide
has an RRERGTF PR cISTRIREE SPisst e BometbAC st dliR saureBatbiF Y telatively unlikely to
occur. Foethisorydstm, tiths rbiarhsleyisitixmaathdispdede theccogolyasti¢a)andrte eopper salt (B)
using awisppesar 40 fadehthe ﬁwpé@uﬁ&xiﬁ@gt@dﬁﬂrﬁgﬁﬂﬁﬁmeﬁq@uﬁﬂﬁéﬁf%@wing a
mixer s , 1 . ible, rding to this
methodﬁ%%ée H%%gt 5%%55%%?2% I@%%g%?zqe%gg%?ﬁ%%%grge%ﬁtaﬁ%t%ﬁ?e%é%%% r?gtgﬂprous oxide in
the res&mﬁ@-%am%%}ivfﬁaﬁ%éé&%@%|&ﬁ%ry-‘%mé{iﬁﬁ&ﬁ%ﬁabih{rtﬁm}ﬁé%arraEéeé?éaeéf the
cuprouguskitidisapropdsidrhal eth apodale3 saahiStmmmidapesy pibferabtisabplat8.one 10-4 to 1.3 x
10-3 mmmd W heafthestrfachaieargd thermproumexigde isismalh dhe soating ilmsdigssalying sate can be
effectivgly coniglled syen in seawater having high temperature. In addition, according to the method,
procesiiﬁﬁ ti|l1e for the process by the disperser above can be shortened, reducing the production cost
of the ¢ Jsition of the present invention. [0111]  When a dissolver is used as a disperser, it is
preferablietharyivesardMomaeesiitt Mopeimgs

of the grindeLtampiismiahlowliorlshirigei theruproesaxide ¢canheetastivaly prevented. [0112]
<Methog gl AnffesieAceaimeti-Aatiouling foaing Plmsand fpaled QRifelz,  The method of
antlfoul@%ér ment of the invention are characterized in that an antifouling’coating film is formed on
the surface of the object to be coated using the above-explained antifouling coating composition. The
method of aFifeliPlg$rehthertongiasrdsbnveatibmeth pmothrlaaivsbiverpiadgquatic fouling
organismsreyltibexgracipil disshhutian-otthamsufane widkearniiomisg coating:filsicso as to continually

renew thesufacs, ofihe coaing iim. Aterdbe Jissolufign.otine aqating filmy, s antifpuling effect can
be contlnugleJs‘I%/ ethIbIted bé]‘"{gcs%atl the com ?gltlon. 0113] Examples of objécts on which a coating
ips

film can'be foltied irciide's fictat® HHHS s), fishing tools, structures submerged in
seawatEyOef] Examples of the fishing tools include fishing nets for use in aquaculture or in fixed
netting, and fishing net accessories such as floats attached to fishing nets, ropes, etc. Examples of
structures submerged in seawater include power pkant aqueducts, bridges, port facilities, etc. The
method of antifouling treatment of the invention has small temperature dependency, and therefore this
can be applied to antifouling treatment to a ship bottom of a ship which sails in various sea areas.




[0114] The antifouling coating film of the present invention can be fofHied by applying the antifouling
coating composition to the surface (entirely or partially) of the object on which a coating film is formed.
[0115] Examples of the coating method include brush coating, spray coating, dipping, flow coating,
spin coating, etc. These coating methods may be employed singly or in combination. [0116] The
coating £ampesitignisdded after application. The drying temperature may be room temperature. The
drying time be suitably sel el d dependin on the thi SS. of he coatin fllm etc. [0117] The
thickness ofngrf}(e%an?f(%)J |nI¥10 a ng iffh Cr%ar)]?aﬁengsw?al%ﬁ/ sé (\f ad getl n%nng J%ng (%ype of object on
which a"CBREFYHIR)ISRIFRda apRIENEEEeR &m@@ﬁ@n%%éa%t@?ﬁtéﬂwm@rdb&c For

examplé@@idven the object on which a coating fllm is formed is a ship bottom, the thickness of the

o A g il i et pn MRS AORD PLIT,
Iroull | | nyv | | X W
L SR, D

resistance. a erefgre cracking, p ccufeven tis in contact with
seawaté@ﬁ%ﬁ%ﬂégtﬁﬁezﬂthﬁ%@’&ﬁ% petdhaées! W%H@P@F&J@‘é‘aﬂﬁ%w or other defects is
unlikelyZenoegurindtievtesuttihg coating filox@rivhdssahighiadhenwdnessiot thes objéeteon which a
coating fileviis,{Qieaegt an Qtﬂ)Ah%ﬁéf%%\ﬁ%%?%bﬁ&%ﬁﬁﬁ%@g@ﬁﬁ%ﬂﬂﬁ%@r for a long period
of time, beca g%ét xh| t%&%%lbé tin S |VItB argount ¥ny Jﬁla@ga area having a high
seawatgr té)r%peral% aseaa aving 5 & wate erature o é [0119] The
coated 8 &WB%’%EW?W@RHW%S@H@%ﬁB’JﬁH@ hih g ﬁ#%ﬁ%]@ﬁﬁace The coated object
of the pdes‘dmlmennoﬁma&ﬂﬂmah@hxmthMMCﬁmmg)faimyiaﬁﬁeaenilmﬁce thereof, or a part
thereof. f@é@ghcrﬂ_eﬂ% eoriaskehiectaf &Beymeeefgﬂnvegn%ﬁm%@r%ws%ﬁe ARtiadling coating
film haV| {Hi %ﬂsetle% of jtems. 1 0,4 qef%{'b bov Lhe efor gan he desqably applied
to shlps?% rtic ar S bott m% ahlr’lgt Jls, structures sﬁbrlr-'?er dyln seavila{%er ele. [0121]
For exaPﬁfﬁfé’ ires mrbikfRTImY CORrRGUMHYs FEVHFEE oRiEH EMOPJ’%ﬁ?Bﬂo%ﬁ?qﬁe
antlfouImg&bkﬂr@"mmgm@aaﬂpmmIWﬁdromme@ﬁm Sorthit e chatisgefibresarface is always
Leréewlegré&eﬁ&&emsfﬁee@@meﬁ @&?ﬁlm@éwewrf&e{a%&u@mgt@#%h 1 Mé'@ﬁfﬁ%@fﬂai@he
ydrolysi n Im er.s.de contro refore, ships
benef|t rgm%#?eﬂg%q%%?#% fI[géct )gy grr%%% :j/fgtllr%’egaddsan ér)]gllly %&eﬁ%ﬁ,ﬁmﬁf Re rﬁ“&s are not
moving 61 B mBIE fBith Esﬁ’g iy PRRELOTHET %é@@ﬁ%&ﬁ?@r@é‘fﬁﬁﬁ)ﬁﬁﬁqumlc fouling

organlsﬂmbmem&semm tivergntifooling effectip@yhitsiteldh for a long time. [0123]  The
surface{gbtslne] antifouling coating film is basically free from cracklng or peeling even after a long period

of time §SE?1@§% itds4nn [ g coating film before re-forming
a new coatin T erefore. by dire ] g coating film composition thereon, the
antifouling c&ﬁn‘gﬂmﬁ%ﬁﬁfd&bf%m@ﬁ&ﬁﬁaw ‘fs%ﬁ‘ég?t %%%%ﬁﬁﬁﬁb&&? maintain the

antifoulingeffertredilycarst tivd onocusn@Exi@mple [0124]  Features of the invention will be further
clarified mefsgiing to the Examples, etc. shown below; however, the invention is not limited by the

Examples, ofg, [Qlgnln: 4 ﬁ?&%@#ﬁﬁx@%‘i&?ﬂ%%@ ¥ {50 8%{% %Qgﬁft&%*t%@ﬁ‘p'es

Examples, and comparatlve Examples, "c/0" denotes y wel VISC sity was determined at 25

deg. C YSHI L BroBEBIEN 1%? T REW| %@%&&%F IaW\k}Ef@ﬁ?WW% gEidtnined by
gel permisativnshfehatebapghyIerPEy mglﬂ@ﬁ/qedllystymgﬁdafdﬁ@@@wa&[téhfformed under the
following:sangditioas: tEguUpNeas kG -S8220 &MtsrT esaheCaIBRraidivle solubility, and it can
maintain an antifouling effect for a long period of time.
(0057]

The content of the monomer (b) in the mixture is preferably about 30 to 50

weight%, and more preferably about 30 to 40 weight% When the content of the
monomer (b) is about 30 to 50 weight%, the coating film formed using the
resultant antifouling coating composition can exhibit stable solubility, and it can
maintain an antifouling effect for a long period of time.
- [0058]

The total content of the monomer (a) and the monomer (b) in the mixture is
preferably about 80 weight% or more, and more preferably about 80 to 90
weight%. When the total content is about 80 weight% or more, the coating film

11



Column: TSK-gel Super HZM-M. two Flow rate: 0.35 mL/min Detector: Rl Column thermostat
temperature: 40 deg. C Eluate: THF The non-volatile content was determined by heating for 3 hours at
110 deg. C. [0126] The amounts of each ingredient shown in Table 1 are represented in grams
[0127] Production Example 1 (Production of Copolymer Solution (A): S-1) 230 g of xylene was

?harg:?d”é@rﬁeli@sﬁzﬁg' ﬂ@kﬁ?i?%@%ﬁb@!ﬁ%@@é@lﬁfgfc?hrfﬁ:f@it%@ﬁg%b’s%%élﬁtigef1 atnhd Ia dropping
nnel, I xture triusQprapyisi acrylate g of methoxyethy
sy e S e

I
methacr}é gofm acrylate, ylac e,rar(l3 ‘4 g of t-butyl peroxy-2-ethyl
hexano&

Q%ﬁ]tially added) was added dropwise into the flask over a period of 1 hour, while stirring at
100 2 deg. Gl gopwbgenriivospiteenadtértpelsinpriise @additiomibenpoliahdiizatiomreaetion was
gerfoz:m@q,fmﬁegeyﬁ@t @QQn?o@x%ﬁﬁ@]\r (Ehen whilgistitrieg T&%g}&&?@éﬁ@&(}%ﬁ%@ at 100_th2

eg. C, - roXy=2- exanoate- (subsequently added) was added three times wi
2-k?our iﬁ%g%\%getgj %é#gpr%@/ﬁé gé%v reerls%lt(l:oeng?e%g}tﬁﬁgfﬁzr% 18{1 27 18%F Xylene (additional solvent)
was addBd%d dissolved, thus producing the triorganosilyl ester-containing copolymer solution S-1.
Table 1 showi#replistofithenpolyolatizatomant tMiwrand TyglofS521-40128] fioductioriiEtamples 2 to
6 and CempRyatve’ Reaghistionfoamples +daifri(Eradueion 0f Conabipali SRS S+1g 6 and
Compa'iﬂ?é/%éé‘)@%}{gb‘%ﬁn%! 'Qﬁéogrégé%%de &9%%%{%%“10”&%%‘%58? yers performed according
to the same procedure as Production Example 1, using the drganic solvent, mon&fmers, and

polymeREAAEH RERARSF SHEHA T PARE P IROBISRYL 7Y B S r JaRBEHY PSSR cantainthg copolymer
solutiongeSaerés andl thiscconmeanidivetopoimee soiiitionsikkiicn 4nifaders shmwsdheseidcosity,
non-volatitgsontant Mwbanstibe Of eaehapalymes sohlioniabtrineds[22N{TaRiedded t40 1 O to.i
L' pe 2,2’-azobisisobutyronitrile, and t-butyl peroxy-2-ethyl hexanoate.

[0061]

The molecular weight of the triorganosilyl ester-containing copolymer can be
suitably adjusted by suitably selecting the amount of the polymerization initiator
used.

[0062]

Examples of polymerization methods include solution polymerization, bulk
polymerization, emulsion polymerization, suspension polymerization, etc.
Among these, solution polymerization is preferable, because it allows the
copolymer (A} to be prepared easily and accurately.

[0063]

In the polymerization reaction, an organic solvent may be added, if necessary.
Examples of the organic solvent include xylene, toluene and like aromatic
hydrocarbon-based solvents; hexane, heptane and like aliphatic
hydrocarbon-based solvents; ethyl acetate, butyl acetate, isobutyl acetate,
methoxypropyl acetate and like ester-based solvents; isopropyl alcohol, butyl
alcohol and like alcohol-based solvents; dioxane, diethyl ether, dibutyl ether and
like ether-based solvents; methyl ethyl ketone, methyl isobutyl ketone and like
ketone-based solvents, etc. Among these, aromatic hydrocarbon-based solvents
are preferable, and xylene is particularly preferable. These solvents may be used
singly or in combination.

[0064]

The reaction temperature in the polymerization reaction may be suitably
selected depending on the type of the polymerization initiator, etc., but is usually
about 70 to 140 deg. C, and preferably about 80 to 120 deg. C. The time
necessary for the polymerization reaction may be suitably selected depending on
the reaction temperature, etc., but is usually about 4 to 8 hours.

12
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[0065]

The polymerization reaction is preferably conducted in an inert gas {e.g.
nitrogen gas and argon gas) atmosphere.
[0066]
<<Copper Salt {B}>>

An antifouling coating composition of the invention contains at least one
copper salt {B) selected from the group consisting of rosin copper salts and copper
salts of rosin derivatives.

[0067]

Because the copper salt {B) have high compatibility with the copolymer (A), it
can stably exist in the coating film. Therefore, the composition of the present
invention has excellent long-term storageability.

[0068]

Furthermore, the copper salt has low hydrophilicity, and is unlikely to be
involved in ion exchange with other metal ions in seawater. Therefore, an obtain
antifouling coating film exhibits preferable water resistance and stable solubility
for a long time, and hardly cause coating film defects even in a sea area having a
high seawater temperature {(about 35 deg. CJ.

[0069]

When sodium salt, calcium salt, magnesium salt, etc. of rosin {or rosin
derivatives) is used in place of rosin copper salts and copper salts of rosin
derivatives, the water resistance of the coating film deteriorates because of high
hydrophilicity of these metal salts. Furthermore, zinc salts of rosin {or rosin
derivatives) are also hydrophilic, though less hydrophilic than the above metals,
and therefore enhance the solubility of the coating film. When zinc salts of rosin
(or rosin derivatives) are singly used, the resultant antifouling coating material
exhibits no problem in use in a sea area having a relatively low seawater
temperature (25 deg. C or less), but excessively increases solubility in a sea area
having a high seawater temperature (about 35 deg. C) and tends to cause crack,
blister and like coating film defects.

[0070]

Examples of the rosin copper salt include gum rosin copper salt, wood rosin
copper salt, tall oil rosin copper salt, etc. Examples of the copper salt of the rosin
derivative include hydrogenated rosin copper salt, disproportionated rosin copper
salt, maleinized rosin copper salt, formylated rosin copper salt, polymerized rosin
copper salt, etc. An antifouling coating composition of the invention may
contain these copper salts (B} singly or in combination.

[0071]

The copper salt (B) is preferred to be at least one copper salt selected from the

group consisting of gum rosin copper salt, wood rosin copper salt, tall oil rosin
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copper salt, hydrogenated rosin copper salt, and disproportionated rosin copper
salt.
[0072]

The copper salt (B) may be commercially available one. The copper salt (B)
may be produced by a known method. For example, the copper salt (B} can be
prepared by reacting rosin {or a rosin derivatives) having a free carboxyl group
(COO- group) with a copper hydroxide while heating them in a solution.

[0073]

The antifouling coating composition of the invention may further includes
other metal salts (e.g. zinc salts, etc.) of rosin {or rosin derivatives) than the
copper salt (B) as long as they do not adversely affect the effect of the invention.
[0074]

The weight ratio defined by the copolymer (A} / the copper salt (B) in the
antifouling coating composition of the invention is preferably about 80/20 to
20/80, and more preferably about 60/40 to 40/60. When the weight ratio of the
copolymer (A) and the copper salt (B} about 80/20 to 20/80, the resultant
antifouling coating film is insusceptible to seawater temperature, and exhibits
stable coating film dissolving rate even in seawater having a high temperature.
In addition, the antifouling coating film has suitable coating film hardness, and
excellent strength and water resistance.

[0075]

It is preferred that the composition of the present invention is substantially
free from rosin and rosin derivatives that contain free carboxyl groups.
Specifically, the content of the rosin and rosin derivative in the composition of the
present invention is preferably about 1 or less weight%, and more preferably
about O to 0.1 weight%. The rosin and rosin derivatives that contain free
carboxyl groups have high hydrophilicity. Therefore, when the coating film
contains such rosins and rosin derivatives, the water resistance of the coating
film will be lowered, which may cause blisters, cracking and like defects on the
coating film.

[0076]
<<Cuprous Oxide>>

It is preferred that the antifouling coating composition of the present
invention contains cuprous oxide. By containing the cuprous oxide, the
resulting coating film can effectively exhibit the antifouling effect. The cuprous
oxide can function as an antifoulant. There is no limitation to the form of the
cuprous oxide, as long as it does not adversely affect the effect of the invention.
For example, the cuprous oxide may take a form of a particle.

[0077]
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The average particle diameter of the cuprous oxide is preferably about 3 to 30
pm. When the composition of the present invention contains the cuprous oxide
having an average particle diameter of about 3 to 30 pm, the dissolving rate of the
coating film can be desirably controlled so that a long-term antifouling effect can
be exhibited.

[0078]

A preferable example of the form of the cuprous oxide is a cuprous oxide
whose surface is covered with a coating agent. For example, when a particulate
cuprous oxide is used, it is preferable that the surface of each particle be covered
with a coating agent. By covering with a coating agent, oxidation of the cuprous
oxide can be desirably prevented.

[0079]

Examples of the usable coating agents include stearic acid, lauric acid,
glycerin, sucrose, lecithin, etc. These coating agents may be used singly or in
combination.

[0080]

It is preferable that the composition of the invention contains 100 to 450
parts by weight, and more preferably 200 to 400 parts by weight of cuprous oxide
per total amount of 100 parts by weight of the copolymer (A) and the copper salt
(B}. When the content of the cuprous oxide is 100 to 400 parts by weight per the
total amount of 100 parts by weight, the coating film can exhibit an excellent
antifouling effect.

[0081]

The composition of the present invention may contain any inorganic
antifoulant, in addition to the cuprous oxide, in such an amount that does not
adversely affect the antifouling effect. Examples of usable inorganic antifoulants
include copper thiocyanate (general name: copper rhodanide), cupronickel,
copper powder, etc. These inorganic antifoulants may be used singly or in
combination.

[0082]
<<Organic Antifoulants>>

1t is preferable that the antifouling coating composition of the present
invention further contains organic antifoulant. There is no limitation to the
organic antifoulants as long as they have a killing or repelling effect against
aquatic fouling organisms. Examples of the organic antifoulants include
2-mercaptopyridine-N-oxide copper (general name: copper pyrithione) and like
organic copper compounds; 2-mercaptopyridine-N-oxide zinc {general name : zinc
pyrithione), zinc ethylene bis(dithio carbamate) (general name : zineb), zinc
bis{dimethyldithiocarbamate} (general name : ziram), dizinc
bis(dimethyldithiocarbamate)ethylenebis{dithiocarbamate) (general name :

15



19-51.0?70eql ?Ilglllll o:.',...1'00 04:-a!".:el-.0 OCZ ajdodocj O tn -

polycarbamate) and like organic zinc compounds; pyridine-triphenylborane,
4-isopropyl pyridyl-diphenylmethyl borane, 4-phenyl pyridiyl-diphenyl borane,
triphenylboron-n-octadecyl amine, triphenyl[3-(2-ethylhexyloxy) propyl
aminelboron and like organic boron compounds; 2,4,6-trichloromaleimide,
N-(2,6-diethylphenyl)-2,3-dichloromaleimide and like maleimide compounds;
and, 4,5-dichloro-2-n-octyl-3-isothiazolone (general name : Sea-Nine 211),
3,4-dichlorophenyl-N-N-dimethylurea (general name : diuron),
2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine (general name :
Irgarol 1051), 2,4,5,6-tetrachloroisophthalonitrile (general name : chlorothalonil),
N-dichloroflucromethylthio-N',N'-dimethyl-N-p-tolylsulfamide (general name :
tolylfluamd), N-dichloromethylthio-N',N'-dimethyl-N-phenylsulfamide (general
name : dichlofluanid), 2-(4-thiazolyl)benzimidazole (general name :
thiabendazole), 3-(benzo[blthien-2-yl}-5,6-dihydro-1,4,2-oxathiazine-4-oxide
{general name : bethoxazine),
2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole (general

name :Econea28), etc. Among these, copper pyrithione, zinc pyrithione, zineb,
Sea-Nine 211, and Irgarol 1051 are preferred, and copper pyrithione, and
Sea-Nine 211 are more preferred. These organic antifoulants enhance the
antifouling effect in combination with the above-mentioned cuprous oxide, and
therefore even a little amount of the organic antifoulants works to maintain the
antifouling effect in a sea area having active fouling organisms. These organic
antifoulants may be used singly or in combination.

[0083]

The content of the organic antifoulants in the composition of the present
invention is preferably 1 to 50 parts by weight, and more preferably 10 to 30 parts
by weight per total amount of 100 parts by weight of the copolymer (A) and the
copper salt {B). If the content of the organic antifoulants is less than one part by
weight, the antifouling effect of the organic antifoulant cannot satisfactorily be
exhibited. If the content exceeds 50 parts by weight, no improvement in the
antifouling effect can be observed in proportion to the increase in the amount of
the organic antifoulant; this is thus uneconomical.

[0084]
<<QOther Additives, Etc.>>

The antifouling coating composition of the present invention may further
contain plasticizers, dewatering agents, dispersants, known pigments and like
known additives.

[0085]

By containing a plasticizer, the plasticity of the composition can be enhanced,
allowing a desirably strong coating film to be obtained. Examples of the
plasticizers include tricresyl phosphate, trioctylphosphate, triphenyl phosphate
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and like phosphate esters; dibutyl phthalate, dioctyl phthalate and like phthalate
esters; dibutyl adipate, dioctyl adipate and like adipate esters; dibutyl sebacate,
dioctyl sebacate and like sebacate esters; epoxidized soybean oil, epoxidized
linseed oil and like epoxidized oils and fats; methyl vinyl ether polymer, ethyl vinyl
ether polymer and like alkyl vinyl ether polymers; polyethylene glycol,
polypropylene glycol and like polyalkylene glycols; and, t-nonylpentasulfide,
vaseline, polybutene, tris(2-ethyl hexyl) trimellitate, silicone oil, liquid paraffin,
chlorinated paraffin, polymeric plasticizers formed of ethylenically unsaturated
carboxylate polymer, etc. Among these, tricresyl phosphate, epoxidized soybean
oil, and epoxidized linseed oil are preferred. Epoxidized soybean oil and
epoxidized linseed oil are especially preferred. By use of these plasticizers,
physical properties of the coating film is improved, and in addition water
resistance is enhanced. Therefore, penetration of seawater into the coating film
is prevented, and thus crack, blister and like coating film defects can be
prevented even in a sea area having a high seawater temperature. These
plasticizer may be used singly or in combination.

[0086]

The content of the plasticizer in the composition of the present invention
depends on the content of the copper salt (B), but is preferably 1 to 50 parts by
weight, and more preferably 5 to 30 parts by weight per total amount of 100 parts
by weight of the copolymer (A} and the copper salt (B). If the content of the
plasticizer is less than one part by weight, satisfactory improvement in the
physical properties (strength and adhesiveness) cannot be obtained; if it exceeds
S0 parts by weight, the coating film becomes too soft, and is practically unusable.
[0087]

It 1s preferable that the antifouling coating composition of the present
invention further contains a dewatering agent. The dewatering agent is an agent
that removes water in the composition. Examples of usable dewatering agents
include dehumidifiers and dehydrating agents. The dehumidifiers and the
dehydrating agents may all be used singly, or both the dehumidifiers and the
dehydrating agents may be used in combination.

[0088] '

The dehumidifier is a compound that can remove water in the coating
composition by reacting with water. Examples of the dehumidifiers include
methyl orthoformate, ethyl orthoformate and like alkyl orthoformates;
tetraethoxysilane, tetrabutoxysilane, tetraphenoxysilane,
tetrakis(2-ethoxybutoxy}silane, methyltrimethoxysilane, methyltriethoxysilane,
dimethyldiethoxysilane, trimethylethoxysilane, diphenyldiethoxysilane and like
alkoxysilanes; maleic anhydride, phthalic anhydride and like acid anhydrides,
ete.
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[0089]

The dehydrating agent i1s a compound that can remove water in the
composition by incorporating the water into the dehydrating agent as
crystallization water. Examples of dehydrating agents include anhydrous
gypsum, molecular sieves, magnesium sulfate, sodium sulfate, etc.
|0090]

There is no limitation to the content of the dewatering agent in the
composition of the present invention, but it is preferably 1 to 50 parts by weight,
and more preferably 2 to 30 parts by weight per total amount of 100 parts by
weight of the copolymer (A) and the copper salt (B). When the content of the
dewatering agent is about 1 to 50 parts by weight per the above-mentioned total
amount of 100 parts by weight, the storage stability of the coating composition of
the invention is further improved.

[0091]

The antifouling coating composition of the present invention preferably
further contains a dispersant {an antisettling agent). By containing a dispersant,
sedimentation of the components (e.g., cuprous oxide mentioned above, pigments
mentioned below) of the composition of the present invention, as well as the
formation of a hard cake (a hard precipitate), can be prevented or inhibited during
storage of the composition of the present invention. This also effectively solves
the problem of dripping of the composition (the coating material) when a coating
film is formed on the surface of an object to be coated by using the composition of
the present invention.

[0092]

Examples of dispersants include oxidized polyethylene-based dispersants,
fatty acid amide-based dispersants, fatty acid ester-based dispersants,
hydrogenated castor oil-based dispersants, vegetable polymerized oil-based
dispersants, polyether ester-type surfactants, sulfate-type anionic surfactants,
polycarboxylic acid amine salt-based dispersants, polvcarboxylic acid-based
dispersants, polymeric polyether-based dispersants, acrylic polymer-based
dispersants, special silicon-based dispersants, talc-based dispersants,
bentonite-based dispersants, kaolinite-based dispersants, silica gel-based
dispersants, etc.

These dispersants may be used singly or in combination. The composition
of the present invention preferably contains a fatty acid amide-based dispersant.
The composition of the present invention can be produced by, for example,
preparing a mixed solution containing the copolymer (A} etc., and then mixing
and dispersing the mixed solution. When the mixed solution contains the fatty
acid amide-based dispersant, the storage stability of the mixed solution can be
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enhanced, and the composition of the present invention can be obtained more
easily and reliably.
[0093]

In the present invention, commercially available dispersants may be used.
Examples of the fatty acid amide-based dispersants include Dispalon A603-10X
{or 20X}, Dispalon A630-10X {or 20X}, Dispalon 6900-10X (or 20X}, and Dispalon
6810-10X {or 20X) (all products of Kusumoto Chemicals, Ltd.}; Talen 7500-20
and Flownon SP-1000 (both products of Kyoeisha Chemical Co., Ltd.); etc.
Among these, Dispalon A603-10X (or 20X) is preferred. Because these
dispersants do not include methanol, ethanol and like hydrophilic solvents, the
storage stability of the antifouling coating composition can be more preferably
maintained.

[0094]

The dispersants may be used after being dispersed in a hydrophobic organic
solvent, such as xylene.
[0095]

There is no limitation to the content of the dispersant in the composition of
the present invention; however, the content is preferably 1 to 50 parts by weight,
and more preferably 2 to 30 parts by weight per total amount of 100 parts by
weight of the copolymer (A) and the copper salt (B]. When the content of the
dispersant is about 1 to 50 parts by weight per the above-mentioned total amount
of 100 parts by weight, the effects of the dispersant (i.e., preventing the formation
of a hard cake) is preferably exhibited, and the storage stability of the coating
composition of the invention is further improved.

[0096]

It is preferable that the antifouling coating composition of the present
invention may further contain known pigments. Examples of the usable
pigments include zinc oxide, red iron oxide, talc, titanium oxide, silica, bentonite,
dolomite, calcium carbonate, barium sulfate and like inorganic pigments, and
organic pigments of red color, blue color, etc. These pigments may be used
singly or in combination.

[0097]

There is no limitation to the content of the pigment in the composition of the
present invention; however, the content is preferably 1 to 50 parts by weight, and
more preferably 10 to 20 parts by weight per total amount of 100 parts by weight
of the copolymer {A) and the copper salt (B). When the content of the pigment is
about 1 to 50 parts by weight per the above-mentioned total amount of 100 parts
by weight, dissolution of the coating film and thus renewal of the coating film is
promoted. In addition, there does not occur a problem that dissolution control
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in a sea area having a high seawater temperature becomes difficult due to
enhancement of the penetration of seawater into the coating film.
[0098]

In addition, the antifouling coating composition of the invention may, if
necessary, include dyes, anti-flooding agent, antifoaming agents and like
common additives for coating material.

[0099]

The composition of the present invention is usually dissolved or dispersed in
an organic solvent. This makes the coating material desirably usable.
Examples of the usable organic solvents include xylene, toluene, mineral spirit,
MIBK, butyl acetate, etc. Among these, xylene and MIBK are particularly
preferable. These organic solvents may be used singly or in combination.
[0100]
<Method of Production of Antifouling Coating Composition>

The antifouling coating composition of the invention can be manufactured,
for example, by mixing the copolymer (A}, the copper salt (B), and if necessary,
known additives such as the cuprous oxide, the plasticizer, etc. in a solvent.
[0101]

The amounts of the copolymer (A), the copper salt (B}, etc. used may be
suitably selected so that the resulting antifouling coating composition contains
the copolymer (A}, the copper salt (B}, etc., in acceptable content ranges as
described above.

[0102]

Examples of the usable solvents include xylene, toluene, mineral spirit,
MIBK, butyl acetate, etc. Among these, xylene is particularly preferable. They
may be used singly or in combination.

[0103]

These components may be mixed in such a manner that the copolymer (A)
and like various materials are dissolved or dispersed in a solvent. For example,
the copolymer (A) and the copper salt (B) may be dissolved or dispersed in a
solvent first, and then mixed with other materials {such as organic antifoulants).
As the solvent, the above-mentioned ones may be used.

[0104]

Mixing may be conducted, for example, by a known disperser. The
disperser may be desirably selected from those that can be used as
micro-pulverizers. Specific Examples thereof include mills and dissolvers.
Examples of the usable mills include ball mills, sand mills, bead mills, pearl mills,
Dyno.mills, Cowles mills, basket mills, attritors and like mills generally used for
mixing and dispersing coating materials. A dissolver is a disperser having a
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Production Example 7 (Production of Gum Rosin Copper Salt) 400 g of a xylene solution of gum
rosin (solid content: 50%), 200 g of cuprous oxide, and 100 g of methanol were added, together with
glass beads (diameter: 2.5 to 3.5 mm), to a 1,000 ml flask equipped with a thermometer, a reflux
condenser, and a stirrer, and the mixture was stirred for 8 hours at 70 to 80 deg. C and then

maintaipeehforadays pkafidew:-C. The Eﬁ@k&@%ﬂ@tﬁ&bﬁ%‘é[ﬁ%@i%t@éﬁ@%@@ﬁ@é@t%ﬁe (25 deg. C)
and fllterg% ﬂpgne Wgeq,ht{teently SRnCgNraLed U 5?9&’8% %Eh ra{tg ove the methanol _by

distillation, X en adde tothe o talned concentrate us p ucing a xylene solution of
gum ro 911 per salt (a transparent dark blue solution; solid content: about 50%). The resulting

xylene solutidfhefigueiositnsoppee salcomthinadn olmgecdariding e, 8uR0USCleduztion
Examplg &(Rgachictiniakiiydreganated Besimdnnpen $alaver400 seotieindens selutioniaf

hydrog e Q:t {rade name "Highpale CH" produced by Arakawa Kagaku K. K., acid number 163
mgKOH content 50%), 200 g of cuprous oxide, 100 g of methanol, and glass beads (diameter:
2,510 3l Were added to a 1,000 ml flask equipped with a thermometer, a reflux condenser, and a

stirrer, and t%mn@@mmrewm@hsmlé@Tmm@&te@vcrag@l Hstiphadtainetefor days at 50
deg. C.gihaitesulingixture-waseopladdo 1aom Bmpelatugd25tdeglandiiiieretiatige
subsequg H DeeRfrajed rggﬂﬁ%ﬂ RiEaU! J&f&%&%‘é%”&%ﬁ‘%‘@?e’&%%?’sﬂ?&{?{% Xylene was

then added.t he obtained cgncentrate, thus prod cing a xylene solution of h ated rosin
copper &4fti{& Vﬁﬁn@ﬁ‘ﬁré‘rﬁteﬁaﬁ}%%u@mlﬁﬂ A HRPED e 5885#@@%5“%@% It xylene solution
of hydredeperaerrosimtioper dagtvisad a non-volatile content of 50.3%. [0131] Production Example 9
(Produgtiam®f Disproportionated Rosin Copper Salt) 400 g of a xylene solution of
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stirrer, atdPTRE fpdise Wesistiresd theghbumsast 7ormpesitey. i bkalhenmamegseeemi®days at 50
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S-1, S-2;,8Rd,S-4 obtained in Production Examples 1 to 6 and Copolymer Solutions H-1 to H-4
obtaine g#t g mparative Production Examples 1 to 4 for use as copolymers; the xylene solutions of
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(solid conteriV2gia@ SO vBtdin & a P tuetbaEramplédy recdoarlscbatrdamardpeer salts; and
cuprousiexideswithanaveragedartiblighliapeiér oBY on&kpnpftheigeias enpooas:abdehagwell as the
organic antifguiaNIS RIGMERtS.-Addites. Apd soustlisted i Jableshuste isRaadinhe
proporttbrl arts by weight) shown in Table 2. The above ingredients were mixed and dispersed
togethe lass beads with a diameter of 1.5 to 2.5 mm to produce coating compositions. [0133]
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1sperser, to add the cuprous oxide to the resultant mixture, and to mix the

mixture using a mixer so as not to pulverize the cuprous oxide particles as much
as possible. According to this method, the cuprous oxide is hardly pulverized,

and therefore, the surface area of the cuprous oxide in the resulting composition
becomes relatively small. For example, the specific surface area of the cuprous
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oxide can be as small as about 1.3 x 10-3 mm? or less, preferably, about 3.0 x 104
to 1.3 x 103 mm?2 When the surface area of the cuprous oxide is small, the
coating film dissolving rate can be effectively controlled even in seawater having
high temperature. In addition, according to the method, processing time for the
process by the disperser above can be shortened, reducing the production cost of
the composition of the present invention.

0111]

When a dissolver is used as a disperser, it is preferable that the rotation
speed of the grinder be set to medium or low. By setting the rotation speed of the
grinder to medium or low, crushing of the cuprous oxide can be effectively
prevented.

[0112]
<Method of Antifouling Treatment, Antifouling Coating Film, and Coated Object>

The method of antifouling treatment of the invention are characterized in
that an antifouling coating film is formed on the surface of the object to be coated
using the above-explained antifouling coating composition. The method of
antifouling treatment of the present invention can prevent adhesion of aquatic
fouling organisms by the gradual dissolution of the surface of the antifouling
coating film, so as to continually renew the surface of the coating film. After the
dissolution of the coating film, the antifouling effect can be continuously
exhibited by recoating the composition.

[0113]

Examples of objects on which a coating film can be formed include ships (in
particular, ship bottoms), fishing tools, structures submerged in seawater, etc.
Examples of the fishing tools include fishing nets for use in aquaculture or in
fixed netting, and fishing net accessories such as floats attached to fishing nets,
ropes, etc. Examples of structures submerged in seawater include power plant
aqueducts, bridges, port facilities, etc. The method of antifouling treatment of
the invention has small temperature dependency, and therefore this can be
applied to antifouling treatment to a ship bottom of a ship which sails in various
sea areas.

[0114]

The antifouling coating film of the present invention can be formed by
applying the antifouling coating composition to the surface (entirely or partially)
of the object on which a coating film is formed.

[0115]

Examples of the coating method include brush coating, spray coating,
dipping, flow coating, spin coating, etc. These coating methods may be
employed singly or in combination.

[0116]
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The coating composition is dried after application. The drying temperature
may be room temperature. The drying time may be suitably selected depending
on the thickness of the coating film, etc.

[0117]

The thickness of the antifouling coating film may be suitably selected
depending on the type of object on which a coating film is formed, the navigation
speed of the ship, the seawater temperature, etc. For example, when the object
on which a coating film is formed is a ship bottom, the thickness of the antifouling
coating film is generally 50 to 500 pm, and preferably 100 to 400 um.

[0118]

The antifouling coating film of the present invention is advantageous in
that:

1) It has excellent water resistance, and therefore cracking, peeling or the like is
unlikely to occur even if it is in contact with seawater for a long time; 2} It has a
suitable hardness, and therefore cold flow or other defects is unlikely to occur in
the resulting coating film; 3) It has a high adhesiveness to the object on which a
coating film is formed; and 4} It can effectively exhibit an antifouling effect in
seawater for a long period of time, because it exhibits a stable coating film
dissolving amount even in a sea area having a high seawater temperature (e.g., a
sea area having a water temperature of 30 to 35 deg. C).

[0119]

The coated object of the present invention has the antifouling coating film on
its surface. The coated object of the present invention may have the antifouling
coating film on the entire surface thereof, or a part thereof.

[0120]

The coated object of the present invention is covered with the antifouling
coating film having the characteristics of Items 1 to 4 described above. Therefore,
it can be desirably applied to ships (in particular, ship bottoms), fishing tools,
structures submerged in seawater, etc.

[0121]

For example, when the antifouling coating film is formed on the surface of a
ship bottom, the antifouling coating film gradually dissolves from the surface, so
that the coating film surface is always renewed. This prevents the adhesion of
aquatic fouling organisms.

[0122]

Furthermore, the hydrolysis rate of the antifouling coating film in seawater is
desirably controlled. Therefore, ships benefit from the antifouling effect for a
long period of time; additionally, even when the ships are not moving, for example,
during anchorage, rigging, etc., the adhesion and incrustation of aquatic fouling
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Therefore, by directly recoating the antifouling coating film composition thereon,
the antifouling coating film can be effectively formed. This makes it possible to
continuously maintain the antifouling effect easily and at low cost.
Example
10124]
Features of the invention will be further clarified referring to the Examples,
etc. shown below; however, the invention is not limited by the Examples, etc.
[0125]
In each of the production Examples, comparative production Examples,
Examples, and comparative Examples, "%" denotes "% by weight". Viscosity was
determined at 25 deg. C using a Brookfield viscometer. The weight-average
molecular weight (Mw) was determined by gel permeation chromatography (GPC)
(using a polystyrene standard). GPC was performed under the following
conditions.
Equipment: HLC-8220 GPC; Tosoh Corporation
Column: TSK-gel Super HZM-M. two
Flow rate: 0.35 mL/min
Detector: RI
Column thermostat temperature: 40 deg. C
Eluate: THF
The non-volatile content was determined by heating for 3 hours at 110 deg.
C.
[0126]
The amounts of each ingredient shown in Table 1 are represented in grams
[0127]
Production Example 1 (Production of Copolymer Solution (A); §-1)

230 g of xylene was charged to a 1,000 ml flask equipped with a thermometer,
a reflux condenser, a stirrer, and a dropping funnel, after which a mixture of 230
g of tritsopropylsilyl methacrylate, 210 g of methoxyethyl methacrylate, 30 g of
methyl methacrylate, 30 g of ethyl acrylate, and 4 g of t-butyl peroxy-2-ethyl
hexanoate {initially added) was added dropwise into the flask over a period of 1
hour, while stirring at 100 2 deg. C in a nitrogen atmosphere. After the
dropwise addition, the polymerization reaction was performed for 2 hours at 100
* 2 deg. C. Then, while stirring the resulting reaction solution at 100 = 2 deg. C,

24



llegarol 1051 (04-ta Inc,) [1Red on Oxide (Tod, Pigment Corp., fade Color EP-I3D) 1Talc Nat inura
Industries Co, Ltd., Crown Talc 3S) Zinc Oxide (Sold Chemical Industry Co" Ltd., Zinc Oxide Second
(Trade Name)) Titanium Oxide (Furukawa Co., Ltd., EH-11) ITetrootboxysitane (Kishida Chemical Co
..Ltd.. Special Grade) Molecular Sieves 4A (Union Showa K.K., Synthetic Zeolite Powder) bispolona

603-20y,, @Wm@@@%@@@%ﬁ@setﬁ% FrekrR etk Amidechesad h:i g Agenl&lfestve Component

20%, 1.Xyl T Aio IT H 7|O43 115 0.110-Icipgrl Pl
|t|QtU2§%S£;A4TI A%ﬁg%%e%%ﬁatw 13;851 ggi)ajgﬁ 1%es ((:)atﬁng cg‘gﬁr u%gﬁg)uv Each
of the c846hg ebinpeRricH B SRVERShP ?e%afiﬁfé %BQ@M@WS&%&S Hfas sealed

in a 100mhwideemblthstinreanreiadn sigredinlgmcabattoat 301 ded «®lorl 1sinonthilaéter which the

viscosityigt e coating wampesiinnyyas measHgdrysing aiBrookfield viscometer. [0135] The viscosity
of the CE@{iﬁlg]composition was evaluated as follows.

Production Examples 2 to 6 and Comparative Production Examples 1 to 4

(Production of Copolymer Solutions S-2 to 6 and Comparative Copolymer
Solutions H-1 to 4)
Polymerization reactions were performed according to the same procedure as

Production Example 1, using the organic solvent, monomers, and polymerization
initiator shown in Table 1, thus producing the triorganosilyl ester-containing
copolymer solutions S-2 to 6, and the comparative copolymer solutions H-1 to 4.
Table 1 shows the viscosity, non-volatile content, Mw, and Tg of each copolymer
solution obtained.

[0129]

[Table 1]
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A: a change in viscosity of less than 500 mPa.s/25 deg. C (substantially no change in the coating
composition) B: a change in viscosity of 500 to 5,000 mPa.s/25 deg. C (a slight increase in viscosity)
C: a change in viscosity of more than 5,000 and up to 100,000 mPa.s/25 deg. C (a significant increase
in viscosity) D: a change so significant that the viscosity was unmeasurable (the coating composition

It can be seen from Table 3

turned into_a gel or solidified) The results are shgwn in Table 3. [0136]
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It-can be seen from Table 3 that the coating films formed using the coating compositions of the
invention (Ex. 1-8) strongly adhere to the tin plate. [0142] Test Example 4 (Flexibility Test for Coating
Films) Each of the coating compositions obtained in Examples 1 to 8 and Comparative Examples 1
to 4 was applied to a blast-finished tin plate (75 x 150 x 2 mm) so that the dry coating film thickness

would b?aba@hbepmmﬂﬂe appiied coatRgorga thersliinddoppdagaatA0 deg. C to prepare a gry
t t
S end TR R AT, B P SR S

90 deg., an e bent coa ected. [014 eX|b|I|ty was

Iition_o
evaluat@9&-BisiviO R EQITBEIMHEIN FE HRERHs eg%%ﬁ‘m&&l ﬁaffeb%%%é ﬁ?arr?e§|arge
cracks B & -pomnion, df)tﬁeldaféﬂﬁglfﬁms}am@asﬂwb@etéuadﬁlm¢mmawsﬂuw@W@bﬁ% [0144]

It can bersgendiione: abla 8ibah ke eeating dms-torared hisingthe maﬂr&r@egowsiéi@a&néfhe
'“Ve”t'%éﬁﬁa}r@&}&f 9 @LRIenEg ﬁ% r%S'St%B% é@&ﬂsﬁlr% %%Eé?@‘&lgs LHRIpLReskiance Test

for Coating Films) nan 0S oat g f| s formed by applying an anti-corrosive coating
matenaf?glmtﬁ%@e@i%ﬁt Cg 61%41;?(]1 SeABBEY SRRFSOHRIEH &S THiCkness after
drying weditrbd aibostEe ﬁmrm@mdwdqﬂm@n@abﬁ dfstilaloaning esmpositivHizesbetded in
Examples thtooh aiid écompayaiive fexampiesrbi dim@ s sybeeguriilyiappiegie thesafti-corrosive

coating film 30 that ‘t‘aet{je(}ﬂﬁ%tlé}% o hisknessiyadle: %%1?8%&&98@%3!1? Sppljed gpating was
dried for T dfy at 40 deg. C, thus preparing a test pleggt\slv%fgg({y coating 5)?1 m.thickness of about 100

pm. The G REEHRE HARGHOSH O FAME SR GRe & RS YRGS Qi hdh the

conditiopQeBhe coating film was visually inspected. [0146] The water resistance was evaluated as
follows.[0130]the coating film underwent no change B: the coating film slightly changed color C: the

coatlngﬂ%wgﬁgﬂg@gglg' EEefbroddctele dp Suah A% ArAckSRINE!IRg g Realng were observed in

the coating fi esults are shown in . seen from Table 3 that the

coating films trll%rf |5’ HeHs &%ﬁ@.ﬁ@@ﬁ‘f‘? 1%5 ie ellent

resistarieotbiedeby [Ouate) Praklegafatiil: &in acid number 163 mgKOH/ g)(solid content:
50%}, 200 g of cuprous oxide, 100 g of methanol, and glass beads (diameter: 2.5

to 3.5 mm) were added to a 1,000 ml flask equipped with a thermometer, a reflux
condenser, and a stirrer, and the mixture was stirred for 8 hours at 70 to 80 deg.
C and then maintained for 2 days at 50 deg. C. The resulting mixture was cooled
to room temperature (25 deg. C) and filtered, and subsequently concentrated
under reduced pressure to remove the methanol by distillation. Xylene was then
added to the obtained concentrate, thus producing a xylene solution of
hydrogenated rosin copper salt (a transparent dark blue solution; solid content:
about 50%). The resulting xylene solution of hydrogenated rosin copper salt had
a non-volatile content of 50.3%.

{0131]

Production Example 9 (Production of Disproportionated Rosin Copper Salt)

400 g of a xylene solution of disproportionated rosin (trade name "Rondis R"
produced by Arakawa Kagaku K. K., acid number 157 mgKOH /g)(solid content:
50%), 200 g of cuprous oxide, 100 g of methanol, and glass beads {(diameter: 2.5
to 3.5 mm) were added to a 1,000 ml flask equipped with a thermometer, a reflux
condenser, and a stirrer, and the mixture was stirred for 8 hours at 70 to 80 deg.
C and then maintained for 2 days at 50 deg. C. The resulting mixture was cooled
to room temperature (25 deg. C) and filtered, and subsequently concentrated
under reduced pressure to remove the methanol by distillation. Xylene was then
added to the obtained concentrate, thus producing a xylene solution of
disproportionated rosin copper salt (a transparent dark blue solution; solid
content: about 50%). The resulting xylene solution of disproportionated rosin
copper salt had a non-volatile content of 50.2%.
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cc << Co Adhesion Test ;... CU

[0132]
Example 1, 4, 7, 8, and Comparative Examples 1 to 4 (Production of Coating

Compositions)
Copolymer Selutions S-1, S-2, and S-4 obtained in Production Examples 1 to

6 and Copolymer Solutions H-1 to H-4 obtained in Comparative Production
Examples 1 to 4 for use as copolymers; the xylene solutions of gum rosin copper
salts or hydrogenated rosin copper salts or disproportionated rosin copper salts
(solid content: about 50%) obtained in Production Examples 7 to 9 for use as
rosin copper salts; and cuprous oxide with an average particle diameter of 3 or 6
pm for use as cuprous oxide; as well as the organic antifoulants, pigments,
additives, and solvents listed in Table 2 were blended in the proportions (parts by
weight) shown in Table 2. The above ingredients were mixed and dispersed
together with glass beads with a diameter of 1.5 to 2.5 mm to produce coating
compositions.
[0133]
Example 2, 3, 5, 6 {Production of Coating Compositions)

Copolymer Solutions $-2, S-3, S-5, $-6 obtained in Production Examples 2, 3,

5, 6 for use as copolymers; the xylene solutions of hydrogenated rosin copper
salts (solid content: about 50%) obtained in Production Examples 8 or
disproportionated rosin copper salts (solid content: about 50%) obtained in
Production Examples 9 for use as rosins; as well as the antifoulants, pigments,
additives, and solvents listed in Table 2 were blended in the proportions (parts by
weight} shown in Table 2. The above ingredients were mixed and dispersed
together with glass beads with a diameter of 1.5 to 2.5 mm. Cuprous oxide with
an average particle diameter of 13 or 19 pm was subsequently added to the
mixtures and slowly stirred with a stirring blade, thus producing coating
compositions.

[0134]

[Table 2]
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g conmpos:

Each of the coating compositions obtained in Examples 1 to 8 and

Comparative Examples 1 to 4 was sealed in a 100 mi wide-mouth tin can and

Test Example 1 [Stability Test for Coat



Coating Material Stability o - 0 Cv) Test Example 6 (Solubility Test (Rotary Test) for
Coating Films)

stored in an incubator at 40 deg. C for 1 month, after which the viscosity of the
coating composition was measured using a Brookfield viscometer.

[0135]

The viscosity of the coating composition was evaluated as follows.

A: a change in viscosity of less than 500 mPa.s/25 deg. C (substantially no
change in the coating composition)

B: a change in viscosity of 500 to 5,000 mPa.s/25 deg. C (a slight increase in
viscosity)

C: a change in viscosity of more than 5,000 and up to 100,000 mPa.s/25 deg. C (a
significant increase in viscosity)

D: a change so significant that the viscosity was unmeasurable (the coating
composition turned into a gel or solidified)

The results are shown in Table 3.

[0136] _

It can be seen from Table 3 that the coating material formed using the
coating composition of the invention (Examples 1 to 8) is excellent in storage
stability.

[0137]
Test Example 2 [{Coating Film Hardness)

Each of the antifouling coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to a transparent glass plate (75 x 150 x
1 mm) so that the dry coating film thickness would be about 100 um, and dried
for 1 day at 40 deg. C. The coating film hardness of the resulting dry coating film
was measured at 25 deg. C using a pendulum hardness tester. The results
{count number) are shown in Table 3. A count number of 20 to 50 is preferable
for practical purposes.

10138]

It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention {Ex. 1-8) have a suitable hardness.
[0139]

Test Example 3 (Adhesion Test for Coating Films)

The adhesion of each coating film was tested in accordance with JIS
K-3600-5-6. Specifically, tests were conducted according to the following method.
Each of the coating compositions obtained in Examples 1 to 8 and Comparative
Examples 1 to 4 was first applied to a tin plate (75 x 150 x 2 mm]} so that the dry
coating film thickness would be about 100 pm. The applied coating was then
dried for 1 day at 40 deg. C to prepare a dry coating film with a thickness of
about 100 ym. After that, the adhesion test was conducted.

[0140]
The evaluation was conducted in the following way.
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A-tank was provided, in the center thereof, with a rotating drum with a diameter of 515 mm and a
height of 440 mm to allow the rotation of the drum via a motor. The tank was also provided with a
cooling apparatus for keeping the seawater temperature constant, and a pH automatic controller for
keeping the pH of the seawater constant. [0149]  Two test plates were prepared for each coating

compositipaageqieing tetbe-fellpwingdngihied. [0150]  An anti-corrosive coating film was formed by
applying an anti-corrosive coating material (a.vinylsbased.A/C) to a.hard vinyl chlorjde plate (75 x 150
x 1 mm) sot at i%entﬁ%l??l%%%%a%%re%r?/%gv\?v%u(i beelegbeéﬁlgss ?‘nr??(f)(ffg\rfv%% %é r&?iﬁgch of the
antifoul TRALEEI AR SR PL StHEBRRIREE TER S Pes bRss d RS d i onpilative EXARiPed 1 to 4 was
applied toaehantibcbavsige Iddathay fitmssedht 2he thicknpssEitendiyasipwaitldbeftiout 300 pm. The
applied cqating was diied i3 fdysah 40-de8sGatUmBIRRAEAY a test plate having a dry coating film

wih & thickgess, 0t 430 PO0PEIOASL, o, Qe QL e, luspreRared igst plajgs was secured to the
rotating drum of the rotary apparatus ot the a ove-mé?ntloned equipment to contact the seawater, and

the rotatingtGfufERSToti et Wspsa d rb ikt Eﬁﬁliﬁéft?gt.f@% tHetee@Rrater temperature was
maintaifed the2sutedeC enththeqidutsStbad 8i8; e pealvatasviammeplate@dnce every week. [0152]

The initial .caadingh pchisknessghdhe fiemaining Rogdagfinsthisknessafter every 3 months from
the beg{ [ ga%g]& R?%%\é%r? g@?éﬁ%%é each test plate, using a laser focus displacement meter,
%ﬂgmess of the |ssox&;9 9}%

and the't lved coatln% m was calculated from the difference therebetween to give

the dissolving Erh SBAtSrHEEORAG AR M bhnA SRIIATIMRE TareiREsHEHEhEasEbRducted for
24 monthpcaniltheXbating itm ditsoidinyg dmeiintwas caldutatddlOepgt2mmemins] [0i633dT he

results aralsbewpeRviatie i, [Q484he thganhe peenfom faiiey thaitke eqating,films formed using

the coat] ition the | ' . issalved, in seawater in amounts of about 2
to5 pmgaegﬁf%%%%%n§§%€§%§?%%%%ﬁﬁ%i{2?§?§ gﬁ gllgs%;%wgatfa s[Ci}ile coatiV\;lg filrlns forrrlljed using trllje
o

OWS t
coating CorHpoStoRE Tt thd s Ennares st € trREeATHS PR GLE8NRG rate, so that they are
dissolvé?l sthblypfonde estcidesoperiod dhaihdidonsspeel hffcentrast, #etodaing films formed using
the coatingeennesiien of Gemparaive fxanplesd: prdirMeRlaroe dissplving rate in seawater,
and thedissolving Amaupf ﬁ@%ﬂﬁéﬁ?&% {921?@1 HEHEBQSI 'ﬁﬁr?s HS:6IRg gims formed using the

coating comcjf sition of Comp e Example 2 has a small dissolving rate in seawater, and therefore
cannot sufficiBtFEXMBIASEH SROFSRIRY ‘@RiE310157]  Furthermore, the coating films formed using
the coalihtfidomposition of Comparative Example 4 was largely penetrated by water in seawater, and

as a result, ¢ragirobpeekaffaseunseicapdrbyseeasiempental BeRissolying amosshwas not
poseibie, o8l dbehle lTabls & 42184 H1m Cissgling, MR ARG [RBory Test Average

Coatingiﬂl%{)issolvmg Amount From Beginnin nths

Test Example 4 (Flexibility Test for Coating Films)

Each of the coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to a blast-finished tin plate (75 x 150 x
2 mm} so that the dry coating film thickness would be about 100 pm. The
apphlied coating was then dried for 1 day at 40 deg. C to prepare a dry coating film
with a thickness of about 100 ym. The tin plate coated with the dry coating film
was bent 90 deg. , and the condition of the bent coating film was visually
mnspected.

[0143]

The flexibility was evaluated as follows.

A: substantially free of cracks

B: contained minute cracks

C: contained large cracks

D: a portion of the coating film was easily peeled-off

The results are shown in Table 3.

[0144]
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(' p rn/Month) Average Coating Film Dissolving Amount From 12 Months to 24 Months (i m/Month) 3.7
Ex 41 23635 36 4354153031 28337

It can be seen from Table 3 that the coating films formed using the coating

compositions of the invention (Ex. 1 to 8) are excellent in flex resistance.
[0145]
Test Example 5 (Water Resistance Test for Coating Films)

An anti-corrosive coating film was formed by applying an anti-corrosive
coating material (a vinyl-based A/C} to a ground glass plate (75 x 150 x 1 mm]} so
that the thickness after drying would be about 50 pm, followed by drying. Each
of the coating compositions obtained in Examples 1 to 8 and Comparative
Examples 1 to 4 was subsequently applied to the anti-corrosive coating film so
that the dry coating film thickness would be about 100 pm. The applied coating
was dried for 1 day at 40 deg. C, thus preparing a test piece with a dry coating film
thickness of about 100 um. The test piece was immersed in natural seawater at
35 deg. C for 3 months, after which the condition of the coating film was visually
inspected.

{0146}

The water resistance was evaluated as follows.

A: the coating film underwent no change

B: the coating film slightly changed color

C: the coating film was slightly blistered

D: defects such as cracks, swelling, and peeling were observed in the coating
film

The results are shown in Table 3.

[0147]

It can be seen from Table 3 that the coating films formed using the coating

film compositions of the invention (Ex. 1-8) have excellent resistance to water.
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3940 454.6 Comp.Ex. 7587 21.81.2 38.29.2 4 Crack, Peel-off [0159] Test Example 7
(Temperature Dependency Coefficient of Coating Film Dissolving Amount) Each of the coating
compositions obtained in Examples 1 to 8 and Comparative Examples 1 to 4 was applied to the outer
surface of a circular cylinder (made of polycarbonate) with a diameter of 75 mm and a height of 150
mm so thattie dry coating film thickness would be about 200 pm. The applied coating was then
vacuunhcgf:gg r 24 hours at 40 deg. C to prepare a test circular cylinder. The weight was measured.
[0160] = The obtained test circular cylinder was vertically attached to Three-One Motor, and rotatably

set to a watertapk—F .e;e“fter, artificial-seawater (’\qua aftre-produced-by Y:shima Pure Chemicals
Co., Ltd.) Was§§1 pled intp the Wate! tank so ais to immetse the entjre test circular ¢ylinder, to prepare
two sets of testa é atuses. Water temperature was kept at 25 deg. C for one test apparatus, and
was kept at§5§c €9.C f&r thelothef tesfappafatust Dufing tie tes, thettest €ircufar cylinder was
e e e -
rotated at a’speegt (dig‘ 200 tpm, and the artificialjseawater was repladed every other week.
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Test Example 6 (Solubility Test (Rotarv Test) for Coating Films)

A tank was provided, in the center thereof, with a rotating drum with a
diameter of 515 mm and a height of 440 mm to allow the rotation of the drum via
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[0161] After 12 months, the test circular cylinder was taken out, and vacuum-dried for 24 hours at 40
deg. C. After that, the weight of the test circular cylinder was measured. The coating film dissolving
amounts at 35 deg. C and at 25 deg. C were calculated according to the reduction in weight during the
12 months. The temperature dependency coefficient of each of the antifouling coating films was

lc:ﬁlcué)a}f@@&ﬁﬁ@@[di%&mfwmgé%%ﬂﬁe@lﬁgﬁ@mﬁyé%t%ﬂg%%{%%ﬁi GieAL= t(((:v?/atmr?t)
ilm Di t w ati salvin eig
In Seav%%%ér@%%gm %é‘g%?{?gc r%%%}%%zfegkﬁ{ Wh in agfn%{‘f eﬁ can egpslél able 5

that theXd GRMECAFRIS ARG the coating compositions of the |nvent|on (Ex. 1to 8) have a
temperé@iréependency coefficient of 1.3 or less, and thus the dissolving amount is virtually

temperaturefiadepandantel®est ploRoetash k4an bssrandbalibsiceatingdrasdermag sising the
coating£ampos %ﬂefﬁ omparative Examples 1 and 3 have a temperature dependency coefficient of
more than 13 hu the dissolving amount is temperature-dependent. [0165]  Furthermore, the

coating fi¥tormed using the coating composition of Comparative Example 2 has a small dissolving

amount in séawatdi; arndahvieforettagibus officidotiy et Hivitanp britifp alingreffecirf0166]
Furtherseegntheneosiag @imiarmesedsnaIhecoatiied compesHion & 9@[{@@’@@@ Eyample 4 was
argely ERPUAATDYMAIRIILSEANAIE ANdhag ddRsHIb L a?é%e@?gfrgg?grﬁ%u e

measurem gf the disso vmg amount w p055| Gating Film

DissolVi RMbURE PEHIbRr iR 02 W@%&ﬂ&%ﬁ? %%%%l%h&xﬂﬁ?\‘@%ﬁﬁ Artert1 9ifonths 1
D|sso|v€ﬁ@rmw<§aﬁwmﬁermmm§caﬂMega@(@q@iomwanmw@rmm fi51656.94
that the thickness after drying would be about 300 pm. The applied coating was

dried for 3 days at 40 deg. C, thus preparing a test plate having a dry coating film
with a thickness of about 300 pm.
[0151]

One of the thus-prepared test plates was secured to the rotating drum of the
rotary apparatus of the above-mentioned equipment to contact the seawater, and
the rotating drum was rotated at a speed of 20 knots. During the test, the
seawater temperature was maintained at 25 deg. C and the pH at 8.0 to 8.2; the
seawater was replaced once every week.

[0152]

The initial coating film thickness and the remaining coating film thickness
after every 3 months from the beginning of the test were measured for each test
plate, using a laser focus displacement meter, and the thickness of the dissolved
coating film was calculated from the difference therebetween to give the dissolving
amount of the coating film per month (um/monthj. The measurement was
conducted for 24 months, and the coating film dissolving amount was calculated
every 12 months.

[0153]

The results are shown in Table 4.
[0154]

It can be seen from Table 4 that the coating films formed using the coating
compositions of the invention (Ex. 1 to 8) are dissolved in seawater in amounts of
about 2 to 5 pum per month (annual average]. Specifically, this shows that the
coating films formed using the coating compositions of the invention exhibit
certain reductions in the dissolving rate, so that they are dissolved stably for an
extended period of time.

[0155]
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1.21 2F5.52 6.63F 1.20 5.73 7.06 F1.23 Ex. 45.82 7.33 F1.26 4,71 5,62F 1.19 6 4.46 5.21F 1.17
5.907.27 1.23 : ' :

In contrast, the coating films formed using the coating composition of
Comparative Examples 1 and 3 have a large dissolving rate in seawater, and the
dissolving amount is not stable. '

[0156]

Furthermore, the coating films formed using the coating composition of
Comparative Example 2 has a small dissolving rate in seawater, and therefore
cannot sufficiently exhibit an antifouling effect.

[0157]

Furthermore, the coating films formed using the coating composition of
Comparative Example 4 was largely penetrated by water in seawater, and as a
result, crack or peel-off occurred, and thus measurement of the dissolving
amount was not possible.

[0158]
[Table 4]
Table 4
Coating Film Dissolving Amount and State In Rotary Test
Average Coating Film Dissolving Average Coating Film Dissolving Amount
Amount From Beginning to 12 Months From 12 Months to 24 Months
{ 1 mi/Month) _ € g m/Month)
1 4.1 3.7
2 ' 36 3.5
3 3.3 3.6
4 35 4.1
Ex.
5 : 3.0 3.1
8 23 3.3
7 3.9 4.0
8 4.5 4.6
1 | 7.5 8.7
2 s 18 {2
Comp. Ex.

3 8.2 4.2
4 Crack, Pgel-off —

[0159]

Test Example 7 {Temperature Dependency Cocfficient of Coating Film Dissolving

Amount
Each of the coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to the outer surface of a circular
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6.117.701,26 7,6311.831.55 22.322.571.11 Comp. Ex. 8.46 13.91 1.64 4 Crack, Peel-off
Crack. Peel-off Not Mesureable [0168] Test Example 8 (Antifouling Test) Each of the coating
compositions obtained in Examples 1 to 8 and Comparative Examples 1 to 4 was applied to both
surfaces of a hard vinyl chloride plate (100 x 200 x 2 mm) so that the dry coating film thickness would

be abousyZeQiprThecapphet caabogweswirinc:ier Snleess @Em@rﬁﬁﬁra@eramf@ig% 8£956), thus
preparing,f g%smgatt%ﬂ@éﬂggc%gﬁ\qg%@ﬁQﬁli%&&%@{ﬁ@%é A el &ﬁ? é?fﬁﬁ Jte was

immersed at 1.5 m below sea leveln Owase Mie Prefecture, Jag)an e test plate

was ex&rEERSESA RShiRC OB R %%L%?Sé SEh B eEbf (VN ¢ al\f&ﬁ-ff that the figures
in TableBeupresonirtderareab¢osigvinicisfmtimgioaghnisms were attached. [0171]

[0160]

The obtained test circular cylinder was vertically attached to Three-One
Motor, and rotatably set to a water tank. Thereafter, artificial seawater
{Aguamarine produced by Yashima Pure Chemicals Co., Ltd.} was supplied into
the water tank so as to immerse the entire test circular cylinder, to prepare two
sets of test apparatuses. Water temperature was kept at 25 deg. C for one test
apparatus, and was kept at 35 deg. C for the other test apparatus. During the
test, the test circular cylinder was rotated at a speed of 200 rpm, and the artificial
seawater was replaced every other week.

[0161]

After 12 months, the test circular cylinder was taken out, and vacuum-dried
for 24 hours at 40 deg. C. After that, the weight of the test circular cylinder was
measured. The coating film dissolving amounts at 35 deg. C and at 25 deg. C
were calculated according to the reduction in weight during the 12 months. The
temperature dependency coefficient of each of the antifouling coating films was
calculated according to the following formula.
[0162]
Temperature Dependency Coefficient = (Coating Film Dissolving Amount (Weight)
In Seawater At 35 Deg. C}/{Coating Film Dissolving Amount (Weight) In Seawater
At 25 Deg. C)

The results are shown in Table 5.
[0163]

It can be seen from Table 5 that the coating films formed using the coating
compositions of the invention (Ex. 1 to 8) have a temperature dependency
coefficient of 1.3 or less, and thus the dissolving amount is virtually
temperature-independent.

[0164]

In contrast, it can be seen that the coating films formed using the coating
composition of Comparative Examples 1 and 3 have a temperature dependency
coefficient of more than 1.5, and thu the dissolving amount is
temperature-dependent.

[0165]

Furthermore, the coating films formed using the coating composition of
Comparative Example 2 has a small dissolving amount in seawater, and therefore
cannot sufficiently exhibit an antifouling effect.

[0166]
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It can be seen from Table 6 that the coating films formed using the coating compositions of the
invention (Ex. 1-8) are substantially free of aquatic fouling organisms. This is because the coating films
formed using the coating compositions of the invention exhibit certain reductions in the hydrolysis rate,
so that they are dissolved stably for an extended period of time. [0172] [Table 61 Table 6 Test Period

Attached Obye,Refeatisre, Afler @ M mfiesAdauiendiMonsdS-MapthsafbMafhh of0 2000 3

0 Comparative Example 4 was largely penetrated by water in seawater, and as a

result, crack or peel-off occurred, and thus measurement of the dissolving
amount was not possible.

[0167]
[Table 3]
Table §
Coating Film Dissolving Amount Temperature
Dissolving Amount After 12 Months! Dissolving Amournt After 12 Months E}W&“_d?“’ﬂ?
at 26 Deg C {mg/om?) at 35 Deg. C {mgfam2) Coefficient
1 585 .84 1.21
2 552 663 1.20
3 573 7.08 123
4 582 7.33 1.26
£x,
§ 4,71 5482 118
G 448 521 1.17
7 560 727 1.23
8 811 110 1.26
i 183 11.83 1.55
z 2.32 257 141
Comp. Ex.
3 B.45 13.91 1.64
4 Crack, Peel—off Crack. Peel-off Mot Mesureahle
[0168]

Test Example 8 (Antifouling Test)

Each of the coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to both surfaces of a hard vinyl chloride
plate (100 x 200 x 2 mm) so that the dry coating film thickness would be about
200 pnm. The applied coating was dried for 3 days at room temperature (25 deg.
C}, thus preparing a test plate having a dry coating film with a thickness of about
200 pm. This test plate was immersed at 1.5 m below sea level in Owase City,
Mie Prefecture, Japan, and fouling of the test plate was examined for 24 months.
[0169]

The results are shown in Table 6,

[0170]

Note that the figures in Table 6 represent the areas (%) to which fouling

organisms were attached.
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[0171]

It can be seen from Table 6 that the coating films formed using the coating

compositions of the invention (Ex. 1-8) are substantially free of aquatic fouling

organisms.

This is because the coating films formed using the coating

compositions of the invention exhibit certain reductions in the hydrolysis rate, so

that they are dissolved stably for an extended period of time.

[0172]
[Table 6]
Table 6
Test Berind
After After After After | Attached Objects Remarks
§ Months | 12 Months | 18 Months | 24 Months

1 0 0 G 0

Z 0 ] 0 ]

3 0 0 a O

4 0 4] G 0

ox. e

5 G 4] 0 0

] 0 g g 0

7 t] 0 5] §]

8 0 G G ¢

1 it] 4] 0 G

2 0 10 40 70 ' Serpula. Barnacls

Comp. Ex.b
3 O g G 0
. Patial Peel-Off

4 0 O 10 20 Serpula After 18 Months
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CLAIMS

1. An antifouling coating composition comprising:
{A) a triorganosilyl ester-containing copolymer obtained by a mixture of
{a) a triorganosilyl methacrylate monomer represented by a general formula (1):

CH BT
f |
B B e e { e g e B {1}
|
@ i in which,

RY, R?, and R?3 are equal or different each other, and each represent an alkyl
group having 3 to 6 carbons and branched on a-position or a phenyl group, and
(b) a methoxyalkyl methacrylate monomer represented by a general formula {2):

Hy

|

HpC==sg G GGy (2

Cym

in which,

R4 represents an alkylene group having 2 to 4 carbons, wherein a content
ratio of the monomer (a) in the mixture is 45 to 65 weight%, and a total content of
the monomer (a} and the monomer (b) in the mixture is 80 weight% or more, and

(B) a copper salt that is at least one member selected from the group consisting
of rosin copper salts and copper salts of rosin derivatives.

2. The antifouling coating composition of claim 1, wherein the antifouling
coating composition forms an antifouling coating film which has a coating film
dissolving amount in seawater of 25 deg. C which is 2 um or more per month, and
has a temperature dependency coefficient of a coating film dissolving amount {a
coating film dissolving amount in seawater of 35 deg. C /a coating film dissolving
amount in seawater of 25 deg. C), the coefficient being 1.3 or less.

3. The antifouling coating composition of claim 1 or 2, wherein the triorganosilyl
ester-containing copolymer (A} has a weight-average molecular weight of 20,000
to 70,000.

4. The antifouling coating composition recited in any one of claims 1 to 3,
wherein a weight ratio defined by the triorganosilyl ester-containing copolymer (A}
/ the copper salt (B) is 80/20 to 20/80.
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0-1020 Serpula Patal Peel-Off Afteronths CLAIMS 1. An antifouling coating composition comprising:
(A) a triorganosilyl ester-containing copolymer obtained by a mixture of (a) a triorganosilyl
methacrylate monomer represented by a general formula (1): 92 in which, RI, R2, and R3 are
equal or different each other, and each represent an alkyl group having 3 to 6 carbons and branched

on ?-positionmes a PR E0MPaRAY (BkATBehexyalkilmethactylale MPRRMAS 'erreaented by a

general formula (2): in.which, 4 represents.an alkyle roup having. 2 to 4 carbons, wherein a
content‘ﬁi% e&ﬁ%e%r%@r%nﬁ%gfaﬁnl eéﬁ? X uree%fg%g?géﬁi\;ﬁe%ﬁg@% ghota %%gl%%(féﬁp SF I‘%g
monomértl SARRAE $AENGEY BY A hke miki§e-is 80 weight% or more, and (B) a copper salt that is
at least one member selected from the group consisting of rosin copper salts and copper salts of rosin

derivatiges. 22mhganifoshrgroatipg.compasitienabriaimlahersindhg antifouling coating
composiignoini, anantfouing.coaing,lim,whigh i3s3 cqaling fin dissqluind amount in seawater
of 25 deg. ¢ v]\fhjtr:lﬁ 5% nror more per month, and has atempera ure ependency Coefficient of a
coating 8 SGi RGNS TPOSHIAY fiffitissBINY aM6UNt Hadesvaier Bf 35 deg. C /a coating
film dissolving amount in seawater of 25 deg. C), the coefficient being 1.3 or less. 3. The antifouling
coating £omMpRsitarsl saindaohg Nhesinibg toraresihestiaitaniaining LepRIYYSHIAM has a
weight-laé/&r%%ehrlng_lgculgr Vg?i&% %‘829,9(9 to 70,000. 4. The antifouling coating composition recited

in any one of claims 16 , Wherein a'weight ratio defined by the triorganosilyl ester-containing
copolymer (A) / the copper salt (B) is 80/20 to 20/80. 5. The antifouling coating composition recited in
any onesof dammstddoljavhemimraweightidfio Hetinechhiy: thé ltnond atwmisilyT esterbeostaifziog
copolyrage£A)il the copper salt (B) is 60/40 to 40/60. 6. A method of antifouling treatment comprising
the step of forming an antifouling coating film on the surface of an object to be coated using the
antifouling coating composition recited in any one of claims 1 to 5. 7. An antifouling coating film
formed using the antifouling coating composition recited in any one of claims 1 to 5. 8. A coated object
having the antifouling coating film of claim 7 on the surface thereof.
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