SPECIFICATION TITLE OF INVENTION: ANTIFOULING COATING COMPOSITION, COPOLYMER
FOR ANTIFOULING COATING COMPOSITION, AND COATED ARTICLE HAVING 5 SURFACE
THAT IS PROVIDED WITH ANTIFOULING COATING FILM WHICH IS FORMED USING THE
COMPOSITION TECHNICAL FIELD [0001]%E?ﬂ8§eﬂ iyention relates to an antifouling coating
composition, a copolymer for the antifouling Coating composition, and an object coated on its surface
with an antifouling coating film using the composition. BACKGROUND ART 15[0002] = Aquatic fouling
organisms such as barnacles, tubeworms, common mussels, Bugula neritina, sea squirts, green laver,
sea lettuTIE OENVENTRIONOIAN(E$2tiRIN GO Nt M) MROIBHTII0MS, SUCPEN NEMIBRdR nets
and fishing net accessories, and structures submergﬁgin seawater such as power Elant 20 aqueducts,

leading tEARANIEH Wi AHEHSA &0 MR SIHINo ARl GPNT BRIpARRH-IdoR AN a
copay e B K g SR TS Ao o S e oot s

been usgsdangpioulsierating MassiatsseplepP3]  When copolymers, such as tri-n-butylsilyl
ester-containing copolymers, which are obtained by copolymerizing silyl ester-containing monomers

having straight-chain alkyl groups, are used as the above triorganosilyl group-containing copolymer,
the hydrolysis rate of the coating film is very large and water resistance is low, and therefore, it is
difficult tmgltﬁékogm&ﬁm dissolving rate (Patent Document 3). [0004] When a tri-isopropylsilyl
ester-corw:(]i!]rarf? copolymer, which is produced by 5 copolymerizing triorganosilyl ester-containing
monomers having branched alkyl groups, is used as the triorganosilyl group-containing copolymer, the
copelymer dispglvep inRgawaiRieak eonRRtEAtgAtthe é@i@ﬁbﬁﬁﬁ% l&%&aﬁgw%ﬂm&mwmg sate,
however, gradually becomes large. After a certain long term has passed, the coating film dissolving
rate becawpslicadarder s e¢hahthitodésignooiaithihecoapiogitiateriahé anfarhjnatetp ditfidudin Tihe
coating film undergoing long-term seawater treatment may cause coating film defects such as cracks.
Regardin#He o aritl aateriiosHingirgate &ilisspsipsithe SerRrrttiaRg copolymer, however,
there is a problem that water contained in the raw materials of the coating materials or water
generated during manufacturing of the coating 15 material easily causes hydrolysis of the resin
componggAIKIGROOND 20RTaNd thus induces thickening, gelation, and the like of the coating
materials. Addition of a dehydrating agent has been proposed to solve the problem. However,
altheugh[tM@0R3hydrating agent exhibits some effect, it does not solve the problem completely, and
thus there's still some concern of thickening, 20 gelation, and the like in the case of long-term storage.
In addition, irfSBHREIRJAHEPREPRERBHIRS SRR R RAERAGIS R JHRSY VHIR P GORBHBRRSHRESRASTK
efficiencyPatent Documents 1, 2. and 4 to 7). [0005] Using t-butyldiphenylsilyl methacrylate, .
copolym i b Syt S0 R e R N, BT A S
howeverh@seaimush Hwen @B%@JHE@)@‘MH@ fedgdnssrAVRleri HORgeALRN N @ HSBIRE net
antifouling effect cannot be obtained and its coating film hardness becomes too large, which causes
coating fiwmodsfentesuchad csackstand posubitachgrdntito straitats sishmbrged ipseavateiaffPtatent
Documents 1, 2, and 4 to 7). So far, there is no antifouling coating compaosition which keeps
suitble RygteRSEideRmH e AISHgIEE eBaifPAFCIARRE JRAES cAE LHREh §ToRScIH T
seawater, freatment and which is §xcellent in stéatbjtlf';[%ébda r(i)r}r%ell%n -tler[ré srtﬁra%_(}lle. 5 PRIOlR AeRrTh S
REFERENCE PRTENT BE8UMEN o068 T At o manta [ I R b 68 T8 Thardk
Docume eI PArtRig-26939% SRassny D EGhIBMHEILo 38AA9R [P ateRI @pCHARAT A
JP-A-Hei 1 0-30071 [Patent Document 5] JP-A-2001-226440 [Patent Document 6] JP-A-2003-261816
15[PatentcXocitynentd7{ & 23050821125 80NV ARYe (e it B d M IEpEH Oh B R BE S Tias 8E
SOLVED BY THE INVENTION [0007] 20It is an object of the present invention to provide an
antifoulif§t e ESRE SeasH BaMAGEERBIent stability in long-term storage and to provide a
copgym ich can maintain stable coating film solubility and antifouling performance without
causing coating film defects such as cracks during long-term seawater treatment and which has a

certain SpeCifiWﬁélﬂPt%@o@lgfﬂéfs%5 éﬁ@m%etﬁﬂ@rﬁmym&&oégf&f%&haﬂﬂg@(‘ééﬁ%@ﬁlmers,
environment safety. MEANS FOR SOLVING THE PROBLEMS [0008] An aspect of the present
inventiormdnovides @ biwifoelih dpy oatipglycomposigp sjlyd mptisingpa toipolyg endnootana eyn g
copolymerizing (a) 55 to 80% by mass of a t-butyldiphenylsilyl acrylate monomer and (b) 20 to 45% by
mass of &FBiRPERRANY undiate8TPBRSmerdther Hififithedfondhfer (3P WierelPIEAIATINES (b)
is at leasf one monomer.selected from th r%’fﬁ*o nsistiggeofm?{gyclorg thaceylate, butyl , .
(meth)ac%%fléj, an t29}mert}‘ﬁ)xygt(lzl)}flr{‘me’tﬁ)}z?l%ry a eC%SbSQ]r Unfortunate y, an arrﬁ]ti%ouYinlé'coaﬁng film
as produced using an antifouling coating material containing a t-butyldiphenylsilyl methacrylate
copolymer has 10 coating film defects such as cracks and poor attachment to structures submerged in
seawater. In order to solve these problems, the present inventors have conceived use of acrylate
having increased flexibility as an alternative for methacrylate. Then, a t-butyldiphenylsilyl acrylate

copolymer-containing antifouling coating material has been used to produce an antifouling coating film,
15 and ite nerfaormance hacec heen avaliinted The recrilte have demoncetrated a remarkable oiritcome in



20 copolymer.  While further details have been investigated regarding the antifouling coating film as
produced using an antifouling coating material containing a t-butyldiphenylsilyl acrylate copolymer,
antifouling performance of this antifouling coating film has been found to decrease within a relatively
short 25 per od. Such %ro lems have notIEJée\ﬂous been re O%IZ? and w{?g{ &lgesggﬂ%blﬁfor the

wate .fre 1Stance 1S 10w tbere re, it is' diffjcult to CC{I’I
decrease In the antifouling performance has been unclear. e present inventors have conducted

intensiveJRIRMENSa selvVEpiiest piekiemerans) found out a strong correlation of the long-term
antifouling performance with a proportion of t-butyldiphenylsilyl acrylate in the copolymer. Then, the
present ifd@@#rs further found that the duration to maintain the antifouling performance can be
remarkably improved by setting the proportion of t-butyldiphenylsilyl acrylate in the copolymer to 55%
by mass or h@%@ﬁ%&%ﬂéﬁm@y&l@hﬁéﬁ%ﬁ@mwa&&i@@@@lymviﬁdns%b/olﬁm%@%@ﬁer is
not § completehrnveled- Meanuhie, the dissolvng. iale of the coating fim hies Been poted ien
the proportion of t- u%y?cﬁp%enﬁs@?acyylatse IS equal to or%reeﬂer thah 0 bygmass, e dissotving
rate of t ing dilpseemad ; (i e i8R ual
to or Iesrs]gtrﬁgr@ gé’l%/% Lg;mass?tﬁﬁgoc?izso vi%ﬁ;%%}%h%%cggﬁr% %ﬁ&?ﬁ%gﬁgﬁhﬂg%ﬂ%{gﬁa@i as
the time HassphssednT hensugigestst thacionsicer ttaatablyt hildeolyd & dhest-dogrty | dilise oy bstiyl @diitate
copolymer, it is essential to set a proportion of t-butyldiphenylsilyl acrylate in the copolymer at 55% by

mass or AigRENVEM TatenRY BYSHo RIS ISabNAcERM B e ESErAGETHR hYARESETRAST the
t-butyldiphenylsjlyl acrylate. co mer is unstable, which results in a 15 relatively rapid decrease.in its
o g e B G S N S e
coaling flRePeHaPRNGRASAHET e a8 MRS HRIRPLERN fofiQHW'.d'prQY@Mlt ylgigi ”dﬁ%lé@%l%{ger IS
further increased. The results have demonstrated that when the proportion of t-butyldiphenylsily
acrylate lotize teopolpeww st o ir 28t ietot 8024yb y mess ,caxdetignfiparfdaferisestarhbe sichiavkd.
When the proportion exceeds 80% by mass, however, the duration to maintain the antifouling

performaRe8HEiBRdEe KO i Ml rentsin g hs EdiisRtrie shyk e HR RAMRBUNEat

when the proportion qf t-butyldiphenylsilyl acrylate in-the copolymer exceeds 80% by mass, the.25
Cissoning REAY e Lo T er s B, S e R A RO o
agent Of_ &%H@%&fﬂ@ ma@ﬁa@@%ﬁi@ﬁ&?%’%ﬁ@&‘ﬁ@ %ﬁJ{‘%ﬂq‘Q %H%ﬁl@i&%@ﬁ{%%@'fﬁéeéﬁ%g
composition containing a copolymer A obtainable by copolymerizing (a) 55 to 80% by mass of a
t-butyldiphenyisiy| casiliatamses med evly B @0tHoedt¥%ihyconapsé ah dthyleyidad s torsegaratad
monomer other than the monomer (a) can produce an antifouling coating film which can keep its

antifoulingperfdRANGES fdharksnéndeagséaidarns il 1theIdlies, ah dRfoGRAGBSatme Efifdssition
of the prassatinyenton. nas g much betier casting material storage. sipbjity ian conventionsl. .,
antifouling coahng composItions con{la%niné, or example, a this propylsﬁ)yl es er-con?aiﬁlng )
copolymefohisese il b Q?f@ﬁ%%#?ﬁ—é@ﬁﬁ@@%éﬁ%)éﬁﬁﬁ'@i@%@%@%ffe@ﬁsi@é&% Rysiralysis rate
from an acidic to about neutral pH but has a rapid hydrolysis rate at alkaline conditions that are equal
to or gredter Jtrtdam weak plktdiye conditidru@rdingrd 8 wtid). Itvese particetar chathdtdresticsgnake
the antifouling coating material unlikely to be hydrolyzed when water is mixed during manufacture or

stofdge ighifetIth o ditefyimakisisRss fddries; iR Rory@sbilly RAdisian, Thdrmkisgove

coating material exhibjts a suitable hydrqlysis rate in seawater under. an alkaline 15 condition which is
coual to Do A R AR B T S R BB R
excellentdgngetery ardifentniRiiase MAVANTAGEQUS EfFECTS OF THE INVENTION [0010]
20Embodiments of the present invention provide an antifouling coating composition which can produce
an antifo[0Q Tjating film having excellent storage stability and increased antifouling performance
maintained for an extended period of time. 25 DESCRIPTION OF EMBODIMENTS [0011] The
following detalfSth& pFéaw?ﬁ%hﬁaaﬂ?mﬂfomm@e%@ﬂﬁ@ecm%m?r ASantioulirigTEsnRLy]

composition according to an embodiment of the present inyention comprises a olymer
oomab I A SRR B SR R O AR s 24 )
20 to 45% ymasw&F b Lthyienicallv iaieauraiad feonpReswHRE than 4R SaRratsY, (R)dQed 5
<Copolymer A>  The copolymer A can be produced by copolymerizing (a) 55 to 80% by mass of a
t-butyldiphenidsiliharpffats manowiebarmb(i)i26d adsbstbyovass gffdmetitdmealyharsanratécd
monomer other than the monomer (a). [0013] 10The monomer (a) can be readily obtained as follows.
First, readifBavARINE GRHERTIGRAIGNESITARE S TealG iRt Sor @@ A h R ARRHGERT After
the reactign, the reaction solution is filtered, and.th rated magnesiym salt is removed to yield
by e S e e B s e e I R3S T hmple, meryic
acid under basic 15 conditions, followed by a process according to common procedure to yield the
monomer (a). An intermediate of t-butyldiphenylchlompsilane and the monomer (&) can be purified as
needed before use, by distillation under reduced pressure. In addition, the monomer (a) can include a
general polymerization inhibitor such as hydroquinone, p-methoxyphenol, or BHT so as to retain its

storage stability. 20[0014] The ethylenically unsaturated monomer (b) other than the monomer (a) is
at laact nne Mmonomer celected from the arorin concictina of methvl methacrviate hiitvl (methYacrviate



25The copolymer A has a weight-average molecular weight (Mw) of preferably from 10,000 to 100,000
and more preferably from 20,000 to 70,000. When the Mw is from 10,000 to 100,000, the coating films
are not brittle and have a suitable dissolving rate, so that a desired antifouling effect can be effectively
exerted. One g)(()artnple ,&I the method for. feasurin the Mw is e(l)%)ﬁrmeatl qcﬁh[{omato%r&lﬁg%ngC).

[0018] The copoehr/mer ?néﬁ/ b8 a%?téé)ﬁ%) )Pr%er Of ratidlom € po yrlw%lr, A ernate%%%lymer,

periodicah ¢apGlyRAsiIARORIRGK GPRAIMBISIDERNESILIRA SNERAMEIERLS ddihaManRREr db)ifbe
copolymer A can be prepared by polymerizing the monomer (a) and the monomer (b) under the
presencdaigfar exanyaewa taly merzation tinidaidr. Wit Vikth ergalieta the pehabdizatidu riiigtor
used in the polymerization 10 reaction, those similar to the above-described polymerization initiator
can be ukUSHIRAGHRT 88fbination. Examples of the preferable polymerization initiator include AIBN,
in pa5rticular, and t-butyl peroxy-2-ethyl hexanoate. The molecular weight of the copolymer A can be
adjusted by suitably selecting the amount of the polymerization initiator used. 15[0020] Examples of
polymeripgif RN ARG RIBEEY¥EEIPEEion polymerization, bulk polymerization, emulsion polymerization,
and suspension polymerization. Among these, the solution polymerization is preferable because it
allows theARRNIBOCUMEDMNEpared easily and accurately. 20[0021] In the polymerization
reaction, an organic solvent may be added, if necessary. Examples of the organic solvent include
aromaticl arbon-based solvents (e.g., xylene, toluene); aliphatic hydrocarbon-based solvents

(e.g., hexane, Pe tane). ester-ba j d?Jy T ti .g. acetate, butyl 25 acetate, isobutyl acetate,
methoxyprop)l gcgeegie ;Oaﬁggﬂgﬂég e§ so‘%&é% 2 (%%éj{l]gtl)‘)’propyl alcohol, butyl alcohol); ether-based

solygnts (e.g.jpigganepdiaiykethe) fulyirirtsaubketone-based solvents (e.g., methyl ethyl
ketone, methyl isobutyl ketone). Among them, aromatic hydrocarbon-based solvents are preferable,
and xylene is jatentaly preferab|8] Tiede Hol¥ei@4iW&Pbe used singly or in combination. [0022]
The reaction temperature in the polymerization reaction may be suitably selected depending on the
type of the polfiaEsratarimmst, Bid Podtiieit0afhP8about 70 to 140C, and preferably about 80 to

) | atent Do en - - - - . - |
120C. The tlpclgn%ecesgrx %(Prr]t the[ 3 I yeal%B rg t)loéibmay be suitably selected depending on the

reaction temperature, etc., butis usua out4t ours. The polymerization reaction is preferably
conducted in apnaht 398d&GentreySPIRS R Rgas) atmosphere. 10[0023]  The amount of
the copolymer A in the composition of the present invention is not particularly limited, but it is usually
20 16 70% by fRassrand preferably Z|0JtB-80 2000 e ALith respect to the solid content of the
composition of the present invention. When the amount of the copolymer A is from 20 to 70% by 15
mass, a suitable dissolving rate and property of the coating film in seawater can be achieved. In

addition,gdﬁw : I ffﬁg, an remain constant and a desired antifouling effect can
be effectively éﬂ;(er ed. A sg‘,ﬁn%e coag%lgqfqu&fan exert excellent recoating performance. [0024] 20The

antifoulinoROBDEMEPOSBE SODYRS BYUINENTNVRER T fgfner contain, as necessary, an
antifoulant B, a release modifier C, a plasticizer D, another resin E, and the like in addition to the
copolym@d@0The addition can improve the antifouling effect. [0025] 25 <Antifoulant B>  There is no
limitation to the antifoulants B as long as they have a killing or repelling effect against aquatic fouling

orgghisms. Exhrihied caRifri e thergaisiseaHd Bgmiioah tp maplddp st antifeyling costing
inorganic gatfoylants inclide. cuprale gide capeer thiqcyanate (gensial name: copper todanide).
cupronlcl%ef,nzfncfcopper powder.”Among them, cuprous oXide an coppergﬁoganlde are par |cul%rly
preferred. JBOAAREXVRRIES ehHhapsgrtusrtigyiantsmGederdrn /6 AREIRY dRRIN-S e 09Rper
(general name: copper pyrithione) and like organic copper compounds; 2-mercaptopyridine-N-oxide
zinc (generaforannceinevpyrithionej o etivylena gis{dithiodefbernate) ¢hermraloranies: zinetihgzinc
bis(dimethyldithiocarbamate) (general name ziram), dizinc 10 bis (dimethyldithiocarbamate)

ethylene IR GIfFTER SERWRALEY ?@%ﬂ%ﬁ%m@d Picabamaey driniRe erMh RIS ESMTbOREST
pyrigine-triphenylborane, 4-isppropyl pyridyl-diphenylmethyl borane, 4-phenyl pyridiyl-diphenyl borane,
ey e B S B e crganic
boron compounds; 2,4,6-trichloromaleimide, 15 N-(2,6-diethylpheny1)-2,3-dichloromaleimide and like
maleimide compounds; and, 4,5-dichloro-2-n-octy1-3-isothiazolone (general name : Sea-Nine 211),
3,4-dich| MEANSyFOR -S0EVINGERHER: RROBLEYISUron),
2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine (general name : Irgarol 1051),
2,4,5,6-té9%@l§|broisophthalonitriIe (general name : chlorothalonil), 20

N-dichlorofluogomethylthip-N N'-ﬁimeth I-N-p-tolylsulfamide (general name ; tolylfluanid), .
N-ichlorometi SR nei o N i T et e o B AR coating

2-(4-thiazolyl)benzimidazole (general name : thiabendazole), 3- (benzo [b ] thien-2 -yl) -5,6- dihydro-
1,4 ,2 -oxathiazine-4- oxide (generalnamebethoxazirg), 25 2- (p- chlorophenyl) -3 -cyan -4 -bromo
-5-trifluoromethyl pyrrole (general name :ECONEA 028), etc. Among them, particularly preferred are
zinc pyrithione, copper pyrithione, pyridine-triphenylborane, 4-isopropyl pyridyl-diphenylmethyl borane,
bethoxazine, zineb, Sea-Nine 211, and Irgarol 1051. More preferred are copper pyrithione, zinc
nvrithinne nvridine-trinhenviborane and bethovazine [ODN2 Q1 Ac the antifoirilant R nrefaerred are



<Release Modifier C> 20Examples of the release modifier C include rosin, a rosin derivative and a
metal salt thereof, monocarboxylic acid and a salt thereof, and an alicyclic hydrocarbon resin. [0031]
Examples of the rosin include tall oil rosin, gum rosin, and wood rosin. 25 Examples of the rosin
derivative include hydrogenated rosin, disprgportionated rosin, maleinized rpsin, formylated_rpsjn, and
potymen GRSt B R ot QAL Corpa e WA o Soi o et Pt T o o
the rosingygosiy darvatiye -a@@ﬂ%{ﬁéi@‘ﬁ@ﬁ%‘@'l salt-pfaasimipaiide 2ina fo(sopperd splsohgum
rosin, zinc (or copper) salts of wood rosin, and zinc (or copper) salts of tall oil rosin. Examples of the
metal salafsheofosin dehyddtméckidiudensydungeiedtech oosinzincofdreaophear) fdlts, Mispoopetrti¢gagted
rosin zinc (or copper) salts, maleinized rosin zinc (or copper) salts, formfllated rosin zinc (or copper)
salts, and, 728 FFRIREofophetf derstspRBaMoSmaihHiesertre ricHiBciso8IRURId
include a fatty.acid, a synthetic fatty acid, and naphtheni aci%1 each.of which a carbon number of
ot 5 S S LT b T A o BB RETE GapPar s Ry
magnesiméﬁl)téc d galcium salts. 10[0033] Examples of the alicyclic hydrocarbon resin include
commercially available Quintone 1500, 1525L, and 1700 (product name; ZEON CORPORATION).
[0034] In[0@@Pdf giving a composition of the present invention suitable elution 15 facilitation, the
composition preferably contains at least one member selected from the group consisting of rosin, a

rosin derivativE PARE I RIEEAY sAtRErEETad igecrad g Hpyinemeofired BFiRpRVIRGERKIng
resistance and water resistance, the.compagsijtion more preferably contains a copper or. zinc salt of
osin or S B A DTS TR e R DA Ao RO e B
preggnt iBMﬁﬁ"i{g‘ i aualyrd 8 8Q RaHs By ‘A@Qﬁké)feiﬁ@bbob(} t%@%@ﬁﬁe@i’c Welg @t%ﬂibt@lj%&em to
100 parts by weight of the copolymer A. When the release modifier C is less than 1 part by weight, the

effect of preverdiggdttacwasrtter 25 hyoatefdolingloegdrismprivbpamisuidre gunesgmiggivg ctonsot be
expected. When the amount of the release modifier C is over 80 parts by weight, defects such as

cracks af@PedIRiRRaivsd t9 3 Qfr 25hyl BiGshAv B tr oGt nipg RitichA fib PATARTBRITRG
organisms mjght not be suffigiently exhibited. The amount.of the release modifier C is, for example, 1,
530, 15 90 LA o T B o R T e e S R R e
by weighf, gt R GeROSEAERS. rhBeAROYRITHEE R8 RRWVES P ASYIWO O TR taldRMendessHRed rumbers.
[0036] 5 <Plasticizer D> y adding the plasticizer D to an antifouling coating composition of the
presgnt iavehtion, ftesfpossilnlectoliaprbeethe ydstciy of (ke ampaliiohaanddsnamestithited a
possible to suitably form a strong coating film. [0037] 10Examples of the plasticizer D include tricresyl

phosphatE &P SpHSRINGiPReATaHYR e TikEiDilibp st Bsteféham Ry Fpatka&E Biocty!

phthalate and like phthalate esters;.dibutyl adipate, dioctyl adipate. and like adipate esters;. dibutyl
Sobacats TN o hacireia i b BRGS0 T 07 SO G SOlBR I dts,
a_nd like gpRHdize P REDESS WSt viny-AkRr ﬁ%'yéﬁ‘?ra&@lﬂié(ﬁ\)’é etberhetrHaerwnddikg alkyl
vinyl ether polymers; polyethylene glycol, polypropylene glycol and like polyalkylene glycols; and,
t-nonylpdntasdlfitie, veselire, palyyutens) leis(R-ethth hetgl) trinelitd e hsiligdedydil hetlvapaydéfie, and
chlorinated paraffin. These plasticizers may be used singly or in combination. 20[0038] The amount
of thR plERERTSTn the composition of the present invention is usually 0.1 to 20 parts by weight,
preferably 0. 10 part weight.with respect to 100 parts by weight of the cogolymer. A. [Q039] 25
Danather Reott L R B et b IR AR il
inventione Jd¥m3akes IbROFHBIAIC@ASMEO SR TIPREING aR sHepi AldnaiPwesentitention.
Also, a synergetic effect on resin E properties can be obtained. = Examples of another resin
include at rbetttlcadimemyidtsigbntairipbapolycepodyiniaky |s byl efiedicgntapinfp polgumee, anbthBnis
(meth)acrylic resin, an alkyd resin, a polyester resin, a chlorinated rubber resin, and a vinyl resin.
AtioR

[0040] 5EREHPEIN heateg tbdighbasohtttng Py ARGTFRATIIA BEY AeFdahtariihg A
molgcule, a metal carbaxylate,group represented by the genperal formula (1):.-000-M-Y, (1 .
haiein RS e Ao e e s B S B e 2 0 et e
metal cath@pdatisisRainite: RRivNRIS addrd heoantiiguiesrepaigcOnROtien ofribgRresent
invention. This makes it possible to reduce cost without impairing an effect of the present invention.
Also, the metdllvariporgkate-contarimg phvee coad exhdult amtersélientdsitiat @mtifoubodvefftictsds
More preferably, in the metal carboxylate-containing polymer, the M is Cu or Zn and the Y is an

organic &48PEB8e 881dcERI s MHAbrin&toR&dCrEERIS tipativativieys, dagrteimadyiteidlingoan]

performance with a proportion of t-butyldiphenylsilyl acrylate in the copolymer.



Examples of the trialkylsilyl ester-containing polymer include 20 tri-isopropylsilyl (meth)acrylate and
tributylsilyl (meth)acrylate. [0042]  Another resin E can be added to the composition of the present
invention in a degree to which a suitable dissolving rate and property of the coating film in seawater
are not impaired..Its amount is. 1 to 200 parts by weight, preferably 2Q 25 to 10Q parts b Weig{]h_tl with
ospect B0 S B aehior B B EIeh, TO0H, Berher kadresion (8 R SR the
antifouling-GoRNNG-LORNISIIAR QL LheaRr SRR NN EREBIY, HRBFEsea by ey ingusie PRIGOBRbRSIYE,
an antifoaming agent, an anti-sagging agent, a dispersant, an antisettling agent, a dehydrating agent,
an organtelsotyéaip Ardipisihy lkerfRi44in thdExapyllemef the piyhdnt mcdisdeorindghee, r&dhson
oxide, talc, titanium 5 oxide, silica, calcium carbonate, barium sulfate, calcium oxide, and magnesium

oxide. THadehcaR E&eRIeNd 49T saRsARsRIBHEfhoY S avingmple DFf iR Eyal AHRABT A% Bak

kinds of oraanif.fves, Soluble fo apargapic; olvent 1000401, . Exarples ot the anifoaming agent
include a SEBNe rasin-based ant oaming agént, and an acryl resin- as&d 3t ogmlng agent.’[0047]
Exampleg:gfdae aniagoingageslsheisisnsr samay e gniisotting agennsdndluds falty @sidamide
wax, and oxidized polyethylene. [0048] Examples of the dehydrating agent include anhydrous
gypsum, gregitineticare obigYbabgd mdsarpehic odifssedténs tetrizethdxysi aceadingiké silicates iarsd
isocyanates. These can be used singly or in combination. 20[0049] Examples of the organic solvent
include S#PRTARICOYSIENORS BF‘d’rﬁ%{ic doneanteasdionBansbs BERRATLIANESIEANALER S5NRSR, an

ether-basgd so t,,and like a solvent which is usyall d in the antifouling coatin terial. These
can be (RO b B bRt bl AR CE ANtho g Caaig L bbsiton
An ﬁf‘“fO&BBEe‘é%%“QQ ﬁ%‘l@ﬂﬁé@&s%ﬁ&%&'51‘?5_e’_f'hi@@ﬁ‘é@@s@@Ql‘?&tm%‘f@&t‘i@gti@lf@ﬂp&y%
mixing and dispersing a mixed solution containing the copolymer A and the like by use of a disperser.
[0051] tHée¢-bmbgidipbitnel sdpblyorgiaAacdpodylikern ihéneixsctdddtion saty herepiveblyradjfisted
so that the resulting antifoul{gig coating composition contains the co(pol mer A and the like as

described BHSYldiRbesy]si r?@%%ge 481 FOpRIERBIyAS bR By ‘BassviighigBRberdisy

various materials such as the copolymer A in a sglvent. As the solvent, thgse simjlar, to the
Horemen e B D R R R o PR, BRoR T u, e YRR ihdate Sfnicn
can be uggd %SMWWB%P%??@@%W&&Ori§xﬁ'i‘9§{§b%90‘if}m%'1‘fiqllé/s%\{€é|aﬁhe homo
mixer, sand mill, bead mill, or the like can be used. Furthermore, the mixed solution can be mixed and
disparseddbytisel pirasidrdeepappad domtamefocdima pegfglassabeads for mixing and dispersing.
15[0054] Method of Antifouling Treatment, Antifouling Coating Film, And Coated Object = A method
of antifouling @ afgitiaeotdify BESITBMMBBIRREAT DT MY Bresetivehtife Mckife i W@ gbove

antifouling coating.compasition to 20 produce an.antifoyling coating.film op the surface, of an abject to
pe contei S e Al LR e el T8 S et 8, RS R s e
aquatic faulipg;eeoanisresdapig-araduatdissriution Qdbesurfane oL tha @ntiowingcosting firadso as
to continually renew the surface of the coating film. After the dissolution of the coating film, the
antifoulindheffechearthe g5ogantimuous]ly-bxtipitig yngtutinacthdadempdsitaedoBshker isHxamples
of objects on Whichéa coating film can be formed include ships (in particular, ship bottoms), fishing
tookd an@2triRtFEISUBh RN SESRAFE! EREFIER I Re $RAINBR0SICNIRYGEe fisMifERett6r use
in aquaculture O{iin nfix%g réggingga%i f%;hinx% net accessaqries s&%m %{sufrlg%ts 1;fltt{?ched to ]Eishinq nets

rapor assS OWEVEr 10 O ailrntairl C.
and ropeg. (I)E&amp es of the sfructures sYmeerge’d In'seawater include power p anf%quegucts,]%ndges,

and port faailideai HPS3ihepniteuling coating fikpsan be fomped byeapRlyinghina@pidouling e
coating composition to the surface (entirely or partially) of the object on which a coating film is formed.
Examplemotttégedating tineth odirssiudaridusfocoaiingo s prayhedating; elippitige floprepatitignandBpin
coating. These coating methods may be 10 employed singly or in combination.  The coatin%h?

ing

composifioPtdrERPster siplicaisniathe dtyiHacte ARANIRE MEF BREFSONT Befh pBiatdR@ SPhe
timg,maybe.sulianl, selegted depending anifie dickness of e aaating, (1m, e16. OQRTLASThE:
antifouling coa mg%illfn produced using the above anatﬁoullng coating comp(Ps?tlon atcording to an
embodimgni afdherprrRRanbinyaiisngasr ekikibatsHiaRimdissolving rate and property of the coating
film in seawater. In addition, a long-term stable surface renewal can remain constant and a desired
antifouling efféttcaabsveffénidahgexdrie. Alsosabedcddtmg filsecart 28radaatitgdingly @xdarming
excellent recoating, performance. [0058]  The thickness of the antifouling coating film may be

suitably SSBERS KR ARGURIRE §peCHiBBBeL oft WREHBARISHRY fﬁﬁﬂelmé@}% ﬁa\v%%tr&n |
R U R R T

film is formed is“a om, the thickness uling coating film'is g 0to
and preferably 100 to 400 pm. [0059]
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An antifouling coating film of the present invention has a suitable hardness. Specifically, the antifouling
coating film of the present invention has an enough hardness to cause no coating film defects such as
cold flow. [0060] The coated object of the present invention has the antifouling coating film on its

surface. The coafted Obtiﬁ ofIhelpresent{nventi n may have th éalrn]éiflouli %g%)artlig fil n the

C
entire surtice t er%%f,eor%i%%lr??héfr&l?sa TR SRR a bR e SH e pradEnt iSVaIHOR IHiproVe s

suitable gissQlying4ate ARARIARG YRl saatingrilsmin seawats ilQ RROVIRR R SEFIOG IR RaKng
long-term stable surface renewal and excellent recoating performance. Accordingly, the coated object
can be pfefesabbxticadas thermiobwé higs (in 10 particular, ship bottoms), fishing tools, structures
submerged in seawater, etc. [0061]  For example, when the antifouling coating film is formed on the
surface of a sHhaHSIANhRMATBINHY REARRE MG eraupamtinssehdecrirasae siHgatien thasthe
coating firlrrﬂl%tﬁr]f%ce[ is_always renewecd. This prevents th d[he %m of 15 aquatic foulin t%rcg‘lalnisms.

Furthermore, the ﬁy‘%ﬁlélfs()lstrléjt% orfhé an |fosgﬁﬁa eoa#r?g file i§ %&ré:l())ll)}%olﬁ roled. ence, slﬁll%s

ben(-?-fit fr@&fﬂ?ga“ti%ﬂﬁ%gf@&h@r aé@i‘ﬂiﬁ?fiﬂ%,o‘c tipge: adéw&iﬁﬁlib!; evep Wﬂ?ﬂﬂé@pﬁ@ﬁ?@{%ﬂo"_

moving, for example, during anchorage, rigging, etc., the adhesion and accumulation of aquatic fouling

20 organesites areraiglynghsepalymaad thélarstifading etfidot ib exhisie dHer m omyhiere(dDd62he The

surface of the antifouling coating film is basically free from cracking 'or&eeling even after a long period
Kxidti

of time. AERABIFRYY, ft iBahFest¥aRy & oty sbittelyreh ApevAtRgiraloefdrEatnew
coating film is re-formed. Therefore, by directly recoating the. antifouling coating film composition
thereon, TS b KM i S0 A EHeA T T T e Ry
mah’ﬁi?‘i“Eﬁﬁﬁnt&foqk'k@aﬁff%ﬁléﬁlﬁaéim@dﬁqé‘i‘ﬁdﬁexﬁ?_GﬁiVeﬁPﬁ”@?r-tdE@MPLE‘%@[QQG%larticm&r
following illustrates Examples, etc., and further clarifies characteristics 5 of the present invention. The
present inkemtiotetietieyan adknotHienitadi fouhere Eommpies146064] uthikabh tf the Ryddotymed
Examples, Comparative Production Examples, Examples, and Comparative Examples, "%" denotes %
by massWHRRO¥RIGHAS T0FeR Hiéasiaeuiam assoktRIassebate AR WERECAR IAge

molecular weight,(Mw) w etermined by gel per tion chromatography (GPC) (using a polystyrene
ctancarc) B lne AT i T A SN R B o B a5 e R
Corporatign A5GalummiBEK-gelSHpes I ZNy ML 6Tosah Lawortigakwwe-Flaynete: 835 mdimie
Detector: Rl Column thermostat temperature: 40C Eluent: THF 20The non-volatile content was
detesminedrati¢iomeating forsleloual ab k@50 orel alaaditient Hhe avealknidlod léa el oydedimms $heivd in
Table 1 are represented in grams. [0065] Production Example 1 (Production of Copolymer Solution
A-1) 25RRs?) 2809 bt hispaRisstaisssdtina rageiianideis ieemanidenlingaiieebndenser, a
stirrer, and a dropping funnel. Next, while stirring at 100 2C under a nitrogen atmosphere, a mixed
solution containing 275 g of t-butyldiphenylsilyl acrylate, 175 g of methyl methacrylate, 50 g of
methoxyathyf ANTAGEDUY EPFEEDS GronEESINW Baeroate (initially added) was added
dropwise over 1 hour. Then, after stirring the resulting reaction solution at the above temperature for 2
hours, 1 @Oflutyl peroxy-2-ethyl hexanoate (subsequently added) was added three times with
2-hour intervals to complete the polymerization reaction. After that, 270 g of xylene was added and 5
disgBived, thuEPrBadimgnte tRbrdRRoRKe L -EBKENHAY cBpeKfRr BIuadIRYlingr gratingows
the viscog(i)t ngni-,e{glr?tile %%?A}tent, andrgﬂd/yiccg‘ %& % G&R{gduggg@i Exampllle%% ‘tfon6 (Emd'ﬂ%t}lotn of
Copolymer Bitions A-Vﬁl%o 63% Rn organic solven%, mond%ner, anla%ofymenzatlloﬁ intiator ds

designatgebirabletdnyere usse: aneRRAedMerAaliaNeacRRReeRAH0E edhmeamednanpenas in
Production Example 1 was carried out to yield copolymer solutions A-2 to A-6. Table 1 shows the

viscosity eroervisidtite cantertt tame.Mw of each copolymer solution obtained. 15[0067] [Table 1] 22
[0068] Production Example 7 (Production of Copolymer Solution A-7) First, 50 g of propylene glycol
methyl ether (PGM) and 130g of xylene were 5 placed in a four-neck flask including a thermometer, a
reflyx co IHer, | . Next, while stirring at 100 2C under a nitrogen
atm%sph%ﬁﬁ@@%gﬁmg@gﬁ$PGm 25 g of xylene, 275 g of t-butyldiphenylsilyl
acrylate,[agzﬁ g]of methyl methacrylate, 75 g of 2-methoxyethyl methacrylate, 25 g of zinc
methacrylate, and 4 g of t-butyl 10 peroxy-2-ethyl hexanoate (initially added) was added dropwise over
1 hour. After thbd fopwisenardition] tHb e gyasendatiorergaction was performed for 2 hours at 100 2C.
Then, while stirring the resulting reaction solution at 100 2C, 1 g of t-butyl peroxy-2-ethyl hexanoate
(subsequyaBHAGHAAE »Qd s Pres~with 2-hour intervals to perform the polymerization
reaction. After,15 that, 270.q of xylene was added,and dissalved, thus producing a.meta
carboryiate-ca Al o AP O R e oS BB L ot
51.7% and a viscosity of 490 cps/25C.
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[0069] Production Example 8 (Production of Copolymer Solution A-8) 20First, 325 g of xylene and 100
g of n-butanol were placed in a four-neck flask including a thermometer, a reflux condenser, a stirrer,
and a dropping funnel. Next, the mixture was heated to 100 to 110C, and a mixed solution containing

275 g of t-butyldjphenylsilyl acrylate, 10 g of acrylic acid, 75 g of ethyl acrylate,.90 g of cyclohexyl
ety T3 A SO B e a8 AL e e A R i ot
hours undegaaitiaaan.Amasrhers: Hing AN ANe: SaatRIstion Sfbe Srepyipe adgitiomt

mixture was kepttgtglloc. Then, a m%(ed%gg)lutlon c}?ntailr?ﬁlg 50 g of xylene, 25@% n-butano(i,l‘Ee)?Fld 2.5
g of azohistsabofyaonittitey [snlbseliyentlycddeds dvasadoect o apwiseleve rth éonorand dhgapsulting
mixture was maintained until 2 hours after the dropwise addition.  After that, the dropping funnel was
replaced[Q@ 4%ecanter, and 25.2 g of copper acetate, 50 g of naphthenic acid, and 50 g of deionized

watqg we<r%add d. Subi@uently, the resulting mixture was heated to 100C, and acetic acid and 5
opo r : : o
water gerrera?eé%—reactlon were removed to yield a metal carboxylate-containing copolymer

solution A-8. Tigres B‘E}Qﬁ@f‘ nish-has & prndvRiatie, f&fr@ri%%l %@%@8@/@%5@?250
[0070] Production Exgmple 9 10First, 100 g of xylenes;(a%r? 20 g of n-bu?gr%)l were placed In a flask
includinged thetrbornatip lacnefilsilgd raterydet carsinnenamd andr qbp i iuond b Mekly theawsxiolfeawas
heated to 100 to 110C, and a mixed solution containing 25.7 g of acrylic acid, 57.8 g of ethyl acrylate,
16.5 g ofsHerisnirathatraduanted w%emgigébmy%ﬁm%iwmﬁ&md@d-dropwise over 4 hours
under a F&m 15 atmosphere. During 30 mm after completion of the dropwise addition, the mixture
was kepta C. Then, a mixed solution containing 20 g of xylene, 10 g of n-butanol, and 0.5 g of

azofysisobutyfenitile, Wamadqaf Aranydse S4a5 b Bekn aAh e IRsWRINg IMpUre-was ymalaiaingd until
2 hours after the dropwise addition. 20After that, the dropping funnel was replaced by a decanter, and
74.9 g ofdippmweryddiplolatssibint gofeaptitewit acithraexiss0p @f detongedndatengamne. addlfdr
Subsequently, the resulting mixture was heated to_ 100C, and propionic acid and water generated by
the reacti® \x/%@@fﬁémo%a.r%ﬁﬁ%i@?%@@@rm&ﬁ%w%iﬁﬂ& the geRsicH StheqEBR™HEA Bt
quantifying acetic acid 25 in the distillate solvent. After completion of the reaction, xylene was added to
st 5 S0 ST e mul o R R tion oL ok pretitedt

The resulting ¥aHNisA 131 eH18RoWRIaHIE oRiaREA] W BPof WAV eERegITBRle lanWeiohkL 88,000,
and a viscosity of 185 cps/25C. [0071] Comparative Production Examples 1to 4  An organic

solvént, mmnditien shbpoweerizatopirtats asdasigngtéd cofairierl werveadserk, dndygeld the
polymerization reaction according to the same manner 5 as in Production Example 1 was carried out

to yield CBpINMSTs@Utiond drigprecdiatenid t-BHGWEiRBSAsdssHprAsHAREARAHAEHOBRITY of

each copolymer solution ob ined.%@ 7 Examples 1 (aand Comparative Examples 1 to 4
AN (oL et Rt B A L D

a proporiigryfaipiomagss assiesiaraiey sxhablerddand @H@%@g@%ﬁp@f%&iwﬁhﬂiﬁ%ﬁﬂ%mwh a
diameter of 1.5 to 2.5 mm to prepare coating compositions. [0073] 15[Table 2] Table 2 1 Component
Name Exanipyelrd@ 8rbh 6, p8Bctbddtyphenol, or BHT so as to retain its storage stability.

20 [0014]

The ethylenically unsaturated monomer (b) other than the monomer (a) is at
least one monomer selected from the group consisting of methyl methacrylate,
butyl (meth)acrylate, and 2-methoxyethyl (meth)acrylate.

[0015]

25 In addition, when used in combination of two or more kinds, the monomer
(b) preferably contains methyl methacrylate. The proportion of the methyl
methacrylate in the ethylenically unsaturated monomer is preferably from 15 to

90% by mass and more preferably from 30 to 90% by mass. This proportion is,

for example, 15, 20, 30, 40, 50, 60, 70, 80, or 90% by mass, or may be between
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any two of the above-described numbers. In addition, the monomer (b)
preferably contains 2-methoxyethyl (meth)acrylate, and its proportion is
preferably from 10 to 85% by mass in the ethylenically unsaturated monomer
and more preferably from 10 to 60% by mass. This proportion is, for example,
10, 20, 30, 40, 50, 60, 70, 80, or 85% by mass, or may be between any two of the
above-described numbers. The monomer (b) may contain either
2-methoxyethyl acrylate or 2-methoxyethyl methacrylate, or may contain both.
In the case of inclusion of the both, the proportion of 2-methoxyethyl
methacrylate is preferably from 80 to 95 parts by mass when the total amount of
methoxyethyl acrylate and methoxyethyl methacrylate is 100 parts by mass.
This proportion is, for example, 80, 85, 90, or 95% by mass, or may be between
any two of the above-described numbers.

[0016]

A preferable embodiment of the copolymer A included in the composition
according to the present invention is a copolymer of (a) 55 to 80% by mass of a
t-butyldiphenylsilyl acrylate monomer with (b) 20 to 45% by mass of at least one
monomer selected from methyl methacrylate, butyl (meth)acrylate, and
2-methoxyethyl (meth)acrylate. A further preferable embodiment is a
copolymer of (a) 55 to 70% by mass of a t-butyldiphenylsilyl acrylate monomer
with (b) 30 to 45% by mass of at least one monomer selected from methyl
methacrylate, butyl (meth)acrylate, and 2-methoxyethyl (meth)acrylate. The
proportion of the monomer (a) in the copolymer is, for example, 55, 58, 60, 65, 70,
75, or 80% by mass, or may be between any two of the above-described numbers.
[0017]

The copolymer A has a weight-average molecular weight (Mw) of preferably
from 10,000 to 100,000 and more preferably from 20,000 to 70,000. When the
Mw is from 10,000 to 100,000, the coating films are not brittle and have a
suitable dissolving rate, so that a desired antifouling effect can be effectively

exerted. One example of the method for measuring the Mw is gel permeation
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chromatography (GPC).
[0018]

The copolymer A may be any copolymer of random copolymer, alternate
copolymer, periodical copolymer, and block copolymer between the monomer (a)
and the monomer (b). The copolymer A can be prepared by polymerizing the
monomer (a) and the monomer (b) under the presence of, for example, a
polymerization initiator.

[0019]

With regard to the polymerization initiator used in the polymerization
reaction, those similar to the above-described polymerization initiator can be
used singly or in combination. Examples of the preferable polymerization
initiator include AIBN, in particular, and t-butyl peroxy-2-ethyl hexanoate. The
molecular weight of the copolymer A can be adjusted by suitably selecting the
amount of the polymerization initiator used.

[0020]

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

[0021]

In the polymerization reaction, an organic solvent may be added, if
necessary. Examples of the organic solvent include aromatic
hydrocarbon-based solvents (e.g., xylene, toluene); aliphatic hydrocarbon-based
solvents (e.g., hexane, heptane); ester-based solvents (e.g., ethyl acetate, butyl
acetate, isobutyl acetate, methoxypropyl acetate); alcohol-based solvents (e.g.,
isopropyl alcohol, butyl alcohol); ether-based solvents (e.g., dioxane, diethyl
ether, dibutyl ether); and ketone-based solvents (e.g., methyl ethyl ketone,
methyl isobutyl ketone). Among them, aromatic hydrocarbon-based solvents

are preferable, and xylene is particularly preferable. These solvents may be
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used singly or in combination.
[0022]

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°C, and preferably about 80 to 120°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. The polymerization
reaction is preferably conducted in an inert gas (e.g. nitrogen gas and argon gas)
atmosphere.

[0023]

The amount of the copolymer A in the composition of the present invention
is not particularly limited, but it is usually 20 to 70% by mass and preferably 40
to 60% by mass with respect to the solid content of the composition of the
present invention. When the amount of the copolymer A is from 20 to 70% by
mass, a suitable dissolving rate and property of the coating film in seawater can
be achieved. In addition, a long-term stable surface renewal can remain
constant and a desired antifouling effect can be effectively exerted. Also, the
coating film can exert excellent recoating performance.

[0024]

The antifouling coating composition of the present invention may further
contain, as necessary, an antifoulant B, a release modifier C, a plasticizer D,
another resin E, and the like in addition to the copolymer A. The addition can
improve the antifouling effect.

[0025]

<Antifoulant B>

There is no limitation to the antifoulants B as long as they have a killing or
repelling effect against aquatic fouling organisms. Examples can include
inorganic and organic antifoulants.

[0026]

10



C-2 C-3 C-4 Modified Rosin Salt Solution, Resin Acid Salt Solution, Rosin
Solution Zn-containing
Examples of the inorganic antifoulants include, cuprous oxide, copper
thiocyanate (general name: copper rhodanide), cupronickel, and copper powder.
Among them, cuprous oxide and copper rhodanide are particularly preferred.
[0027]

5 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(dithiocarbamate) (general name : zineb), zinc bis(dimethyldithiocarbamate)
(general name : ziram), dizinc

10  bis(dimethyldithiocarbamate)ethylenebis(dithiocarbamate) (general name
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
amine|boron and like organic boron compounds; 2,4,6-trichloromaleimide,

15 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),

20  N-dichlorofluoromethylthio-N',N'-dimethyl-N-p-tolylsulfamide (general name :
tolylfluanid), N-dichloromethylthio-N',N'-dimethyl-N-phenylsulfamide (general

name : dichlofluanid), 2-(4-thiazolyl)benzimidazole (general name

thiabendazole), 3-(benzo|[b]thien-2-yl)-5,6-dihydro-1,4,2-oxathiazine-4-oxide

(general name : bethoxazine),
25  2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole (general

name :ECONEA 028), etc. Among them, particularly preferred are zinc
pyrithione, copper  pyrithione, pyridine-triphenylborane, 4-isopropyl
pyridyl-diphenylmethyl borane, bethoxazine, zineb, Sea-Nine 211, and Irgarol

1051. More preferred are copper pyrithione, zinc pyrithione,

11
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pyridine-triphenylborane, and bethoxazine.
[0028]

As the antifoulant B, preferred are cuprous oxide, copper rhodanide, zinc
pyrithione, copper  pyrithione, pyridine-triphenylborane, 4-isopropyl
pyridyl-diphenylmethyl borane, bethoxazine, zineb, Sea-Nine 211, Irgarol 1051,
tolylfluanid, and dichlofluanid. More preferred are cuprous oxide, copper
pyrithione, zinc pyrithione, pyridine-triphenylborane, and bethoxazine.

These antifoulants may be used singly or in combination.

[0029]

The amount of the antifoulant B in the composition of the present invention
is not particularly limited, but it is usually 0.1 to 75% by mass and preferably 1
to 60% by mass with respect to the solid content of the composition of the
present invention. When the amount of the antifoulant B is less than 0.1% by
mass, a sufficient antifouling effect might not be obtained. When the amount of
the antifoulant B is over 75% by mass, the obtained coating film is fragile, and
adherence of the coating film to the coated object is weak, and thus the coating
film does not sufficiently exhibit the function as an antifouling coating film.
[0030]

<Release Modifier C>

Examples of the release modifier C include rosin, a rosin derivative and a
metal salt thereof, monocarboxylic acid and a salt thereof, and an alicyclic
hydrocarbon resin.

[0031]

Examples of the rosin include tall oil rosin, gum rosin, and wood rosin.
Examples of the rosin derivative include hydrogenated rosin, disproportionated
rosin, maleinized rosin, formylated rosin, and polymerized rosin. A reaction
product of a metal compound with rosin can be used as a metal salt of the rosin
or rosin derivative. Examples of the metal salt of rosin include zinc (or copper)

salts of gum rosin, zinc (or copper) salts of wood rosin, and zinc (or copper) salts
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of tall oil rosin. Examples of the metal salt of the rosin derivative include
hydrogenated rosin zinc (or copper) salts, disproportionated rosin zinc (or
copper) salts, maleinized rosin zinc (or copper) salts, formylated rosin zinc (or
copper) salts, and polymerized rosin zinc (or copper) salts.

[0032]

Examples of the monocarboxylic acid include a fatty acid, a synthetic fatty
acid, and naphthenic acid, each of which has a carbon number of about 5 to 30.
Examples of the salt of the monocarboxylic acid include copper salts, zinc salts,
magnesium salts, and calcium salts.

[0033]

Examples of the alicyclic hydrocarbon resin include commercially available
Quintone 1500, 1525L, and 1700 (product name; ZEON CORPORATION).
[0034]

In view of giving a composition of the present invention suitable elution
facilitation, the composition preferably contains at least one member selected
from the group consisting of rosin, a rosin derivative, and a metal salt thereof as
the release modifier C. In view of improving crack resistance and water
resistance, the composition more preferably contains a copper or zinc salt of
rosin or a rosin derivative.

[0035]

The amount of the release modifier C in the composition of the present
invention is usually 1 to 80 parts by weight, preferably 10 to 50 parts by weight
with respect to 100 parts by weight of the copolymer A. When the release
modifier C is less than 1 part by weight, the effect of preventing attachment of
aquatic fouling organisms, in particular, during rigging cannot be expected.
When the amount of the release modifier C is over 80 parts by weight, defects
such as cracks and peelings tend to occur, and thus the effect of preventing
attachment of aquatic fouling organisms might not be sulfficiently exhibited.

The amount of the release modifier C is, for example, 1, 5, 10, 15, 20, 25, 30, 35,

13



1 Chlorinated Paraffin 1111111111111 Antifoulant Cuprous Oxide 45 45 45 45 45 45 45 45 45
45 45 45 45 Copper Pyrithione 33 3 3
40, 45, 50, 55, 60, 65, 70, 75, or 80 parts by weight with respect to 100 parts by
weight of the copolymer A. The amount may be between any two of the
above-described numbers.
[0036]

5 <Plasticizer D>

By adding the plasticizer D to an antifouling coating composition of the
present invention, it is possible to improve the plasticity of the composition, and
as a result it is possible to suitably form a strong coating film.

[0037]

10 Examples of the plasticizer D include tricresyl phosphate, trioctylphosphate,
triphenyl phosphate 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;

15 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, and chlorinated paraffin. These plasticizers may be
used singly or in combination.

20 [0038]

The amount of the plasticizer D in the composition of the present invention
is usually 0.1 to 20 parts by weight, preferably 0.5 to 10 parts by weight with
respect to 100 parts by weight of the copolymer A.

[0039]

25 <Another Resin E>

Another resin E is added to the antifouling coating composition of the
present invention. This makes it possible to reduce cost without impairing an
effect of the present invention. Also, a synergetic effect on resin E properties

can be obtained.
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Examples of another resin E include a metal carboxylate-containing
polymer, a trialkylsilyl ester-containing polymer, another (meth)acrylic resin, an
alkyd resin, a polyester resin, a chlorinated rubber resin, and a vinyl resin.
[0040]

Examples of the metal carboxylate-containing polymer include a polymer
containing, in a molecule, a metal carboxylate group represented by the general
formula (1):

-COO-M-Y - - - (1),
wherein M is a metal selected from Cu, Zn, Ca, and Mg; and Y is an organic acid
residue.

The metal carboxylate-containing polymer is added to the antifouling
coating composition of the present invention. This makes it possible to reduce
cost without impairing an effect of the present invention. Also, the metal
carboxylate-containing polymer can exhibit an excellent initial antifouling effect.

More preferably, in the metal carboxylate-containing polymer, the M is Cu or
Zn and the Y is an organic acid residue selected from naphthenic acid, rosins
(derivatives), and (meth)acrylic acid.

[0041]

Examples of the trialkylsilyl ester-containing polymer include
tri-isopropylsilyl (meth)acrylate and tributylsilyl (meth)acrylate.
[0042]

Another resin E can be added to the composition of the present invention in
a degree to which a suitable dissolving rate and property of the coating film in
seawater are not impaired. Its amountis 1 to 200 parts by weight, preferably 20
to 100 parts by weight with respect to 100 parts by weight of the copolymer A.
[0043]
<Other Additives>

Furthermore, the antifouling coating composition of the present invention, if

necessary, may include a pigment, a dye, an antifoaming agent, an anti-sagging
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2222
agent, a dispersant, an antisettling agent, a dehydrating agent, an organic
solvent, and/or the like.
[0044]
Examples of the pigment include zinc oxide, red iron oxide, talc, titanium
5 oxide, silica, calcium carbonate, barium sulfate, calcium oxide, and magnesium
oxide. These can be used singly or in combination.
[0045]

Examples of the dye include various kinds of organic dyes soluble to an

organic solvent.
10 [0046]
Examples of the antifoaming agent include a silicone resin-based
antifoaming agent, and an acryl resin-based antifoaming agent.
[0047]
Examples of the anti-sagging agent, the dispersant or the antisettling agent
15 include fatty acid amide wax, and oxidized polyethylene.
[0048]

Examples of the dehydrating agent include anhydrous gypsum, a synthetic
zeolite-based adsorbent, orthoesters, tetraethoxysilane and like silicates, and
isocyanates. These can be used singly or in combination.

20 [0049]

Examples of the organic solvent include an aliphatic solvent, an aromatic
solvent, a ketone-based solvent, an ester-based solvent, an ether-based solvent,
and like a solvent which is usually used in the antifouling coating material.
These can be used singly or in combination.

25  [0050]

Process for Producing Antifouling Coating Composition

An antifouling coating composition of the present invention can be
manufactured, for example, by mixing and dispersing a mixed solution

containing the copolymer A and the like by use of a disperser.
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[0051]

The amounts of the copolymer A and the like in the mixed solution may be
suitably adjusted so that the resulting antifouling coating composition contains
the copolymer A and the like as described above.

5 [0052]

The mixed solution is preferably obtained by dissolving or dispersing
various materials such as the copolymer A in a solvent. As the solvent, those
similar to the aforementioned organic solvent may be used.

[0053]

10 For the disperser, for example, the one which can be used as a
micro-pulverizer can be suitably used. For example, a commercially available
homo mixer, sand mill, bead mill, or the like can be used. Furthermore, the
mixed solution can be mixed and dispersed by use of a stirrer-equipped
container containing glass beads for mixing and dispersing.

15 [0054]

Method of Antifouling Treatment, Antifouling Coating Film, And Coated

Object
A method of antifouling treatment according to an embodiment of the
present invention includes using the above antifouling coating composition to
20 produce an antifouling coating film on the surface of an object to be coated. 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
25 continuously exhibited by recoating the composition.
[0055]
Examples of objects on which a coating film can be formed include ships (in
particular, ship bottoms), fishing tools, and structures submerged in seawater.

Examples of the fishing tools include fishing nets for use in aquaculture or in

17
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fixed netting, and fishing net accessories such as floats attached to fishing nets
and ropes. Examples of the structures submerged in seawater include power
plant aqueducts, bridges, and port facilities.
[0056]

5 The antifouling coating film 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.

Examples of the coating method include brush coating, spray coating,
dipping, flow coating, and spin coating. These coating methods may be

10 employed singly or in combination.

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.

[0057]

15 The antifouling coating film produced using the above antifouling coating
composition according to an embodiment of the present invention can exhibit a
suitable dissolving rate and property of the coating film in seawater. In addition,
a long-term stable surface renewal can remain constant and a desired
antifouling effect can be effectively exerted. Also, the coating film can

20 advantageously exert excellent recoating performance.

[0058]

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

25 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 pm.
[0059]

An antifouling coating film of the present invention has a suitable hardness.

Specifically, the antifouling coating film of the present invention has an enough
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hardness to cause no coating film defects such as cold flow.

[0060]

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

5 coating film on the entire surface thereof, or a part thereof.

The coated object of the present invention improves a suitable dissolving
rate and property of the coating film in seawater to provide a coating film having
long-term stable surface renewal and excellent recoating performance.
Accordingly, the coated object can be preferably used as the above ships (in

10  particular, ship bottoms), fishing tools, structures submerged in seawater, etc.
[0061]

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

15 aquatic fouling organisms.

Furthermore, the hydrolysis rate of the antifouling coating film is desirably
controlled. Hence, 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 accumulation of aquatic fouling

20 organisms are barely observed, and the antifouling effect is exhibited for a long
time.
[0062]
The surface of the antifouling coating film is basically free from cracking or
peeling even after a long period of time. Accordingly, it is unnecessary to
25 completely remove the existing coating film before a new coating film is re-formed.
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 in a simple and inexpensive

manner.
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EXAMPLES
[0063]

The following illustrates Examples, etc., and further clarifies characteristics
of the present invention. The present invention, however, is not limited to these
Examples.

[0064]

In each of the Production Examples, Comparative Production Examples,
Examples, and Comparative Examples, "%" denotes "% by mass". Viscosity was
determined at 25°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 (Tosoh Corporation); two

Flow rate: 0.35 mL/min

Detector: RI

Column thermostat temperature: 40°C

Eluent: THF

The non-volatile content was determined after heating for 1 hour at 125°C.

In addition, the amounts of each ingredient shown in Table 1 are
represented in grams.

[0065]

Production Example 1 (Production of Copolymer Solution A-1)

First, 230 g of xylene was placed in a flask including a thermometer, a reflux
condenser, a stirrer, and a dropping funnel. Next, while stirring at 100 £ 2°C
under a nitrogen atmosphere, a mixed solution containing 275 g of
t-butyldiphenylsilyl acrylate, 175 g of methyl methacrylate, 50 g of methoxyethyl
acrylate, and 4 g of t-butyl peroxy-2-ethyl hexanoate (initially added) was added
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dropwise over 1 hour. Then, after stirring the resulting reaction solution at the
above temperature for 2 hours, 1 g of t-butyl peroxy-2-ethyl hexanoate
(subsequently added) was added three times with 2-hour intervals to complete
the polymerization reaction. After that, 270 g of xylene was added and
dissolved, thus producing the triorganosilyl ester-containing copolymer solution
A-1.
Table 1 shows the viscosity, non-volatile content, and Mw, of A-1.

[0066]

Production Examples 2 to 6 (Production of Copolymer Solutions A-2 to A-6)

An organic solvent, monomer, and polymerization initiator as designated in
Table 1 were used, and a polymerization reaction according to the same manner
as in Production Example 1 was carried out to yield copolymer solutions A-2 to
A-6. Table 1 shows the viscosity, non-volatile content, and Mw of each
copolymer solution obtained.

[0067]
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[0068]

Production Example 7 (Production of Copolymer Solution A-7)

First, 50 g of propylene glycol methyl ether (PGM) and 130g of xylene were
5 placed in a four-neck flask including a thermometer, a reflux condenser, a stirrer,
and a dropping funnel. Next, while stirring at 100 + 2°C under a nitrogen
atmosphere, a mixed solution containing 25 g of PGM, 25 g of xylene, 275 g of
t-butyldiphenylsilyl acrylate, 125 g of methyl methacrylate, 75 g of
2-methoxyethyl methacrylate, 25 g of zinc methacrylate, and 4 g of t-butyl
10 peroxy-2-ethyl hexanoate (initially added) was added dropwise over 1 hour.
After the dropwise addition, the polymerization reaction was performed for 2
hours at 100 + 2°C. Then, while stirring the resulting reaction solution at 100 +
2°C, 1 g of t-butyl peroxy-2-ethyl hexanoate (subsequently added) was added
three times with 2-hour intervals to perform the polymerization reaction. After
15 that, 270 g of xylene was added and dissolved, thus producing a metal
carboxylate-containing copolymer solution A-7. The resulting varnish has a
non-volatile content of 51.7% and a viscosity of 490 cps/25°C.
[0069]

Production Example 8 (Production of Copolymer Solution A-8)

20 First, 325 g of xylene and 100 g of n-butanol were placed in a four-neck flask
including a thermometer, a reflux condenser, a stirrer, and a dropping funnel.
Next, the mixture was heated to 100 to 110°C, and a mixed solution containing
275 g of t-butyldiphenylsilyl acrylate, 10 g of acrylic acid, 75 g of ethyl acrylate,
90 g of cyclohexyl methacrylate, and 12 g of azobisisobutyronitrile (initially

25 added) was then added dropwise over 4 hours under a nitrogen atmosphere.
During 30 min after completion of the dropwise addition, the mixture was kept at
110°C. Then, a mixed solution containing 50 g of xylene, 25 g of n-butanol, and
2.5 g of azobisisobutyronitrile (subsequently added) was added dropwise over 1

hour, and the resulting mixture was maintained until 2 hours after the dropwise
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addition.

After that, the dropping funnel was replaced by a decanter, and 25.2 g of
copper acetate, 50 g of naphthenic acid, and 50 g of deionized water were added.
Subsequently, the resulting mixture was heated to 100°C, and acetic acid and

5 water generated by the reaction were removed to yield a metal
carboxylate-containing copolymer solution A-8. The resulting varnish has a
non-volatile content of 51.5% and a viscosity of 330 cps/25°C.

[0070]

Production Example 9

10 First, 100 g of xylene and 20 g of n-butanol were placed in a flask including
a thermometer, a reflux condenser, a stirrer, and a dropping funnel. Next, the
mixture was heated to 100 to 110°C, and a mixed solution containing 25.7 g of
acrylic acid, 57.8 g of ethyl acrylate, 16.5 g of methyl methacrylate, and 3 g of
azobisisobutyronitrile was then added dropwise over 4 hours under a nitrogen

15 atmosphere. During 30 min after completion of the dropwise addition, the
mixture was kept at 110°C. Then, a mixed solution containing 20 g of xylene,
10 g of n-butanol, and 0.5 g of azobisisobutyronitrile was added dropwise over 1
hour, and the resulting mixture was maintained until 2 hours after the dropwise
addition.

20 After that, the dropping funnel was replaced by a decanter, and 74.9 g of
copper propionate, 91.1 g of naphthenic acid, and 50 g of deionized water were
added. Subsequently, the resulting mixture was heated to 100°C, and
propionic acid and water generated by the reaction were removed. Meanwhile,
the termination point of the reaction was determined by quantifying acetic acid

25 in the distillate solvent. After completion of the reaction, xylene was added to
adjust a solid content. Finally, a metal carboxylate-containing copolymer
solution B-1 was prepared. The resulting varnish has a non-volatile content of
50.3%, a weight-average molecular weight of 8,000, and a viscosity of 185

cps/25°C.
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[0071]

Comparative Production Examples 1 to 4

An organic solvent, monomer, and polymerization initiator as designated in
Table 1 were used, and a polymerization reaction according to the same manner
5 as in Production Example 1 was carried out to yield copolymer solutions C-1 to
C-4. Table 1 shows the viscosity, non-volatile content, and Mw of each
copolymer solution obtained.
[0072]

Examples 1 to 19 and Comparative Examples 1 to 4 (Production of Coating

10 Compositions)

Components as designated in Table 2 were dispensed in a proportion (% by
mass) as designated in Table 2, and mixed and dispersed with glass beads with a
diameter of 1.5 to 2.5 mm to prepare coating compositions.
[0073]
15 [Table 2]
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PigmentRed Iron Oxide 2222222222 Talc2111222222 Mica2111222222 Zinc
Oxide 2222222222 Titanium Oxide

Table 2 (1)

Example
Component Name 1] 2] 3] 4] 5]6] 7] 8] 9 10]11]12]13
A-1 23
A-2 23 23 | 26 | 26 | 26 | 23
A-3 23
A-4 23
A-5 23
A-6 23
A-7 23
A-8 23
B-1
C-1
C-2
C-3
C-4
Zn-containing
Gum Rosin Solution
Zn-containing

Copolymer

e
e e
59
g 5 c Hydrogenated 8
=88 Rosin Solution
3 = % Cu-containing 5
cOHwn Gum Rosin Solution
g3 £ Cu-containing
(4 [T ]
- < @ Hydrogenated 5
2= Rosin Solution
59 Gum Rosin
o X . 5
s Solution
Quintone 1500 8
= . Epoxidized I T T O T O T O T O T R A T O AR IO
8 Llnse_ed Oil
a o Chlorinated 1011 1011 1111
Paraffin
= Cuprous Oxide 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 [ 45 | 45 | 45 | 45
g Copper Pyrithione 3 3 3 3 3 3 3 3 3 3 3 3 3
K] Sea-Nine 211
b= Preventol A-5S
< ECONEA 028
Red Iron Oxide 2 2 2 2 2 2 2 2 2 2 2 2 2
)= Talc 2 2 2 2 2 2 2 2 2 2 2 2 2
°E’ Mica 2 2 2 2 2 2 2 2 2 2 2 2 2
k=) Zinc Oxide 2 2 2 2 2 2 2 2 2 2 2 2 2
o Titanium Oxide 1 1 1 1 1 1 1 1 1 1 1 1 1
Organic Red Pigment 1 1 1 1 1 1 1 1 1 1 1 1 1
- § Tetraethoxysilane 1 1 1 1 1 1 1 1 1 1 1 1 1
2
o g DISPARLON
2 AG03-20X 3 3 3 3 3 3 3 3 3 3 3 3 3
38 Xylene 5 /5 |5|5|5|5|5|5]|5]|5]|5]|5]|5
Total 100 | 100 | 100 | 100 | 100 | 100 [ 100 | 100 ( 100 | 100 | 100 | 100 | 100
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Table 2 (2)

Example Comparative

Component Name Example
14 ( 15| 16 | 17 | 18 | 19 1 2 3 4

A-1
A-2 14 | 23 | 23 | 23 | 15 | 15
A-3
A-4
A-5
A-6
A-7
A-8
B-1 8
C-1 23
C-2 23
C-3 23
C-4 8 23
Zn-containing
Gum Rosin Solution 14 8 8 8 8 8 8 8 8 8
Zn-containing
Hydrogenated
Rosin Solution
Cu-containing
Gum Rosin Solution
Cu-containing
Hydrogenated
Rosin Solution
Gum Rosin
Solution
Quintone 1500
Epoxidized
Linseed Oil
Chlorinated
Paraffin
Cuprous Oxide 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45
Copper Pyrithione 3 3 3 3 3 3 3 3 3 3
Sea-Nine 211 2
Preventol A-5S 2
ECONEA 028
Red Iron Oxide
Talc
Mica
Zinc Oxide
Titanium Oxide
Organic Red Pigment

Copolymer

Rosin Solution

Modified Rosin Salt Solution,
Resin Acid Salt Solution,

Plasti
cizer

Antifoulant

Pigment

= |=2[=a2ININININ

vent | Additives
I
w
w
w
w = |=a]=aININININ
w - == NINININ
w
w - == ININININ
w
w

= |=2]=aININININ

Tetraethoxysilane

Other

DISPARLON
A603-20X

Xylene 5 5 5 5 5 5 5 5 5 5

Sol

Total 100 | 100 | 100 | 100 ( 100 | 100 | 100 | 100 | 100 | 100

The details of the materials listed in Table 2 are as follows:

Zn-containing Gum Rosin Solution: About 50% of solid content in xylene
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> Xylene 5555555555 Total 100 100 100 100 100 100 100 100 100 100 The details of the
materials listed in Table 2 are as follows: Zn-containing Gum Rosin Solution: About 50% of solid
content in xylene solution Zn-containing Hydrogenated Rosin Solution: About 50% of solid content
in xylene solution Cu-containing Gum Rosin Solution: About 50% of solid content in xylene 5
solution So%ﬁ-lgglntaining Hydrogenated Rosin Solution: About 50% of solid content in xylene solution

Gum Rosin 5@%1@%9&1%%5@%’37&%@@%&%%&Blﬂlé%}ﬁﬁ%‘?i%%%@% 5pQ01Mautiacired by
ZEON CORPORATION; 50% xylene 10 solution  Epoxidized Linseed Oil: SANSOCIZER E-9000H,

manufactyrechbyshlewidapan Chemical Co., Ltd.  Chlorinated Paraffin: Manufactured by Wako Pure
Chemical Industries, Ltd. Cuprous Oxide: NC-301 with average particle size of 3 pm, manufactured by

15 NISSIN cHimen@iningiGurgpResiy malsiiowopperdmadmel salidrsonteabinredene

Che ical,ollnucﬁSSa-Nine 211: Manufactured by R86H, Inc., 30% of active component in xylene
solution PPeVemol A-55: Manufactured by LANXESS, Inc. 20ECONEA 028: Manufactured by Janssen

Pharmaceuticgh K don taiGeh § ey @xsR {4 RRARESRGRIERISOA B BGHIed tiHQIRBARIGMENT
CORP. Talc: Crown Talc 3S, manufactured by Matsumura Sangyo Co., Ltd. Mica: White Mica,

ManufactgriethbysWlakiomoto Mica Co., Ltd. 25Zinc Oxide: Zinc Oxide "2-shu" (Product Name),

manufactured by Seido Chemical Industry Co., Ltd. Titanium Oxide: FR-41, Manufactured by
Furukawa Co SR Rasigaridwéerpighent: SEARL EPliRe oI SysieBior Works,

DISPARLON SUB 0. Aoty G A DRt e aual B o] A2Rle SepiboRiet
xylgge pagig;tipanufactured by Kusumoto Chemicals, Ltd. 5[0074] Test Example 1 (Stability Test for
Coating Compositions)  Each of the coating compositions obtained in Examples 1 to 19 and
Comparative Exarrplézed] td.thwesdkeQlidd BAANRO OV RIRe HROMNAIH canamd storedeid dvyindidvator at
A Tor S TR Chemical Ca; e o each
Chlorinated Paraffin: Manufactured by Wako Pure Chemical Industries, Ltd.
Cuprous Oxide: NC-301 with average particle size of 3 um, manufactured by
15 NISSIN CHEMCO CO., Ltd.
Copper Pyrithione: Copper Omadine, manufactured by Arch Chemical, Inc.
Sea-Nine 211: Manufactured by R&H, Inc., 30% of active component in
xylene solution
Preventol A-5S: Manufactured by LANXESS, Inc.
20 ECONEA 028: Manufactured by Janssen Pharmaceutical K.K.
Red Iron Oxide: (TODA COLOR EP-13D, manufactured by TODA PIGMENT
CORP.
Talc: Crown Talc 3S, manufactured by Matsumura Sangyo Co., Ltd.
Mica: White Mica, Manufactured by Wakimoto Mica Co., Ltd.
25 Zinc Oxide: Zinc Oxide "2-shu" (Product Name), manufactured by Seido
Chemical Industry Co., Ltd.
Titanium Oxide: FR-41, Manufactured by Furukawa Co., Ltd.
Organic Red Pigment: SCARLET TR, manufactured by Sanyo Color Works,

LTD.
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10 coating composition was measured using a Brookfield viscometer. The stability was evaluated as
follows.  A: a change in viscosity of less than 500 mPa]s/25C (substantially no change in the coating

composition) B:a change in viscosity of 500 to 5,000 mPa]s/25C (a slight increase in
1_%3V|sc_05|ty) B, Cf‘ e rell ﬁ/lésc Si %/% :E 100 (r)lql mE ulls/g%c (}% \% ﬁ{flc t |pnclrce
viscosity) ange SO S|gn|f|can & VISCOSI y was immeas rabla (the coati ing composmon

turned injq @ gel or solidified) 20Table 3 shows the results. It can be seen from Table 3 that the
coating material formed using the coating composition of the invention (Examples 1 to 19) is excellent
in storage stabli§PARLONKHG3t2A0K chatityy avate Hahidovieasesi ranttiesepaiing e@entsiiotoas25
Comparative Example 4 had a significant increase in viscosity after its storage at 45C for 3 months.
[0075] [TRBIVS|CTEHI BECHHE AT M PASEeaBINA IS actEs B RYoKIAS UBRER  SitaucAlsxibifly Test
Exa?ple[a&AA 2AAA 3AAA4AAA5AAB 6

Test Example 1 (Stability Test for Coating Compositions)

Each of the coating compositions obtained in Examples 1 to 19 and
Comparative Examples 1 to 4 was sealed in a 100-ml wide-mouth tin can and
stored in an incubator at 45°C for 3 month. After that, the viscosity of each

10  coating composition was measured using a Brookfield viscometer.

The stability was evaluated as follows.

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

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

15  viscosity)

C: a change in viscosity of 5,000 to 100,000 mPa-s/25°C (a significant
increase in viscosity)

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

20 Table 3 shows the results.

It can be seen from Table 3 that the coating material formed using the
coating composition of the invention (Examples 1 to 19) is excellent in storage
stability.

In contrast, the coating material formed using the coating composition of

25 Comparative Example 4 had a significant increase in viscosity after its storage at
45°C for 3 months.
[0075]
[Table 3]
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Table 3

Coating Material
Stability Adhesion Flexibility
45°C Test Test

After 3 Months
A

Example

Comparative
Example

rloivi=olelTIlalalnalalnZlale|e|N|ojals]|wv]|=
OB (222222222222 >>|>|>>|>|>|>
uiloRioNb-Ab-2b-Ab-Ab-2b-2b-25-2b-2b-Rb-AB-AB-Ab-2b-AB-Rb-Ab-Ab-Ab-
vilvlioRb-2b-Ab-_Ab _2B-2b-Ab_Ab-Eb-Ab-Ab-Ab-Rb-Ab _Ab-Rluib-Rb-Nb-NbJ

[0076]

Test Example 2 (Adhesion Test for Coating Films)

The adhesion of each coating film was tested in accordance with JIS

5 K-5600-5-6. Specifically, tests were conducted according to the following

method. Each of the coating compositions obtained in Examples 1 to 19 and

Comparative Examples 1 to 4 was first 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

applied coating was then dried for 1 day at 40°C to prepare a dry coating film

10  with a thickness of about 100 pm. After that, the adhesion test was conducted.
The adhesion was evaluated as follows.

Horizontal eleven lines and vertical eleven lines are formed on the dried
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Test Example 2 (Adhesion Test for Coating Films) The adhesion of each coating film was tested in
accordance with JIS 5 K-5600-5-6. Specifically, tests were conducted according to the following

method. Each of the coating comppsitions obtained i amples 1,to 19 and Comparatjve Examples 1
ARG e i Com o B A A e

to 4 was P&t ast-finishe X m) so y coating film

thicknesg wyauld e 2001 H00 150 She-ae8lied craiRg Mg then Alied fyHa dav 840 e RIENRKE a

dry coating film 10 with a thickness of about 100 pm. After that, the adhesion test was conducted. The
adhesiorGaas EValuate as/idithved. Horiron telead eafixdides ahd abidived relenéiotieds1dr6 tayawesn the
dried coating film with a cutter so as to reach the base (the tin plate) and to form a crosshatch having

100 squard@aERNETaiiRg aNEdNGiRaAB tapeeIEHIB Are tape Wi halh @ifhtBe 8 ReYavas
s helc S e A 5 et o o e e s S e SR S e
visually ifispgetadd.
A : the number of the squares that did not peel off is from 70 to 100.
B : the number of the squares that did not peel off is from 40 to 69.
C : the number of the squares that did not peel off is from 20 to 39.
10 D : the number of the squares that did not peel off is from O to 19.
Table 3 shows the results.
It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention (Examples 1 to 19) strongly adhere to the tin plate.
[0077]

15 Test Example 3 (Flexibility Test for Coating Films)

Each of the coating compositions obtained in Examples 1 to 19 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 pym. The
applied coating was then dried for 1 day at 40°C to prepare a dry coating film
20  with a thickness of about 100 pm. The tin plate coated with the dry coating film
was bent 90 degrees, and the condition of the bent coating film was visually
inspected.
The flexibility was evaluated as follows.
A: substantially free of cracks
25 B: contained minute cracks
C: contained large cracks
D: a portion of the coating film was easily peeled-off
Table 3 shows the results.

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

31



A: the number of the squares that did not peel off is from 70 to 100. B : the number of the squares that
did not peel off is from 40 to 69.  C : the number of the squares that did not peel off is from 20 to 39.
10D : the number of the squares that did not peel off is from 0 to 19. Table 3 shows the results. It

can be seen from Table 3 that the coatjng films formed using the coating co sitions.of the invention
(Examp S T G5y et B SR T007 73 10T ) R A Ty T et
Coating Eilmsls  Bach @fdhe gogting pmpesitions optaipadia Examples dsto 19 a0 raBwargive
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-woutiid dip abayl Sil{ prorylhecapptied copthgm@aswzenlbiédfpmbatay &idDE ntpedeare a
dry coating film 20 with a thickness of about 100 pm. The tin plate coated with the dry coating film was
bent 90 dkgrduL Ly a1tk EuhatieT FFReHRsBeoating film was visually inspected. The flexibility was
evaIEateTﬂO%s] llows. A: substantially free of cracks 25B: contained minute cracks C: contained large
cracks D:aportion of the coating film was easily peeled-off Table 3 shows the results. It can be seen
from Tabjee3 ek iia sRAUW IRGEEHP &St 'sing the coating compositions of the invention (Examples
1 to 19) were substantially free of cracks in the flexibility test. Example 5, whose proportion of
t-butyldiphenyisitdakrylate iprivddegplimehwas 8086 hirenact, hade ditttetesmipexbility thatithe
other Examples. 5[0078] Test Example 4 (Rotary Test) A tank was provided, in the center thereof,

with a r_of%]ﬁﬁ@‘?:tﬁrnﬁ’f/\ﬁthsafé‘ﬁh?é@r %m_ghﬁmf AP HaIg %lﬂawothm{%%mew el hsidasnviife
drum via a mofor. Thﬁ%é“%k é%“ig‘ng{u%;amé;%t‘i"dr%dv%tﬁ'%ﬁ %%?%Q%%Bﬁ%g%ﬁﬁgﬁé?&@'?&tge ?1018‘%‘[‘?{“”

temperature constant, an controller for keeping & Seawater QoMstant. Two
tesﬁ@|ates%§/@zr§c§’f%fﬁ%?&ﬁ9f€'%%&EQ%‘I?'&GM“@ ﬂéﬁ?ﬁomﬁt’i%t’c@h%h@?rf@?"i’g%@ﬁﬁ{@&lfikﬂ was
formed by applying an anti-corrosive coating material (a vinyl-based A/C) to a hard vinyl chloride plate
15 (75 x fpBDof thmrspswrttattherbkickmess after drying would be about 50 pm, followed by drying.
Each of the antifouling coating compositions obtained in Exam%lgs 1 to 19 and Comparative Examples

1 to 4 was appied I6Th@ IETORSSI R eBatiRg ARTriing thethadailayimgmeiitswould be about
300 pm. The lied coating was dried.for 3 days at 4QC, thus preparing a.test 20 plate having a dry
coating fim wit 3 thickResE aF aBUC SO0 prs B o e (N praErac iost KlateRRek Bectibd to
the rotating @lrepfdhe retam P RRERIISAT HheRRIVSANEN IO e RAHIPRENLI GO R HR saavater,
and the rotating drum was rotated at a speed of 20 knots. During the test, the seawater temperature
wag imairffebned1a@5ClamdritegoHthb8. OHo 8Pictkedds stheattryiag replakckdonteevieyOvpek,

The initial coating film thickness and the remaining coating film thickness after every 3 months from
the begifRtePHRhBYedi e mEsshediibheRRHRE (9aHNE BRBIRGSIEUISHRRENRAH iRter,
and the t i}gg%es%gf wetdisiglv%d go icr)l filarr% Was.c c}:{ulfartle(f from t e (ﬂff%r,ggc% thelri%aet,\c/g)ee%ﬂéo give
the dissolving Briount ofthe coaﬂng im p%r month pma}m nﬁ% e meastreméntiwas conducted for
24 mont%ﬁ%ﬁ%ﬁ%@%ﬁiﬁg@ﬁ%ﬁ"@@%Qﬂ@Mé&%@é'@ﬁ@ﬁ&iﬁrﬂg?m%e abd\ieste
rotary test was completed (after 24 months), the test plate was 5 dried, and the surface of each
coating fitmwad hisuaiiplitshecteti hg evaluateitk &tat8 afdhie edadifgdimhTlisemvalaation wasst
conducted in the following way. A: No defects are observed B : Hairline cracks are slightly observed
1080 HaRlME fravikas i YpsERAINH ik arifle auiriek et SRRGHRAC HP-Coating film defects

such as large cacly flisiers orpeekofls are obsenved (00791 Table.d ehows dha restlls, 18l gan be
seen from Table 4 that the coat g films formed using thecoa INg compositions of the invention
(Examplegthiq J@Qﬁé@e&iﬁobﬁe@ﬂ@ FBWRIEHEABALAISRlARAKE SRS BAhPREMAEhJ(ERHRér,
average). In addition, the coating films formed using the coating compositions of the invention exhibit
certain recuttitvesriottigrgissolvingraterstatieat ey apedd dfsz0NkatostablyCrarargettiertabsd, dériod of
time. Furthermore, the coating films formed using the coating compositions of the invention are
excellentSFANAETTdSBIRGERTARE HRROTHERRIRErh s or HaifiRd dragkBTA&oftiRdly, the amfifouling
effeQ%t can beW n&gintained fora Io& time. Exam‘%le %whose proportion of t-butyldiphenylsilyl acrylate in

the copoﬁ/er%er was 80% by %ﬁlggs, Bhad'a Ite fess suitable coating film condition after 24 months

than the otherripamplest colitietiast. thR ReRURIAHA ferangshysingribe-eeating SAMRPSHIoNQs
Comparative Example 3 had a remarkably small dissolving rate, and thus cannot exhibit a sufficient
antifoulingfeffectelry a3 ditimmt Hoe Camse the beglingifim of the hasd, wenvaieeassistante ispdortasd
coating film defects such as cracks and peel-offs occur. Further, the coating film formed using the

coating dWRBoSHRIRBPCBRfTAIREVE Bichifts P aal RS IRErehiiF ISRiekBRIDRIHE P50y Ethe in
seawater, and thus.cannot exhibit t ntifqulin ect f long 5 time. Furthermorg, Comparative
sl o R e R R
good coating film condition after 24 months. The average coating film dissolving amount from 12 to 24
months, however, had a larger decrease than that dgiping the first 12 months. This illustrates an
unstable coating film dissolving rate. 10 Moreover, Comparative Example 2, whose proportion of
t-butyldiphenylsilyl acrylate in the copolymer was 85% by mass, had a poor coating film condition after

24 months. The average coating film dissolving amount from 12 to 24 months had a larger increase
than that diirina the firet 12 monthe Thic illlictratece an 1inetabhle coatina film diccolvina rate 1 R5[O0NRN]1




[Table 4] Table 4 Rotary Test: Dissolving Amount and Condition of Coating Film Average Coating
Film Dissolving Amount (pm/ month) During First 12 Months Average Coating Film Dissolving Amount
(pm/ month) from 12 to 24 months Coating Film Condition after 24 Months Example 1 3.53.0A 2 3.4

35A 3 '1%5’(') V'ia\ng 33%0:1311"6& > gf 8 éclhgeB c%thnAg7 ﬁlrﬁ 4'8er month (pm/month). The

measurement was conducted for 24 months, and the coating film dissolving
amount was calculated every 12 months.

After the rotary test was completed (after 24 months), the test plate was

5 dried, and the surface of each coating film was visually inspected to evaluate the

state of the coating film.

The evaluation was conducted in the following way.

A : No defects are observed

B : Hairline cracks are slightly observed

10 C : Hairline cracks are observed on the entire surface of the coating film

D : Coating film defects such as large cracks, blisters or peel-offs are
observed
[0079]

Table 4 shows the results.

15 It can be seen from Table 4 that the coating films formed using the coating
compositions of the invention (Examples 1 to 19) are dissolved in seawater in
amounts of about 3 to 5 pm per month (annual average).

In addition, the coating films formed using the coating compositions of the
invention exhibit certain reductions in the dissolving rate, so that they are

20 dissolved stably for an extended period of time. Furthermore, the coating films
formed using the coating compositions of the invention are excellent in water
resistance, and do not develop cracks or hairline cracks. Accordingly, the
antifouling effect can be maintained for a long time. Example 5, whose
proportion of t-butyldiphenylsilyl acrylate in the copolymer was 80% by mass,

25 had a little less suitable coating film condition after 24 months than the other
Examples.

In contrast, the coating film formed using the coating composition of
Comparative Example 3 had a remarkably small dissolving rate, and thus

cannot exhibit a sufficient antifouling effect. In addition, because the coating
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41A 84244A 93434A 103.132A 113331A 123.335A 13414AA 1443 48A 15
333.2A 164.144A 174.2
film is too hard, its water resistance is poor and coating film defects such as
cracks and peel-offs occur. Further, the coating film formed using the coating
composition of Comparative Example 4 had an increasingly larger dissolving rate
over time in seawater, and thus cannot exhibit the antifouling effect for a long
5 time. Furthermore, Comparative Example 1, whose proportion of
t-butyldiphenylsilyl acrylate in the copolymer was 54% by mass, had a good
coating film condition after 24 months. The average coating film dissolving
amount from 12 to 24 months, however, had a larger decrease than that during
the first 12 months. This illustrates an unstable coating film dissolving rate.
10  Moreover, Comparative Example 2, whose proportion of t-butyldiphenylsilyl
acrylate in the copolymer was 85% by mass, had a poor coating film condition
after 24 months. The average coating film dissolving amount from 12 to 24
months had a larger increase than that during the first 12 months. This
illustrates an unstable coating film dissolving rate.
15 [0080]
[Table 4]
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46 A 184243 A 194.15.0 B Comparative Example 13.32.2A 24.069C 30503D 45983
C [0081] Test Example 5 (Antifouling Test) Each of the coating compositions obtained in Examples 1
to 19 and 5 Comparative Examples 1 to 4 was applied to both surfaces of a hard vinyl chloride plate

(100 x 200.'x m) so that the dry coating film thickness Would be about 200 pm. The applled coating
was dried mégaym% ] film
with a thickness of about 200 pm ' = : se 10
City, Mie Rrefecture, Japan, and the mrﬁateoﬁmimldue omwmabmsiwas XE m|n o 24
months. The evaluation was condu@@é@yn&sﬁmbuﬁrﬁmrDcsfsmgmammirth@wréao 93 Ia goating
film in accprdance with criteria shpwmegih\Ruring Firgi At g | organtBhiesuthtadshellfishinm, gae are not
attached, and slime is little attached. BMIndhfting organisms su®RH8shellfish| or algae are rjot
attached, and slime 5 iS[thinly attdched (T0 thgseXtent that {he coating §im surface IS obsgrvabig) and
the slime ¢an be removed Wen wiped by brggjt softly. CTFouling pEganisms such asshefifish or
algae are pot attached, grnd giime|is thickly agrgched (to the extent thgy the coating fittm srface s not
observabl¢) and the slinte CofImot be removeg"pven wherrwiped by grstrstrongly. t0D4 Foulfimg
organismg such as shelffrsty BT algae are dudé,geu [uu82]_'f ts—tgTambe seen
from Table 5 that the c dLIII%IIIIII‘ formed-usjrg-thecoati ' mples 1
to 19) werg substantially-free;of-I5foultng Ulh]ﬁlllblllb suchras bllUIIIIiIJl and cuga aftet 3pmonths of
the test. Examples 1 anJ 5,whosge plU[JUILIUI4 EI t=butytdipienytsityt (at,‘iylcuc mthecopolymerwas 55
or 80% by|mass, had a 3 ; , S
;?/A?ﬁstqi gr Ig:rﬁlqg off66-to-70% by mass ldqld no-decregsed-at Itif\.él.:iéillg performance thu 36
) ’ 11 3.3 3.1 A
12 3.3 3.5 A
13 41 4.4 A
14 4.3 4.8 A
15 3.3 3.2 A
16 41 4.4 A
17 4.2 4.6 A
18 4.2 4.3 A
19 41 5.0 B
1 3.3 2.2 A
Comparative 2 4.0 6.9 C
Example 3 0.5 0.3 D
4 5.9 8.3 C
[0081]

Test Example 5 (Antifouling Test)

Each of the coating compositions obtained in Examples 1 to 19 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 pym. The applied coating was dried for 3 days at room temperature

(25°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

10

was examined for 24 months.

City, Mie Prefecture, Japan, and the test plate fouling due to attached objects

The evaluation was conducted by visual inspection of the state of the surface
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20 Examples 7 to 8 and 18 to 19, which included a metal carboxylate-containing copolymer, had a little
less antifouling performance after 36 months. In contrast, in Examples without the metal
carboxylate-containing copolymer, the antifouling performance did not decrease after 36 months.

Further, 'g}e oating, film fgrmed usm(%&pe coatlnghcom osmoP1 of 25 C%n“[})aratlve Example 1, whose

proportion 6[ ?b%?y girf)%eh{/?si]l?]l %(c:?y Sihthe éopgﬁrﬁé%%v%sqgﬁ%}%? mass, had thin slime attached

at 24 months. AAftel,36 {10 B HRWAY ST EPLLR: A AMIS Wess Alaehes: FHARSISOENH slime
Comparative Example 2, whose proportion of t-butyldiphenylsilyl acrylate in the copolymer was 85%

by massjshirttdéméetarisattached at 24 months and thick slime was attached after 36 months.
Moreover, fouling organisms such as shellfish or algae were tightly attached, after 24-month

immersion, tofthe KRt MASISHABPUBICIAE EB&IHEPBoMpHEHeIRET CoMmPHRINEL /MRS 4.
(0083 S{Table, 3| Table 5 Bvaluation, After 12 Monthe Alter 26 Months Afier 36 Maths Frgrplg 1 A
the slime can be removed when wiped by brush softly.

C : Fouling organisms such as shellfish or algae are not attached, and slime
is thickly attached (to the extent that the coating film surface is not observable)
and the slime cannot be removed even when wiped by brush strongly.

10 D : Fouling organisms such as shellfish or algae are attached
[0082]

Table 5 shows the results.

It can be seen from Table S that the coating films formed using the coating
compositions of the invention (Examples 1 to 19) were substantially free of

15 fouling organisms such as shellfish and algae after 36 months of the test.
Examples 1 and 5, whose proportion of t-butyldiphenylsilyl acrylate in the
copolymer was 55 or 80% by mass, had a little less antifouling performance after
36 months. In contrast, Examples having the proportion of 60 to 70% by mass
had no decreased antifouling performance after 36 months. In addition,

20 Examples 7 to 8 and 18 to 19, which included a metal carboxylate-containing
copolymer, had a little less antifouling performance after 36 months. In
contrast, in Examples without the metal carboxylate-containing copolymer, the
antifouling performance did not decrease after 36 months.

Further, the coating film formed using the coating composition of

25 Comparative Example 1, whose proportion of t-butyldiphenylsilyl acrylate in the
copolymer was 54% by mass, had thin slime attached at 24 months. After 36
months, however, fouling organisms were attached. Furthermore, in
Comparative Example 2, whose proportion of t-butyldiphenylsilyl acrylate in the

copolymer was 85% by mass, thin slime was attached at 24 months and thick

36



AB 9AAA 1I0AAA 11AAA 12AAA 13AAA 14AAA I5AAA 1I6AAA 17TAAA 18A

slime was attached after 36 months. Moreover, fouling organisms such as
shellfish or algae were tightly attached, after 24-month immersion, to the coating
film formed using the coating composition of Comparative Example 3 or 4.
[0083]

5 |[Table 3]

Table 5

Evaluation

After 12 Months | After 24 Months | After 36 Months

>

O|IO(0|T|> (> > > >>|>>>|>>>> > > >
O|O(0|0|m(W|>|>(>|>|>(>|> (> (>|0(W> o> >|> W

Example

Comparative
Example

slov=lololIlalalalaln|2lale|e|N|o|als]|w|n]=
>0 (>> > > > 222> > > >
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A B 19 A AB Comparative Example 1LABD 2ABC 3BDD 4ADD CLAIMS 1. An antifouling
coating composition, comprising a copolymer A obtainable by 5 copolymerizing (a) 55 to 80% by mass
of a t-butyldiphenylsilyl acrylate monomer and (b) 20 to 45% by mass of an ethylenically unsaturated
monomer other than the monomer (a), wherein the monomer (b) is at least one monomer selected
from the group consisting of methyl methacrylate, butyl (meth)acrylate, and 2-methoxyethyl
(meth)acrylate. 10 2. The antifouling coating coigpagigg according to Claim 1, further comprising at
least one kind selected from the group consisting of rosins, rosin derivatives, and metal salts thereof
15 3. A copolymer for an antifouling coating composition, wherein the copolymer is produced by
copolymerizing (a) 55 to 80% by mass of a t-butyldiphenylsilyl acrylate monomer and (b) 20 to 45% by
mass of an etMﬂ%ﬂs&&Qa@aWE@?wr AIRRAES G FRPYEFRETIAHRDIRIRGRIS bB) is at

S e S
formed by iging the eptifeuling,craing sompesitipR ARGAIJRILERMEH monomer other than
the monomer (a), wherein the monomer (b) is at least one monomer selected from
the group consisting of methyl methacrylate, butyl (meth)acrylate, and
2-methoxyethyl (meth)acrylate.
10
2. The antifouling coating composition according to Claim 1, further

comprising at least one kind selected from the group consisting of rosins, rosin

derivatives, and metal salts thereof.

15 3. A copolymer for an antifouling coating composition, wherein the copolymer
is produced by copolymerizing (a) 55 to 80% by mass of a t-butyldiphenylsilyl
acrylate monomer and (b) 20 to 45% by mass of an ethylenically unsaturated
monomer other than the monomer (a); and the monomer (b) is at least one
monomer selected from the group consisting of methyl methacrylate, butyl

20 (meth)acrylate, and 2-methoxyethyl (meth)acrylate.

4. A coated object with a surface having an antifouling coating film formed by

using the antifouling coating composition according to Claim 1.
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