SPECI FI CATI ON TI TLE OF THE | NVENTI ON ANTI FOULI NG COATI NG COWPCSI Tl ON,

ANTI FOULI NG COATI NG FI LM FORMED USI NG THE COMPCSI TI ON, COATED OBJECT

HAVI NG THE COATI NG FI LM ON THE SURFACE, AND METHOD OF ANTI FOULI NG _
TREATMENT BY FORMATI ON OF THE COATI NG FI LM TECHNI CAL FI ELD [ 0001] The
invention relates to an antifouling coating conposition, an antifouling
coaling filmfornmed using the a coated object having the
coating filmon its surface, qu)f antifouling treatnment by
formation of the coating film BACKGROUND ART [ 0002] Aquatic fouling

or garfIgkE OFHHE INVERIJON, Tubewor ms, cormon nussels, Bugul a neritina,
sea squirts, green laver, sea lettuce, and slines attach to ships

( es peQUAIHOULING S E @AM GO NeDMPOSITIEIN ! 0ANTTFOCILIRG: | ATV E@ et and

v IRMD TGRS RS E AT DR TR PR A ARP RS LA g
ot he FIpMo I nBHBf SUREF ACHLE p ANIAAMEGTEPD DFOBBTIFOULINGAY IREANAEINT BYhe

at t agpRpiaAT@ONOwerie FouhiNe prgani sne has been heretofore prevented by
coating surfaces of ships, fishing tools, and subnerged structures with

ant i hgsdhERgcaeAFipopMaterial s that incl ude or gani c tin-containing

copol yners. For exanple, a coating filmformed by application of an

ant i f@g&)i]ng coating material that contains a polymer with tributyltin
groups gradually di ssol ves the pol ynmer conponent into seawater, causing
const ant [Pepraddihtelatesdgaan ﬁ@tﬁpuhns GORHBECOMPOEHOBN AB| astifonling

pr eveohtiag fin formedl tisialTBBlcodip@sitioh] & cbatdd slgjeo BavingTheldating faaat i ng

Fi
cont Ppush SrBERo R e Mbrpde Br SRbREhS Ry o, oFRRE TR bt

coat W@t -mat eri al s has now been abandoned due to pr obI ens wWith marine

pol luti on. [0004] Triorganosilyl ester-containing copolyners with
trio #A#‘% , Which are less toxic and | ess environnental |y
har P?a tin groups, have recently been devel oped and used as

hydr §09Q2bl e copol ynmers to replace organic tin-containing copolyners

(Pat ent. é!ﬁ@ﬂiﬁu%& Qakidm s RNEVES bﬂé&@é‘%&x{dgﬁé '?:gnfnﬁl'o ﬁlﬁééel'snc' udes

\r,\é%gqﬁnom l er-cont ai ni nig yner init I'SSO ves
sea et e aHESe SreéHe Iayes s#fd It Gea @ dotlithRg agtaeh #ﬁgslmpﬁm
gr ad(eddegidliycrieasteip, b@tmtnb)gd‘mmﬁgemﬂsmolehy fishghe atteand flsbigg peti od of

ti. ”eat:}@éss%lrfégsgﬂd g{mﬁqﬁg %ﬁggg%ggg dﬂfstes%égpg?ag s gl TTicult. For

this reason, ng rate of the

* coat PAYeANEts, 6‘;&4@8&@ disfenefapRsinpaired ta@pﬁam@iSn rangl 371575 wﬁ’glem al

conbmatshqjg swhillsor@si n (or rosin derivatives) (Patent Docunents 1 to 3).

[ 0005] r] However, when rosin (or a rosin derivatives) is used, although
| 0

a po of the rosin reacts with a netal conmpound contained in the
‘coal i ng conpudianaly, the fastanhuneet of agaatic dewlimg orgrninmsuhiasbaee of a

coal h@getﬁmrarpz@benﬁe@eb}v 8a&tihY¥isu¥fdcesidTaMibd, omﬂ}l tb6BY hhldne bR ekdf r 0Si N
Wth free carh lic.ac remalnln |nthe coal i ng

or i n derivati 0
o BB B A ERlier ot P Ot Poe FHEaR b SoMA e
pr opecpdlasyerandFhe nxerr@mots coatidgtfdni farateel bheppiitationedisat antifouding he

coat b@&tlﬁ%lrﬁé_telri‘alrtﬁ t & IS&#&}M@%@H%&(@&R%W g"%g%&} tends to

devel_op %gsnﬁj crac
Ac coflEisegTep,t YIG8 CREPIEEH lgtfg SERTREFT 6AR RS\ ROTSHRNY Flaciinent of
unr eactitdg fil@eswdndey whichagiabley ti erétettig afltmaﬁaahﬁferﬁ di’%{q%!atﬁp npound

Wit hg I'n gh an
excest QO#%%%COWO%EUQEIMIH A?%ﬁh Ohlqﬁg%’rr%bun r03| n g% not
reacfe%hqdc’i%‘??ﬁm?lt carkinieed angiloyling effecly dépmevaretlye Fléﬁmféh@ﬁfé rosin (or
r osi Andi@diluat bySishg Ridvtepigld hae il BeXi | dbardionéd dWO8Y broblenfdwidte ot her
hand when_a ﬁBOl ymer obtained by the copol ynerization of silyl nononers
havi nga%lﬁg ]&H thain al kyl groups, e.g., tri-n-butylsilyl methacryl ate,

i s udké¥4s the above-mentioned tri organ05| | yl copolymer, the hydrolysis

rate of thgoaaatkiipdedibt-Bbhbaikigh c@b&lj}n{érs%th hAsr LAY si g%colgtgﬁﬁﬁi@pce)

maki n t |ff|cu to cantrol |ss ving rate of

For fﬂ?ﬁLﬂ Spdg f‘pﬁ W@%ﬁ?&é}ﬁ‘feg lh@agb%%}% H%&J{qw e | yl
nonorm:resltW‘iman dexadlbp@d ankensddk b hydoolyzableecdpoiyniaibesito eeplace organic
triisopropylsilyl methacrylate, are now wi dely used (Patent Docunents 4 to
12) . When these copolyners are used,  however, the coating filns are
brittle, and nay be cracked, peeled, and the |like. [0008] When the the
above-nmenti oned copol ynmer containing triisopropylsilyl methacrylate or a
nmetal (except copper) salt of rosin or rosin derivatives is used, the
coating filmexhibits stable solubility at a | ow seawater tenperature,



Means for Solving the Problem [0011] The present inventors conducted
extensi ve research to solve the above problem and found that- the above
obj ect can be achi eved by using a conposition having a specific conmponent.
The present invention has been acconplished based on this finding. [0012]
Specifically, the present invention provides the antifouling coating
conpdii-cpainingceprlymens iefcos taqwgnentis forkad H@“ﬁ@ﬁmgﬂﬂﬁékébﬁp03|tlon,

t]be c;@aheiglfqm ﬁ?&t mmdt% éfi!ﬁo c{sii@'l E*s‘#e@‘t&ihtb_{rﬁ? 5§ WopBken lyﬂlaﬁﬁial rrgt god
0 an ul | re nmen or ma on, o coa |n Cril pe
Dol oisatves MY stdr Al Sl Phle Tneidi i B e Haing TS

tri or@aduelly yhcres ses, -aguwhbedomng egogrsiyaly rhlglmtaalen@dohg merindkeiuimedfiag a) a
tri Ore%k%' |y ékﬁi%td%%ééh@ %f Ei?é‘%&ﬁn ‘%ﬁ%ﬁ% e, @ ﬂﬁ%ﬁﬁke&sﬁiﬂ“&r@ (1):

0013 ffer ent ea and
[each a&@fﬁegg %§ﬁné¥lﬂ9? tQ raéufssth%xﬁ %as ViR BRle Ao Sesin
a- postibrgamayilyh epleeryontgitong copbljzzﬁd&)s il mhbﬁxafc_aadka_1ﬂﬂmshﬁcmiyi-@éiﬁ nonomer
repregepted. (ggt&_ﬁkqgf,@lhme% @ 42): [0015] ctia in which, [00161

R4 rEpresent ene group having 2 to 4 carbons, wherein a content
rati d999Sk he nonomer (a) in the nixture is 45 to 65 weight% and a total
cont ent Hbwicker rmmmsm%r apgsinherinomsy i hed, @lﬂ’ﬂﬁlgﬂﬂ X poFteoh f Bk

i t %
1! I OLeATR! Sl PR ORI Aakled NRtnd Soltnd ERRbOIEARIRG |
of resingtalesall duiingsthe lzanulﬁ@ctalmc iof eutaaiing owtterigl, dbapesctivignisnf t he above
it emu%sufﬂ&ﬁirrﬁ' Peéﬁlﬁn%%'th@@dsﬁg ((ﬁoﬁ)ts'lﬁglegﬁ'E{EQ§é)t‘hﬁﬂ e Hﬁ‘%ﬁyﬁetdci@m i ng

coating fil mwh a coati i ssol vin nt in er of 25
og. TEHARIR Ol SRRt PROBRIbt N ol (Hh oS DAL eF Dottt dency
coef hydrephﬂm:fpmpenlaes requd henceltasdd to dgteainyats ﬂ(eawamrtneagﬁtanbemﬂtbesol vi ng
AMOURbaliflg ?rthé)fzs)één% 6 BoBPRABH ik Bt HUetiHAd o HIMD

sea e Co clent being 1.3 or less. i

ant i EFFCI ﬁ@%gaﬂﬁ %gs@ﬁ?rﬁélﬂ‘?’o%n%f hedikeapove |tem 1 or 2, wher e| n the
trioj@a®®)si | yl ester-containing copolynmer (A) has a wei ght aver age

ol ecul ag el gty oL 20000010110, W 11 AR FULLDG 5001 [ NS

COHDOSItIOﬂ r one erern a melght ratio

def i megepgtedHees 13@@(13%@9@%%@@@1}@@@% emaegs ©b pongtal comyoynd math opper
sal t r6&h (PatSd ]3@01!1@1(321@/1&@ Irﬁthlmﬁe@md [fiailéveg, eaat ﬂmg}paﬁqesdc@:sg of

ted t def db
e el Re O 3 e, b Mt bt kst a0 A B Sl "6 s
60/ 4(3utffbclﬁnﬂﬁﬂmalﬂﬁg itrdiffic s do corapietdlp remuyettheaprenforgospr i si ng the step

of f Qkpivafivas) RiihE B RFHeRplié BGid.i | mon the surface of an object to be
coaﬁg (ljlﬁl ng the antifouling coating conposition recited in any one of the

ite
On the other hand, when a copolymer obtained by the copolymerization of

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

When the the above-mentioned copolymer containing triisopropylsilyl
methacrylate or a metal (except copper) salt of rosin or rosin derivatives is used,
the coating film exhibits stable solubility at a low seawater temperature, i.e., 25
deg. C or less; however, as the seawater temperature becomes higher, the
solubility of the coating film significantly increases, resulting in an unexpectedly
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7. An antifouling coating filmfornmed using the antifouling coating
‘conposition recited in any one of the itens 1 to 5. 8. A coated object
having the antifouling coaling filmof the item7 on the surface thereof.
EFFECT OF THE | NVENTI.ON [ 0017] An antifouling coating conposition of the -
invention can forman antifouling coaling filmwhich can inhibit or

prevgl é g}ﬁ@ﬁ{g@n@}o&l §5wealc@,aﬁg fithg Oﬂ&ﬁﬂfcﬁamtﬂ;a&elbé&mthfﬁeﬂﬂﬁ texhi biting
t he an ouling effect. % '[‘é:e antifo 55%538}%5? osition of the
pr esémlgnrthémoﬁé‘ﬁgcfgﬁl Sn?lf’%lwl} e hydr s rat& of the coaling
fi | mewgasithentd mﬁsemaertmﬂ mtmftrepmétsea areashi gh. Therefore, the coating
fil d d(IEd by using the corrp05|t|on can maintain a stable antifouling

r

effe a long time, even when_a gh@ﬂas sailing in an area of high
seawaPatent Sheamaent & JhADEEL 1‘3&1%98 ntifouling coaling film.formed

of the,RntidRMHhES: SOUP- AgHepmeS‘Bﬁ))emlﬁsS? he invention exhibits a
subst antl ally identjc ti vi ng anount in high seawater
Dt 5% BoRH 19 9 ({669 dig88kvi ng g

tenp eFaleqt .. normal seawat er tenperature (about 25
deg. Piterk Datheenivdr:di- At%@o@n%im?l ing coating film has small

t enpepatlut HSERE gcxyp_]gb@@@(f)gzﬂgzggwe conposition of the present . :

i nven |on eases t emgln ﬁé t ting film [0019] Furthernore, the
conpoE@WrDQﬁlr{lﬁ’ét PrvERt BHOR: e@}el lent long-termstorability. In other
wor dspaﬁem Deyiineht 7arlBA-20@1i8Me i on hardly thickens, or gel ates or
solidj e r 0 of storage. Furthernore, the .

ant i f%% Fﬁ&? ?gfl?%ggco‘ﬁ) oAs?tg?gﬁlgmﬁﬁ5 he invention is environnment-friendly,
and t RBateng ibermnentPl iy i-Aed0 @?b’?ﬁ rine pollution even if dissolved in
Seamf’&fent[[%@ﬂheﬁhQOGMP—EQQDOQQQW| ng filmforned of the antifouling

- coati ng 0031',15%%’»@ 13t a‘%lpe& bﬁﬁg% s advantageous in that: 1) It has

excel P ere ore cracking, peeling or the like is
unl i kphterttoammeneyen JB-A-2008-32C0nt act with seawater for a long time;
© 2) It has a suitable hardness,. and therefore cold flow or other defects is
unli kel to Qccur | g coating film-3) It has a high
: adheQ URE OFe B‘ﬁjﬁs{’ﬁwlww a coating filmis fornmed, and 4)
because it exhibits a stable.coating filmdissolving anount even in
hi gh UGt ff ectively exhibit an antifouling
ffe&ggg&é?gv\ugges?ﬁ? @F%%gnggﬁf%d of time in sailing a sea area having
hi gh [@@bWat er tenperature [0021] The coated object of the invention can be
pref er abAy disest ﬁ%%f}ﬁe@bﬁvmv‘mmim&d@ stevid & poppasiten 4T KEMINE St on)
fishin tooI 0‘truc %f ]gfrf-]_]g.pmt% efé&ivehpexieibatigh e, the
atl n

abov«? Tt 1¥ ulthng c fo on, t he sur

shi palmi:fo'ohngtBFfeC‘am S¢f@&l41¢q1ié0€@é?¥1§é’eﬂol %ﬂlﬁ'ﬁ CEP“&F%%?VGS ‘ragcm he
surf age i efat%@e&i%?bnﬁlaﬁcﬁeatmgoéuh@fﬂm fimselvirsg aimoayy. r enewed,
enabl Ing pre entl on t he attachnment of -aquatic fouling organisns to the

coating film [0022] Furthernore, the antlfoullng coating filmhas a

sui ta)némsdbnsblﬁri:;g thePreblem, the ship can maintain the antifouling

effecig ?{1 along time. In particular, even when the ship sailes in a sea
avi

area g high water te |t can eantifouling
ef fect, Eb@m%elﬁ"ﬂélv@B&QrS%’ Cﬁjrcﬁ'f'ﬁ &%?%V%égsr %tr (té‘)hltus)%g ei% addi t| on,
even palagrerh hgng E‘(b@ﬁd&h&t tiod abowe olgject oan deanitievedd uﬁw%eﬁmﬂﬁ’ Hion

ri gging. | 1fle  BGs O ABhI i bbag asddmplished h 1 ttl e
at t acti ’”ga e&% %i)ﬁ%!rrllteof'rﬁe&ﬂtlg% foul ing organi sms. This reduces the

fri ctbmdlonésussﬁ@dﬂ@@ of the Shl ps, and thus reduces the fuel cost while
sai | ijg glgi 0023] Furthernore, the antifouling coating filmon the surface

P s SRR RS LM LO0l iRGeL UL IBIPRL AN BiBLNIAL Batinng et ! OO of

time. Fo g Ty n% coa ect red erm ned
per i Qﬁ)mlaosqamanhe fa@mifmnlgngeeatmg im fﬁigéﬁfi B Ud*éég F]&%Wmfpé’ls Sdirectly
recoac{ﬂ ! B k8o filgl dri {teseefgres ahilahethethodmf amfguhnges it
possibl'e to ntlnuously aln the ant ect in a sinple and
i nexﬁéeetm%n iR A g f@ gc@ﬁh%?rﬁg %ﬁhf' aﬁﬁq‘f"kwmﬂ ON [ 0024]
<Antif, OUAhlwltﬁOﬁhngg:o@@mgommpoﬂlﬂon comprising:

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

(a) a triorganosilyl methacrylate monomer represented by a general formula (1):
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~ocoati

An antifouling coating conposition conprises: (A) a triorganosilyl
ester-contai ning copolyner obtained by a mxture of (a) a triorganosilyl
nmet hacryl ate nonomer represented by a general fornula (1): [0025] in
~whi ch, [0026] - Ri, R2, and R3 are equal or different each other, and
each represent an al kyl group having 3 to 6 carbons and branched on
a-poiéé%ggror a phenyl group, and (b) a nethoxyal kyl methacryl ate nononer
repr d by a general fornula (2): [0027] in which,. [0028] R4
represent sc#n al kyl éffe group having 2 to 4 carbons, wherein a content
ratio of t$e mononer} (a)_ in the mxture is 45 to 65 weight% and a total
conteﬁﬁ?EFGrhﬁ’nﬂhUﬁFr”%%)'aﬁﬁ t he nononer (b) in the mxture is 80
wei ght % or noile, andi,(B) a copper salt that is,at |least one nmenber
~sel ected fromPthe grdup consisting of rosin cofp®tieRi ts and copper salts
-of rosin derivatives. [0029] - The antifouling coating conposition of
t he g@gg ion can forman antifouling coating filmwhich can inhibit or
nt

prev tachnme of aquatic.foulli S ( ' {4V, hi bi t
anti f oul rrgﬁ%f%“é{j#f f”‘re{@‘%égl]or d:ff)qrﬁnég?@fgu ar ,gﬁtd hega%glnﬁﬂfr gﬁ%rlhn%{ %lolé?i ng
conpesotip dravidg BHe 6 carnrisomd hrafohed g GRPOSHIR Pha RRsAWL 85OWRY 37 t h
smal | ¢ enen oTM & RippEsdrited yieral (dymated(2)he
_ coppétr)) %g;?&?gélgggesse%%ﬁg%{teg%]nponent@p'?’he ant i oulgi ng coal i ng (fg?l m
f or m@Ob%] t he antifouling coaling conposition of the invention exhibits a
substanti ab#y identical coating filmdissolving anount in high seawater
tenperaturée (about 35 deg. C) and in nornmal seawater tenperature (about 25
deg. @¢—f0631}—o—SBpeorfi®al |y, 2hhe antifouling coating conposition of
the inventi onican forman antifouling coating filmwhich has a coaling
filmdissolvifgg anount in seawater of 25 deg. @ wrrieh i s 2 pm or nore,
preferably about .2 to 10 pm nore preferably about 3 to 5 pm per nonth.
V\hen&'@f foati ng fil mdissolving anmount is 2 pmor-nore per nonth, the

[ | ®¥I'm can appropriately exhibit al on_g-tgrm antifaqulin -efgect in
seawat er R4frepreseaip bo, alkplere goumhaviigat (0 4TREPEBS WHE TIOR8 ol vi ng
?gggg ﬁBQJT)thFQ%{L%ﬁ@ﬂEP(d) ﬁ:{lﬁﬁé Qﬁi?_tﬁ%‘%% t@esmigbﬁ/opén&mtﬁmmg élat% &

' ur rnmore, e antif.quli i o

inve Péﬁ"’é%ﬁle’r’@M%%WQW%wdgaﬁ@‘%nr%%#?n%m%@ﬁ& %%g%g)?trgrrﬁtér_atdur e
depengBha roppef baltithat iso&t keasb aniermgenibensglessest fiony thengtor caneisiigng film
di ssql-yj ten NI 3%74688in derivntBeat i ng fil mdi ssol ving
anoug)tf-\f*)%glse tesrau%fég(g\egggér %lt the coefficient being 1.3 or |ess. Wen
t he tenperature dependency coefficient is about 1.3 or less, the coaling
fi | ma. hithenaatfduirecdzing domfpositidn pf Whé ehovaitem Lnwhezeiar®g having a
high s er r 5Sif : h LY 4619 8SatiA D FilieRRRIAhAS 8
depeﬁé@ﬁé@@%é&?ﬁgge(%w%@gge@ﬁﬁnﬁg%E%/Il ége magﬁatcll @f. ‘Test Exanmple 7.
[ 0033pating fitgr diseplyingamavntip seesAtehg é@gné‘ﬂ" ﬁﬁ-’ﬁ r QOT&FHF%;B“
ant i fREhiH) GhriPBLS AdeEPERaBitd dfpaidéty ¢ovfirienbaf & soatihg dmydissolyinge
coating fi defects. such as. bli .CI, tGad i t e
Seavatigpunt Foeie st bl ARb B i sBard & od Aot O T B
i nventissrivicaramonnt am saawateud] A9 dega ) ner sastiGisNE Rerig L el IeStenper at ur e
dependency and is unlikely to cause coaling filmdefects in high-

tenperature seawater, and thus can be operly.use : mpl e, ship
bot {6 9 PREGHAIE Sertiamposion ot SpamtavY W4BFd iz VREREH AP ©
hydr alipzedhssinesferwddmgirdagtdopplymee (Alahas alwdightraversgecoaldachipst i | m )

~di ssqQ| v I . f seawat er tenperature (about 25 deg. C), the
coat S‘rf]eglgﬁ)f ﬁ%égidsbﬁov?ﬁ’gd@rmunt at about 35 deg. C was much larger than

that at about 25 deg. C, and thus coaling filmthickness design of a ship
bot t M ofhRashifdhlny ebutink konipysitispaceaited imanypeachihghitemaviatesd,
tenperature was djfficuyl (A i R MBSt RIrRAL 88bE Afoating
fil m“flb‘?rr‘?b‘aaﬂaggt’é‘?ht\l/?eﬁ?é%%%@yﬁggr%iogg%%(%ﬁgntsﬁouI ing c%aﬁ) nlg%n%rﬁe?i al
tendy the copper s0a(Blig §0/30 teRO(EP-such as blister, crack, etc. [0036]

In addition, the antifouling coating conposition of the inventions are
excellent in storage stabilit and will therefo 2 I 40T

col |11y eREigHE 501 o cpbiosfitp Keplrd TR it OIS ell€ PP

wherein a weight ratio defined by the triorganosilyl ester-containing copolymer (A)

/ the copper salt (B} is 60 /40 to 40/60.




[0037] "Triorganosilyl Ester-Containing Copolynmer (A An antifouling

-coati ng conposition conprises: a triorganosilyl ester-containing copolyner
(A) obtained by a mxture of (a) a triorganosilyl nethacrylate nonomner
represented by a general fornmula (1): [0038] in which, [0039] '

R2, and R3 areequal or different each other, and each represent an al kyl
group having 3 to 6 carbons and branched on a-position or a phenyl group,
and (b) a nethoxyal kyl net hacryl af e nonower ..r epres . gener al

f or nu aA(mptthbQéGTﬁ%{QW?Eﬂ?ge 6ATPRY'S ﬂ%er 5{56 n‘?@)an ,a% I?ﬁl ene group
hﬁ",i éhgtiﬁ)ldlﬁlg]’(:&%h@ﬂﬁﬂ dr?&élé}surface Bﬁm@b@@fg@@@%@iﬁﬁiﬁﬁéﬁ?at ure (Tg) of
t he copgl yner s pr | Ea&g@t he e@md-1aed®d.1 s nore
pref%g&‘é‘%ﬁéﬁ%w’%ﬁﬁ&{o@gw% e?mﬁ%’ is about 30 to 80 deg. G,
coating fil mhardness is hardly dependent on water tenperature or air

t enper a%q,ar &ﬁ@%{g%tﬁig tiBhlterhad dngss thndnsfoding coaline bempeSHI ned f or
a long tine. herefcﬁ%ﬁ, .coati ng, %i | m defects such as cold flow, crack, '
peel resited g R0y 9PE EREDS dootcur. [0043] The copol yner (A) has a

- wei ght - average nol ecul ar wei ght (Mv) of about 20,000 to 70,000, and

pr ef grah| OangB%)-e%Qh%g{}la% S AR InM@atMY fils abidietit@d, DAO the sROROED,
physTta ‘%roper 1%es (co Ing filmhardness and strength) is preferable
(crathergpl.peel -off is unlikely to occur), a long-term antifouling effect
is properly exhibited. [0044] "One exanple of the nethod for the
measurenent of the Mv is gel perneation chromatography (GPC). Wen the Mwv
is nmeasured by GPC, it is expressed as a value (a polystyrene-reduced

val U?pp%%ﬁ%{ﬂﬁmﬁ?mﬁng t he nmeasurenent after preparing a

cal i br-ation curve using polystyrene as.a reference material [0045] The
copola/rrer (A) is. obtained by copol ynerizing the nonomer (a), the nonomer
(b) ([9%h#H the nononer. (c) bel ow). The copol yneri zat ion ratio.of these
nononer sparmtifeulihgcoptiogorampesitionftthe 1BBHIEMR CRRt Pﬁmo?;;g eRE %nﬁer s in
t he mi xt.ur | ai Lo SERdviean attSyhrtes iof aqhiaficifonljag osgdnisms
EsteF93%#§%%(ﬁg%&§g%?§/ﬂn}gr Aﬁ el W [ 0046] - The copotyner (A may
be afy effassiveheextybiting %‘F@“@F, ®frternate copol ymer, peri odical
copol[(y@lggl, or bl ock copol ynmer. [0047] . Hereinafter, nethods og

synt hesizi n e _fononer. ' & drbienttih@entipalpmedesizyblar e
speci fi cih?%@%?@%%gg%ggemﬁ%ﬁﬁgggggsi* 1 NEtaiaC{ e gerer (al

Ex anuoasra fthe ey daplypis gﬁ%ﬁ%ﬁ%&%%&é@%?‘&%‘s an anched .qn

a- po%iealn%@eé'ﬁ%f%ﬁe 3RPEPRY) theseduting film formgd by mengyhecepyposition

1- met hy! @@but@gaﬁ% gz‘sg?tﬁpey aluﬁlei%%g ikt B idhe ReP¥ren Whindi Siphysailing
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in an area of high seawater temperature. In particular, the antifouling coating

film formed of the antifouling coating composition of the invention exhibits a
substantially identical coating film dissolving amount in high seawater .
temperature (about 35 deg. C) and in normal seawater temperature (about 25 deg.
C). In other words, the antifouling coating film has small temperature
dependency. Therefore, the composition of the present invention eases the

design of the coating film.
[0019]

Furthermore, the composition of the invention has excellent long-term
s_torabilitjr. In other words, the composition of the invention hardly thickens, or
gelates or solidifies even after a long period of storage. Furthermore, the

~ antifouling coating composition of the invention is environment-friendly, and
thus substantially free from marine pollution even if dissolved in seawater.

[0020] | | -
The antifouling coating film formed of the antifouling coating composition of

the invention is advantageous in that:



In particular, the invention enables formation of an antifouling coating
filmwhich is unlikely to.cause coaling filmdefects and excellent in
wat er resi stance by selecting specific groups for Rl, R2, and R3. From
such an aspect, Rl-, R2, and Ware equal or different each other, and are
each preferably isopropyl, s-butyl, t-butyl, and phenyl, and nore

pr ef ﬁéﬁp I—é)s Ie%c%@l::lgtg:y‘!v? el rQIs’itsYaInce]a %Qﬁdoﬁ?é}ﬁfore [0929059}1& eelﬁi@ﬁf’ﬂ@é ligk it he

nono riisopropyls nmet hac tri I = I
met haoiljitely 60 cceuphearyifdt IS0 aRntegt WF%LSEaW {‘% P&B gf@%mMsuar %
‘et hagfidtat Gar8hés RindPiHeréfobel bl flbw on‘mfd&adleidcm$ és unlikely to occur in

" soprBey POl b3 '%hr@“éﬂ&%%cﬁtﬁ%?%&?%%%ﬁg%% YR Bl o plaeayl at e,
met hageyingt flm @ ﬁimeﬂl ahed )istdaptiseriteraihiis astable. I%%W%l

met h%ﬁﬁ 1!1?}{ Everlf i hlgél? té}ﬁnPEfaFtﬁk‘é‘%ea%Qéﬁ q &dll@\&ﬁ@(ttmelpfexhﬂﬁtmng an

ant i fo gﬁcoatl n

it sisbiing alechgh Maer Sountand BEPS Sk ebfs FEREHOZba8:Ch L] oot

tii- gribdtsshsidtat temmpdracnsd ate, and t-butyl di phenyl silyl nethacrylate are
pr ef i@{) ? and triisopropylsilyl nmethacrylate, and t-butyl di phenyl si | yl
nmet h ? late are nore preferred., These trio l:qa.gg %\Qe hacryl ate
monorer sThe eoateokienty Pl ths ventioRsam e I 888 11 S¥L AR SRT al ky|

Met haﬁf&%ﬁh@nﬁ@ﬁ@&%&uﬁ Gh p artlcuﬁ'a(ﬁﬁhi;ﬁbottﬁHI)hﬁs}aIrWOehfﬁthmlmgS 2 to 4

carbonsg include e ene h I etc. I?'
el ge% b fes6e 212“9} ;&@;ﬂé( eabdve )éhﬁBﬁedQH{tifbﬁHﬁg e

2 netdmramgtfﬂyn 1snﬁm~hwdro;1 thesurfage phaefip t;}PH 88 C&ﬁB‘ng
, g}gﬁﬁgﬂ%ﬂ1?£@§&aﬁ6bﬂ MHesuhée tﬂef&ﬂ Ié@&hat tiyd comtihg dilyl sudacsis
espe

erred. These ne hox singly or
in ccﬂﬂIWﬁN&tTFBﬁWGTIOE‘S@? DEARBTEH % attm% ¥ %ﬁﬁraé?ﬁg@ﬁ urt her

cont aiz’gaﬂimﬁﬁleds thé yhidng Gddnl. y unsaturat ed nononer (c) which is
cop ?Sgg%zabl e wth the nononmer (a) and the nmononer (b). [0054]

f the nononer (c¢) .include r’%&qyﬂl% 1.11'%62@ %Ig et hyl ,
(rret h) ac Fyarthermorep the AN S EpSias Bty t ate, t-butyl
(2 rrerr;c3 %%Egd@t Ehe 311@{ I;atﬁ h&gﬁmtalhnmdﬁﬂnfqilm&fficagmya 1@%@2& 1}1 ;’t t;el

”;E%FPISQ ﬁie(?na h acr a%DQé/ Hafthe figh Wt 5 e

acryl gl ycol
(et H} @anydsatibit splomgytesme agl ﬁ)%&’élpﬁgé‘ﬁgi %ﬁqg‘épgxyet hyl
E ma: i LRCEY %ttﬁe grrh%(éaﬁi@fp %‘?@i{l:?rlﬁéﬁf&hé &hﬁyﬂ; a;teenoﬂmmmuamenampiw o at

nme acr a |1 e e C bﬁ.&])&fx at e,
and ﬁk‘ﬂ ¥ aﬁ?glpﬁ r‘_y@é%é %ﬁd F¥E§1 e(%p t%a%gzr |e§mést ,hhﬁgyl ﬁl%gr i de,
vi nyl ]hm%ma&hmnder acnenmlauomafmquauce oulmgwrgaélaraﬁe Bist xadusesy |
SLher e flliibhaY {réﬁ\ikmﬁfc@%ﬁh@ Ky sy Hiab ea:samd fickeost wile saitiryinds:

Vi ny

styr ene uene, a-nethyl styrene and |ike aromati c conpounds, etc.
ArmndODﬁé%e (nmeth)acrylic esters are preferred, and nethy

(et h) acEdrith@medtd) Yhe éﬂﬁfdﬁlng yoatieg fitmmnn the susacy @cba;ﬂlmléf friee fany|

(et h% ag! ,ﬁ,{l Bl ige i%é%t Ef tgt% &ibd loRine. a%@ﬂﬂE&@@@tﬂdﬁér @éihg| ate
%rerbmﬂrmmatedsarhmrtcfnea p,r@dptsﬂfgﬁrleéfp &BS&&%FE} Iﬁ D C[%%g’%‘ﬁ%%'g ggu !snof '

Tri 0r19§g8§1'r5bﬂ f%%fn%ﬁ S08frattly @ccﬁaﬁﬂg ﬂm@an(ﬁk)uhng coélﬁt@ fibpaloymposition i s

obtained fro xture of t he
mononeteTEe}) | {1 eSl p?ﬁséb%ﬁcf% IFQH?BPEQ) Aonomer Egl)g@ﬁrurfl&?%% %ﬁggture i's
pr ef einad lsympboahd 4bexperGivevsiagmes and rmre preferably about 50 to 60

wei ght % Wen the content of the nononer is about 45 to 65 wei ght%
the cEEMBODIMENT mOEGDARRKgNm@UTe?LﬂEJ ¥yl i ng coating
conposition can exhibit stable solubility, and it can maintain an

anti fpgdang effect for a long period of tinme. [0057] The content of

the no r S preferably about 30 to 50 wei ght% and
nor e p‘&é‘ggr lgrr%dog g%@iﬁ&@g’ﬂm& ght % When the content of the nononer (b)
i s about /80antiByYing FeMing COMPAECT FHPTHY or med using the resul tant
‘ant i f oyld fgo:ganbi m@@@@nt&ﬁmga@p@]ymambtaﬁadd by soinigkfiviretof, and it can

mai ntain an antif ng eff 58581a (1): The
t ot alééé‘nmgaﬁf) lﬁ)ﬁ ﬁ%ﬁ?ﬁ%@%‘% 8150 {r egl&%%%lﬁ%}?b?aé?%&ﬂlg m xt u(ré is

pr ef ej08lA5] about 80 wei ght % or rmre and nore preferably about 80 to 90
wei ght % When the total content is about 80 weight% or nore, the coating
film formed using the resultant antigouling coating conposition has snall
t enper at ure dependency and excel | ent physical properties. [0059] - The
copolymer (A) is obtained by polynerizing the nononer (a), the nononer
(b), if necessary the nonomer (c) in the mxture. The polynerization is-



In the polynerization reaction, an organic solvent nmay be added, if
necessary. Exanples of the organic solvent include xylene, toluene and

| i ke aromatic hydrocarbon-based sol vents; hexane, heptane and |i ke

al i phati c hydrocarbon-based sol vents; ethyl acetate, butyl acetate,

i sobutyl acetate, nethoxypropyl acetate and |ike ester-based sol vents;

i sopropyl €#scohol, b&tyl al cohol and |ike al cohol -based sol vents; di oxane,
diethyl ether, dibutyl ether and |ike ether-based solvents; nethyl ethyl
ketoné&ﬁﬁﬁ?ﬁvw'“ ""“EVVﬁﬁetoﬁ@3and | i ke ket one-based sol vents, etc. Anpng
t hese, aronatdk hydr gcar bon- based sol vents are preferable, and xylene is
particularly preferaBle. These solvents may be is&lichi.ngly or in

conbi nati on. [0064] The reaction tenperature in the polynerization
reacqbgg6pay be suitably sel ected depending on the type of the

pol ymeri zation initiator, etc....but is ysyally about. 70 to 140 deg..C, and
Dr e or abf Rbdd 50 oft cavel pEureths ack aBen B 8t Fopredenf Bn il

pol ymeoupdtdavamg Bemch icanborey abhd mainchbtiyors eHpetigdn depepbeng gouphendeact i on
tenp ' _ \he

poly f‘%%ﬁ%ﬁ&%ﬁg&%ﬁ&?gﬁ%ﬁ%@&hﬁ f/)lu%:e ngtﬁg?%él h% ﬁggr.]e nie%%?tt%%%aé %) g.
nitré%@%7bas and argon gas) atnosphere. [0066] <<Copper Salt (B)" An
anti foul i ngucoating conposition of the invention contains at |east one
copper salt (B) selected fromthe group consisting of rosin copper salts
and céfpEFcsaict-sof—Rbsiardéki vat fhes. [ 0067] Because the copper salt
(B) have highéionpatibility with the copolyner (A), it can stably exist in
the coating fi ¥ m Therefore, the conposition ofintwhighy,esent invention has
excell ent |long-term storageability. [0068] Furthernore, the copper
sal t (hgsg] ow hydrophilicity, and is unlikely to be involved in ion
exchénge ith other netal ions in seawater. Therefore, an obtain

ant i f oul Rigepserenty oty alyist Hioup Breng Alke & oribensy sdieseisng 6cRiRN st abl e
sol ubhtiblof tfﬁ@ iméndaeg (d) Eﬁ&heaﬂﬂ;theé i ys Q@@"Sewé'f%hit%m ﬁngii | fbtdﬁé%ﬁﬁe&t gvgg | in
a sea,area having a hi seawat er, .t.enper ature (ahaut . eq. . ,
Vnen Tobaramnkr 1 dhe ke RREREe Tl AR AT 18 BB eifRe o moke 49007
der i (B} avepper salighdt imalpleastont masbar solssted Fam thagwumepesisdagod of
rosi RoGRf tyHdrV@iis 4HE HRbEF shR8IctraskLdSfivatigescoating filmdeteriorates
becaigﬁggf hi gh hydrophilicity of these netal salts. Furthernore, zinc
salt ¥ osin (or rosin derivatives) are also hydrophilic, though Iess
hydr ophi The athifioulihg cabting compdstioand thikeneéotien eahdiorm amensidbubngi ty of
‘he . , RV T ) ) ; : o

Si ngl-y EHoBa ) ﬁ?ﬁ%@%&%ﬁ%ﬁ%ﬁﬁ#ﬁ?&ﬂ? R e i s

pr obl(@n eHecldvely exhikit anidaaling ¢ffsgtia rel-ativel y | ow seawat er tenperature
(25 geQ30C or less), but excessively increases solubility in a sea area

havi ng a; high. er . t 39 . . ause
crack, b{r}_ g%@%ﬁﬁ(@@@ﬁ%&%@%&&%@&ﬁ%6 1}]%% %%&Ogg%pf@gﬁof t he
r osi Ancappuling eoating filfe vgilmsmall ferappprturs slepengepey Pysontaimipsihea) t |
Ej al | c@if»)bly&ﬁéﬂ A ({egﬁpﬁie 8@bher S41€ (BFxaeBs@SstiAN cdrh ?ﬁ@me rrr@éﬁttjgfun%gedr osin
erivatij.ve i.nclude ogenat.ed. rosi n.copper sal. isproportionated rosin
coppEPabREAIR it ETse] SEHTT BRI Lt er LaR CoR g iba L aRF ST A per sal ¢
pol yeehilitelasubistanoplie idegical contingAnnadissobuhg mgnewat imighosqeosdter on of
the HONPREARIF TBYo L5 HeB. £V GRS iﬁ%aﬁ@éﬁa&@erﬁb@@tﬁr@ (aBdhtOﬁT’ebQ.at Ion.
[ 0071] The ‘copper salt (B) is preferred to be at | east one copper salt
sel e&ed fromthe group consisting of gumrosin copper salt, wood rosin
copp¢@03n] t, tall oil rosin copper salt, hydrogenated rosin copper salt,

may b SE%ﬁ%?%%@?n?&%%%%%%ﬁng?ﬁ%@ER%Z“ fhe i) MEel PR AR o )

nmay be conm 1y K opper sa | y produced by
a knewnifaalinggoatisr mawpich hapa casppg il disgatyingampanp e peawates et
reacamg.ﬁsmﬁénrisaz ﬁgbflnﬂzﬁfei pa@i}eym)y att&M.il SOt tNY) rt]@ 10 @61, Gasteopsd fexgibﬁzjdp7g ]ooo-
group). w copper rLOXIi e , ; .

The Bholl i SRR S s e s SRR L e BBt B B8 Tl
ot hermons: pgr mw@inth, the goatingdileatan apprepyiatdly ezbiit pdengdsim deri vati ves)

t han i GRRPRITes Al séBhaky, fotkaaiple) @ ddriabragysiss elhealdaeiie file
effect of the invention. [0074] The weight ratio defined by the
copolymer (A) / the copper salt (B) in the antifouling coating conposition
of the invention is preferably about .80/20 to 20/80, and nore preferably
about 60/40 to 40/60. Wien the weight ratio of the copolynmer (A and the
copper salt (B) about 80/20 to 20/80, the resultant antifouling coaling
filmis insusceptible to seawater tenperature, and exhibits stable coating
filmdissolving rate even in seawater having a high tenperature. In




cuprous oxide, as long as it does not adversely affect the effect of the

i nvention. For exanple, the cuprous oxide may take a formof a particle.

[ 0077] The average particle diameter of the cuprous oxide is
preferably about 3 to 30 pm Wen the conposition of the present invention
contains the cuprous oxide having an average particle dianeter of about 3
t o 30Lpsplvingeampyss (Wi por spendt 13 detceBrned vt thonmethod ef Fes§ Expmple
contrgpl l ed so that a long-termantifouling effect can be exhibited. [0078]
A pr§6§§? | e exanpl e of the formof the cuprous oxide is a cuprous oxide
whos ace is covered with a coaling agent. For exanple, when a

part i cul Bnetherprayes the patifdding echting compyrsifien abilee imantidrecauféane of

e it SNl O Bl ik AnE0 8 Rt ARt e e B oo
Ex anﬁoégng&ﬁ?th%QIi'E‘T‘% aer&afritr{a cegbnedimhdissalyieg BHIET B ST ?fégci d,

gl ycetegnC gaicoadng filecdisholving tmoukhtasiessavrad ten gf 2§ eleigs OpptthebeefiSeidnsi ngl y
or iR conbi hon. | ] i r t - 0, i{ion. of the
PveneiSh i 10k, B soriderkfud ERERR Ay ABIGAR SURAR Lo 0 15
400 pa¥% dhprorEingHilmpthickpess éo beifgemgdrofiathlr whisiheaids Ingea gied s by

wei ghavihg bleghopaksater tdripetdré Bananpessihsatdigh&l. Yhehnetmperswntent of

100 (PeBURpELEPgmctertl debeihethy TRl es P £0ab T "t ot i ng

ef f ed®03310081] The conposition of the present invention may contain
any i nor gapiteraitiref e éﬁﬁfodﬂhé@@éﬁﬁ? filfnOfot RR dCohRUsntdsufitie doatiech an
anount that.doeitﬁot adversel& ﬁ%fﬁg t he anti foul.i ng ffecg. Exanpl es of
usabl@TRHFYENCL BREPYOUHANLS UPHELTHE CRPPerothi® UL S nane:
coppdlistémdandldedtc. oupigintakperatuopseawptewler, etc. These inorganic
antifgy?gpts may be used singly or in conbination. [0082] <<Organic
Anti#ou ts" It i.s preferable that the antifouling cqaling

conposi t%ﬁ“s’(ﬁh@( ARt UL E035RR APTRP SRR 96 he gnteaiting %g?ﬁne @hti f oul ant .
Ther entfonling icontiakifiim twhidchaaersgadll cerapetdirt alepsndsntwagdds drilidkelnave a

Ki 11109 0ke rc%&%h:go%lﬁ—é%fe%ﬁ %@%@%ﬁﬁén@?ﬁ%ﬁr& sfegwakér}g__aﬁdg%ﬂﬁgﬁn pexanpl es of

t he organi c antli nts in ) opyri copper
( gen&rapeily psedcaspfar epymiple SHe)Podtrm| qaeéing ganeealcopper conpounds;

2- meqe@@spopyri di ne- N-oxi de zinc (general name : zinc pyrithione), zinc

et hyl ene,bis(idithi o carbanate ener |, nane .ineQ) .zinc, .
b1 o1 i, e T A 1 B BRI eSS oy il Harigll Brerial,
_ b: EE@hme ﬂictfn;atb% ﬁhgrﬁg:)laift%wﬂa@ﬂmm gpamaﬂaise@warﬁmmmeregmwwbuhane' :
20! y@@rm.l jeihédsh : lﬂilil ﬁ%ﬁrcgléémﬁﬁg a}%oﬁam%g@ﬁt SBYcltég@U‘\%%_E @@%ﬁ[ﬁ#g@p{ane,-
bor anBERRPBRLAVPH PonATE det HabepRs aRPHEE £ PREREPSLeoR A RBR | oxy)
pr opyotizmi o€ phehriprwhivh saikeimageniarehdraving eripighnstsswater temperature
5. 4 Bots] e gt i d q
i e Yok gl O T B, b Wi BrOMERCA clainf g R BT e
( gen&PEVeREGRal hygirolygable antjouling conting srafsHahiindy 1 eusstaaptineddm
eetd h:agdbli k, etc.
ggﬁ&ﬁ§%§%ﬁ?g?4fi-bu???éﬁfﬁb-gFéyclopropylanino-s-triazine (general name :
0

I rga 051), 2,4,5,6-tetrachl oroi sophthal onitrile (general nane :
chl or ot hi# agdlition, the antifouling coating composition of the inventions are

N- di eRballcaitl inadtermidyabiitg; MndNvilbingbire bty Sdtesot Eamideetacnnenl
nane-];olylfl%?n N—dlchloronethylthlo-N',N'-d|nethyI-N-phenyIsquanlde
(gengrgpgﬁgﬁg).og? ?%?1uanid), 2- (4-thiazolyl)benzi m da2ol e (general nane
.t hiGBEAdazol e),

3- ( beuzPlRlb AV 2:3tl)-orfiatilyUolytheg (a3 hi azi ne- 4- oxi de (gener al
nameS be hgﬁ&ﬁlnﬁﬁ’ Zéggéghloro henxag-3-cyapo-4-bronD-5-tr|fIuoronethy
pyrrole'%@ QHERE ROABESERPETILON: COMBRISKY t hese, copper pyrithi one,

Zi nc apyiarghnosityl csiterebontséaidd capditherdAf obtajaerdlbyld ndixanee ¢f ef erred, and
copp . \ [ nic
| i e A e R B R e el TPl P
abové? ti oned cuprous oxide, and therefore even a little anmount of the
organic antifoulants works to maintain the antifouling effect in a sea
area having active fouling organi sns. These organic a_ntifoul ants may be
used singly or in conbination. [0083 The content of the organic
antifoulants in the conposition of the present invention is preferably 1
to 50 parts by weight, and nore preferably 10 to 30 parts by wei ght per
total anmount of 100 parts by weight of the copolynmer (A) and the copper
salt (B). If the content of the organic antifoulants is | ess than one part



The dehum difier is a conpound that can renove water in the coating
conposition by reacting with water. Exanples of the dehum difiers include
met hyl orthoformate, ethyl orthoformate and |ike al kyl orthof or mat es;

t etraet hoxysil ane, tetrabutoxysilane, tetraphenoxysila_ne,

tetraki s(2-et hoxybut oxy)sil ane, nethyltrinethoxysil ane,

met hyl t ri eHoxysi | an 7 di net hyl di et hoxysi | ane, trinaethyl et hoxysil ane,

di phenyl di ¢t hoxysi |l anne and |i ke al koxysil anes; nal ei c anhydride, phthalie
anhyd'ﬁﬁﬁm%hﬁhi??@”ﬁéﬁﬁﬁgnhde$des, etc. [0089] = The dehydrating agent
is a conpound it hat cap renove water in the conposition by incorporating
the water intdthe d&ﬁydrating agent as crystal |l iimawhtth,wat er. Exanpl es of
dehydrating agents include anhydrous gypsum nol ecul ar sieves, nagnesium
sul f ghezopodi um sul fate, etc. [0090] There is no limtation to the

cont ent e d terin enf..in the conposition of the present

i nventi off > 2 afil&\f%@sr 25 diffareny ogs 5 %‘98\%10 ﬁepr%ﬁ%atﬁﬁlr%lkyl

pr ef egrablipyh@vitg B® partrboby anel hietnghed dtapositionnir @bheAl ganis dnd wei ght
of t t fint.he
dema?g%?gﬁeggeﬁt]%@%%g§%¥&gﬁgg%@%%%g§?gé%§§%%F%ﬂ§9SgggF%gpgﬁgéggégﬁtioned

t ot all%9#8lnt of 100 parts by weight, the storage stability of the coating
conposi ti omspf the invention is further inproved. 10091] The
antifoulin§ coating conposition of the present invention preferably

f ur t hékCTStatrs—a—diRSpar-sanl: (an{@ntisettling agent). By containing a

di spersant, sd_inentation of the conponents (e.g., cuprous oxide nentioned
above, pignents nentioned bel ow) of the conposi tinowhirth,t he present
invention, as well as the formation of a hard cake (a hard precipitate),
can gg @iﬁvented or inhibited during storage of the conposition of the
pres n? inhvention. This also effectively solves the problem of dripping of
t he conpBditcppesqrtiaurabwilens geaun havingde dbacadwnisng filmis forned on
the soofare of an object to be coated by using the conposition of the

t tion. 092 di .incl.ud | di zed
Dol yot hy B EHsso AT o URRPAT R A 9 i ena CHPREAGHAL P BrPIBAPEUE T at (y
aci d ¥stes0skged and pensent srefdnpdiogboat 0 toddl deg.oCl - BdsadTdiis pboaant s,
vegetzhl£80AeyeY, iceaengi AlnDAafdn &SR SAW aegeﬂa&% &grwaetéf Rmb¥RRyre

surfactants, sulfate-type ani qni urfactant pol ycar boxylic acjd am ne
sal t -OEEfé’éﬁierBPgmﬁn%%i t Hisﬁ}%{Fac}gﬁ 3?551' gnges Hpgﬁéﬁlﬁg’sﬁ?é} bgaraintameder i ¢
pol yévheandehg sievle.di Theream, epatap\filircdpiebinenclbasedldiflspe ceadit, heebpeCi a
si | i ¢en-hasedidiiSRE" s, talc-based dispersants, bentonite-based
disp?r§ants, 1%%?ﬁ§f%%@%ésed di spersants, silica gel-based dispersants,
et c. [0043lThese di spersants may be used singly or in conbination. The

conposi t Tha copolyteen(X) Ien a iwight-bodrapeaheleablar weiphai(WNevjaoffaidut aci d

1 dey; i I i1 t i ti b
o 0202005 o 5060 A nr G BRBBSE 38At 10 86 RIS WashiMFrietPhfie °
copoAPR@e0 ta)7 080, physicahpropdrkien dceattng filpdraridmgss kaxdntrenzgdylisit i on.
When pirBfer 8bersed ot Her-68RE a&ﬂ&eghﬁ) badury, A%sk-adindea Y GR|E ANt

t he Storage %ﬁﬁ?h%ity of the m xed solution can be ‘enhanced,” and the
conp&EPPFIOR SBHPHE present i nvention can be obtained nore easily and
reli &044] [ 0093] In the present invention, commercially avail able

di spers PR E%%ng i i:de- -

di spe 532%2 incIEECHgﬁggg,on A@gg@g%gg of%g%ﬁffﬁ%?ghgﬁgﬁgigéﬁﬁ%ﬁﬁ“Fbr
20X) CNEPRGLegR oGP When diy Myig IBP%%eslnbzséﬁﬁsﬁﬂé;@ EBPTesesy ap# |

pr odwelee @f pKlystyrehe-redentdalady e)l bbtdineddyecordtizg tiae eh e somsmrn®P- 1000

&28&%&5‘?}’?%%8%5‘ SRR, PR 2be Ratvenklnd 5o freliR4sRAR | noi e

net hi¥¥3] et hanol and i ke hydrophilic solvents, the storage stability of
t he antiTioelkbpalyeoat (A)ds @bmﬁ%ﬁtﬁgﬁ)l&op‘cﬂ?ﬁ&iﬂiﬁ@%%@ medredabt Ya)rahét ai ned.

[ 009 The, di spersant s ma se ter ing dispersed in.a

hyalr SSTSETE” PGS Bas Afeteiet (B ibaleoh, e or GaBtr et e ltss

| i mi mangpervarctusvaly gmopoftionad toi theeraguant ratie b€ tho mpeumimeonirothd he

pr es ekt VeRihRihd HOVRY 8éctidie SHARhEe&S df%ﬂf@&ﬁ&é@ﬁ@&d«%ﬁ@mﬁﬁﬁ%s by
wei ght , and e eferably 2 to"30 parts by wei ght” per total anount of
100 §QPP§“B§P&®i§ﬁ@“%f the copol yner (A) and the copper salt (B). Wen the
content of the dispersant is about 1 to 50 parts by wei ght per the
above-nentioned total anount of 100 Barts by weight, the effects of the
di spersant (i.e., preventing the formation of a hard cake) is preferably
exhi bited, and the storage stability of the coating conposition of the
invention is further inproved. [0096] It is preferable that the




The antifouling coating conposition of the invention can be manufactured,
for exanple, by mxing the copolynmer (A), the copper salt (B), and if
necessary, known additives such as the cuprous oxide, the plasticizer,
etc. in a solvent. [0101] The amounts of the copolynmer (A), the copper
sal t é etc. used may be suitably selected so that the resulting

anti fl Qﬂﬁhg coating conposition contains the copolyner (A), the copper

salt (B); Th%tc%f?oljﬂeﬁf}iq&ﬁh IHecatPBbB Méﬂﬁ%nﬂ%nﬁ@@ﬁél&ﬁ%i aheweate[ 0102]
Exarrpl es . of t e usabl.e so vent s Iﬁ@? de Xx ¥I ene, toluene, mneral spirit,

M BK, CHRAXP LR eff%Pd%ﬁg % BRE™i s particularly preferable.
They[@ﬁﬂ?be used srngly or in conblnatlon [0103] - These conponents may
be m XedHeeeﬁré%r rg GhtdieziR8 RAE WB Ao (ANthe kGhoAE BISthe

mat eri al are di Sso ved or_ dispersed”in a sol vent For exanple, 'the

copol yIpgy (et Rectie pinedp) my be di ssol ved or dispersed in a
sol vgo048j rst, and then mxed with other materials (such as organic

ant i fQul v et S SRl M hnodi§ (APove- nenti oned ones nay be used.

[010 or exanple, by a known disperser. The

di sper seExamplpe ofjthg aaﬁrlygrsepé@féag Briond pﬁé@@% ﬂafl kranched ¢%ed as
mcr QI—@!élsithrl #RiSde Sto EE sEwanp| edutiie rleeﬁ‘hwmipgum -fhéthsliamg1,di ssol vers.

poar 1o RePh Tt frbeShty Pl A8 Bq T 00 ke

ml | s{Ogéﬁbr ally used for nixing and di spersing coatr ng materials. A

di ssol vefpy bérﬁcrﬁ'ﬂa?Pﬁ{esﬁ{ve?ﬁwm&zﬁoleéi %ﬁﬁé(u&éﬁ'&ﬁ'a}ﬁ@@uﬂﬁi LTrtgeﬁm;x ed
sol uti.on car{']:rgeIF xed and di ed %/ rotatin ﬁ |n er The di ssol ver
oy YGRS g cabispepating s defectyaf e iesiLaBGhe ai ned.

li mi iy sdlecidnl sgedifie groppsdisr B RS aa;rde?n xFrcgn csrmnbr an aapecr:taRl bR?,vaud ed
depe a{}% él*?)‘i»‘ AHEF ARG R birfrCaf] %\'}Ete%&:h refd}ab éﬂ ygxgdo(‘};tgl 0106]

Specr i cal when a cuprous oxi de avrng a avera ter of
aboutt-BUEd and pRengh eﬁléci HHITF E‘[S’&Hab@ t$9PEoRYh tdUiY ?’%Y referable to
m x t[oesoppol yner (A), the copper salt (B), the cuprous oxide, and if

th
T G A Rk Ak e o M T
oxi dérhanHuilsalyl aged@%ﬂ, ttn@benalsalﬂbmtheméeweuswmmd phutdaty! t o

for mrﬁeﬂm&ﬂraye aﬁgsr@ﬂapypebu{?eﬂ@f He@hath@stel aﬁeegf@wm&?m:@r ning a :
cuprous oxr r g_)ee ?%{@ﬁ' ne&@f ni%glltl on 1$ 4\ 6 é’ iﬁ)lhave .
aggr &g |‘§1W°Bg]&’ YISt TG PR IRES: PR opy i PabYlng coating
fil mmaghaury]iamfg isnprafiyd shipbenglsilyhinetHasoilate) dﬁphmlﬂmmys;‘lyﬁs cuprous

oxi d@n@ﬁiﬁc@?la@é‘ BYEEAGRDIRAH VISR S BB Rite Oétcabﬂ&'bai;tl&@la}()fr%m gsing a

di sper.ser 'secondar regated.cu ous o broken down. This
kS ICED S S BIETS BbRATIC BT TarOE ORI RGN L T I L PR O EHE : he
cupr dilm defiedts ghed iaxabligntdirs pataecksidianee M1E36pﬁﬁn]ylsﬂy1 rﬂ\ﬁemcayldnssol ver is
used gsq tg(]}&:; r Etrprqg sol ver
be réf‘i at e g&lﬁpﬁ{]&ﬁéc (.liéte' %ﬂaﬁ% g‘ﬁ BH% %Eﬁe%{dg?gﬁ ge‘f a h lqlsegleed
the &b Huapprcagfgrle@}aeeﬁlmleéesa% pbenaleélbr} snthasry %‘@re%m

[ 010%hore préfieBda THRES WS ofEIUS ame’tgaamammgenpaetaxel@sa ginglyesr of
aboutm C%P_Eboma oBm pr eferably about 13 to 20 pmis used as the cuprous

is‘preferable to m x the copolynmer (A), the copper salt (B), and
|f né@@@é]ary, known additives, and after that, to add the cuprous oxide

[ ntOMé&l@[ %r_] Meth@tidhte Moﬂ/éhﬁ@r @)cupr ous oxi de has an average particle
di aneter about i Sec e n, i.s.relatively
unl i kel yEE%mCP cpt ?ﬂfy?lsgﬂégg%gq t%{%‘( %%‘Fﬁﬂff 5% and di sperse

t he depuithmethylaheapdomiencobpbienal ¢tc( BR* us prefematdy splayleer, to add t he
cupr ey§s idetothe resul tant m'xture and to mx the mxture using a
m-xe soa g uIverrz HPC{ S oxide particles much as
_possi bl eE ‘F%P E}‘E chtr’rﬁrge e TREIBYS UK Tethacrrlatey v

pul vex mﬁoxﬁm);iyhme&habeﬂaté]@mmmedl@qémtpf nielﬂha@'g?ﬂmtﬁuet(DXI de in the :
resubt | ng;, gg&q? I e specific
surface ar8 ﬂ hleec&gﬁgsg%gge&oésﬁjﬁ egélg?hsrrgﬁfq as ag@%ﬁa%g x 10-3 mMm®
or |é%%tha§r@ﬁé¢amyseamly@m0%bm%®q 3 x 10-3 m®2. Wen the surface
ar eag@cbsg]he cuprous oxide is small, the coating filmdissolving rate can
be effectively controlled even in seawat er havi ng high tenperature. In
addi tion, according to the nethod, pélﬁcessr ng time for the process by the
disperser above can be shortened, cing the production cost of the
conposition of the present inventlon [0111] When a di ssolver is used

as a disperser, it is preferable that the rotation speed of the grinder be
set to nediumor low. By setting the rotation speed of the grinder to



[ 0115] Exanpl es of the coating nethod include brush coating, spray
coating, dipping, flow coating, spin coating, etc. These coating methods
may be enployed singly or -in conbination. [0116] The coaling
conposition is dried after application. The drying tenperature may be room
tenperature. The drying time nmay be suitably sel ected depending on the

t hi cldeathesMememenal ing film etc. [0117] The thi ckness of the

agtl f?ul T8 Iﬁgeﬁr@ﬁlélflﬁﬂ@ay?&eawah@bﬂl& %Z%iinéﬁﬁlﬁﬁ@l%ﬁtheﬁg t]he type of
0 ec on Qall n 11 mi ee 0
by p e REmEE Y Rie RS BT HEP e STRBIS BOARETS. (CUREH LR EROBTBEE K whi ch
a codoohg]filmis formed is a shlp bott om the t hi ckness of the

anti foul EE& &l bfighd Mdndrﬁmg&ﬁ%audxé mBtHyA ( é&%ﬂ@%}yﬁw Qhgf erably 100 to
400 p 011 % resent invention
ré’f”‘tF’eE é‘g ce, and

t I t
is ad C5i By bem [ '@%ﬁé@gé b @%@tfhbeﬁ
there{ﬁmth)acrplakt,r@m@ﬂhbxﬂg(mt}mdmﬂa&elamhhheﬂ&f)h(yryﬁ@teoccur even if it is
Lot hard
ond’ chaRehoRbtihy? SRAAAE oL Aot HEradle, iRyl 8BEALNAT (ReSS:
r esu|&~Pﬁg>>6f@5hly1dglq=thlaﬁry1@$e,| @thbréeneaglbrpghnmﬁeﬁ%h@etmecmte@bj ect on
whi It c %j?c 1i Ihahbﬁlemﬁ?met]}ﬁﬁ&yﬁltej D- 1@3&1}039&@?&1 l(metty)agighatut a?
anti | e er ar [0]4] ecause
oxhi rﬁo ﬁgdg&mw@ TSR ke B PR ARk Ae Bk, "con aren having
a hi @e@e@mmethyhbecm)m@%@, benzy (s@@t%aacexlata,vm@ ewai er t enperature
ﬁf 3t x %?ag)ihﬁ& ac hx%t&oazh@ﬁ &ﬂbﬁﬁe,_rﬁi‘hyhﬂ@?@gﬁMe; nv]gant Ih on
as e oul | CO e 0] e (6] (6] e
i HEA S A geﬂ g I RN -8 Tt
surf qngzercbltth)rm)zﬁnd dikeavipgl compeneds; H120¢, vinyl Wieencatededhyjl etyrepe t he
Pr eSeitd iRy Bbialic| drBYehag ot N i AR L e E@%ﬂﬁd@&eﬁéh&hav' ng the

characteristics. o 4 des n be
desi ﬁﬁf@%@%@eﬁwls(meﬂemrﬁl 8 ?fﬁwé (meth aﬁe aiSe O BHE) té af%ol s,

st r ugthungs (auttiacgldte, 2-ssladen, rrﬂeﬁ-h)ac[r@]hzé,]and 2- ﬂﬁethc&zg&lnhjrbacmﬁm t he
ant i f 8'14181% %ﬁ@& fb}ig}ﬂgpﬁeé %E n%S}éésrgﬁvgcg 413% sddl SiplR BPRiom the

ant i uI I ng adual % e surfdace, 'so that the
coat iCRg mlaﬁapms atsr@qleerammy@nﬁe ehie cTpe §nmrdx’>\énts the adhesion of

aquatpgsspul i ng organi sms. [0122] Furthernore, the hydrolysis rate of
t he g t| ouI| 0 .f min seanal er- |s desirably controll ed.
Ther P8 i SHE N Uttt t for a |long period of

li me; adEihe |cgpa1y1nyer @) en omedﬁeomhﬂmmx@rn@tf thevnegomeo(a)exaepl e,

duri REROERPBYCand HHYIGhoBkE ().t he adhesion and incrustation of aquatic
organisns is barely observed, and the antifouling effect is

f oul |$8
exhi 69920l for a long tinme [0123] The surface of the antifouli ng
coati ng Thérvnseras thal hhynbres (&) omtlee acikiug srpreéehbhgabven4aftoesS a | ong

er £ C CWH%ID t he
gm 'S&?E ngﬁc%;ifgﬁd Jﬁﬁeﬁé@blﬂr%}%ﬁ% g%n@é% W‘Eo/(e;:)oa I nge?fél é{Oﬁ‘%E‘g ?%r
dir eé@wom@w%}tlﬁr@qm‘éﬁam 65@&@%%/%6%@ icRgURE i orgd veimg fth«?er eon, t he
anti fréslhltﬂgt ﬁﬁﬁfdlﬂihg td)&(ﬁu@@ﬂohﬁ)(ﬁitﬁ@@ htme:lﬂum retEisle sbihibsilitakasd it cg@ossi bl e

to c t%g'ﬁ%g'%n'{%u I]ta};%ré{ftecgf o%ll?rFél i ngd ferﬁ% easily and at | ow cost.

Exarrp ures PPLVENtiOn Wi I | be further clarified
ref el to the Exanples, etc. shown bel ow, however, the invention is not

| imted bye ‘bbﬁtéiﬁ:tadfmh%smoﬁbﬁler[ ®18Pkhe mixthfe ﬁ%fé}fabﬁ)hgbﬁﬁ@gg%l m
onparative atj.ve
NG R R e R ROARY ARG TG SRR Lo n A BB B (e RPE K deg. C
u3| nguen®@meo Kb} il acbquts’iibh@ﬁ@rwei’ﬂhé%zvéhg leoatingridgefaroietubong thed ght  (Mw)

was delerah PEH RIS o FRIbSEER @h%&ﬁl&'@%t&%@ol&!dﬁitﬁgaﬁd RoLyst yrene
standar_d) GPC was 1gerfor d und%brl‘the x |OWI ng condi tions. Equi pnent:

HLC- §23if tegpcan gt {9 EMLRATIOF QEGBE- Super HZM M two Fl ow
rat e{0O58H m_/m n Detector: R Colum thernostat tenperature: 40 deg. C

The total content of the monomer (a) and the monomer (b) in the mixture is
preferably about 80 weight% or more, and more preferably about 80 to 90
weight%. When the total content is about 80 weight% or more, the coating film
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El uate: THF The non-vol atile content was determ ned by heating for 3 hours

at 110 deg. C [0126] The anpunts of each ingredient shown in Table 1
are represented in granms [0127] Production Exanple 1 (Production of
Copol yner Solution (A); S1) 230 g of xylene was charged to a 1,000

m flask equipped with a thernoneter, a reflux condenser, a stirrer, and a
dr opgongetrsiag tharresultont antifowing gpating corpagitden heisissopt opy | si | v

et haetp eaﬁmr&aéb@udéhcsmhpéx@km siad iprbpbies30 g of net hyl
met hﬁ@?ﬁé 30 g of ethyl acrylat epmtand J*g of t-butyl peroxy-2-ethyl
hexa (i n|t|aI |y added) was added dropwi se into the flask over a

peri od offThg depalymehid) és ebiained dpygrolihderizihgidy: mGniomex (a)_ tthegncmomer
at mospfigf ﬁecégstﬁ% tﬁ@?n&'ié}ﬂ\%fﬁ 1ﬁ4ﬁ' tms&ur%hem%%ﬁflbﬁ%ﬂm i fpCt ion was

perforrre stlrrlng resul ting
r eactGHPRYS 1'% e&{na@?ﬁ Pﬁeﬁfé’ge%apoi’%@%ﬁt{"%ﬁ? F‘%’eroxy 2- et hyl

hexar[0868] (subsequent | y added) was added three tinmes wth 2-hour intervals

t f t

(i 1| opipife? %W&ﬁ%}%ﬁ@%&%‘%@%ﬁf 1§e ZpF asclGsOh QLN ENE

tri orlgHANbi 3¢l aé%blérz sl b tgorisrls, yhmethpl @, 2oﬁ2®lalsowwrétq agfows t he
Vi SCQilid ¥zo &Qﬁp‘éﬁh@'&s; ben£s tpeibxid¥vdi-aed - th fpefu}aidel &%htﬁ’r oduction

Exanpl { Prod Py oduct f
ool iar et e BIR Rok sE HEl  Por B R PR 24tBRE he 1T o
4) hexap@laijfnendzld{a perorits titonsThese ppbmienisaibraggtiatinigney hevesshme
Pr oC aghisy &Slnpéd%ﬂldﬁidtwh Exgipbslylnerisdiitth (G865 0RN eéfyw%&tefeﬁeaqaer S,

?P?o%gea%ﬁ o Pisiat T e eﬁé f?’ﬁaar%%b' ezal-smyﬁige n55G 6. and the
conpdP@éiye copol yner solutions H1 to 4. Table 1 shows the viscosity,
1o w0 kot WhoR0S: Bothobaih SRR bR T,
. VH- 4 Shitaply ggjusted by suitably selecting the amount of e polymerization initiator
used.

[0062]

' Examples of polymerization methods include solution polymerization, bulk
polymerization, emulsion polymerization, suspension peolymerization, etc.

Among these, solution polymerization is preferable, because it allows the
copolymer (A) to be prepared easily and accurately

[0063]

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

[0064]

The reaction temperature in the polymerization reaction may be suitably
selected depending on the type of the polymerization initiator, etc., but is usually
about 70 to 140 deg. C, and preferably about 80 to 120 deg. C. The time
necessary for the polymerization reaction may be suitably selected depending on
the reaction temperature, etc., but is usually about 4 to 8 hours.
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[0065]

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

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

[0067]

Because the copper salt (B) have high compatibility with the copolymer (4), it
can stably exist in the coating film. Therefore, the composition of the present
invention has excellent long-term storageability.

[0068]

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

- [0069]

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

[0070]

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

[0071]

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

group consisting of gum rosin copper salt, wood rosin copper salt, tall oil rosin
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copper salt, hydrogenated rosin copper salt, and disproportionated rosin copper

salt.

[0072]

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

[0073]

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

The weight ratio defined by the copolymer (A) / the copper salt (B) in the
antifouling coating composition of the invention is preferably about 80/20 to

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

[0075] _

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

[0076]
<<Cuprous Oxide>>

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

[0077]

14
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The average particle diameter of the cuprous oxide is preferably about 3 to 30
pm. When the composition of the present invention contains the cuprous oxide
having an average particle diameter of about 3 to 30 pm, the dissolving rate of the
coating film can be desirably controlled so that a long-term antifouling effect can
be exhibited.

[0078]

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

[0079] '

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

[0080]

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

[0081]

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

[0082]
<<QOrganic Antifoulants>>

It is preferable that the antifouling coating composition of the present
invention further contains organic antifoulant. There is no limitation to the
organic antifoulants as long as they have a killing or repelling effect against
aquatic fouling organisms. Examples of the organic antifoulants include
2-mercaptopyridine-N-oxide copper (general name: copper pyrithione) and like
organic copper compounds; 2-mercaptopyridine-N-oxide zinc (general name : zinc
pyrithione), zinc ethylene bis(dithio carbamate) (general name : zineb), zinc
bis(dimethyldithiocarbamate) (general name : ziram), dizinc
bis(dimethyldithiocarbamate)ethylenebis(dithiocarbamate) (general name :
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Reacti on Tenperature (Deg. C 1002 1002 Viscosity (nPaS/ 25 Deg. C) | 380
350 Non-Volatile Content (% 110 Deg C, 3Hre) 50.1 49,8 Wi ght-Average
Mol ecul ar Weight (MN 48,000 47,000 Class Transition Tenperature (Tg,
Deg C) 43 42 Copol ynmer Nane S—l 8-2 | ngr edi ent Name 1 ao8i A
Trii sww@%hamttﬂam@tlﬂéﬁ:%ga@@@zmrpp@mpﬁwmdm ke prane,
Tri i sSDpsaRwhs§i bylh&fl &i’;ﬁfe@i Tm@ﬂi}ﬁ'ﬁiirﬁﬁénf!ﬂ}ﬂiéﬂﬁl p@@fcﬁﬂda{ﬁ }%nM’bBPéﬁ'Y@t hyl
et h%ﬁﬂe%t ?borolh - octa 1%[e?u% en; ll[ I}gte%e]%exyl%xy p¥ | Acryl ate
amine|boron and like organic boron compounds; 2,4,6-trichloromaleimide,
N-(2,6-diethylphenyl)-2,3-dichloromaleimide and like malecimide compounds;
and, 4,5-dichloro-2-n-octyl-3-isothiazolone (general name : Sea-Nine 211},
3,4-dichlorophenyl-N-N-dimethylurea (general name : diuron),
2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine (general name :
Irgarol 1051), 2,4,5,6-tetrachloroisophthalonitrile (general name : chlorothalonil),
N-dichlorofluoromethylthio-N',N'-dimethyl-N-p-tolylsulfamide (general name :
tolylfluanid), N-dichloromethylthio-N',N'-dimethyl-N-phenylsulfamide (general
name : dichlofluanid), 2-(4-thiazolyljbenzimidazole (general name :
thiabendazole), 3-(benzo[b]thien-2-yl)-5,6-dihydro-1,4,2-oxathiazine-4-oxide
(general name : bethoxazine),
2-{p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole (general
name :Econea28), etc. Among these, copper pyrithione, zinc pyrithione, zineb,
Sea-Nine 211, and Irgarol 1051 are preferred, and copper pyrithione, and
Sea-Nine 211 are more preferred. These organic antifoulants enhance the
antifouling effect in combination with the above-mentioned cuprous oxide, and
therefore even a little amount of the organic antifoulants works to maintain the
antifouling effect in a sea area having active fouling organisms. These organic
antifoulants may be used singly or in combination.
[0083] - '
The content of the organic antifoulants in the composition of the present
invention is preferably 1 to 50 parts by weight, and more preferably 10 to 30 parts
by weight per total amount of 100 parts by weight of the copolymer (A) and the
copper salt (B). If the content of the organic antifoulants is less than one part by
weight, the antifouling effect of the organic antifoulant cannot satisfactorily be
exhibited. If the content exceeds 50 parts by weight, no improvement in the
antifouling effect can be observed in proportion to the increase in the amount of
the organic antifoulant; this is thus uneconomical.
[0084]
<<Qther Additives, Etc.>>
The antifouling coating composition of the present invention may further
contain plasticizers, dewatering agents dispersants, known pigments and like
known additives.
[0085]
By containing a plasticizer, the plasticity of the composition can be enhanced,
allowing a desirably strong coating film to be obtained. Examples of the
plasticizers include tricresyl phosphate, trioctylphosphate, triphenyl phosphate
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and like phosphate esters dibutyl phthalate, dioctyl phthalate and like phthalate

esters; dibutyl adlpate d1octy1 adipate and like -adipate esters; dibutyl sebacate,
dioctyl sebacate and like sebacate esters; epoxidized soybean oil, epoxidized
linseed oil and like epoxidized oils and fats; methyl vinyl ether polymer, ethyl vinyl
ether polymer and like alkyl vinyl ether polymers; polyethylene glycol,
polypropylene glycol and like polyalkylene glycols; and, t-nonylpentasulfide,
vaseline, polybutene, tris(2-ethyl hexyl) trimellitate, silicone oil, liquid paraffin,
chlorinated paraffin, polymeric plasticizers formed of ethylenically unsaturated
carboxylate polymer, etc. Among these, tricresyl phosphate, epoxidized soybean
oil, and epoxidized linseed oil are preferred. Epoxidized soybean oil and
epoxidized linseed oil are especially preferred. By use of these plasticizers,
physical properties of the coating film is improved, and in addition water
resistance is enhanced. Therefore, penetration of seawater into the coating film
is prevented, and thus crack, blister and like coating film defects can be
prevented even in a sea area having a high seawater temperature. These
plasticizer may be used singly or in combination.

[0086]

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

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

[0088] |

The dehumidifier is a compound that can remove water in the coating
composition by reacting with water. Examples of the dehumidifiers include
methyl orthoformate, ethyl orthoformate and like alkyl orthoformates;
tetraethoxysilane, tetrabutoxysilane, tetraphenoxysilane,
tetrakis(Z—ethoXybutoxy)silane, methyltrimethoxysilane, mefhyltriethoxysilane,
dimethyldiethoxysilane, trimethylethoxysilane, diphenyldiethoxyéilane and like
alkoxysilanes; maleic anhydride, phthalic anhydride and like acid anhydrides,

etc.
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and 100 g of methanol were added, together with glass beads (di ameter: 2.5
to 3.5 M), to a 1,000 mM flask equipped with a thernoneter, a reflux
condenser, and a stlrrer and the m xture was stirred for 8 hours at 70 to
80 dé@089 and then maintained for 2 days at 50 deg. C. The resulting

m Xt ure Yhs deh Hﬁhﬁ@ageﬁmé em@ﬁt@uﬂ&ﬂﬁéﬁcﬂe%m@m anglef i tige ed, and
subse uentlﬁ %eentrate 1ﬂjer r duc d %sgyre to renmpyve t he met hanol by
di st iTTERTVBROD XY DGR RHEt a‘Hﬂ % SRYdTating a8k @t rat e, thus
pr odgeystgllizatipnewatero| ixagaplet of tdnhwdsamng @gpnts gulludé¢ arﬁlwdn@par ent dark
bl ue o$pkHb, %Ole%g.ldldsﬁ%g %ﬂhgn@&ﬁkﬁ saftfle, sbafurfmesiicitendtocyl ene sol ution of
gum [L@Sﬁ!’@l copper salt had a Ron-volatile content of 50.8% [0130]

n

Pr od Exanpl e 8 (Pr oduction of Hydrogenated Rosin Copper Salt)
400 g of Theveyisenelisntatioroo ohe kypdtageartahediavosteninigt agese indhe " Hi ghpal e CH'

d i d- tent:
S5y Cofthylichi 8 FE pbacaCinteniiny, Bt SUAHIY1 THRTLEIERY it on
(di aﬁeﬂemorepseteaa@y&s? P ORAES Ry d@@tgbé P&rtoeéeltwum a%togqu@em with a
t her maigtiesf, the cafdlypnee QAPandahe cdfgbed salti (B)er Wtaaaﬂt}téteomnexﬂt Wf ehvwas

stirr ] nt ai ned f ys at
50 dd%@ra%&ﬁq.& @gﬁ{i‘l %Boaprlnt;%t%é) vvasb%e%ll%cff?o roo Veerrlf)aeerna gzt(og deg.
@) aﬁanffmlﬂt @l Ho0 panis lssuwgitte th¢ ptaege siabilite af thelepatieg geevd)ofsrtes% gfe to
reno\ﬁgethlin@ﬂm;rh@gqﬁirtpyr g-hﬁfé‘}édatl on. Xylene was then added to the obtained

conce(?ééf] t hus producing a xyl ene sol ution of hydrogenated rosin copper
sal t ranspar ent dark blue solution; solid content: about 50% . The

resul ti nhgphéifeulsnd ooatng eonyelitge ndtibed presémt guppeongaicferably a
non- y@liak} t;snﬁﬂﬂ&%rttlsetrs%ﬁlt?(ﬁl a[rﬁﬂs’é%ﬂmfgegétﬁ Oeyﬁéﬁtmhﬁlgqa (i‘i’é;f?a%&ﬁt on of

D sp rti onated sin per Salt) a xyl ene sol ution of
di spFS%&P?‘P@ﬁ’é’Pe‘Ef tﬁ@ﬁ%“???%l"é ﬁaﬁmcul%’nﬁ%’ﬂ nbffrb‘b‘tfé:“éﬁ BOVeaPIgEGA Kagaku
K. Kmematbortedhbealoer) of $He rmlﬁq:tﬁg)lbﬁajf itheqoetent inved¥Uon, 280v¢]l aé thapr ous

d |
e Piod of s LA (o 1EOA MCBAREE Sanitl ATkt Eed ?fﬁiﬁlgtt?ﬂ%%%%ﬁﬁézr
and &tarege obithe spmnasition af $he RugseRt investioner Thimalgoselitctvelt 80186S deg. C
and theprovleat af ae@ptl@g o?. tldeysa oshiol@the doatiiendfsHhl)ivigerraxddatighas

cool era and f| ered d subse uent y
concalPrS EART GErhrandacr B an Shkeh Hdmaled biatiag iR Py ssh o

di stﬂl¢m¢$ﬂn‘t1ﬂy¢@h@nwas then added to the obtained concentrate, thus
prodymo a xyl ene sol uti on of di spr oport| onat ed rosin copper salt (a

transpar nt d L.ue sol | on 0 bout 50 The resul ting

oyt one. SATPDR S SPrER IR E A e AT e DAt Kt SAB S vol at 1 o

cont &ty efidbguide- ba[sedzﬁgsp@mps,efaj;ty @(;1d7est&" based Gosprasatisve Exanples 1

t o4 ions S-1
h;ﬁf&%_ﬂ%tgg Qagior(tﬂ??:])'aggg éﬁ%}?{f}%&l Qﬁ%)etable polﬂ@ﬂké((ﬁ'%ﬂpb%%é&t

ned u‘}_é 1°to 6 and Co
Sol u@f%ﬂ%swtf tpé’ Yetheppetsrriaae FaryuliatertyRg @epic t@%‘tsi to 4
f or psebrcasbaxofi] yeTdraanirideaktythasee dispaidaeis, pblygarboagdicradidipaedsal ts or

hydr I i er salts
(2ol LAHELEAS %%gﬁngﬁg%%&ﬁ&bt%a%g UiPERES, ROTUE b 58%0 T2 ' Ne
as r 8ineraapise speeial silicpadbasedt dispessades, wplchbasechdispggearyar ti cl e di anet er
of 3behtdhitbheéd dsehaASafith)NeitSirdtd-Bese B Hidirbadss, scaOsdMUsed

anti foul ant s RLgMENt S addi tives, and solvents listed in Table 2 were

bl engesé)efﬁa?%e E‘?oportl ons (parts by weight) shown in Table 2. The above

i ngr edi ekhesewdispersandd mayl bei werst siwgly ogen kemiwhetiogl adbesangositich a

2 B B o B B e et Tons.
& o TR sorap g GTUBE et I E R heEaced by, T6F Sxdigle. o Lto g

copopyemng atmmeﬂ miatmml mmt@mlngftﬂeycbprgmréﬁ) etos, and chpemsags (solid
cont gnh: d1 i Prig | dtibA a fit ﬂb%&%h&&oﬁ thh%Ftt&uctl onat ed

rosin copper safts so | content obt ai ned

Exanﬁ@étsa@%ﬂaaﬁe% digpqraaphsthestofage stabiliheohits Mitedapkitgs) gemes
additives, and solvents listed in Table 2 were blended in the proportions
(parts by weight) shown in Table 2. The above ingredients were m xed and
di spersed together with gl ass beads'¥gth a dianeter of 1.5 to 2.5 nm
Cuprous oxide with an average particle dianmeter of 13 or 19 pm was
subsequent|ly added to the m xtures and slowy stirred with a stirring

bl ade, thus producing coating conpositions. [0134] [Table 2] 1 ogdutexa
acitemdtino It,



| 11 [ 01 Mall I LL I /I R11.1 lelz NM il 51 1CI
1111 1111 at, 1111 :

enhanced, and the composition of the present invention can be obtained more
easily and reliably.
[0093]

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

[0094]

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

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

[0096] '

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

[0097] |

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

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

[0099]

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

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

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

[0102]

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

[0103]

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

[0104]

Mixing may be conducted, for example, by a known disperser. The
disperser may be desirably selected from those that can be used as
micro-pulverizers. Specific Examples thereof include mills and dissolvers.
Examples of the usable mills include ball mills, sand mills, bead mills, pearl mills,
Dyno. mills, Cowles mills, basket mills, attritors and like mills generally used for
mixing and‘_dispersing coating materials. A dissolver is a disperser having a
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rotary vane-type grinder. The mixed solution can be mixed and dispersed by
rotating the grinder. The dissolver may also be called a disper.
[0105]

When a cuprous oxide is contained, timing of adding the cuprous oxide and
mixing conditions can be varied depending on the average particle diameter of the
cuprous oxide.

[0106]

Specifically, when a cuprous oxide having an average particle diameter of
about 3 to 10 pm, preferably about 3 to 8 um is used, it is preferable to mix the
copolymer (A), the copper salt (B}, the cuprous oxide, and if necessary, known
additives, and after that, to mix and disperse the resultant mixture by the
disperser mentioned above.

[0107]

The cuprous oxide having an average particle diameter of about 3 to 10 pm
tends to form secondary aggregation. Therefore, when ingredients containing a
cuprous oxide are mixed, the obtained composition is likely to have aggregation.
This may cause cracking or the like in the resulting coating film. By mixing and
dispersing a mixed solution that contains cuprous oxide having an average
particle diameter of about 3 to 10 pm using a disperser, the secondary-aggregated
cuprous oxide can be broken down. This makes it possible to obtain an
antifouling coating composition with the cuprous oxide desirably dispersed
therein.

[0108]

When a dissolver is used as the disperser, it is preferable that the grinder of
the dissolver be rotated at high speed. By making the grinder rotate at a high
speed, the secondary-aggregated cuprous oxide can be desirably broken down.
[0109]

When a cuprous oxide having an average particle diameter of about 10 to 20
pam, preferably about 13 to 20 pm is used as the cuprous oxide, it is preferable to
mix the copolymer (A), the copper salt (B), and if necessary, known additives, and
after that, to add the cuprous oxide into the mixture.

[0110]

- When a cuprous oxide has an average particle diameter of about 10 to 20 um,
secondary aggregation is relatively unlikely to occur. For this reason, it is
preferable to mix and disperse the copolymer (A) and the copper salt (B} using a
disperser, to add the cuprous oxide to the resultant mixture, and to mix the
mixture using a mixer so as not to pulverize the cuprous oxide particles as much
as possible. According to this method, the cuprous oxide is hardly pulverized,
and therefore, the surface area of the cuprous oxide in the resulting composition
becomes relatively small. For example, the specific surface area of the cuprous
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oxide can be as small as about 1.3 x 103 mm? or less, preferably, about 3.0 x 104
to 1.3 x 10-° mm=2. When the surface area of the cuprous oxide is small, the
coating film dissolving rate can be effectively controlled even in seawater having
high temperature. In addition, according to the method, processing time for the
" process by the disperser above can be shortened, reducing the production cost of
the composition of the present invention.

[0111]

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

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

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

[0113]

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

[0114]

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

[0115] _

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

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

[0117]

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

[0118]

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

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

[0119]

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

[0120]

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

[0121]

For example, when the antifouling coating film is formed on the surface of a
ship bottom, the antifouling coating film gradually dissolves from the surface, so
that the coating film surface is always renewed. This prevents the adhesion of
aquatic fouling organisms. '
[0122] .

Furthermore, the hydrolysis rate of the antifouling coating film in seawater is
deSirably controlled. Therefore, ships benefit from the antifouling effect for a
long period of time; additionally, even when the ships are not moving, for example,
during anchorage, rigging, etc., the adhesion and incrustation of aquatic fouling
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organisms is barely observed, and the antifouling effect is exhibited for a long
time.

[0123}] _ : _ _
" The surface of the antifouling coating film is basically free from cracking or
peeling even after a 10ng. period of time. Therefore, it is unnecessary to
completely removing the existing coating film before re-forming a new coating film.
Therefore, by directly recoating the antifouling coating film composition thereon,
the antifouling coating film can be effectively formed. 7This makes it possible to
continuously maintain the antifouling effect easily and at low cost.

Example

[0124]

Features of the invention will be further clarified referring to the Examples,
etc. shown below; however, the invention is not limited by the Examples, etc.
[0125]

In each of the prodtlction Examples, comparative production Examples,
Examples, and comparative Examples, "%" denotes "% by weight". Viscosity was
determined at 25 deg. C using a Brookfield viscometer. The weight-average
molecular weight (Mw} was determined by gel permeation chromatography (GPC)
(ausing a polystyrene standard). GPC was performed under the following
conditions.

Equipment: HLC-8220 GPC; Tosch Corporation
Column: TSK-gel Super HZM-M. two

Flow rate: 0.35 mL/min

Detector: RI

Column thermostat temperature: 40 deg. C
Eluate: THF A

The non-volatile content was determined by heating for 3 hours at 110 deg.
C.

[0126]

The amounts of each ingredient shown in Table 1 are represented in grams
[0127] |
Production Example 1 (Production of Copolymer Solution (A); S-1)

230 g of xylene was charged to a 1,000 ml flask equipped with a thermometer,
a reflux condenser, a stirrer, and a dropping funnel, after which a mixture of 230
g of triisopropylsilyl methacrylate, 210 g of methoxyethyl methacrylate, 30 g of
methyl methacrylate, 30 g of ethyl acrylate, and 4 g of t-butyl peroxy-2-ethyl
hexanocate (initially added) was added dropwise into the flask over a period of 1
hour, while stirring at 100 + 2 deg. C in a nitrogen atmosphere. After the
dropwise addition, the polymerization reaction was performed for 2 hours at 100
* 2 deg. C. Then, while stirring the resulting reaction solution at 100 = 2 deg, C,
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‘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 that,
270 g of xylene (additional solvent) was added and dissolved, thus producing the
triorganosilyl ester-containing copolymer solution S-1. Table 1 shows the
viscosity, non-volatile content, Mw, and Tg of S-1.

[0128]

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

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

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

[0129]

[Table 1]
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Ingredient Name [-5 Z-S GC5 Z-H 0-S CH 1li-4 Gum Rosin Copper Salt

Solution (Solid Content About 50% Xyl ene Sol ution) Hydrogenated Rosin

Copper Salt Solution (Solid Content About 50% Xyl ene Sol ution)

Di sproportionated Rosin Copper Salt. Solution (Solid Content About 50%

Xyl ene Sol ut [ on) Gum R05| n Z| nc Sal t So] ut ion (golid Content. About 50%
: a¥ LI IR 36¢ @At About  5009. Xyl ene

Sol ut i on%oo gﬂéﬁe@oﬁrﬁ%ﬁﬂ fl ;(nNemﬂmrd éam:ﬂht:eﬂo%p 200 g of Epprouk zed

b

& 2adrd éar%do&éér 535508 apl WPy Ahed VoA T DR bedts HifheRFR S
Chendo' 8 b tgitn} e éé@@mltﬂaﬁkee@laﬁé@é‘flﬂ?%a ﬁR@@H@iﬁb o rARRRIRRSET Chemet
Cor PRt h QlirrdY 8hadBe PAKLLSE R s%ﬂ?&& Ford hilar&ak [Foeo® o qei( Areid gah Chenet

nor hERAASELEF ohGAYR B S L1 e B MBTE TR 2L abiet U BN one

(Arc heﬂp@mﬂ&ies(ZSldﬁg OPaymukefiltOrml]ianes) siSeseduiensly2ddn qeEftfateti wed@onmponent
30% @hg@& P§ %’reﬁﬂﬂz@ ﬁﬂédm &W&Mlaltloﬁg %ﬂéné‘-%& thehbaideyl) Red
[ ron ri gnent Carp a .Col or lgé Mat sumur a

| ndudP rthésob(%medL‘%Qilcth’@Eﬁ ﬁ’%ﬂl%P mﬁgr?cxxiﬁpa éOE PRYET EHEMTRYM | ndustry
Cha" dobgher sZltra tExn stearSac dadk (bluadehitioms)solifi ¢artenin éhoﬂeso%w,r UKasa Co,

Ltd, | e)

Vol ed6rafiblg FALOESRRRST ot o CAS YDA S M ABE RS0, e
003- Z8¥Kusunot o Chenicals, Ltd., Fatty Acid Am de-based Thi xotropic
Agentjo1Bbf ecti ve Conponent 20% Xyl ene Paste) Xylene 19101

Production Example 8 (Production of Hydrogenated Rosin Copper Salt)

400 g of a xylene solution of hydrogenated rosin (trade name "Highpale CH"
produced by Arakawa Kagaku K. K., acid number 163 mgKOH/g)(solid content:
50%), 200 g of cuprous oxide, 100 g of methanol, and glass beads (diameter: 2.5
to 3.5 mm) were added to a 1,000 ml flask equipped with a thermometer, a reflux
condenser, and a stirrer, and the mixture was stirred for 8 hours at 70 to 80 deg.
C and then maintained for 2 days at 50 deg. C. The resulting mixture was cooled
to room temperature (25 deg. C) and filtered, and subsequently concentrated
under reduced pressure to remove the methanol by distillation. Xylene was then
added to the obtained concentrate, thus producing a Xylene solution of
hydrogenated rosin copper salt (a transparent dark blue solution; solid content:
about 50%). The resulting xylene solution of hydrogenated rosin copper salt had
a non-volatile content of 50.3%.

[0131]
Production Example 9 {Production of Disproportionated Rosin Copper Salt)

400 g of a xylene solution of disproportionated rosin (trade name "Rondis R"
produced by Arakawa Kagaku K. K., acid number 157 mgKOH/g)(solid content:
50%), 200 g of cuprous oxide, 100 g of methanol, and glass beads (diameter: 2.5

to 3.5 mm) were added to a 1,000 ml flask equipped with a thermometer, a reflux
condenser, and a stirrer, and the mixture was stirred for 8 hours at 70 to 80 deg.
C and then maintained for 2 days at 50 deg. C. The resulting mixture was cooled
to room temperature (25 deg. C) and filtered, and subsequently concentrated
under reduced pressure to remove the methanol by distillation. Xylene was then
added to the obtained concentrate, thus producing a xylene solution of
disproportionated rosin copper salt (a transparent dark blue solution; solid
content: about 50%). The resulting xylene solution of disproportionated rosin
copper salt had a non-volatile content of 50.2%.
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Jaum odo0 wsoj JanD4sel4 O n WatAd | PV JLfIQ Test Exanple 1 (Stability
Test for Coating conpositions) Each of the coaling conpositions
obtained in Exanples 1 to 8 and Conparative Exanples 1 to 4 was sealed in
a 100 mM wide-nmouth tin can and stored in an incubator at 40 deg. Cfor 1
nmonth, after which the viscosity of the coating conposition was nmeasured
usi ndOéSB} ookfield visconeter. [0135] The vi scosi ty of the coaling

CONPaSidrhBl Vo5, BVE) 488 ChrAdafalidcoMBamples & t6hANS _@f | ess

conpe B! a change in viscosity of 500 to 5,000 nPa. s/25 deg. C (a
slight i @opebmnaen Boluiteaess-tly -2 Cand hahgeiriad ivi RBrodsictipnoixampéest ham 5, 000

and Ltpﬁga oI, @D?uﬁéﬁg I-flqgto 1‘% 4 Ebfélﬂ@tlflh@&hgbi‘&ﬁx‘?@ﬁ?od%ﬂdrfCOS' ty)

D ac nge SO sSi g_ I cant he viscosit unneasur a
coat ifmEBlgsos e frdAr P@Pr?édcqnﬂ wr@eqheow s8¢ |Sell¥til%|3) ofrgiany X8I COPREE shown
i n Takle ot hydibgehated rddin apple sake r@)rfdléﬁiofilﬁhenatéd”lﬁdsm% Alshltg

To )o@ LOAMTEE HBbARSHIT iR PRRAR R aRbngiOF "E’%%%%ﬂ 4% g&s:mgs '
F| | mrﬂamer@mf)r salts; aeﬁcwmoum@ﬂdﬂtmth@m ayeregaipantcleolipowter ohs asift ai ned
in BExafgbeeasd atscblﬁ)r%ﬁh@ SagpasateVea U BrRMId aih@ﬂéulé@fts P &dst 0 a

d’
N R e%at&ﬁfs(tﬁgena#%?%éa%fm@éanﬁsﬁ kAo £
coal iwq:;glflt)lshom tné#sble?. tﬁ‘heraésnrbunglgpdjmytscwata mgxdd Iandwhspmslur ed at 25
deg. Qget%p%al gm%éaash@{tﬁ%aﬁﬁleﬁér%f 1.5h% J.8sHbd $o ﬁ)‘fgﬁl‘uée 8&5@& ) are

shown Tn Tabl A count nunber of 20 to 50 is preferable for pr cti cal
pur p&é’é%pos[‘@‘i%%] It can be seen from Table 3 that the coating filns
formgdld3j ng the coaling conpositions of the invention (Ex. 1-8) have a

sui t ghlg, barsiness. ¢ [O13Uc1iEestr ESMRL S ot hesispn Test for Coaling Fil ms)

The ccordance with JIS
K- 5600- 5CgPolgFE $elusiong S{28t3, et S-bcitattesinRusiugtiog Examples 3l 3.0wi ng
gt hayg .6 foratseads b&l@olﬁ]ﬁﬂslrhﬂﬂl@ﬁﬁlléﬁ&iM@ﬂénlgbfhiyﬂ%igérfhtgd&ﬂﬁﬂrﬁ&z Séro ?53nd ,
rrpar firs | te X X
S5 o EBRR abab? oMbt i BERA Stind EReieR 400 pm Tive
appl |de%pr@@9rﬁ1wgamsrqsmﬁonpﬁedant@r(sthhagn@tnt4ebdeg50%)tqbtpn@|daime a dry
coat ippgdibtioh \E)iaﬁ‘n lekB (eSS afrosiPRYbis 1041 RS thAfdrRifohiRalts, bidenddResi on

test \é%su‘?e%ng}rjl solvents listed in Table 2 were blended in the proportions (parts by

weight) shown in Table 2. The above ingredients were mixed and dispersed
together with glass beads with a diameter of 1.5 to 2.5 mm. Cuprous oxide with
an average particle diameter of 13 or 19 pm was subsequently added to the
mixtures and slowly stirred with a stirring blade, thus producing coating
compositions.

[0134]

[Table 2]
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[0140] The eval uati on was conducted in the following way. (1) Evaluation
before tape treat nent Hori zontal eleven lines are vertical eleven
lines are forned on the dried coating filmwith a cutter so as to reach
the base (the tin plate) and to forma crosshatch having 100 squares (each
2 Xx 2 m). The adhesion state of the coating filmin the crosshatch was

wsuall_yw Aspact a7 A el fundel of [T g [SHURTIES tt;‘a;, JLaIngt Tpeel[4dff is
th 1100 ~itihe IMunbhdr f"'rhp_qu.:rnq tihdt idildi not ipaell offf{Tis from
= ¢ | |the nunber iof |t e squareg=that| di-d rot=pde|—jof|f|i-s |ErEm 20
e mumberT 0T thE syuat ey yhat didrmot pest ot T iy from it o 19.
${Uptli o aflt er{™ ape=f rleatjment "1 {“Aftel Ithe |eval®uatilon “of” thelabove
jel TlopHahd {ape |( NI CRl BANI CO. .| .LED. |t ppee |wi|dthjA4Df) |was. atfgixed to
e~pepti-ored-1100 &q&ér g amd-lode endgi( tHe+tppevag—held-tdnd the
“pg&| gdi df { |qui ckFy.| Mit er that}|t he| adhesi oniytatje [off T h&|=oal i ng
Jdistidl by fnspectigd.t Al the Indober piy fihg sgugrey tihat  difkinot
g friomi70 {to [100; | {%it he nunhén of | the dquares]tlhat di d"mat peel
tom 40 1d<69. 1 G | [ heiquidber jofi the pgudrdgs iLhat].di.d naot pedl of f
201451391711 t hle Lnbnber -6t t-He {squarpsl-tihdt [di- d-hdt--tpeeltotH is
o 19| The rdsults aflel shown iin |Tabl@| 3.~|[ Q14¢]|~|~|-it |can=& seen
FETSTtetthe copat o ms—frormed TusTing At coar g ¢onposd|t i ons
ilnventioh [(ExX. 18T strdngly ddhenditp theltiiniplatle. [[0142]%|Test
4/ (Fleexthikijty [Test [&or ggallng Fibnegtei | agh]-af- it he- ¢af)i ng
-pms gbt-ai-ned HTExarphes—i—tro-8-rand-Conparat T ve Exam c\_lgto 4
Med~td a |bldst-filnigheéd trn fgl ate (Y5 1150 (RI2~m |sd T hatSlt he
Lrg fill mit hijckness| woul{d| be.abggti 100 pm |The{-dpplii-gd jcodkizglg was
Hed+pr—i—day—at—40-deg+——Cto-prepate y—aepthg—-H-Hmw-t+h a
t hi ckness| of | dbbut | 100 pm | The itin|pliatje icoa wiith {Hejdry goatling film
was bent DG pdgi |, jand {t he] gendi §i on jofi tih gogl | ng; fii IiIm|@as vijsual |y
i nspected, |[D14B]} The f| exjhilijty wag qval ya as flo| ljons. |A|<
substantiplily (frgejaf |cracks<B:; ¢omt gi ned-m g gr acky=L:| donkaiined | arge
cracks|D:| a partijop jof It heldaatii g fllmwgi i3 peelléd-lof|f [Ehe results
are shown iin| Tabliei 3. [0:-%43:.? it [can tbeZseen F|rqm Tgblle |3 (Ehat | tihe
coating filing |f primed sin@%@je&imglirg cqiposifildrs jo £hd ilnyént]i pn (Ex.
1 to 8] are pxcell ent |in|Ej®x desist dnce |P g&% Tgst Exanpl 4 3B 5(\at er
Resi st ance | Tegt | flo :fti':ﬁﬁﬁé.;g@ AR andi -ieqrrosilge lcqatiEng {ijl m was
formed| by} appllyi ng| an|antEtyerilgskve [cadt e g Figtlerli ak| (&) vid|w =based A/ Q)
to a ground gllasy pllatel (Fbp8|Aln0x =1 mB| EQ| $1mt: |t el 1BI gléss af {er
dryi ng| violl e lbotit:| o8 || Z Bl Bwed bye| @1 ¥1 nit | Eadll D) t/fe wgalli hd
conposi & ohS|abraried Tt | Exgnpties 51 <& |& |and ?@@ra@@g EXgapkey 1sto 4
was subsgeguent!l y lappl il ed |EP:|ENE ant i corF| @ gi@&?tigﬁiﬁ%magtjaiﬁthe
dry coalsi ng fifl mit hilckness| ¥gudid| be sdbBout| 100 pin® The[HBH iS¢ |€aql | ng was
dried {or; 1 day|at|40 deg?|aLs|3 ks |ariendring| ol 4|5t |§laee M|t 24 |dy y
coal ing film thi dkndss ofl2atdUt Z1605pm | STRett B3| i acks|Bas 3 |mrerded i n
natural seawatler fat |35 |ded||€l3|81 23 2manths) 2 &b 1o WHEEH T e |E9Edift | on of
the coating fill miwas visualdig|diaspectiad el 3 5| 5|22 (212|522 |28
: A e E A M R R R A A N R P R T A -
ST LI R e i E S S Ed g b A E R I KA B
Sl L T TI2IB|S 2|E|s2 |5 1812|855 5L 2 .
CHED|CIC @ | 1l J 2Ol ]aiZirliniFiIEiEiow]x
% sawfjodon tHEOY JBTIDRSRL 1HpIXG SnoHIng JUBmOAY ] AR saf::;!gv g
Pl %

Test Example 1 (Stability Test for Coating compositions)

Each of the coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was sealed in a 100 ml wide-mouth tin can and
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[0146] The water resistance was eval uated as foll ows. A: the coaling
fil munderwent no change B: the coating filmslightly changed color C the

coaling filmwas slightly blistered D: defects such as cracks,
swel I'ing, and peeling were observed in the coating film The results are
shown in Table 3. [0147] It can be seen from Table 3 that the coating

fi | ntersidgen dnagbates atdt) deg €ifPmlcoepdsi alitehwhigh the viseeaiy jodkhe Ex.

1- 8) doavieigtodifpbsifion/ ©as $h@REEc sl &f Brodldied8 Vidchbakdter 3 Test Exanple 6
( Sol 3@%@ y Test (Rotary Test) for Coating Filnms) A tank was provided, in
t he thereof, with a rotating drumwith a dianmeter of 515 nmm and a
hei gftheotisaasgtyrof the adating chapasition svasotvalhatadr amfollaws.a mot or. The tank
vas al:SPcRARYE ﬁ?%é@o&ﬁy%f taQ! i BQQ%P&@QfSO&eéf@PéMtéﬁﬁaﬁﬁ%\&at er

t enperat ur e c stant and a pH wtomatic controller for keeping the pH of
t he §i‘§ﬂ§f3 gc‘{%‘?ﬁ@‘] o°n)  Two test plates were prepared for each
coal |Blga chapgsiin ivinvoaitg @f G0tytd 5,a0terdRal. & % dggn€t(hadighft @d&Rhse in An
anti < ve coating filmwas forned by applying an anti-corrosive
coallng ma rial (a vinyl-based A/C) to a hard_vin chl ori de pI ate (75 x
150 1O GRAnEIR FSEoR ROt HoER F685 S0 Andri Ky LUBIGD BeRbisn 450 Gl

foll @s\i@ﬁﬁb&ndirydregse Baetscobityhe antifouling coating conpositions obtained

in rative Ex d to the
antl “Corr %éjllée é%mrrﬁ% C?Irﬁﬁﬁ%sgl hat 0%&”'%{%%%ﬁ%%1g§§ﬁg%{$%r(ﬁ?f n%voul d be
abou&omq@h@nmén@@mﬁoe@lg@barﬁﬂ]gdxﬁﬁd dried for 3 days at 40 deg C, thus

pr epaHengsalisCsle SHAE iRaWHM 32 dry coaling filmw th a thickness of about
300 ﬁ)ﬂ% 151] One of the thus-prepared test plates was secured to the
rota rumof the rotary apparatus of the above-nentioned equi pnent to
contact Hthersbawetefroraihtiad tetadhierpatingmatsriabfoatred asing thpeed of 20
knot %oa&ﬂg'd&@n}%u%ubﬁ%f th%*lﬁvéﬁé&ﬁt (Bkatfi1I0S &L gels‘&%eﬂ&ht! ipbfdesedt 25 deg.
C and th . e seawat er was replaced once every week.
[015§fab Y.-The initial coali ng filmthickness and the remai ning coating
fil mohdZkness after every 3 nonths fromthe beginning of the test were

rreasqregg%fx% ﬂ@cf{g@asri gb%gﬂ tfﬁh@g ]a | aser focus displacenent neter, and

th g filmwas calculated fromthe

di f f er enéach pétlepantifaHingcepting crapgsiius ohiginedunExamnlee 1 do 8 and film
loert @ﬁhba&eam(’jerm@l plesTDéo W&ﬂh@@iﬁ@&ltw/&lstr?ﬁ &149 p &‘ﬂ? I Bk NS0 :g]ndTL he
coa|n 1.SSO S cal Ccul a nt ns e
- oeulr B} SURCRR SRRy B oA AL %@% QTR AR |
t he doral iday dtidthdegd. cﬁrre'ahgsrba@ngrﬁénbbalrdnﬂgscsxfrtb@sewkbm@qu@émgtﬁlant| on
ont e, ﬂlﬁﬁ‘?ﬁ}ﬁé& B Ul R e e et P P
For g8 MO BRSSP AN bHe-or SBROE MR HGEHE 2BrOSTh P ETaPIS

r eduddn presctioal phoepdsssol ving rate, so that they are dissolved stably for
an egggﬁged period of time. [0155] In contrast the coating filns formed

usin coal i ng cgnposi tion of Corrparatl arrp s 1 and 3 have a
| ar ge m@mb?@e%tf@mﬂaé%a\ﬁa%m@ﬁ&% ?fgug%ﬂﬁj € ¢RatRg stabl e

compositions of the invention (Ex. 1-8) have a sultable hardness.
[0139] |
Test Example 3 (Adhesion Test for Coating Films)
The adhesion of each coating film was tested in accordance with JIS

K-5600-5-6. Specifically, tests were conducted according to the following method.
Each of the coating compositions obtained in Examples 1 to 8 and Comparative
Examples 1 to 4 was first applied to a tin plate {75 x 150 x 2 mm) so that the dry
coating film thickness would be about 100 pum. The applied coating was then
dried for 1 day at 40 deg. C to prepare a dry coating film with a thickness of
about 100 pm. After that, the adhesion test was conducted.

- [0140] '

The evaluation was conducted in the following way.
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[ 0156] Furthernore, the coaling filnms formed using the coaling

conposi tion of Conparative Exanple 2 has a small dissolving rate in
seawat er, and therefore cannot sufficiently exhibit an antifouling effect.
[ 0157] Further nore, the coating filns formed using the coating
conposition of arative Exanple 4 was |largely penetrated by water in
seavva(tlevaJdeﬂil%b oredape regtaremtor peel -of f occurred, and thus

megls ur e”ﬂ&fhz@htéﬂ'@ef&rﬁ ﬁﬁbylalmg v@ﬁ@@mteim Eﬁés aﬁ;sajrb;h@jRthﬂaé%i{le{dTablAe 4]
Coat {GFAE PbRAUE P AL PR TEAR TG PRPT TS S8 ST DI AR TR om 12
Mont rcgossh@mhmnns 10Qysqui utsrst (aich Ao BrmnnH oth@:lhﬂmmg stagekd thont hs ( ¢
m Nb%@king@ﬂm in #hd cPosshatdh raks 5isuall§-iﬁspécted.

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.

D : the number of the squares that did not peel off is from O to 19.

(2) Evaluation after tape treatment

After the evaluation of the-above (1), a cellophane tape (NICHIBAN CO., LTD.

tape width 24mm) was affixed to the above-mentioned 100 squares;-and one end

of the tape was held, and the tape was peeled-off quickly. After that, the

adhesion state of the coating film was visually inspected.

A : the number of the squares that did not peel off is from 70 to 100.
: the number of the squares that did not peel off is from 40 to 69.
: the number of the squares that did not peel off is from 20 to 39.
: the number of the squares that did not peel off is from O to 19.

OOoOw

The results are shown in Table 3.
[0141]

It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention (Ex. 1-8) strongly adhere to the tin plate.
[0142]

Test Example 4 (Flexibility Test for Ccnatmgr Films)

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

inspected.
[0143]
The flexibility was evaluated as follows.
A: substantially free of cracks
B: contained minute cracks
C: contained large cracks
D: a portion of the coating film was easily peeled-off
The results are shown in Table 3.
[0144]
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3.54.1 53031 3,3 73.940 4.5 4.6 Conp. Ex. 7.58.7 21,8
1.2 8,2 9"2 i

It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention (Ex. 1 to 8) are excellent in flex resistance.
[0145]
Test Example 5 (Water Resistance Test for Coating Films])

An anti-corrosive coating film was formed by applying an anti-corrosive

coating material (a vinyl-based A/C) to a ground glass plate (75 x 150 x 1 mm) so

that the thickness after drying would be about 50 jum, followed by drying. Each
of the coating compositions obtained in Examples 1 to 8 and Comparative

Examples 1 to 4 was subsequently applied to the anti-corrosive coating film so
that the dry coating film thickness would be about 100 nm. The applied coating
was dried for 1 day at 40 deg. C, thus preparing a test piece with a dry coating film
thickness of about 100 pm. The test piece was immersed in natural seawater at
35 deg. C for 3 months, after which the condition of the coating film was visually
inspected.
[0146]

The water resistance was evaluated as follows.

A: the coating film underwent no change

B: the coating film slightly changed color

C: the coating film was slightly blistered _

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

The results are shown in Table 3.
[0147]

It can be seen from Table 3 that the coating films formed using the coating
film compositions of the invention (Ex. 1-8) have excellent resistance to water.
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Credit,

Coefficient of Coating Film D ssolving Anpbunt)

Peel

-of f

[ 0159] Test Exanple 7 (Tenperature Dependency

Each of the coaling -

conpositions obtained in Exanples 1 to 8 and Conparative Exanples 1 to 4

was applied to the outer surface of a circular

cylinder (rnade of

pol ycarbonate) wth a dianeter of 75 nmand a height of 150 nmso that the
dry ¢o&#8hg filmthickness woul d be about 200 pm The applied coaling was

then 'yéqgllétgwr[}drled for 24 hours at 40 deg. Cto prepare a test circular
cyl i nder he wei ght was neasured. [0160] The obtained test circular
cyl i ndeF—was—vert+ga-y—atiached—to—ThreerOrerWbtpr——androtat ably set to
a wat erj t ghk '@ereafte', a;tlf!Ci | sqawatier f{Aquamarii ne iproduced by
Yashi ma| Pfg &> Gleni ¢al s| Co.| Ltld.) sisupplied info thhe ater tank so as
to i meffe2 e lentiire {est! abricut ar <yl indem, | to prepare jtwo jsets of test
appar at L%e%.mﬁter tenperat urel wasj kegt atf 25/deg; C ff or jone |t est
appar at us,2 and |was kept atj 35 ideg.| C flor tthe ot hefy test dpparatus. During
the tes ,qh(a(tpqt cirgcular cylinder vas fotated 1 )f 200 rpm
and thef artdfidial |[seapate] was repladed ¢very other meel. [Q161]
After 1P nménthg, the tést Lircular| cylli ndér was taken| out|, and
vacuumgdri e:?i fdqr «24 &ours Atm40 <deg< ¢ wAflt @r | thal ,othe> ierght of the test
circulaf cydinger Wwas feaspred. The cqating filmgissplviing gnounts at 35
deg. C pndgat 25 deg. € were cal cul atgd agcording|to fthe jredyction in
wei ght tH- o the—32—rpnt-hp—The tienperatyre iepe IdEIILy coeffli ci ent of
each of]the grglfoulin; copting fiJl ns iwas |cal ¢ul aj ed jaccgrding to the
follow hg fE@yl a. [01)2%%Tenp ratjure \?%{)endew% Coefficilent |= (Coaling
Fi | m Di ssol v Amufit dght Sedwdt ar “at 35| égl ) ating Film
Di ssol v| ng Aapiint (Vi ;ht) I n Seawat er] At {25 Deg.] C) [The resylts are shown
in Tablp S. [0163] C bel segn frijom Tabl g 5 that| thgd coating
films fpraed,usingithe coa I ng| conmposijftions of the inventiion|(Ex. 1 to 8)
have a efipegdliure |dependency poefficijent fof 1.3 pr less,j and thus the
di ssol v| 1§ d‘g@n;zbi sevirfuplly| tenper at u €- ilndegendsnt . [[0164] I n
contrast, itecqn bg seen that fhe coallingfil fprmed usfing [the coaling
conposi tionl ®F |Conpar ati ve] Exappl es 1 land {3 have & tehperjat urle dependency
coefficlentlof Inorea than. 1.5 nd._ bt hu it he.idi.ssal v Ag s .
terrperatgre-giepende nt. [ 01b5] Furtiherrfore; the copling fiil ms forned
using the gloatding donposition pf Conparatijve anple 2 h a ismal |
di ssol v| pgE pA@inte i|ncseamat ex, | apd] th rg{}crg agnptesufgicigently exhibit
an anti f‘ﬁ% ﬂgeﬁect. .[%1,56’]\[ ' Furt hgrnofe, the toatjnglfilnms forned
usi ng t hg Ttoakiing donposi tion pf Conparatijve anple 4 | ar gel y
penetrated PV Watern inlseawate ahd alresult, icrack el - of f
occurref, 2ands tlhus neasur efrent | of | he [di ssol viing anobupt was not possi bl e.
[0167] ['I:'"Qb{]eSS] Tdbl e{5 Coat|ng Fil m Di ssol ¥i ng] Anolint {Tenper at ur e
Dependehgy | =
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Test Example 6 {Solubility Test (Rotary Test) for Coating Films)

A tank was provided, in the center thereof, with a rotating drum with a
diameter of 515 mm and a height of 440 mm to allow the rotation of the drum via
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Coefficient D ssolving Anount After 12 Months at 25 Deg. C (ng/cnR)
Di ssolvitg Anpbunt After 12 Months at 35 Deg. C (ng/cnR) E. 5.65 6.84
1.21 2 5.52 6.63 1.20 5.73 7.06 1,23 4 5.82 7.33 1.26

a motor. The tank was also provided with a cooling apparatus for keeping the
seawater temperature constant, and a pH automatic controller for keeping the pH
of the seawater constant.

[0149]

Two test plates were prepared for each coating composition according to the
following method.

[0150] _

An anti-corrosive coating film was formed by applying an anti-corrosive
coating material {(a vinyl-based A/C}) to a hard vinyl chloride plate (75 x 150 x 1
mm) so that the thickness after drying would be about 50 pm, followed by drying.
Each of the antifouling coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to the anti-corrosive coating film so
that the thickness after drying would be about 300 ym. The applied coating was
dried for 3 days at 40 deg. C, thus preparing a test plate having a dry coating film
with a thickness of about 300 pm.

[0151]

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

[0152]

The initial coating film thickness and the remaining coating film thickness
after every 3 months from the beginning of the test were measured for each test
plate, using a laser focus displacement meter, and the thickness of the dissolved
coating film was calculated from the difference therebetween to give the dissolving
amount of the coating film per month (um/month). The measurement was
conducted for 24 months, and the coating film dissolving amount was calculated
every 12 months. |
[0153]

The results are shown in Table 4.

[0154]

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

[0155]
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54.71 5.62 1.19 4,46 5.21 1.17 7 5,90 7.27 8 6,11 7.70 1.26 Conp,
Ex. 7.63 11.83 1.55 2 -

In contrast, the coating films formed using the coating composition of
o TComparatlve Examples 1 and 3 have a large dlssolvmg rate in seawater, and the
d1ssolv1ng amount-is not stable.
[0156] '

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

[0157]

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

[0158]
[Table 4]
Table 4
Coatirig Film Diesclving Amount and State In Rotary Test
-Average Coating Film Dissolving Average Costing Filri Dissolving Amount
Amount From Beginning to 12 Months From 12 Months to 24 Months
{ ## m/Morith) . { it m/Mornith}
1 ) 4.1 3.7
2 18 335
3 3.3 36
4 35 41
Ex.
5 30 3.1
6 2.8 33
7 39 40
8 45 45
1 75 ' 8.7
b4 : 1.8 1.2
Comp. Ex. .

3 8.2 8.2
4 Orack, Peeloff o

[0159]

Test Example 7 (Temperature Dependency Coefficient of Coating Film Dissolving

Amount)

Each of the coating compositions obtained in Examples 1 to 8 and
Comparative Examples 1 to 4 was applied to the outer surface of a circular
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2.32 2.57 1.11 8.46 13.91 1.64 4 Crack, Peel-off Crack, Peel-off Not

Mesur eabl e - [0168] Test Exanple 8 (Antifouling Test) Each of the
coating conpositions obtained in Exanples 1 to 8 and Conparative Exanples
l1to 4 was applied to both surfaces of a hard vinyl chloride plate (100 Xx

200 x mm so that the dry coating filmthickness woul d be_about 200 pm
The arﬁbmri@a @@éﬁq{g)qbé%arbppéép)fvmh@ disyactsr of dorni apdrabgisht @5 kg, O,
t hus maepathagtie a@ to gildhattiicign @sswpukbBE iabgut oD Mirt. h Thd Apsliaess of

about 2 nj t | ow_se evel in
O/vaseoagg‘ 5%7%\11? -{h r e i‘lur_éi% te a%lg?‘*gﬁg %S%ﬁﬁlandgego? ﬁgﬁipeagg %a% e was
examqmlﬁbﬁylmdmnt']ﬁ‘@ wpighdoyasTheeasssedt s are shown in Tabl e 6. [0170]
Not e [pheb)] t he flgures in Tabl e 6 represent the areas (% to which fouling

organi s we ch 017 It can Tabl that the
coati ng ThF Rt Bl h Sy o s Y BP0y AR eet B BRCerGBIt 1 on (Bx
1- 8) Mewrsahdtratatadly pef teee voiteaqanak | cThetda'ftag, artgimabmwa’ders i s because
the Bﬁgﬁhﬁﬂlﬁﬂé &196 g%%sﬂﬂnﬁ%&oéﬁéﬂﬂsﬁg @PSLﬁd ptﬂh%d' Rggntion

exhi certain reductions In Sis rate, are
di ssdhGStpist danks seqs ihimrcsRe e ﬁ@fylr%aef&f CirGufgr Cﬂﬂg?i tpmpérfe}wqam e 6
Test seey bbDtbst apparatuses. Water temperature was kept at 25 deg. C for one test

apparatus, and was kept at 35 deg. C for the other test apparatus. During the
test, the test circular cylinder was rotated at a speed of 200 rpm, and the artificial
seawater was replaced every other week.

{0161]

After 12 months, the test circular cylinder was taken out, and vacuum-dried
for 24 hours at 40 deg. C. After that, the weight of the test circular cylinder was
measured. The coating film dissolving amounts at 35 deg. C and at 25 deg. C
were calculated according to the reduction in weight during the 12 months. The
temperature dependency coefficient of each of the antifouling coating films was
calculated according to the following formula.

[0162]
Temperature Dependency Coefficient = (Coating Film Dissolving Amount (Weight)
In Seawater At 35 Deg. C)/(Coating Film Dissolving Amount (Weight) In Seawater
At 25 Deg. Q)

The results are shown in Table 5.
[0163]

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

[0164]

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

[0165]

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

[0166]
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Attached Objects Remarks After 6 Months After 12 Months After 18 Months
After 24 Months EL 1 00 2 0

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

|0167]
[Table 5]
Table § -
Coazting Fiim Dissolving Amournt Temperature
Dissolving Amaunt After 12 Months| Dissclving Amount After 12 Months|  Dependency
at 25 Deg C (mg/om?) at 35 Deg. C (mg/omZ) Coefficient
1 585 684 1.21
2 ' 5.52 6.63 = 1.20
3 _ 573 7.06 1.23
4 582 ~ 7.33 1.26
Ex. .
5 4.71 552 1.19
8 145 5.21 1.17
7 5.90 7.27 1.23
8 5.1 7.70 1.26
1 7.63 . 11.83 1.68
2 _ 2.32 ' 257 1.11
Sormp. Ex. :
3 248 13.91 1.64
4 . Crack, Peeloff . Crack, Peeloff Mot Mesureable
[0168]

Test Example 8 (Antifouling Test)
Each of the coating compositions obtained in Examples 1 to 8 and

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

The results are shown in Table 6.
[0170]

Note that the figures in Table 6 represent the areas {%) to which fouling
organisms were attached.
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[0171]

It can be seen’

00

7

from Table;ﬁ that the coating films forme'd using the co_atiﬁg

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

organisms.

This is because the coating films formed using the coating

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

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

[0172]
[Table 6]
Table 6
Teast Period .
After After After After Attached Objects Remarks
6 Months | 12 Months | 18 Months | 24 Months

] 0 0 0

0 0 g ]

0 0 0 0

O ] 0 g

Ex

i ] 0 G

O ] 4] 0

0 1] ] 0

1] 1] D Q

{ 0 0 a

4] 10 40 70 Serpula, Barnacie

Camp. Ex. .
¢] ] £ 0
. Patial Peal-OFff

0 0 16 20 Serpulz After 18 Months
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- CLAIMS

1. An anufouhng coating composmon comprising: _

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

(a) a triorganosilyl methacrylate monomer represented by a general formula (1):
CHy R ' '

=== mea—»—m—-«mssmaﬁ (13

Ik

in which,

' R!, R2, and R3are equal or different each other, and each represent an alkyl
group having 3 to 6 carbons and branched on a-position or a phenyl group, and
(b) 2 methoxyalkyl methacrylate monomer represented by a general formula (2):

CH;

|

in which,

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

(B) a copper salt that is at least one member selected from the group consisting

of rosin copper salts and copper 'salts of rosin derivatives.

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

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

4. The antifouling coating composition recited in any one of claims 1 to 3,
wherein a weight ratio defined by the triorganosilyl ester-containing copolymer (A)
/ the copper salt (B) is 80/20 to 20/80.
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00 4 10 20 Serpula Patial Peel-Of After 18 Months CLAIMS 1. An
-antifouling coating conposition conprising: (A a triorganosilyl
ester-contai ni ng copol yner obtained by a m xture of (a) a triorganosilyl
met hacryl ate nonomer represented by a general fornmula (1): CK Ftl |

112C-C C 0 SI at in which, 121, R2, and R3 are equal or different each

othe. g a?ﬁﬁ@uﬁﬁ?&@%ﬁg c@mﬁdéiﬁbngﬁﬁﬂﬁi ﬁmnug)l;i oo farlbtsiryiy jnd
ranched on a- p05| of AalfhbBewys A
met heBEYEIBEWEERG Rt Egggfr%ﬁy%j&g&ggﬁgg@%e%orw I'a (g 125ca3 |rn \)Nhl ch,
R4 rp@h@sg@ﬁparaﬂlta(Bk;d mﬂgﬁo@@/i@n ng 2 to 4 carbons, wherein a cont ent
rati o of  the nononer (a) |n the m xture is 45 to 65 weight% and a total

content of the monomer and the nonoper Sl[ézh fu A% %p is 80
wei ght YAonetivrdof aﬂHfOU(hEﬁag Heatppek Ceaﬂflﬁ’ﬂ% east. nenber
sel eghgehdif @b&éﬁgfmﬂp}rpﬂmmﬂmg o farr dlgjeet ‘@b‘m)éf’a’@ﬂ‘t‘ Ccopper salts

of rosi.n derivatives o1y gm@qgtdmmgqrmcml tion of claiml,
wher 8nHE qﬁ%‘%ﬁ?ﬁ‘%ﬁ% 086a$ﬁ%£é05m03| ion forms an antifouling coating

filmwhich has a coat| ng filmdissolving anbunt in seawater of 25 deg. C
whi ¢ iﬁn%ﬂﬁ% fﬂfﬁﬁbﬂneanﬁb:hgshaammquelmguﬂ@ﬂﬂ@w@ﬁm%f&m
coefficient o 0 ll %1 gl m di ssol ving anount (a coating filmdissolving
amoufrcifosl %%P@F Cgfc%l 2ed /a coating filmdissolving anount in
seawat er of 25 deg. C), the coefficient being 1.3 or |ess. tﬂne3 r'tl:he

ant i foul.i i i @Rifehliakdloatihgdin?of vlaemel ont surface

tri o%gaﬁ‘o%(?artgﬁ%tb&&r con gz%ltﬁl ng copoFymer (gA) has a wei ght - aver age

mol ethrgof.wei ght of 20, 000 to 70, 000.
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4. The antifouling coating conposition recited in any one of clains 1 to
3, wherein a weight ratio defined by the triorganosilyl ester-containing
copol ymer (A) / the copper salt (B) is 80/20 to 20/ 80. 5. The
antifouling coaling conposition recited in any one of clains 1 to 4,
wherein a weight ratio defined the triorganosilyl ester-containing
copéMHEDléM)l\?(B t GRAIdPser @@MP%SITEQNBOIMW&F@MDIN)@ COATANGRt Nold N

ant e gr1y USI?@M“HE §1fﬂ hgogfmmi SReT nAVAR PRHiE g@ﬂm@m

CoatII@l% filmon the surface ‘0 coate
I

ant Fl 3k LRSS GE AN A BT8O, mle&@LchmE%swEM BY 7.

An BORMATION OPTHRTIATING MR using the antifouling coating
conposition recited in any one of clains 1 to 5. 8. A coated object

having the antifouling coating filmof claim?7 on the surface thereof.

ANTI FOULI NG CQATI NG COMPOSI TI ONABSIRAGT | NG COATI NG FI LM FORMED USI NG THE
COVPCOSI TI ON, COATED OBJECT HAVI NG THE COATI NG FI LM ON THE SURFACE, AND
METHOD OF ANTI FOULI NG TREATMENT BY FORMATI ON OF THE CQOATI NG FI LM ABSTRACT
An obj et afficethel thepeereritingantion issto proyide iadeorpesitiass farl orntivg dor m ng

an @ﬁwrbﬁm@rm friéﬂcﬁ dér)‘nﬁ’ﬂﬂiﬁ SbAt8e At ﬂ@@t Ehh r@ffeEaRze ghively

exhi bi %‘h@ﬂ itlﬁPBi”%sSn effe t In seawater for a 39‘-]6{)%%&@ {11 nme and

f ur &RE cgwakel for & Apyes Remos B@F?d@‘ﬁé herRRORgoRFI RS 21 m
dl sselall fignpaRititire ddpRerdeefSnéf iHY endtiag mﬁomsgmﬂﬁg anbueul The coating

bt B gy Ve o Sredded ey Snblo e RRakink s e RAEH PareTTRRGED 4
r eptrasl@mm*ﬂw catgrecmn@inigg nupalyiddr obtavhiedibyReE, mB&urard (B3aar eequal or
diffe 3 6
car Booincgy mat Elory RO HBADRI SRR B W b A RT3l ©
et Wébkgta Ry R? n%ﬂﬁei%ef&}lﬂ@a@@lﬂhhﬂrdﬂﬁéﬂeml@bﬁ@@b@tﬂédr tﬂpcbe@@lmécmesﬁ@rtm allky?) in
whi Eﬁbtﬁ?h&%ﬁ&f%e@ ] c%@b@hEYalrﬁi‘%rQ:ﬁ@Hthﬁi/b;‘?oﬁubﬁ b 8 @iy a

confent rati o of nono reils 457to %\el S’ht% and a
SRR éflagmawrm@@r FRRTEE DY B)gqnﬁrﬂ@rm&l@dﬂ Lo 80

t ot
wei ghidh ®4 repescand ag giphatie gadtip HatingD &l 4I@a©bn@pwmaﬁea calteated

f ;ggﬁ&ﬁg@%&@%@@rﬁ%@ o proBn ROP9SL LS GRPRTSALI ARl oS! "
the monomer (a} and the monomer (b) in the mixture is 80 weight% or more, and
a copper salt that is at least one member selected from the group consisting of
rosin copper salts and copper salts of rosin derivatives.

(no suitable figure)
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