SPECIFICATION TITLE OF THE INVENTION ANTIFOULING COATING COMPOSITION,
ANTIFOULING COATING FILM FORMED USING THE COMPOSITION, COATED OBJECT HAVING
THE COATING FILM ON THE SURFACE, AND METHOD OF ANTIFOULING TREATMENT BY
FORMATION OF THE COATING FILM TECHNICAL FIELD [00011  The invention relates to an
antifouling coating composition, an antifouling coating film formed using the composition, a coated
object having the coating film on its surfagPBOERIOzeIadof antifouling treatment by formation of the
coating film. [0002]  Conventionally, triorganosilyl group-containing copolymers which have low
toxicity apepesnviraemenyEnenhahave been developed, and have been used for antifouling coating
materials. [0003]  When copolymers, such as tri-n-butylsilyl ester-containing copolymers, which are
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t-butyl, ECRMHE HeR FEHE LeOAEINER AHEMIDocuments 1 to 7). However, when a coating
compositions containing the copolymer is used, the coating film initially dissolves in seawater at a
constant FftEL B Me BIEHel¥ing rate of the coating film gradually increases, and becomes excessively
high after a long period of time has elapsed, making the design of the coating material difficult. [0004]
For thislFS4S , it has been tried to adjust the coating film dissolving rate by using the triorganosilyl
ester-contaiflihg copatymertelgetisetorth arresimAoig coathascosind@atent Docurtiénidifgo 12).
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triorgan%ls‘FPyl ester-containing copolymer together with a rosin metal salt to obtain a coating
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IP-A-2669 9588 PatshtBEARENE P LsB:A 008 Ppsh tried to be used (Patent

Documents 1 to 7). However, when a coating compositions containing the
copolymer is used, the coating film initially dissolves in seawater at a constant
rate, but the dissolving rate of the coating film gradually increases, and becomes
excessively high after a long period of time has elapsed, making the design of the
coating material difficult.

[0004]

For this reason, it has been tried to adjust the coating film dissolving rate by
using the triorganosilyl ester-containing copolymer together with a resin acid,
such as rosin (Patent Documents 8 to 12). However, gum rosin, wood rosin, tall
oil rosin or like rosin has a free carboxylic acid and thus has high hydrophilicity.
Therefore, it lowers the water resistance of the coating film, and thus tends to

develop defects such as blisters, cracks, and the like.
[0005]
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[0008]  An object of the present invention is to provide a composition for forming an environment
fiendly antfewliaa Gegting it isunlikals o eausesa AUl oackand ikeeoming fimgefects
even wheRIMMEISEON seawaler for.aiong me. ang halarevents or bl atlachment of slime.
[0009] HA present inventors conducted 6x ensive researcrl%m o SEVEME AR prggb'lem, and found
that the ABEGEThREt s 19 HCRERIS BsiRg R8s SbshrdA HaVIPR G SpEcmasheaes ffdin salt.
The present ihvgntigrihashiéeitactormglishbdibasett opithisifindinge [0iGent Specifiaally, the present
inventiopcpegvides, theariifeHina cpativaeampgsiiaei8e aptioywling seating-flm founedihy. using the
composifion, the coated object having the coating film on its surface, and the method of antifouling
treatment b\ formation of the coating film as described below. 1. An antifouling coating composition
comprisfmﬁ. @&) a triorganosilyl ester-containing copolymer obtained by a mixture of (a) a triorganosilyl

methacrylatémmonoimestrepresen et by agedealtiormela @ndeaillpfadidpperRhlisadvydrogen atom
or a methid AR RwHR Bl A @t eaudh arLifierenteachathakangRrcbJepieseniaralkyl group
having 810 gearhons,andaranched o a-posilon or. phem araup. and. (Bl.an ethylenically
unsaturated monomer copolymerizable wi fie ?riorgano& y me_t% C?yFate mornomer, (%"’) a’modified
rosin saf REARSR YT Fortieg fiaifaracane Bnd/srpREviRassoalag mBarERhtaining, in an
amountoofr88weighis ermmerd] twdloe tuppaneribésseetestentifiomdhe groufv consistingnot,
dinydroabielisasid, ielialioabie acidcehnioabinlic ASk RHE A iSOpiRade g0l and
ihydro cac -4 he.antifaulin atin mpqsition,of the above jitem .1, wherein the amount o
the two p%%?nf%e%és%ééé‘dﬁ%%%n t?f:é(-f-C Eﬁ)gu%ré%%as%ﬁhgq& ai Cgl%lr%%bi‘gtlg %ctlfaf3 tzel_ttgghsag%a%ﬁg ic acid,
dehydrGRBBEE SRIBIHINSEHe ALRCTEBFMAY daga faRtnsREBIRTARCAER RE511 L0 STRIghtos.

a plant system can be prevented, but attachment of slime cannot be sufficiently
prevented. When the slime accumulates on the antifouling coating film, the
friction resistance of a ship increases, and the fuel consumption in sailing
increases, for example.
[0007]
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DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention
10008]

An object of the present invention is to provide a composition for forming an
environment friendly antifouling coating film that is unlikely to cause a hairline



3. The antifouling coating composition of the above item 1 or 2, wherein a weight ratio defined by the
triorganosilyl ester-containing copolymer (A) / the modified rosin salt (B) is 85/15 to 20/80. 4. The
antifouling coating composition recited in any one of the items 1 to 3, wherein a weight ratio defined by
the triorganosilyl ester-containing copolymer (A) / the modified rosin salt (B) is 70/30 to 40/60. 5. A
method of antifolding dreatmant wempdfinesthecstaprafiaming-anantifauine coatna film gn the
surface 0}(1;[l an ob%%ggt b%e%%%t&dousﬂqﬂ.@ﬁ ag%@g%%e%(ga&nsqicognposition recited in any one of the
items 1t€o % B An‘an iﬁ)ullng coating iim formed using the an%%ohling coating composition recited in
any oné Y9 items 1 to 4. 7. A coated object having the antifouling coating film of the item 6 on the
surface ther&dfe PEEEGT iOFehHEI NVENTI@N B048hiveAeserting to thdantifoulihgweoating
composifigneiihe Ry entien (b is PResiblevto femanantifosling-ceating HiThibhatds Mpliehiie cause a
halrllneﬁé%% anql Illée.%oaryl%%fgmdd%‘se%s eyen \M{%n %rgépe%ctslergvgln%{eawg%r}g%%% long time, gnd that
prevents or wﬁﬁ%l%)a%tlac ment of slime. [0014] He composition o?rtlhe invention hardly thickens, or
gelates@SEndreaed basatbry ioHg B %f storage. Furthermore, the antifouling coating

composition@f the invention is environment-friendly, and thus substantially free from marine pollution
even if dissolyad-in saawater RS Theantiauing seating flaveffthainyeionis advantageous in
that: 1)t as excellent waigsresistance and ferefore eraekingpeqino of e e s ualikely to oceur
and hairline‘cracking hardly occurs as_well eVen'if it is in contact with seawater far a long time; 2) It
has a sGftakfe REIGRESSVARE theretaré ol odndi diETeffe eRIL DR IREPRARLAR A Resulting
coatingtfitaiBleirhbs fohightadheditbnassmtothdibhject deswhlebdaledating film is formed, and 4) slime
is hardly attached to the antifouling coating film even when it is immersed in seawater for a long time

[0016] T t ject of the present invention | ed with the antifouling coating film having
the cha}acté‘k;ﬁsjug(%%o%%gl_%g O%t’i’%egé’gﬁé’é‘gﬁ%végﬂ%ﬁ% , it can be desirably applied to ships (in
particult?) ehi5 BERIMSI IS 16BRIERIREFOPLIIBRTRE g BT SaNatePPBIE EoPexample, when the
antifoul{ay zdatngdimsgfbmusbamyhetsurfavenica stippdsttded the amifoatiagieoartidg filh gradually
dissolvegdrpm the surface, so that the coating film surface is always renewed. This prevents the
adhesion of aquatic fouling organisms. [0017]  Furthermore, the antifouling coaling film has a
suitable solubility. Therefole, the ship caif’n maintain the antifouling effect for a long time In particular,
even when the shipﬁ_@% M_ggﬂgggﬂm@ymﬁahigh water temperature, it can exhibit a long-term,
antifouling effect, because the ;.?oatihg film dissolving rate is stable. In addition, even when the ships
are not moving, for example, during anchorage, rigging, etc., it can exhibit a long-term, antifouling
effect with little attachment or accumulation of aquatic fouling organisms (in particular, slime). This
reducesr(;bq@]ictional resistance of the ships, and thus reduces the fuel cost while sailing. [0018]
Furthermore,the antifouling coating film. an the surface icall e from ting,fi ects even
after a lon |cz){etlr|]”c&)3 g}%énjrg%gf ﬁ%%nrge%%gnr,naer%ﬁjs?ﬁé ?ﬁ‘g’?gs::tgél %{b%egcett%re g&p%ggg?ei#rjih?ﬁge% period, a
new anBRSUNRRTaRREAfACARCBE RS BT AR By RIRSeI) et dah GIRRUHRRMng coating film
compoditien thexbom. dhissiakeit passibleteromtinandsly maintain the antifouling effect in a simple
and ineppensiverpRMELEMBRRIMENT MORGARRYINGRUITMHEMNUENT G @M irAntfouling
Coatin%g%gl gsi}ié)trg An antig:?uling coating composition comprises: (A) a triorganosilyl

ester-con?alnlng copolymer obtdined by a mixture of . ) .
(B) a modified rosin salt whicH is a salt of a modified rosin and zinc and /or copper,

the modified rosin containing, in an amount of 80 weight% or more, two or more
members selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, pimaric acid, isopimaric acid, and
dihydropimaric acid.

2. The antifouling coating composition of the above item 1, wherein the amount
of the two members selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, pimaric acid, isopimaric acid, and
dihydropimaric acid is 85 to 100 weight%.



(a) a triorganosilyl methacrylate monomer represented by a general formula (1): [0020] [0021] RI
is a hydrogen atom or a methyl, and R2, R3, and R4 are equal or different each other, and each

represent an alkyl group having 3 to 6 carbons and branched on a-position or a phenyl group, and (b)
an ethylenically unsaturated monomer copolymerizable with the triorganosilyl methacrylate monomer,

(B) a medifieg,opireallmychinadl el madien asimand siagandios coppecihe maghlied rosin
contalnllnagﬂ.ln Sa#i%%% n 80
I

t weight% or. more, two or more mempbers sejected from the group
consisting ot %Yeﬁéea%ﬁa), %%%%V&%SBF@E&%&E“&@H%&% “h f§ g)if??ﬁr?@adjhﬁ opimaric
acid, an@ﬁ%ﬁyﬁ?ﬁpﬁ%ﬁc&.\rﬁféﬂ@@@/ 80rhe antifouling coating composition of the invention can form
an antifouling coating film which can inhibit or prevent attachment of aquatic fouling organisms (can
effectively exhibis anitRIlig Elfech nRapiRyige-heaniloying coaing camrasiion b the invention
can form ggr%?lxllfoulln coati ggg‘ﬁnwlg%h pﬁv%nt or inhibj tta%lment of.slime by containing the
modified Tosin Saft (B)=[002 T ardementisnEd e 1< BIfEIEM O 3R SRHY HIga Bnd like
fouling dréBRiEMSliHHAIBIE FRIGRI s MR dreoi®ed by a process that attached bacteria and
diatom proliferate and agglomerate while secreting adhesive material to gradually form a large
aggregaje (aolaRyhotEr M snmna/sr-Refeleresio Asia Prmary pigioRalmemptane. The slime is
evaluat%glp%s d on tggt}pliclﬂfeéss#aqlount)rﬁnd Stf%;‘,é?t of zdh ence. When the gdherence of slime
is strong, Shel |szll1,gaﬁgae dikefou ir?gsgrgealﬁ%%s RIS CROTPHE L Iihen the thickness of

slime isAargeUHBd RIS compRpHinsaracedriereaseanaref Abaitesut, ke fiel consumption
increases while sailing. [0024]  Furthermore, by using the modified rosin salt (B), it is possible to

preferaly form.a¢asting flevthat ispinikebhie £a1ss 2 dairline fragk and ke goating film dgfects

even wggni{'gn({r}%rsed ignseea ter.for a an{%twe, and maintains an antifouling effect for a long time In
addition, itis poss%lllgto pre eragly form a coating film that is insusceptible to influence of seawater
temperature, and thus has stable coating film dissolving rate even in seawater having a high
temperatureA Euetiet miore; titiapogsihle da pifetdiably datin @ fioatoigHidntthatdhas shidahlefaoating film
hardnesgeapgris excellent in strength and water resistance. [0025]  The antifouling coating
compositions of the invention are excellent in storage stability, and will therefore hardly gelate or

solidify pyerpte I oPE B aRAal PiggRUe. [0026] <<Triorganosilyl Ester-Containing Copolymer (A)>>
An antifouling coating composition of the invention comprises: (A) a triorganosilyl ester-containing

copolyq@é 9§]tained by a mixture of (a) a triorganosilyl methacrylate monomer represented by a

general formula (1), [00271 . _ ) .. . . L
According to the antifouling coating composition of the invention, it is

possible to form an antifouling coating film that is unlikely to cause a hairline
crack and like coating film defects even when immersed in seawater for a long
time, and that prevents or inhibits attachment of slime.

[0014]

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.

[0015]

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

1} It has excellent water resistance, and therefore cracking, peeling or the like is
unlikely to occur and hairline cracking hardly occurs as well 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) slime
is hardly attached to the antifouling coating film even when it is immersed in
seawater for a long time.

[0016]



[0028] RIis a hydrogen atom or a methyl, and R2, R3, and R4 are equal or different each other,
and each represent an alkyl group having 3 to 6 carbons and branched on a-position or a phenyl
group, and (b) an ethylenically unsaturated monomer copolymerizable with the triorganosilyl
methacrylate monomer. [00291 By containing the copolymer (A), it is possible to form an antifouling

fcoaltyilng M@a%%g%y@%%m}bétﬁfggea{j@ﬂ@effﬁ%naﬁdo%g%a%@f %}ﬁ%@l ﬁ{E?&EfRFQ‘A toffaqugltic
ouling Qrganisms, ) e.glass-transition temperatyre of the .capolyme IS, preferably
about 3( %%é%grggl%%%%lg t}rhf"o(r_:e alf%%% ﬁ%/%%gﬁtg%t%a%%odég%)éﬁ%gn%g %'ab%&?%%%%o deg.
C, coatiﬁﬁ%%aﬁ%é%h@r%ea KRl 6A RaridelRperhil dotamanmipdiingréoalsd thus
suitablestavdtesssasdistrenggtt carstewnainiained Boa dangiipie vihenefhreanodtingifitn defects such
i g g e SOl
weight-gver molecular wei w) of abou a refe .abqut 30, 0
60,000. i en %léésg; §{ﬁ82 , O%Ioe%djﬁ%ﬁ? pﬁ)(/)stlfga ptrq%gﬁ%éf%go?ia?f?ﬁﬁ ‘ﬂﬁﬁﬁgﬁ néggaé’ﬁd strength)
is prefeFSREEFack TMSdIss L HRR RS BecupT aa8RGictorlingirgaiy €Rect is properly exhibited.
[0032] (vfeléample of the method for the measurement of the Mw is gel permeation chromatography
(c; PC). WheFﬁEﬁﬂ\éMﬂwr(?,eQ?él@ﬁi@&@ﬁgcEQi@@ﬁﬁ?%@%%ﬁ?ﬂ&@l@sB%@ﬁ?ﬂe'lredUced value),
obtaine u e measurement after preparing a calibration curve using polystyrene as a
referengel? %jg'?é}%l%%gf%p Ca]‘jhreng%)%‘g%ﬁé}? ﬁsﬂgﬁ%%r%g ?’é?)t%%@/ﬁﬁ)é‘lrﬁltﬁﬁlﬁﬁe onomer (a), the

monomBATBC YRS sy dhers BSsHhELE SRharserb arigsuily Prossrifonaristiecsontent
ratio of iheanoewdmiers anlding rhixtureexjlaniedinfeetsdetion s Synthesig iofeThorganesilying
Estsr-C@at@iE@@:Qﬂ@?'ymeécﬁﬁiﬁbiﬁ!%e@mé; t@@kﬁ@%%&?ﬁ%@ﬁ@e@xﬁﬁ?b{éﬂef of
random rnate. copolymer, periodical copolymer, or block copolymer. .

Herein (tﬁtg?ﬁr%gﬁé%g%%g?nfﬁ%ﬁﬁg@%ﬁé %gﬁgrﬁ% {,%t%ef(r)_1 n%lgh%riﬁlelr‘ _(363(?]1%&1 %:/151 )ﬁgr%%géskére
specifis]a‘\ﬁ DA 0D IE PREUIGRIBER Mlettitriato BB RIERRISTS HRapaslasrthe alkyl group
having 8lien6)carbbits msthbesnidive ot anpd sitsis incloel efisberehyhss-buty /it sty d etk ypeopyl,
1-methylpeitylo 9 RelNY IBeMl: 1,1-dimethylpropyl, 1,1-dimethylbutyl, thexyl, etc. [0037]  In particular,
the invq@@q%ﬁnables formation of an antifouling coating film which is unlikely to cause coating film
defects and excellent in water resistance by selecting specific grouEs as R2, R3, and R4. From such

an aspect, RPRECHNPTe, e 2t sl asieoatinuatim tethetiatacsdabairsibIi esobrspy .
s-butyl, aclaiple dioh phefaglsapmeftepreforap ipdsopt ofyirtbutyfoarit shemdof00238Er using
the coated object for a predetermined period, a new antifouling coating film can
be desirably formed by directly recoating the antifouling coating film composition
thereon. This makes it possible to continuously maintain the antifouling effect
in a simple and inexpensive manner.

EMBODIMENT FOR CARRYING OUT THE INVENTION

{0019]

<Antifouling Coating Composition>

An antifouling coating composition comprises:

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

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

10020}
R‘i g"‘é
Har===g ? . {1
o B*

[0021]



Examples of the monomer (a) are triisopropylsilyl methacrylate, tri-s-butylsilyl methacrylate,
triphenylsilyl methacrylate, diisopropyl-s-butylsilyl methacrylate, diisopropyl-t-butylsilyl methacrylate,

" diisopropylthexylsilyl methacrylate, diisopropylphenylsilyl methacrylate, isopropyl-di-s-butylsilyl

methacrylate, isopropyl-diphenylsilyl methacrylate, diphenylthexlysilyl methacrylate, t-butyldiphenylsilyl

methacrylater ef§.d mparisgdarafam @f\aqwems}ﬁ oéfmmmg;an antifealing %@Iﬁi%ﬁlmﬁ@}&lﬂtls unlikely

to caus tn film def a X nLin istan ri r hacrylate,
%%C}%Hﬁ a% o dﬁ%j% 88% ﬁg@iﬁe Ra%?n ??@é’%‘éﬁaoflan Gy

tri-s-but I'methacry ate an uty Iphe acrylate are pre triisopropylsilyl

methac %%?%G‘tﬁ&’iﬁﬁ%%‘l’lﬁ tHal r%}fﬁfépar‘%r}ﬂore preferred. These triorganosilyl
methacfylate widndarers Hye st usat dinglyLominrcorpoiyationzfl08 SyiEthihericaitgamsatiyated
monomg[e(g)acryjm@ mixHae By further contain another ethylenlcally unsaturated monomer (b)

I I 04
?&2?%“??; BE A RS %ﬁ"ﬁfﬁg‘@bﬁtw %E%a f)%f%?i g?tf% uty SRR AR e
(meth)aldI RO BIER ﬁm%‘%‘yFeﬂ é%ﬁ&%?é?hﬂ"é&ﬁﬁa‘iéore

2- meth@mymbpyﬁaﬂipla’itedmmbﬁmpa@ﬂmetlﬁgﬂfd@mdwahmya@cﬁhte ethylene glycol
monomeitd HnatbaaseriatacRIOBeREr-gleRIBQRAM e { e tRE dalsihud epivethvt

(meth)a&ﬁ{?ﬁ?oéﬂ'}’eﬂr XYRIQP pyl (meth)acrylate, dimethylaminoethyl (meth)acrylate, diethylaminoethyl
(meth) enzy meth)acrylate, and phenyl (meth)acrylate and like (meth)acrylic ester; vinyl

chlorlde[q(ﬁ %}dene chloride, (meth)acrylonitrile, vinyl acetate, butyl vinyl ether, lauryl vinyl ether,
n-vinyl pyrrolitererdddlike yioyhtompounpissiprené thinyhtaingios, eamdtiyh styremdifmaliike aromatic
?omﬂ?wmlﬁgmmwm&@ Mﬁﬁﬁaﬁfﬁ&@@ﬁ%@é@m&{f%@ anetg fﬁiﬂm)@%%aiﬁsﬂi@a/'
met C

ag&%'%% acry%( efUAUYAG: %L%Béf%&?ﬁ %ﬁ!@fa&?@@% Qﬂgmlgg Ya8e: l?%‘gly -

2-methoxyeth ate are. more preferred. Examples e monomer use

combm&ﬁBﬁ%@%BﬁcﬁﬂéP%dﬂm‘f%ﬁé?ﬁ&% XGRS R Bt 1928 HE *1%?&5?{8&
Ester-contsifiiy tCupetfmesAp! sliffireluopotyiaierips) ﬁb@)b@@lﬁé@“ﬁf@nﬁth@ﬁl&fﬁﬁe of the monomer
(a) and theaspnomer (b). [0042]  The content of the monomer (a) in the mixture is preferably about

4510 65 We'@ﬂ'&!%f%?&ﬂé‘i’{ﬁo‘%{%? E‘i‘fﬂé’e%@%{’ff@?e‘é?&?o‘%? 'QHE%’H«EQ,’M“ e‘Ex‘?&tﬁﬁE%ﬁlﬁf‘:’gonomer (@)

is about 45 to,65 w.;elu%| the coati m formed using the resultant &ntifouling coatin mposition
can exHibRARAIRSSHH ﬁt&xlfaﬁdlﬂaég‘?]‘?ﬁ&%ﬁl FAH S e & RIPSIoR G pEr Rt e, [0043]

The copwiytseia ARG émmmwlﬁmmm@m@mmmew@emmémo@@h@mb) in the mixture.
The polytiagsization igienedanpleperfanneddaitfepeasensayf aTiolysietization iRitatee [0044]
Examplegafihe QOQ%B%BH%%%B%'%ﬁ@rﬁ&aﬁ?@b'%&b&%ﬂg@éﬁiﬁ% based on
2,2'-azabis- %Pé thylb onltrll hyl -2,2' cﬁ;lsobutyrate and like a ompougﬂs benzoyl
e o AT LTS 2R CR el G A BORRE ot UL A BB B EL BB, ity
peroxy- L&@ﬁﬁymem Hishaneltire perblite f@tdl%@ggq@nm%mﬁadowmmaﬁ&wmém)éiugéd singly or
in combiviatarthEng potymerizattimiaisliords, epectialiioprefercadi i i, Auarakisisokidyeanitrile, and

t-butyl RELAXYs2:S1BYL NEAARORIES &%@myt%’i‘@xﬁ&‘@&é‘é@rmﬁ%&ﬁﬁqg triorganosilyl ester-containing

copoly §§éﬁr be suitably adjusted by suitably selecting the amount of the polymerization initiator
used. [ Examples of polymerization methods include solution polymerization, bulk
polymerizatifitréhsaisiorcp by Hetzatos, weshEadisapolpaéiBatisn seposafbniptmesteradilition
polymeftzation ispiafgriibie thacasseniirdons heucapaliimetith) deds prepatkd essiinarmdmccurately.

e ory st eQrﬁp.[W&?‘W&f‘%ﬁ%‘é@%?%Eﬂ’?‘nqﬁ?ﬁa‘dﬂ% Q%%er?ﬁ‘%ﬁ%%fﬁa&ﬂf o

reptang BT BN R B S s SR othyT AL T ELRILY BB acetate,

methox§PPEpPVE dBetatbains ﬁ@élé%@épbﬁé@a%m@mg%@éwar@m@mﬁwméh arshthme

alcoholibasedhittventsikokane]idiethyhethete dibtiyiretearnanddikedthes basedaalyerdsnreethyl ethyl

Eiﬁ?ﬂiﬁﬁiﬁfﬁﬂ%&@ B B T B R vents may
R R e CEliEnS s el SEd At B ER

be used SMgRFoFTH CHh |naSt|0n react mpe tAttifeh oa]nmerlzatlon reaction
may be e ly selected depending on the type of the polymerization initiator, etc., but is usually about

70 to 140 deébhE€aandopriferablytabhe eb 8o ii20-cegf mﬁ'ﬁheémnmnmyﬁenm pobmagsization

:easctrllorefaeli% ; gimt@w@@iﬁg@@@ﬁgygwggeﬁ@%m;@wm@m&eaq&g%@f&asgplIy about 4
(0] ours
rage.

[0026]



The polymerization reaction is preferably conducted in an inert gas (e.g. nitrogen gas and argon gas)
atmosphere. [0050] <<Modified Rosin Salt (B)"  The antifouling coating composition of the invention
contains a modified rosin salt which is a salt of a modified rosin and zinc and/or copper, the modified
rosin containing, in an amount of 80 weight% or more, preferably 85 to 100 weight%, two or more

membersselgsiach Famtha gradn, seasisHR A RiRYHEeaRiptic acid, tetrahydroabietic acid,
dehydr%bieti% O%%?aoirggarj K?cig&ﬁ%%ié‘%%iﬁ %&;i{jn a]prgvgihtxggggir%ﬁg%csid. By containing, in an
amount 0 %welg or morg, two or mare members sg]ecte_ from the group consisting of
dihydroBbliétitr e RatPaby GRISBIEHE St AYBRORIIET © RERIT fitna¥ie ABIF Edpfharic acid, and
dihydrofiinariciacidnie il possittleaterfbate acomingfirmputic prévents grirhidifomnadartent of slime.
The reaggipthat the attachment of the slime is prevented or inhibited may be the effect caused by the
combination of the two men;bers of the resin acids. Furthermore, it is possible to preferably form an
antifouling coating film thaﬁfls unlikely to%ause a hairline crack and like coating film defects even when
immersed in seawag%@togé long time, an n@intain he antifouling effect for a long time [0051]

When the amount of the two mgmbe’rs selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic agid, pimaric acid, isopimaric acid, and dihydropimaric acid is
less than 80 %, the attachment of the slime to the obtained antifouling coating film tends to increase,
and thu&tﬁ@g‘yel consumption increases in long-term sailing. In addition, when the antifouling coating
film is immersed in seawater for, a long time antifouli oating film tends tq dev. a crack. The
developmenggf1 %%F%? gan f’)%os%rﬁgev%h% ggu@pr%rslé?e&g%%_sg%@p é&f&zeeqr?%qu? {h(eﬁﬁafﬁi%cte crack
(microcfadk) I bfaARhBRED AeRTRECRAIAR S LRI Yo Reraiad SEARARFROTIRAMD penetrate into
the coabng:fitimednch as paesidh) acrmohonpegtaiimagdccur. In addition, when the hairline crack
exists ofpeaating {lensuiacedoecceating Mphisnikelydpdienalon ateackrraearRifyheiilie coating
film is dri%(%l_\{\géileﬁ]iee smhgfnig ogrthe dock. Furthermore, when the hairline crack is developed on
coatingl??lm surgce, the trcton on coating film surface gradually increases. This is problematic in view
of fuel erQél).ﬁﬁption. [0052] Conventionally, rosin, hydrogenated rosin, disproportionated rosin, etc.
have been uBgdcas tasimacithe inahelfieidrof’d, shifs hottsib ko atidgrmaeriah tioeyiage different from the
modifiegirasiprsall @kintrims efthaepnronansiff e ct, Rt E¥raIBIRHIHPERsiAL wood rosin or
tall ol r%%jtn caﬂ]r%gﬁ%(r) sins irlclzéu%esmiln an amount of about 65 to 80 weight%, a resin acid having a
highly-reactive conjuga?gél%lene st &

FlCture on the abietane backbone, such as abietic acid, neoabietic
acid, ar{(@l’?ﬁ stric acid, and includes, in an amount of about 10 to 25 weight%, a resin acid not having
a highly-readiive gasipigateddionct stryettacion the) piftinanebayikbong) |Ssabr afe piinbrietzusid,
isgpima:eig @&igoFﬁ%@@ﬁ@a@yﬂ&@madpg}ragamdﬁmwaia@gm rogiméchuges ia@u@hmount of
about 2 5 ight%, a resi ' ' [ -reactive conjugat ' e
e R R e S N
amount®T A6 JGIHRFE B GreAgilo d s stitakla et ﬂﬁ@ﬁﬁg%gﬂﬁ‘ﬁ’?@é@t%gﬁjﬁﬁ%‘@@b‘?@& structure
on the Batkbbres j00%54] Thierdferpreseninpddificatiirta smddified-rbdifomearisli, medified.product
of rosinegNdhaPreductiohiaipegly hydrogenation or disproportionation of rosin. A "modified rosin
salt" m aps ¢ product in which each component of the modified rosin forms a salt. In the present
specification, a resin acid having a highly-reactive conjugated diene structure o?alhei?diterpene
backbone sutRCSOPRIEBIETAAS BasdITRIERic A TaRT RIPlESar 'WSF&E‘@&(M&’ WO Hsin acid,” and
a resin 236dA6t teaVihGahighid-rrattvebiphgutedRMe srotuite®n thegiekperie BRokbbone, such
as the ahjetae arkhone, tieypimaranedeacihopeaticgianefeited teas and dncanjgpied dienoic

resin acid..-Here, [dgat iengic.resi id i ] hi i jugated
crone S e BT e e kel
to deterBFRREDY GXIFREEHL In contrast, the unconjugated dienoic resin acid does not include a
highly-ré3eé8ide conjugated diene structure on the diterpene backbone. Specifically, examples of the
unconjugated dieagieripinacias inettdel doedit agichbaving ot dduhle Month gelesémraeltzantaining
only ong,dayhle bandang-aresin aid contaig; twa Lnconingated seulleoands. (aatcopiygated
diene), and a resin acid contamgn&dcg;bilij b%and Whlc%??re staPt;J;zed tg %)rmatlon of a beQzene ring.
Thus, tﬁ@ﬂ’rﬁ&%jﬂ%@@%”iﬁ@ﬁéﬁ& ROk ot RRVHG S hghRPPSEREVE £ SRR HisHE Bructure on
the diteftsieiatibone hasidwatirsacivivg coriparderarcconpgaferaensietesinlacid, and thus
is hardgotmdgteriorate by oxidation. [0055]  The modified rosin forming the modified rosin salt (B)
includes two or more members selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, pimaric acid, isopimaric acid, and dihydropimaric acid as
unconjugated dienoic resin acids, and the total content of the unconjugated dienoic resin acids in the
modified rosin is 80 mass% or more. [0056] In particular, at least one member of the two or more
kinds of the unconjugated dienoic resin acids in the modified rosin forming the modified rosin salt (B) is
preferably selected from the group consisting of dihydroabietic acid, tetrahydroabietic acid, and

dehydroabietic acid. [0057] A zinc salt and/or a copper salt of the modified rosin stably exists in the
coatina matarial hacatice theace ealte have hinh comnatihilitny with the conolvvmer (AY Therefore the



to be less than 10 weight%. When the content of the conjugated dienoic resin acid in the modified

rosin is large, resistance to crack and slime of the antifouling coating film can be lowered. [0059]

The modified rosin salt (B) can be prepared, for example, by the method (1) or (Il) below. [0060] (I)

Hydrogenation reaction of conjugated dienoic resin acids contained in the rosin is conducted in the

presence of @H@%@b@?}%@t A')nﬂal W&&Qﬁ&%ﬁ&%%ﬁ@ﬂ%@%@%@ﬁ?&ﬂ C'Ei-?e'” the modified

rosin becomes abogllt BOF\HGIg t%lor more After tlt‘tat 2111 obtained modified rosin.| eacted with a
tnd.

copper comlﬁ)oﬁ%ﬁ a zinc con%p y&rogena%n Yéhction & o\]/e dihydroabietic

acid, tefPARYaFSBIaliIES, %ﬁﬁyempqﬁ%me% Wﬁf@%ﬁ)%é@@ B XS ferphaencaiandibgesin
acids. [6e62pn "Examiptessobtieimatahcatily I snetudepalladigntqlatinmaey, figkéklete. The amount of
the catglystiysed may be suitably selected in consideration of the hydrogenation efficiency etc. [0063]
Examples of?ée rosin mclud um rog |n wood ro%rllﬁtall ?I| rosin, etc. T ﬁ9e use{i singly or in
combination 5[109 n pre ure IS ErePéjr ly gbout'6-1 oiﬁo fereaction
temper&f&?@lﬂzf% IRfdregerrkiePRINEash ﬁ%ﬁﬁerature (20 deg. C) to about 300 deg.
C. [0068)035Fhe reaction time in the hydrogenatlon reaction may be suitably selected depending on

the generatimw&efﬁbeteaae%@%%ee E%%M&Q&G(% th&hg daastien detween the
obtained mOfiIerd r(g% in aeng the er.compound or zinc compound may be conduced In accordance

with a kno]\alvn "méth or g?rlwp e reac |on may be conducted by heating the modified rosin and

the copw%@mpound or zinc compound in a solvent at, for example, about 70 to 80 deg. C. [0068]
Examplési ; cludemmepdet hydroxide, cuprous oxide, etc. They may be used

singly or in %ﬁé@iﬂﬁ%@%ﬂ@ﬁé%}%@mﬁﬂ%ﬁ ZECOMMRLYHHINGHIOBEIREIXidsnZInC carbonate,
ete. Th%}/ ;%%Ymonu% que%rrbnp ) 8- r@ttgr ’n 823%], l-ethylpropyl, 1-methylbutyl,
I-methylpentyl, 1,1-dimethylpropyl, 1,1-dimethylbutyl, thexyl, etc.
[0037]
In particular, the invention enables formation of an antifouling coating film

h
282

which is unlikely to cause coating film defects and excellent in water resistance
by selecting specific groups as R?, R3, and R*. From such an aspect, R2, R3, and
R* are equal or different each other, and are each preferably isopropyl, s-butyl,
t-butyl, and phenyl, and more preferably isopropyl, t-butyl, and phenyl.

[0038]

Examples of the monomer (a) are triisopropylsilyl methacrylate,
tri-s-butylsilyl methacrylate, triphenylsilyl methacrylate, diisopropyl-s-butylsilyl
methacrylate, diisopropyl-t-butylsilyl methacrylate, diisopropylthexylsilyl
methacrylate, diisopropylphenylsilyl methacrylate, isopropyl-di-s-butylsilyl
methacrylate, isopropyl-diphenylsilyl methacrylate, diphenylthexlysilyl
methacrylate, t-butyldiphenylsilyl methacrylate, etc. In particular, from a
viewpoint of forming an antifouling coating film which is unlikely to cause coating
film defects and excellent in water resistance, triisopropylsilyl methacrylate,
tri-s-butylsilyl methacrylate, and t-butyldiphenylsilyl methacrylate are preferred,
and triisopropylsilyl methacrylate, and t-butyldiphenylsilyl methacrylate are
more preferred. These triorganosilyl methacrylate monomers are each used
singly or in combination.

[0039]
Ethvienically unsaturated monomer (b}

The mixture may further contain another ethylenically unsaturated
monomer (b) copolymerizable with the monomer (a).
[0040]



The amount of the copper compound and the zinc compound used is not, in particular, limited, and it
may be selected so that all of the resin acids form copper salts or zinc salts. [0071]  The solvent is
not, in particular, limited as long as it does not inhibit the reaction. Examples of the solvent include
xylene, methanol, etc. They may be used singly or as a mixed solvent of the two or more kinds. [0072]

(In D'Spfopoﬁiﬁlﬁ%@éﬁrgﬁﬁtﬂé%ﬁ{%@ﬁtﬂ%@ﬂéﬁﬁ the-prgsenaa @f %@Yﬁ&é | sheameunt of the
unconjulgeg %{? Erﬂ‘ ?&rc(a)ilrr#% Iedi d|f irosqt Pecogtg%?limet[r?) Yo Or more. After that,

the obtained IS Téac com oun aZl oUnd [0073] Bythe
dlspropgrﬁ’éh&thﬁﬁ’éé@tﬁfﬁm@t&eI%@HF@’&H@E?E}%@W&%%%&b?éﬁ@%ﬁéﬂhﬁ rA&FAclakd, isopimaric
acid, diRydrephwayicraciyl, atcy Eree producetdasmncdrjugdtect ditroiorasithatite e fbQadfExamples of
the Cat%ﬁﬁ/l@ﬁ'é’%@y@@ |2gB#p: 626097, Ht%lﬁﬁia@%lﬁee}ﬁ'o SRdTE: &@ Hﬁ%{’o%{@h{ 1They may be

used in com natl s the bin ibit the react| amo nt of the
u?q_g{g (%8"1 %ierrgtlo td‘tH drg it crL

catalyst use malgy €€ Tecte |n &6ns he reac 81?%] Examples

of the réjétﬁWQH@tgﬁbU@?M@%éﬁefb@mmoPﬂéy&|§E‘f‘?ﬁ§6ﬁ%ﬁ%ﬁl€n ?@&@“ﬁén is
preferaliyatnaiacteden andneregad (mtrdgenrydsicatmdsphe (en f00Eryiid heteeaeiionl temperature in

the dlswapﬁﬁu@n%t@wfgéﬁté%t%ﬁaeuh%%ﬂ 300 slegrife, [PR4Blacetthe, reaelioRHIC I the
dISpI’OpPI’tIO tlon %’[IOH ma swtatflwlxgelectéildgg%?dm on the eration amount of the

unconjuga dienoic rgglhnac g [88]}5 e reaction between Sined modified tosin and the
copper E@hﬁ%‘i&nﬂ Grefgl m@%%%@%@%&m%%@%m@m@mhod. For

exampI{mtt‘iél}@at}tlmw@@mpd&ﬁﬂn&bdbymmmndthmmlmtmce‘dtgd\(m(d:}hﬂ@@wgate, The weight
e i’eﬂ”@g@ymﬁ%%‘*ﬁ“t%g‘t”““ﬂo@ﬁﬁwﬁgd@%Bm o b e e e e
inventian is ou p i 0 en the
weight T e A e 218 B il %o%?s%nﬁﬁ L8
antifoulfPyy B8&HiRg f%ﬁh‘%d‘ét%@ﬁ’ﬁ %%%éév%?ét%tﬁbé%ﬂﬂ@n&ﬁ& @&Hﬁtg@tabr%atﬁtg film
dissolviiif)¢até even in seawater having a high temperature. In addition, the antifouling coating film has
s#itat;llq;eg@ﬁylr@glglrasfh?ﬁgp,@éﬁogﬂgilngﬁﬂeebﬁt@@gﬁkm@f}ﬁ{gﬁﬁtance [00d81] OIlt is preferreI;JI
that the co nventionis su re m_rosin and ¢ in tives that
mPHébHSXQP &{él%rp(ﬁsf%% %hf 15 3Ubsta %?%'1&5 G TREMAS % z (2 f c?tlhg

contain free car ups. Specific e content & rosin and rosin derivative i t
composiBRBRfeBresent invention is preferably about 1 or less weight%, and more preferably about
0 to 0.1{Wefght%. The rosin and rosin derivatives that contain free carboxyl groups have high

hydrophilicityhEhesgfieses wihenthe-eratipg fil:containsgush iashefRpaygsibdarvaives the water
resistange; EB}B %&%‘%ﬁl ét‘e?%ﬁ‘i?"zvsﬁ%%"%‘?{b TBAYFAYRLR SIS Sl 3EING ANdike: gglects on
the coating m[’ <<Cuprous

monomer {a) 1s about 45 to 65 weight%, the coating film formed using the

resultant antifouling coating composition can exhibit stable solubility, and it can
maintain an antifouling effect for a long period of time.
[0043]

The copolymer (A) is obtained by polymerizing the monomer (a) and the
monomer (b) in the mixture. The polymerization is for example performed in the
presence of a polymerization initiator.

[0044]

Examples of the polymerization initiator include 2,2’-azobisisobutyronitrile
(AIBN}, 2,2’-azobis-2-methylbutyronitrile, dimethyl -2,2’-azobisisobutyrate and
like azo compounds; benzoyl peroxide, di-tert-butyl peroxide, tert-butyl
peroxybenzoate, tert-butyl peroxy isopropylcarbonate, t-butyl peroxy-2-ethyl
hexanoate and like peroxide, etc. These polymerization initiators may be used
singly or in combination. The polymerization initiator is especially preferred to
be 2,2’-azobisisobutyronitrile, and t-butyl peroxy-2-ethyl hexanoate.

[0045]



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 tw@bgt@maétgtﬁ &@Qﬁ§]trloﬂ_§1§1@¥ﬁfﬁl%ﬂé§fﬁék€tm@iﬁ@%ro%ﬂ%%IUQHSbQX'de is

preferab %9% ut 3 Y] 3938%}; Il Secie osm&? of th %%gge ﬁ inve t:l%ré gonta 6?151}#5 SHprous
tic t Vi

oxide havil rage pa meter 6 ng rate of the coating film
can be H&S§ ny controlled o) that a long-term antlfoullng effect can be exhibited. [0084] A preferable
examplEOOEthE foiin of the cuprous oxide is a cuprous oxide whose surface is covered with a coating

a@JentI Ft?r CXBRA] 1&% RankisuiatesLRIOUSRYd8 d% M@oih@cﬁﬁ%@@ﬁl@ﬂ%&i@ﬁ ﬁﬁf@@e of each
particle be covered. with a ¢ t| nt. By coverin tin en idatign of the cuprous
oxide cin Be desita (Iy brev%??e ﬁgg IYIZ%% %?%686%5 cggélzngéé%%ér%{; include stea_ric
acid, Iat‘ﬂ”r’l’E%&’dt Riffjeriol sticR®s wrﬁa@eﬂm@gs es%*aIrg Qseﬁtgsm ¥sedSingly or in
combinatipnljo08604) tdtlis prefenabiedhstiyhersbmposititdelnf the invention contains 100 to 450 parts
by weiqt@ganﬁ more preferably 200 to 400 parts by weight of cuprous oxide per total amount of 100

parts by weigh gL copalyer () sa e medfiedhiesysall @), When e omert el cuprous

oxide is 100 to %a?ts by weight pert unto parts’b welg t the coating film can

exhibit &FeReRifshPhHafotTER efeelv vl dh & Ehfp JOtEP6 HREHIAM AR Tion may contain
any inolgaihic Gntifounldnts dal acdvidon $p ks oupr biep txideainisikch ahtdm(bmt that does not adversely

affect thg,-anbteingmefiestdraanples eiHgable-Rganieantifewantsdopiiee aeppakthiocyanate

(general ok I 150 t foulants may
be use sﬁm XB’CIQ lp&t%ﬂ %l%%?oni&%gﬁ %%gnlcafﬁ%%%@rl’?g$%8 J’ﬁ?@af&%%@qtﬁat ntifouling
coating ‘o]sﬁfo‘ﬁ B thal b ol RSt i Her SRR Lo R @Hﬁtﬁot}m% Ibefs limitation
to the olideniviamitifoatadtsaky torig; arwﬁbylr@t\b’efialmmrgeometiejﬁngﬁfemléqamc aguhtikfouling
organismgoExanyyes ebire-REganic amtﬁmﬂ@tﬁé@,@u%&mm@@ywmmm@ms(general

name: cRRRST Aol e ke 19N conRek omRauRe: 2yneKeARiRRYdng N BXdscine

(gener e :zinc pyr ithio carbamate) (general name™: zineb), zinc
bis(dim&tRAi ot A {§8neral name : ziram), dizinc
bis(dimE¥8ithiocarbamate)ethylenebis(dithiocarbamate) (general name : polycarbamate) and like

organic Zlncm@wﬂnﬁﬂﬁﬁﬂ&a{fm@ﬁﬂﬂ%%tﬁyﬁx@@f&w pyHebdipheny@etnybbdrane,
4-phenyl pyridiyl-gliph 6?1“&1& § @’M*BRE M&?&%%ﬁ%?&atﬂphs&y'I%&%@tméﬂs&woxy)
|

propyl amlf?*(ie%boron and I|k anic compounds; 2,4,6-trichloromalei

R B B o e BT S SR ot e

4,5- dlcm@ﬂﬁesﬂrﬁotw@@spﬂimm@@@ene&atmassbeﬂﬁ@m@elected depending on
3,4-dicttbéommycb1mt&ﬂﬁeﬁthyhdxe@cégeiﬂetabna@mwiamﬁt 4 to 8 hours.

2-meth)4 -t-butylamino-6-cyclopropylamino-s-triazine (general name : Irgarol 1051),
2,4,5,6-tetrachloroisophthalonitrile (general nam othaloni

N cichorof oA TR TR RO TGN (8 C ERE Rae i R
N-dichlsvdreaery|gae-No' aisrst AN pheagBatEmide (general name : dichlofluanid),
2-(4-thiggobtbenzimidazole (general name : thiabendazole), 3-
(benzo[@k%&%g&k@&ﬁ'@gﬁ%bgz -oxathiazine-4-oxide (general name : bethoxazine),

2-(p-chl 4 b 5-trifl th I I E 8), etc. A
inceo, 2 pYRINHNE LA B R BRI R DSFANG 1B B8 NROSTE Sl rgarol

1051 ar@sr@féﬁﬂédvla@d@@pe@%ﬁﬁmm@dﬁtﬁé pYFtRIGRE, @Wﬂq@ﬂmﬂ%ﬁéﬁ@ wedised-Nine 211
are morepiefesethinhegeinrganerantiftula®s enfighte theraptitoylingetiety iBTombi@ation with the

above-mentiopsd &H@reyﬁl%@ﬁn&%t@e@é@éetem&ﬂ'% B%Hﬂ@?sﬂ&%?@&c antifoulants works to
malnta|§ 5?6 ?ﬁml% t g eff ct | lehtavmg Cté UlIn organls hese or%aénc

antifoulants Ma e sm or in com ination. ‘f%o 5%‘ € cor?tenct the' organlc ‘Ghtifoulants in
the con*IE@EIﬁBﬁfé? mecé)r@g&] iReBiafaritly ﬁro%mb%wért@ Wéfb‘ﬁtaﬁﬁt}li‘ﬁ‘b?é pkeferably 10
to 30 partsdiytWeightrpeeiatabarmaunt ©ftd &6 parts dnlaveighirofrihéh cqpolym en () stndgtloé modified
rosin 54&9&%&9&%&%%8%&%& igxetfoulanis s hanane fad, yiweightathe, antifouling
effect o{ the. orgranlc an foulﬁn& %ar%pot satlsfacton lily b]e ex '331 eh;;thFo content e%<ceefdls 50 parts by
weight, ite] |m roverment i t oﬁ)ﬁ)n § efisct i be' obseved in prop portion 10 the increase in the
amount%mﬁlé BF&éIﬁFétﬁrﬂﬁé‘&’f&ﬁttﬂﬁé‘@‘tmée@ﬁé?foﬂéﬁﬁcalTﬂ@@@@?%tﬁéﬁNaﬁlﬁtz‘&c@&?m The
antifouling coating composition of the present invention may further contain plasticizers, dewatering
agents, dispersants, known pigments and like knowé additives. [0091]



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 and like phosphate esters; dibutyl phthalate, dioctyl phthalate
and like phthalate esters; dibutyl adipate, dioctyl adipate and like adipate esters; dibutyl sebacate,
dioctyl sghaeain aed dike srhpcateepiensi /rRDXigzaE saxhaa- Ot acRe¥dizathtineeapiahand like
epoxidized;olls and fafs; methy 'nyle%tiheéggxlmeﬁu% . vinyl et efs%? @%ﬁé‘?&' g‘f»s alkyyyinyl ether
polymers; poeiyethy?éne ﬁ/co , palypropylene glycol an ﬁ<e po%/a kylene 1cho S; ndf, i
t-nonylpeRtASHRR LAY m&%ﬁmf&%& RISy NSt ALREYh 6 6 it &Faffin,
chlorinatedtpagdlifim pofgaterivptasticizeisforareddirtndemtatyarsdturgtdtheadvastylate polymer,
etc. Amgngrbese ciickesylRhasphatesepexidised savlean oil, and epoxidized linseed oil are
preferrjgo%g xidized soybean oil and epoxidized linseed oil are especially preferred. By use of these
plasticizers, _physical properties of the coating film are improved, and in addition water resistance is
enhanced. THeYeTo RS RRET o SRERNRRF RFERSELRE AT B veRtey CARFHHSECPACK, blister
and likedébatingafthia tde fecis, datrbbyglevebietd eueitlindesedrarda Haviagid. igh suaeales temperature.
These plagiicizan M@y deasredisipghs prrithermbirplions092h 80The ernieni ahthenplastisizer in the
compos of t rasent | 0 tk e tis
preferaé?;lll?%’:[élf O5 %p%%ﬁ\f%%%%ﬁagﬁ ﬁ%r&g) %ﬁgg}&% {Sg%%gg%g?t%%%@v%’e%%Ség}%%lg{lga}%%%nt of 100
parts by WRIGHEBHR LGRS TAI R HEhistiiRE oAt ey IF e R dnte ATYH the Bidsticizer is
less thatpetiegditthyisvieight sadstacteamintsrofemelong the phisicanpropditgscsttarg ilznd
adhesiviearEs) sarnel e Qliaiprd; THeyeolspRRAPAItS B\ aighk tae ceatdgnwhibecomes too soft,
and is agisal R iRARie. B05Rkacilde EIEAR'E atlbc AOtoHling sealg sempostion of the

present iInvention further conta dewatering agent. The dewatering agent js'an agent that removes

water i%@V&Wiﬂoﬁ?%?ﬁﬁl@@ﬁf%ﬂ@%é%%ﬁﬁﬁ%ﬁgnﬁem@% & feHtibiers and

dehydrattcagentsn Thehdetnatifigln aad dhasde hgavating crgeltonpschip Bangedestgly, Br both the

dehumigdiiers andwhe-slehydating 8 geatsk eris hediseckin e binatiofadd0did]coating Behumidifier is

a Compgﬁﬁ %E}%@%l%&!fa@@@( 1efo21NG CRTPOSIIAR ﬁ}igﬁ%ﬁﬂgc}"%&@{ﬁ% Exgiples of the
e

dehumiditiefs inc orthoformate, ethyl orthoformate_and like alkyl prthoformates;

tetraeth®X trab TRAES 1 &Thé 8%&% Féﬁ&%éﬁé&ﬁ?i&%%ﬁ?%&%% Him
methyltardeeexydilafdcirthyhrienhtagsfidme sdiffrahatiethelysiereasienethathaxysilane,
diphenylaigthersyailang ansklike RikDxysitariegittpaleic anhydride, phthalic anhydride and like acid
anhydriﬂﬁ%g}c. [0095] The dehydrating agent is a compound that can remove water in the
composition bé incorporatjpng the wager jnto the d%;%/dratir}%%ent as.crystallization water. Examples of

dehydrating SGENESHERA ARG SR RROIESHR é’?f%%& as %?}ﬁat%gcs U sulfate,
etc. [0096Fn UBREradsesitimitidivintélthdictmhent shireludinge Angtige mefiehieton Pesitisi of the
presentdiffersionfrout ithe preferably rbsorb-pa(13) iyt weaight,dnthenasenpratetadsly 2 to 30 parts by
weight g%tf:ll amount of 100 parts by weight of the copolymer (A) and the modified rosin salt. When
the content qf the dewatering agent is about 1 to 50 parts by weight per,the above-mentioned total
amount of 106 S BRTY e 0 Gto ORL I 51 1 A OO P ARV n i
further MPIBVRERTODO T abThE Gntifo Gihy ettty cornsbsifsHor#YES EsBiftMYEisa6H referably
further confaina & didpeisast-(ananiisetting agkninBpaockisiningsa disperabittisegitaentation of the
componenis g-ge SURIOUS Q3R BENIARRS 200y e BIgMAN R MReNEANSdhelpw oh throcqmppsition of

the present ni\:{) ntion, as well.as tp%formatiofgl.oﬁ\ hard ake (a hard ﬁrgc'[i)itat?fgtcantbe prevented or
inhibited atfih Ostgrlé%sel%ﬁ%léi EompEStin f tie rggg‘ﬁ ‘i‘rff\zlé:_ntriléﬁ:g? 6fs_ A58 &tfectively Soles the
problentlest @ipARgET BeckBapOSHb (Heisaling Atbrigy R s Gsafing FIMtRFOMAES on the
surfacelof drogbjedi-id hestoated Hispsmoptheeanpbsittdn of cthedereseatimmption. (008}t
E_xamplgg %@1@0@@_ Ht@/é?@%@iﬁ%&?ﬁ@&lﬁgtﬁﬁgﬁﬁﬁ%ﬁ@%ﬁﬂ ﬂ‘@tﬁtlﬁ?&{@ amide-based
dispersapts, faity acid ester-based dispereants fydrogenated casiar ol-based dispersants vegetable
polymeﬁzedp oﬂ;basecf ispersants, polye Rerester- ype sur?acctarﬁs,’suﬁg?e-]ty € aniohic surfactants,
polycarBakyRéie Rcitine S incbades dispersani I BoRi &R BBk %M@@é%p@fé%%%&ymenc
polyethembsedrtispériggriis raentiiccpolyinersiadediclispsrsaots rspetith sibearkdbased dispersants,
talc-baq@@gjﬁpersants, bentonite-based dispersants, kaolinite-based dispersants, silica gel-based
d'SperS‘?”tS’Iet‘%hEheP%Q'sfps‘?r%%{E%%}ébs U%edd%{‘eg“é Oéikq'fcoré‘%%aé{ono%@?eao%a%{%?%fof the
present mv_enrﬁon fefera y'contains a fatt acid ami e_-%asednéhspersan . The, com osition of the
present%tfaﬁfﬁar%@dﬁ%aae@éﬁﬁyéf@aéﬁﬁa%?rﬁeﬁ&iﬂ@ %‘?ﬁ’ﬁéé%%’&‘l%@ﬁ%rﬁgﬁﬂﬁﬁlthe
copolymer (A) etc., and then mixing and dispersing the mixed solution. When the mixed solution
contains the fatty acid amide-based dispersant, thélstorage stability of the mixed solution can be
enhanced, and the composition of the present invention can be obtained more easily and reliably.
[0099] 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),
Dicnalon RONN-10X (ar 20X)Y and Dienalon AR10-10X (or 20X) (all nrodiicte nf Kiiciimotn Chemicale



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 modified rosin 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 bYAW%'ﬂJ&iﬂgﬁ ﬁﬁ?ﬁﬁt%ﬁlftﬂ}%&iﬁésﬁﬂﬁdh%ﬁ # %{E!’OQ&BE Wﬁﬁ%@r@@ & Qﬁ@xﬁ%ﬁ?ﬂéﬁ
preferat%y exl%%lteg, ag%%he Isrgor}?ge gtabjlflll%ysof quec%c%atlng CO&E’S%{EOJ; ﬁg \tf@e walentlon is further
1511 ]m ?t f € %_a?st% r}ﬁﬁouhng coating composition offhé present invention
may furtHePEGRERR K RTIREREIHCIERS Fislestr heu R RIS ERsesE Asihap ¢ e ke thed iron
oxide, talojditamiuba okt silida, bentdaiteddoiomsite, calgugatatbiinatechasumsttdteaddlike
inor?ani@ﬁﬂg@@bﬁ%gpﬁfm@%ﬁilgm fk‘éé@‘%f@_@_&%?#é%&’@d@lﬁﬁ&%@rﬁ'ﬁﬁ% F?Jﬂtr‘ﬂﬁBts mtaytﬁe used
singly or,in combinatign. In particular, by containing the.zinc oxice, it.is possible romo e
oo S R T D S, e B ER e SR OB e s no
limitatiol$ tF{RE 88 R At & BigPREHER S dBRMIB JIESN. Graitk pré&eist iRGERNSH; iswever, the
contentdspreferaiolyd ietoold Oasant s byl ileidihiti cand hngirdsprefecalvly At je bt pdrtEdayeweight per total
amountyf-10R:parisbyaight abths copalmar (A} actae.maglilied sasinisalh (B) dAAMMhck When
the contept.of 15,0 9xide s 29 gl ore. parts by welahtper.the ahove.mentioned fofal.amount of
100 par s%y wel h , penetration of sea jater into the coating Titnis e_nHancec], ere may occur a
problent ¢t Areh Rehirfinds ehighly K59514'8 ARIH Y8alvE dicempEraRie BEEbANES difficult
due to etibempeemdrtiadiithependpatidivalisecawateplrgeoinéd: eoatingfilngaf@tiodien oitnraddition, the
antifoulipg¢oating: aerAResliPR G thevnve RicionBYk: bheteasainiReidesiesnantidliooding agent,
antifoan)g,aaenis andfie, common additves o1 coating, material, [0106), v, e, camposition of the
present invention is Usually disso veaor ispersed’in an orgaan Sivent. 1iS makes the coating
materiaf BBEIEHIGSATRE) £33 BIES R RS ASHIEAORIARIE SBRIETRS TETUHB IheHS, BRIl tineral
spirit, NWBKrbuylacetatebetzohmontgetheEbsylehe anddviBKadeel phetinitardysprefenabietThese
cc):rg anicleeepta _E@ﬁﬁ%é_‘?ﬁﬁiﬁ@%%ﬁ?ﬁé&@@@@%@r&}ﬁ?& sfM Eﬁ@éi%@&% @%ﬁk@&ﬁ@}ifoulin%
oatin ition> ... .. ntifa y ng compositign Invention.gan nufactured,
for exariA et e N e P08 IR
additivelaqar 48 i TIprBiRE BrigEdRE Pasticizer, etc. in a solvent. [0108]  The amounts of the
copolyniié®$&), the modified rosin salt (B), etc. used may be suitably selected so that the resulting

antifouling cogiéng sammeasiienCRTRingtirRamAdiied dosinisalB) Bt aesepialle aament ranges
as desqbacn e section fk%%f&&‘é"%Qoﬁl%alﬂ&%s%f}%géﬁﬁ’ﬂiéf&%%leﬁc'%?&E%H‘p'es of the usable
ra MIBK, butyl a

solvents include xylene, toluene, min pirit, 3 etate, etc. Amorig these, xylene is
particul Sy PrEfeBRic R ilad BV Eea SRYR Arith OMBHARHA[0EIBIMaTHh 8§ dHfonents may
be mixediliyydoehimaranreidiag thecoopulyated (Neantt esvapouts neatdridls sveadissobeetdt of
disperseddniasohjagh tear @xamiiectia eepdlymeah@ariibe rdifiadgosinsaltdBY marde
dissolvzg(%éiispersed in a solvent first, and then mixed with other materials (such as organic
antifoulants), As the solvent, the above-mentioned ones may be used. [0111] == Mixing may be
conducted, ot BRAHHA A P RfsPAELP e RE s BT eP iR TetiRSR My 28 lected from those
that cabeeriBtzatemidronsitvesiiareCBiseifid:E xantpleecversofiehite tiktsrandiizsd ohairs.
Examplesio{@)esisadleratiis ndkidedatbmithesarsupitiankeadipils qngdmélsicbynecmills, Cowles
mills, b@g@ﬂyﬁ%%@g&s&%@g,I%@ﬁ%&g&p@é@lﬂgﬁ@%@r mixing and dispersing coating materials. A

diSSOIVibqb gdisperser having ‘a rotary vane-type grinder. The mixed solution can be mixed and

dispers Lotating the grinder. The dissolver may also be called a disper. [0112]
A zine salt and/or a copper salt of the modified rosin stably exists in the

. 101, a b 1
improved. IS prefera ea

coating material because these salts have high compatibility with the copolymer
{A). Therefore, the composition of the present invention has excellent long-term
storageability.

[0058]

It is preferable that the modified rosin of the modified rosin salt (B) includes
abietic acid, neoabietic acid, palustric acid and like conjugated dienocic resin acid
in a as small amount as possible. Specifically, the content of the conjugated
dienoic resin acid in the modified rosin is less than 20 weight%, and is preferred
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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. [0113]  Specifically, when a
cuprous oxide having an average particle diameter of about 3 to 10 pm, preferably about 3 to 8 pm is
used, it is preferable to mix the copolymer (A), the modified rosin salt (B), the cuprous oxide, and if
neCGSSQWbé<[E§§&@QHiﬂVﬁ§se@§Ht%tef Wﬁbdct}@&%é}ﬂﬁkﬁi@l%?&%tb@r{ﬁ%a@@ dbglaie byste disperser
me”“°3§££?°§£ﬁe [r%lolc%hed Ié‘s%r?‘i@‘i%%ge?’%'gs% having %”c%‘é%&agﬁc&’%ﬁ'r‘r’ﬂg Siameter of ahout 3 to 10
pm tends to folin_ secondary aggregation? Therefore, when ingredients containing a cuprous oxide are
mixed, FRAEBGITTER cabSsia8iET&sikely to have aggregation. This may cause cracking or the like in
the resufidgXoating film. By mixing and dispersing a mixed solution that contains cuprous oxide
having an avekagg faiste-diameier @Pbﬁﬂt&tﬁrla%ﬂ@d{%lﬂé{%m% e saeonganyyagoregated
cuprouiEEigeeioc‘gp be broken down. This makes it possible to obtain an antifouling coating composition
with the'cuprous oxide desirably dispersed therein. [0115]  When a dissolver is used as the
dispersé@, fy preferable that the grinder of the dissolver be rotated at high speed. By making the
grinder (DtHelatgehighspeeds tie sdoondagesgl igatsd copasidsdectnpeldestably bioken
dov¥n. {9Edhucidhen Oﬁqféliﬁff@é@%d idg E%ﬁ@%ﬁ@a@&%f@ﬂ%ﬂﬁﬂi@iﬁe@@bﬁl@@f @_f gieut 10 }0 20 FE,T)
prefera t13 1 m is used as the cuprou e, it is.preferable to mi copolymer (A),
the mogiltiée%rr%%ﬁ]%%ﬁ ?é?ggﬁ% 1# §llélcg§§%8r)}}jk%%%vﬁ§g%x£?€egoalr%d%aef%grﬁﬁgt?% gégst%e cuprous oxide
into the Wialifee FFITAFE: Ve HaiprBEO BB HhERQR et 268 Baritre chamhetéh 6t BRRITL0 to 20
pm, secondan aghregatondseagtivetydunlikely to occur. For this reason, it is preferable to mix and
dispersgoitie 1gopolymer (A) and the modified rosin salt (B) using a disperser, to add the cuprous oxide

to the res““%}ééﬁiétﬂggrs%%gﬁ%{ﬂé the, mixiyr g@tggﬁg !féa%%e%?c”&&tc? Qgé}l%gﬁﬁ}@&?%%&%o“s oxide

particles as as sible. According to this method; the cuprous oxide is y pulverized, and
therefordC e LIMGERRIRRATHT fdbUpo R DRERIHIRE ASSURINYEURHES HERTMIETTES RRtbely small.

For exalfipfellthe specific surface area of the cuprous oxide can be as small as about 1.3 x 10-3 mm2

or less, preferabiipadoul 3 rldA hlad xtlrdmmpbheniae pudacearas okdieccuprous oxide is
small, tﬁ%&%%%dﬂ%f’tﬁ%ob’é@ g@&eu%%'a *%Sagfﬁg'éﬁka%‘ig&%'ﬂg&&g SR 10, FEENAtES ARvipg ugh
temperature. In addition, according to the method, processing time for the process I)y the disperser
above cRHBESFHHIR §RSHINFlie production cost of the composition of the present invention.
[0118] X3 h dissolver is used as a disperser, it is preferable that the rotation speed of the grinder be
set to mediupxam@lesf selfingsihdhetadiesspeed ahiheogtndeto rredlFveiHowCrusieg of the

cuproushpag,dgecagelggsqgg ively. prevepted 191191 <Method of Antifouling Treatment, Antifouling

CoatingEFiIm and Coated Object>  The method of antifouling treatment of the invention are
t

charac Qf}%ﬁ}in that an antifouling coating film is formed on the surface of the object to be coated
using the abbiyeleogsiaimadstifo utirey evathyy copmpisitidntoThe MEmod of antifouling treatment of the
presentjgeRfion can prevent adhesion of aquatic fouling organisms by the gradual dissolution of the

surface of the, anfifouling, cealing, M, 89,250 FoREBUAIY ERCWhe;surtace Nl ile ¢0aHNg film.After
the dissolution of the OC%%(%%nﬂ . the antlfo%g; effeﬁt can be continuously exhibited by recoating the
n

compostiBRGAEE SVPBBREL Ricta coating film can be formed include ships (in

particuld?0&6ip bottoms), fishing tools, structures submerged in seawater, etc. Examples of the fishing
tools includetfishitrgaetsfoinus érincag iaetiigenariodixed ntdtingy anddishingisigt adeessaries such as

floats afiahemin/ISHNAOEE LPRESH U EXAMAIROT SIES RUPIIBIASH 1hspAaler include
power pr&r)wé;?]que ucts, bridges, port facilities, etc. [0121]

The reaction between the obtained modified rosin and the copper compound
or zinc compound may be conduced in accordance with a known method.  For
example, the reaction may be conducted by heating the modified rosin and the
copper compound or zinc compound in a solvent at, for example, about 70 to 80
deg. C.

[0068]

Examples of the copper compound include copper hydroxide, cuprous oxide,
etc. They may be used singly or in combination.
[0069]
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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. [0122]
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. [0123]  The coating

c_ompositionﬂﬁggﬂﬁﬁ@@f %P@E@ﬁ@%rﬁﬁ&ﬁﬁﬂﬁéﬁ_i@l&eiﬁ{w@;ﬁ@ﬁ 96;?9@@%6%%3&%‘?- The drying
time malyh%e sugab% %elg&tggnd%pgn%lpgo% t?gatuhlckness of the coating film, etc. [0124] The
thickness 6f the ant) ouﬁng coating filn may be sw?arb'ly selected depending on the type of object on
which a[@@gﬁ’r}lg film is formed, the navigation speed of the ship, the seawater temperature, etc. For
example, whencthenohjectadntivhichpaaoatingiitmis fordhéddszashipibaitamdthedtickness of the

antifouling-ceating filmiie-aeasraly AR{oR0SpB: @ dPisie allyot0Ada- 498 RRd9Igsh The antifouling

coating é‘gm %f tggﬂgvernti%ncig 4 vantageous in that: 1) It has excellent water resistance, and therefore
crackinﬂaggeﬁng or the fike iS un"ﬁkely to occur even if it is in contact with seawater for a long time; 2) It
has a sU&bid hardness, and therefore cold flow or other defects is unlikely to occur in the resulting

coating film; B)dtdrdsca highradhesipenass tartherohijet taenl edngchsal c datsgrfitmnh ibimedd; and 4) slime

is hardlycaftaghed e thedndasing-caakea filmcpyan whend imimmersedin Seayaleriay aéong time.
[0126] .. _The co teglro%ect of thgt present hr}v&nti?n (p%s the aengfl%gtﬂisng coating film on its surface. The

d . I :
coated OBeCt Of the prese%t%]e/{gn ion may aveethgvant{féﬁﬁrﬁg coating film on the entire surface

thereof,{% ?igﬂart thereof. [0127]  The coated object of the present invention is covered with the
antifoulifly Eostingfilntitamingthe attacactdristics of ikemdticted idesorilped sthhoveoThetalpse, it can be
desiEablyrﬁml'@@ denshipg Gﬂ@gtﬂﬁ%&n 'at?at@mﬁbiésﬁgﬁﬂafeia, ﬁfﬂ%ﬁﬁﬁ%ﬁﬁ?we&?ﬁi inhsezwater,
etc. [01 For exa when.the antifouling i iim,is formed on the .sur of a ship bottom,
the ant s L T e o

always FeREWEIVithi SevRATCHE BEHBS G @f%ﬁ&lﬁamﬂﬁ%rganisms. [0129]  Furthermore, the

hydrolyEi#aie of the antifouling coating film in seawater is desirably controlled. Therefore, ships
benefit from thetaptdeuingrifeciiatisdongperackhebimel agddiionalytevendvhen the ships are not
moving,for ex le.. during anchor. rigging.. etc. .. th hgsi ncrustati aquatic fouling
organe e e B e

surfaceRSOR S HfsuRS CORSR fth S BAS EARrE88H8m cracking or peeling even after a long period

of time [H&féfore, it is unnecessary to completely removing the existing coating film before re-forming
a new coating:fiimpiheseiaie, iy diracty Fregatingitheantitauingrcoatirgifiivdagaspasition thereon, the

a”t?fou":ﬂqe%%%‘xi{’%rfﬂ%‘&Q@gb&ﬁ?cgt;v‘?“vﬂ}’egf[—ﬁ%? b%'l%@?ﬂ%?%&ﬂ%%ﬁ%ﬁ?ﬁ?a oib@%.%séﬁé“ai”tai” the
antifouling eftect easily and at low cast. Example [0131 Features_of the invention will be further
clarified RS B ADIBE BEE. BRGWABEIOW; AOREVC Y RLEHGH TR R: HifteaBy the
Examples.q0i32]ly selected in consideration of the reaction efficiency etc.
[0075]
Examples of the rosin shown in the above (I} may be used.
[0076]
The disproportionation reaction is preferably conducted in an inert gas
(nitrogen gas) atmosphere.
[0077]
The reaction temperature in the disproportionation reaction is about 200 to
300 deg. C.
[0078]
The reaction time in the disproportionation reaction may be suitably selected
depending on the generation amount of the unconjugated dienoic resin acids.
[0079}
The reaction between the obtained modified rosin and the copper compound
or zinc compound may be conduced in accordance with a known method. For
example, the reaction may be conducted by the method shown in the above {I).
[0080]
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In. each of the production Examples, comparative production Examples, Examples, and comparative
Examples, "%" denotes "% by weight". Viscosity was determined at 25 deg. C using a Brookfield
viscometer. The weight-average molecular weight (Mw) was determined by gel permeation
chromatography (GPO) (using a polystyrene standard). GPO was performed under the following

conditions. %W@Eth‘%&&@ﬁr@ﬁ%y@ﬁo&%mﬂ&“ ) Golum i JilcaelsaaReRHZMM (Tosoh

Corporatign). two Flow rate: 0.35 m ctor: Rl Co mn th rmestat tem I 40 deg. C
Eluate: a\lll-ﬁl—} in no\% Tatle cor?ten]t Was%etﬁ?nlnﬁfg rheaﬁ)n orag)%o%}?g a?%%%lgg C. [0133]
The am%%@@ﬁ@ékﬁ?ﬁr&r@as%ﬁf%hbwbmrrg&é%Oa%‘%gﬁfégen DA A &hén
Examplecp¢Broduciiy reafiGpabpotifiSdlutsim AR] ) abo#38 3y abxidehe Abds dhan@@dll“taaﬂ 000 mi
flask ecuuinppee wit @oﬁt%@‘?mﬁt% uﬁéﬁﬂ@éﬂ@ﬁ@fbﬁ@éa@vétﬂgﬁfeﬁﬂ?e@a‘ﬂtﬁ%?'Qﬁd%}&ﬁ%ﬁﬂef which a

mixture of 270 tus Isilyl methacrylate, 50 ofm th methac lae 1 2methoxyethy|
methacr%?%z f{% ﬁ%x;%thnfgacr%a? ?d go aéfrl)?la{e an E'l’tel‘l%gutyttperoxy 2-ethyl

hexanoaﬁea@%ﬁtﬁaﬂga=aﬂ%f‘eayw3§l§a%¥e80@%wé€w@m Rl 6\@8&1ﬁgrf8&bhﬁm‘l&ﬁsw{édst.rnng at
100 2 degcleintashitnogen atmospherecgifterrtke.dropwise addition, the polymerization reaction was
performed#or 2 hours at 100 2 deg. C. Then, while stirring the resulting reaction solution at 100 2

deg. C, 1 g of t-butyl.pero thyl hexanoat uentl de sadd ree with
2-hour mtergals tg%égorrﬁ%ﬁe%ofmcgr% t(l)g%lteré%ctlon A&’t%r t%n 8 ny?ene% %1%? | solvent)

was ad#&s FraEyNendhins ﬁo@%?@%ﬁ%&ﬁ’%ﬂﬁpe@@ QFﬁY FGpofymer solution A-1.
Table 1ghoviSchidyyitvesity o -obthtd e contemnt vvsj mule figadive-In [0E38)RmoutiondEkhmples 2 to

6 (F’rodg%@&ﬁf&@mywﬁfs af&la%%&sb/a@h or %@Jngﬁmn é@ﬁpmw@a@gﬁwmed
accordlngto %ht? Same proc gye %coi ction x%rsnl%Ie %rfx‘%@g a}ggn lgta%vg%t monomers, and

polymerlzatlon inttiator SHOWn iR a us proJucmg the trlorganos 3; ester- contamlng copolymer

solutiorfERLO Ty LA Oﬁgﬁléﬁv%@thg‘%ﬁ%&%?ﬂ?ni%n VORERECESnIEREVRE 8 G ERch copolymer
solutioncobtzinesl s{0E86) Jifambtend]| rtwin derivatives, the water resistance of the coating

film will be lowered, which may cause blisters, cracking and like defects on the
coating film.

[0082]

<<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.

[0083]

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.

[0084]

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.

[0085}
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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.

[0086)]

It is preferable that the composition of the invention contains 100 to 450
parts by wetight, 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 modified
rosin 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.

[0087]

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.

[0088]
<<Qrganic 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 :
polycarbamate) and like organic zinc compounds; pyridine-triphenylborane,
4-isopropyl pyridyl-diphenylmethyl borane, 4-phenyl pyridiyi-diphenyl borane,
triphenylboron-n-octadecyl amine, triphenyl[3-(2-ethylhexyloxy} propyl
amine|boron and like organic boron compounds; 2,4,6-trichloromaleimide,
N-(2,6-diethylphenyl)-2,3-dichloromaleimide and like maleimide compounds;
and, 4,5-dichloro-2-n-octyl-3-isothiazolone {general name : Sea-Nine 211),
3,4-dichlorophenyl-N-N-dimethylurea (general name : diuron),
2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine (general name :
Irgarol 1051}, 2,4,5,6-tetrachloroisophthalonitrile (general name : chlorothalonil),
N-dichlorofluoromethylthio-N',N'-dimethyl-N-p-tolylsulfamide (general name :
tolylfluanid), N-dichloromethylthio-N',N'-dimethyl-N-phenylsulfamide {general
name : dichlofluanid}, 2-{4-thiazolyl)benzimidazole (general name :
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thiabendazole), 3-(benzo[blthien-2-y1)-5,6-dihydro-1,4,2-oxathiazine-4-oxide
(general name : bethoxazine),
2-(p-chlorophenyl)-3-cyano-4-bromo-5-triflucromethyl pyrrole (general
name :Econea28}, etc. Among these, zinc pyrithione, copper pyrithione,
pyridine-triphenylborane, zineb, Sea-Nine 211, and Irgarol 1051 are preferred,
and copper pyrithione, zinc pyrithione, pyridine-triphenylborane, 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.
[0089]

~ 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
modified rosin 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.
[0090]
<<Other Additives, Etc.>>

The antifouling coating composition of the present invention may further

contain plasticizers, dewatering agents, dispersants, known pigments and like
known additives.
[0091]

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
and like phosphate esters; dibutyl phthalate, dioctyl phthalate and like phthalate
esters; dibutyl adipate, dioctyl adipate and like adipate esters; dibutyl sebacate,
dioctyl sebacate and like sebacate esters; epoxidized soybean oil, epoxidized
linseed oil and like epoxidized oils and fats; methyl vinyl ether polymer, ethyl vinyl
ether polymer and like atkyl 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,
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physical properties of the coating film are 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.
[0092]

The content of the plasticizer in the composition of the present invention

depends on the content of the modified rosin 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 modified rosin 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.
[0093]
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.

[0094]

The dehumidifier is a compound that can remove water in the coating
composition by reacting with water. Examples of the dehumidifiers include
methyl orthoformate, ethyl orthoformate and like alkyl orthoformates;
tetraethoxysilane, tetrabutoxysilane, tetraphenoxysilane,

tetrakis(2-ethoxybutoxy)silane, methyltrimethoxysilane, methyltriethoxysilane,

dimethyldiethoxysilane, trimethylethoxysilane, diphenyldiethoxysilane and like

alkoxysilanes; maleic anhydride, phthalic anhydride and like acid anhydrides,

etc.
[0095]

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

[0096]
There is no limitation to the content of the dewatering agent in the

composition of the present invention, but it is preferably 1 to 50 parts by weight,

and more preferably 2 to 30 parts by weight per total amount of 100 parts by

weight of the copolymer (A) and the modified rosin salt. When the content of the
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dewatering agent is about 1 to 50 parts by weight per the above-mentioned total
amount of 100 parts by weight, the storage stability of the coating composition of
the invention is further improved.

[0097]

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

[0098}

Examples of dispersants include oxidized polyethylene-based dispersants,
fatty acid amide-based dispersants, fatty acid ester-based dispersants,
hydrogenated castor ocil-based dispersants, vegetable polymerized oil-based
dispersants, polyether ester-type surfactants, sulfate-type anionic surfactants,
polyvcarboxylic acid amine salt-based dispersants, polycarboxylic acid-based
dispersants, polymeric polyether-based dispersants, acrylic polymer-based
dispersants, special silicon-based dispersants, talc-based dispersants,
bentonite-based dispersants, kaolinite-based dispersants, silica gel-based
dispersants, etc. These dispersants may be used singly or in combination. The
composition of the present invention preferably contains a fatty acid amide-based
dispersant. The composition of the present invention can be produced by, for
example, preparing a mixed solution containing the copolymer (A} etc., and then
mixing and dispersing the mixed solution. When the mixed solution contains
the fatty acid amide-based dispersant, the storage stability of the mixed solution
can be enhanced, and the composition of the present invention can be obtained
more easily and reliably.

[0099]

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.
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Production Examples 7 (Production of Xylene Solution B-1 Of Modified Rosin Copper Salt) 500 g
of Chinese gum rosin (WW) was added to a 1,000 ml flask equipped with a thermometer and a stirrer,
and the temperature was increased to 180 deg. C under a nitrogen gas flow. After that, 0.5 g of 5%
palladium carbon wad added thereto, and while stirring the mixture, the mixture was reacted for 4
hours afp2@@) 5 deg. C. After the reaction, the mixture was cooled to 200 deg. C, and the palladium
carbon was rg%l\{gde%}é al rersnseliqrebgltlrlatj%\ Qrdghe filtcrﬁtge was vgci?todg Jlgnsfokb%ngrwasic
concentrated Underre ucedspregsure a eg. Entl(%proguce gjg of-a moditie rosf%afécid number
162 mghehianp. JphresriERodified rosin was methylated by diazomethane, the componential
analysi$did&d conducted by gas chromatography (Column : diethylene glycol succinate (GEGS), 0.24

mmCp X 25 iy &QIuEAJaMPesUFL 1 0RJ88 fenC BIN @108 HBHEQHE In RRECEIRN fdame topization

Detectar, (FID)). The amount of the unconjugated dienoic resin acids.in the.maodified. rosin was 87.8
g R S e B e ST Ao TS 3 A T aretEe 2 o 6
weight5iqoress PrefesalidmaP Masihey HsiENaBaidasRmeREAE 108MaS RYlene solution
with a setitcbortttiots0 e Aptthe Mytenedofistibrowas sdtidd)to a\lask, thrdc200egndbEuprous
oxide was,tler ageskiaRieie 50t habalkat ey exitaaeigein e modieskiasiiais sopper salts
and therea&t&r 1ELOQ 86mg}kga o] vv\é%g g grd]gtgﬁr%tgos gp%%ngggmIysmi>%e"g.eAfterret‘p§rtltlan§u[ii;laeble amount
(about 760 mﬂ_ o?g ass beads %iar_n er 7503, mm) was added thereto’ &nd the mixture was
stirred O BIABIGIS 3t 20 8rakg! © anaftrahinsirmaritioR iy Sisasfedlabiiedeifting
mixturecwastg olech ferotmtediger aturen(@6rd ey f@) anad fiteredednd subsequently concentrated
under regluged pressure to remove the methanol by distillation. Xylene was then added to the obtained
concenirate, {hus, pioghising. & xvlane seliion;B: oL amedifisd [apin SoRRRIoAlLSoatpining 2 copper
salt of the af{or_e entioned unconjugated dienoic’resin a ?a ansparent dark blue _solution; solid
content HEEHBOIRPT HE HESTIGRG SR eSSt BHAT A oSt St eRE 31 5159 [0139]
Productiognioaim piecBiRrotiuctiondsf, XgibiterSokition B2, 0ftMudifired-Rdsirsitine, Suit)toniQ0 g of a
X)élgnde a@llé;tiﬁl fg@féaﬁf:mi@iﬁaéﬂ&sﬁt@@@yﬁ%i@mﬁf@d#ﬁﬁ@i%@iﬁ@k%ﬁr{ﬁoﬁ@gﬁ@&ﬁ' 8l: 20§0) ;Vigo f
added t | it r r, ,an go
grgaﬂ% %%'ijné%%ds %9‘%%&%9%&, ?#Q%ﬁ%?g‘?%{%. aﬁ‘?éég Sﬁ%ﬁ@ﬂ%%@é}gﬁ ﬁgéf%f

zinc oxide’was further added thereto so that a he resin aci e modifig n forms zinc salts,
and the? 83 OThiE ABIRPERES Behyr B RHRTg PYefOR G760 86 8y €68 hidtirs. After that, the
mixturepeasibbokedrapdriittetée isprlirtiaxylé teesonhsiongBibrof andodifiedivesivvintsalt containing
a zinc salhettheirforementiengdrmnennjugated dienoic resin acid (a transparent dark brown solution;
solid ccr@t?@g}about 50%). The resulting xylene solution had a non-volatile content of 50.9%. [0140]
Production Examples 9 (Production of Xylene Solution B-3 Of Modified Rosin. Copper Salt) 5009
of Chin%%@’ifulrﬁ FSSIARARRA BntP 1166 8PS8h bl AbR RS BBh e iR 1553t aLiSdave made of
stainlegersteelt andeaftermuxpowe s eheonseiismpecferabled, thel Sty preightized by
hydrogem@as secoprkgéeatdyand hy drogenadiony reagtionprascendusieddond hoorsavbieshaking at
270 5 %%ggt @gt&{é%#%qgﬂg& ;ﬁ? mixture m@g‘g@g&gg@gq%&p, and the palladium carbon was
removed pressure filtration, and the filtrate was moved to a flask, and was concentrated under
reduce(ﬁodréésure at 200 deg. C to produce 482 g of a modified rosin (acid number 157mgKOH/g). A
part of the mibitiedreshenigs b wbjdeted te trdorspRdntialisaBAIssIPYhY Sate Reaytas Production
ExamplgsoteTheamsawd obthe aneaniugatedalisasie BswEglds ifctherraodifiest rasinuas 89.8

0t e A B B O e
SolutiorF HRHE L5 7 AL 8108 AC0R G S E RBR S RSO L Ak 500 g of
cuprousBRigeckaEfur et s nen eha e thea s i tHelpethe soideme thrmodified rosin forms
copper [galEsNd thereafter 100g of methanol wad added thereto, and uniformly mixed. After that, a
suitable ameynt {aboyt 400m, kalAsS LA diamaisss fieiCo?- i iRk Wad sdldes.thgreto, and the

ixt tirred for § h t 70 to 80 deg. € and then maintained for 2 days at 50 deg. C. Th
sl AR AR BOIRAS To O T ISLT a5 g A R SRty

concenfiQiied o G R B OPreestinsti@ieidet the methanol by distillation. Xylene was then added
to the ofgtairéidd concentrate, thus producing a xylene solution B-3 of a modified rosin copper salt

containing &I‘}RP@Sﬁﬁ?é‘s?&&l??&f%%r?}?%%@ﬁak}@ﬁ‘%ﬂ;iﬁ%t%&%ﬁﬂpl%géiﬂ&{?E’r(&ig ent dark

blue solution; solid cogggga uit 50%). 'SFQ eresolggirr}%(x%/llgpe%s Iatggﬂ hbalg’a no&-vo atile content of
xampFeniJ foduction o ylene Solution B- ot ¥adified Rosin Zinc Salt)

50.3%. JO1AAPTSdteon _ _ ,
400 g cEsaeeles sditierisatte RIEEME SONR OB f 17686 H ERS NI 0 &R ESntent: 50%)
was added to a 1,000 ml flask equipped with a thermometer, a reflux condenser, and a stirrer, and 100
g of zinc oxide was further added thereto so that a#ilof the resin acids in the modified rosin forms zinc
salts, and thereafter, the mixture was dehydrated through reflux at 70 to 80 deg. C for 3 hours. After
that, the mixture was cooled and filtrated to obtain a xylene solution B-4 of a modified rosin zinc salt

containing a zinc salt of the aforementioned unconjugated dienoic resin acid (a transparent dark brown
cenlittion: enlid conteant: ahniit BO0AY The reciiltina vwilene ealiition had a non-vnlatile content of 50N G0/



400 g of a xylene solution of Chinese gum rosin (WW, unconjugated dienoic resin acid 15.5 weight%,
conjugated dienoic resin acid 72.4 weight%) (solid content: 50%) was added to a 1,000 ml flask
equipped with a thermometer, a reflux condenser, and a stirrer, and 100 g of zinc oxide was further
added thereto so that all of the resin acids in the gum rosin forms zinc salts, and thereafter, the mixture
¥_vlas dzm%,egd'ﬂf@%@t@:@%:)é@i.7%@13189@Q_Q@éé,f%ﬁeh@’él&d?m@?@ré%ﬁmw&was cooled gnd
iltrated_to obtain a xylene solution R-2.containing a zinc salt of the aforementioned unconjugate
dienoicFr’gs:?(r?lrg”j::'rljici3 (aﬁ%ﬁggﬁ%%grﬁ%ygﬁnsso "L%sbne Wg“o{i3 csgﬁl%br‘{t? gﬁgu%o%g%o?aﬁ%%nr’esulting xylene
solutior Ot #1d resin acid zinc salt had a non-volatile content of 50.5%. [01451 Comparative Production
ExamplesidtiRiddudtioniotXelend SolufioniRSO@ResiCdmigdGopper Salt 500 g of Chinese gum

rosin (WW) wag aﬂ@ggdglggle@l%ﬁg BQWA iRRed iR @ﬂb@ﬂ‘ﬁ@ﬁl @/ﬁﬁ %@@@aﬂoiﬁﬁﬁbt&@%/dhe i
temperature was increased to . C under, a,nitrogen W, r .5_g,0f 5% palladium
carbon ?/%5 }é%l%lé)cgé theye%f}gﬁé %_v%?le% %%@%%%é%ﬁé%ﬁ%ﬂ%?ﬁnﬁgﬁ re %vla%saégg%@é(% ?gir’ fﬁ.ﬁours at 230
5 deg. GEATEIARE HARTEhA Y YRR gt oBfeaUB 8 Rgde, dHuRirs BaiEdiufiiCabén was
removesbibyeapressure filtration, and the filtrate was moved to a flask, and was concentrated under
reducegpregsure at 200 deg. C to produce 480 g of a resin acid (acid number 169 mgKOH/g). A part
of the resin acid was subjected to the gom tial a IS | .Sa P ' xamples
7. The amoun ofthe %ﬁ%%r?}jgé e((:zlogiogl 5?68 ?ggﬂ lzt?c!?ds_ In tﬁee?eg%r% éc%%ﬁﬁ?%cwqg%ﬁgoﬁ Q}E
(dehydrdaBiatic e gsas ARG AFSAPDITNG apiiie d RRIGARABIRYTBRRIIR S8 B weighto).
[01461 the mPHeebtaied wedin(Btidwasidissuivpthinxylentetot glbotagie e xyldnecsthgtiomvith a solid

contentgel-50 0 988 hecwianessomtigbwasadded to a flask, and 200 g of cuprous oxide was

further 98% thereto so that all of the resin acids forms copper salts, and thereafter 100g of methanol
wad added t ]ereto, and uniformly mixed. After that, a suitable amount (about 400 ml) of glass beads

(diameter: 2E5BEGHR) R iia Horer Sane e mdRewiN e IR 8 ROERIEE70 to 80 deg.
C and thailBhamigined-toaz days at/So.cleg theFhevdsnitiny pairtivelandys podletdeoomtemperature

(25 deg@ag@diggﬁegnw@um%@@m}ya@gﬁgentrated under reduced pressure to remove the
methaﬂp%/(ﬁistillation. Xylene was then added to the obtained concentrate, thus producing a xylene

solutio ontaining a copper salt of the_afore_menti;ned unconju%%[ted dienoic yesin acid (a

transparent dRSHIGEEHNRERT S AL ATEREEED bt Beh) 2 TR PESITAG XN ERIGHBThid a
non-volatiié bénteatoiGlmesefiald 7 cotmperitidk Prdtirgticiediaraplely ar{RrodigetirsiNglene
SolutiontR-4bRestr AidZingSaltodifidad g:9h 3 X1eBR selytiondbfagviasinratichpieddded in
Comparagyg Brodyction Fxamples 3 (galich anient n0vekwRs @dae d [o,2.LAR0 Mt iaak.eaujpred with

a thermometer, a reflux condenser, and a stirrer, and 10043 of zinc oxide was further added thereto so
that all 6FtHBTESHY SRkt ARIFSARRRITIRATHONAS FRY LARISHH thereafter, the mixture was
dehydratedlthrough reflux at 70 to 80 deg. C for 3 hours. After that, the mixtutre was cooled and
filtrated to ohvminiaxylapeetdienB4icantedriag plzineysalteidhe afbrpareation®tdinconjugated
dienoic gesip Acid (2 franshargnl dark browa salution; selid ontent BAIE030)- The resulting xylene
solution had a non-vqlatile co tent{of 0.9%. [01481 Eéﬁ\mples 1to./ and mpaFatlve Examples 1 to
5 (ProdlUfih- oegﬁ%egmc@ﬁa%%ﬁ_ fort 3%%%%5865 SRS TP EBWRISBIE AR in the
proportiBrsEisheddhsHesabie THble Imchadaiet miked siacoiBpbysbgaddeifer Regrhrasdsheads with
a diamagref Al Z6wivs taitkgducskesatifigscorntpisitions dAlkohiflableeAk@ily used for
1111133111110 534 e o di2 LA LI 1 LA B 4RGN il et du3dd 41110111 ye
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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.

[0112]

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.

[0113]

Specifically, when a cuprous oxide having an average particle diameter of
about 3 to 10 pm, preferably about 3 to 8 pm is used, it is preferable to mix the

copolymer (A}, the modified rosin salt {B), the cuprous oxide, and if necessary,
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known additives, and after that, to mix and disperse the resultant mixture by the
disperser mentioned above.
[0114]

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.

[0115]

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. .
[0116]

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

[0117]

When a cuprous oxide has an average particle diameter of about 10 to 20 pm,
secondary aggregation is relatively unlikely to occur. For this reason, it is
preferable to mix and disperse the copolymer {A) and the modified rosin 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 oxide can be as small as about 1.3 x 103 mm-~ or less, preferably,
about 3.0x 10 to 1.3x 103 mm?2. When the surface area of the cuprous oxide is
small, the coating film dissolving rate can be effectively controlled even in
seawater having high temperature. In addition, according to the method,
processing time for the process by the disperser above can be shortened, reducing
the production cost of the composition of the present invention.

[0118]

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
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grinder to medium or low, crushing of the cuprous oxide can be effectively
prevented.

[0119]

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

The method of antifouling treatment of the mvention 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. 72, After
the dissolution of the coating film, the antifouling effect can be continuously
exhibited by recoating the composition.

[0120]

Examples of objects on which a coating film can be formed include ships (in
particular, ship bottoms), fishing tools, structures submerged in seawater, etc.
Examples of the fishing tools include fishing nets for use in aquaculture or in
fixed netting, and fishing net accessories such as floats attached to fishing nets,
ropes, etc. Examples of structures submerged in seawater include power plant
aqueducts, bridges, port facilities, etc.

[0121]

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.

[0122]

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

[0123]

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

10124]

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.

[0125]
The antifouling coating film of the invention is advantageous in that:
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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} slime is hardly attached to the antifouling coating
film even when it is immersed in seawater for a long time.

[0126]

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.

[0127]

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.

[0128]

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

[0129]

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
organisms is barely observed, and the antifouling effect is exhibited for a long
time.

(0130}

The surface of the antifouling coating film is basically free from cracking or
peeling even after a long 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. This malkes it possible to
continuously maintain the antifouling effect easily and at low cost.

Example
[0131]

Features of the invention will be further clarified referring to the Examples,
etc. shown below; however, the invention is not limited by the Examples.
[0132]
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In each of the production Examples, comparative production Examples,
Examples, and comparative Examples, "%" denotes "% by weight". Viscosity was
determined at 25 deg. C using a Brookfield viscometer. The weight-average
molecular weight (Mw} was determined by gel permeation chromatography (GPC)
(using a polystyrene standard). GPC was performed under the following
conditicns.

Equipment: HLC-8220 GPC; Tosch Corporation

Column: TSK-gel Super HZM-M (Tosoh Corporation). two
Flow rate: 0.35 mL/min

Detector: RI

Column thermostat temperature: 40 deg. C

Eluate: THF

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

[0133]

The amounts of each ingredient shown in Table 1 are represented in grams
[0134]

Production Example 1 (Production of Copolvmer Solution A-1)
230 g of xylene was charged to a 1,000 ml flask equipped with a thermometer,

a reflux condenser, a stirrer, and a dropping funnel, after which a mixture of 270
g of triisopropylsilyl methacrylate, 50 g of methyl methacrylate, 130 g of
2-methoxyethyl methacrylate, 30 g of 2-methoxyethyl acrylate, 20 g of ethyl
acrylate, and 4 g of t-butyl peroxy-2-ethyl hexanoate (initially added) was added
dropwise into the flask over a period of 1 hour, while stirring at 100 £ 2 deg. C in
a nitrogen atmosphere. After the dropwise addition, the polymerization reaction
was performed for 2 hours at 100 £ 2 deg. C. Then, while stirring the resulting
reaction solution at 100 + 2 deg. C, 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 A-1. Table 1 shows the viscosity, non-volatile content, Mw,
and Tg of A-1.
[0135]
Production Examples 2 to 6 (Production of Copolymer Solutions A2 to A6}
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 A-2 to A6. Table 1 shows the viscosity, non-volatile content,

Mw, and Tg of each copolymer solution obtained.
[0136]
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[0137]

Production Examples 7 (Production of Xvlene Sclution B-1 Of Modified Rosin

Co

er Salt
500 g of Chinese gum rosin (WW) was added to a 1,000 ml flask equipped

with a thermometer and a stirrer, and the temperature was increased to 180 deg.

C under a nitrogen gas flow. After that, 0.5 g of 5% palladium carbon wad added

thereto, and while stirring the mixture, the mixture was reacted for 4 hours at
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270+ 5deg. C. After the reaction, the mixture was cooled to 200 deg. C, and the
palladium carbon was removed by a pressure filtration, and the filtrate was
moved to a flask, and was concentrated under reduced pressure at 200 deg. C to
produce 475 g of a modified rosin {(acid number 162 mgKOH/g}. A part of the
modified rosin was methylated by diazomethane, the componential analysls was
conducted by gas chromatography {Column : diethylene glycol succinate (GEGS),
0.24 mmo x 25 m, Column temperature: 200 deg. C, Carrier gas : nitrogen,
Detector: Flame lonization Detector (FID)). The amount of the unconjugated
dienoic resin acids in the modified rosin was 87.8 weight% {dehydroabietic acid
62.8 weight%, dihydroabietic acid 15.2 weight%, dihydropimaric acid 9.8
weight%).

[0138]

The obtained modified rosin was dissolved in xylene to obtain a xylene
solution with a solid content of 50 %. 400 g of the xylenie solution was added to
a flask, and 200 g of cuprous oxide was further added thereto so that all of the
resin acids in the modified rosin forms copper salts, and thereafter 100g of
methanol wad added thereto, and uniformly mixed. After that, a suitable
amount {about 400 ml) of glass beads (diameter: 2.5 to 3.5 mm) was added
thereto, 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 B-1 of a modified
rosin copper salt containing a copper salt of the aforementioned unconjugated
dienoic resin acid (a transparent dark blue solution; solid content: about 50%).
The resulting xylene solution had a non-volatile content of 50.5%.

[0139]
Production Example 8 {Production of Xvlene Solution B-2 Of Modified Rosin Zing
Salt

400 g of a xylene solution of the modified rosin produced in Production

Example 7 {solid content: 50%} was added to a 1,000 ml flask equipped with a
thermometer, a reflux condenser, and a stirrer, and 100 g of zinc oxide was
further added thereto so that all of the resin acids in the modified rosin forms zinc
salts, and thereafter, the mixture was dehydrated through reflux at 70 to 80 deg.
C for 3 hours. After that, the mixture was cooled and filtrated to obtain a xylene
solution B-2 of a modified rosin zinc salt containing a zinc salt of the
aforementioned unconjugated dienoic resin acid (a transparent dark brown
solution; solid content: about 50%). The resulting xylene solution had a
non-volatile content of 50.9%.

[0140]
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Production Examples 9 [Production of Xylene Solution B-3 Of Modified Rosin

Copper Salt)
500 g of Chinese gum rosin (WW) and 1.0 g of 5% palladium carbon were

added to a 3L autoclave made of stainless-steel, and after oxygen gas in the
system was removed, the system was pressurized by hydrogen gas to 50 kg/cm?,
and hydrogenation reaction was conducted for 4 hours while shaking at 270 £ 5
deg. C. After the reaction, the mixture was cooled to 200 deg. C, and the
palladium carbon was removed by a pressure filtration, and the filtrate was
moved to a flask, and was concentrated under reduced pressure at 200 deg. C to
produce 482 g of a modified rosin {acid number 157mgKOH/g). A part of the
modified rosin was subjected to the componential analysis in the same way as
Production Examples 7. The amount of the unconjugated dienoic resin acids in
the modified rosin was 89.8 weight% (dihydroabietic acid 60.4 weight%,
tetrahydroabietic acid 19.3 weight%, dihydropimaric acid 10.1 weight%).

[0141]

The obtained modified rosin was dissolved in xylene to obtain a xylene
solution with a solid content of 50 %. 400 g of the xylene solution was added to
a flask, and 200 g of cuprous oxide was further added thereto so that all of the
resin acids in the modified rosin forms copper salts, and thereafter 100g of
methanol wad added thereto, and uniformly mixed. After that, a suitable
amount (about 400 ml) of glass beads (diameter: 2.5 to 3.5 mm) wad added
thereto, 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 B-3 of a modified
rosin copper salt containing a copper salt of the aforementioned unconjugated
dienoic resin acid (a transparent dark blue solution; solid content: about 50%]).
The resulting xylene solution had a non-volatile content of 50.3%.

[0142]
Production Example 10 (Production of Xylene Solution B-4 Of Modified Rosin Zinc

Salt)

400 g of a xylene solution of the modified rosin produced in Production

Example 9 (solid content: 50%) was added to a 1,000 ml flask equipped with a
thermometer, a reflux condenser, and a stirrer, and 100 g of zinc oxide was
further added thereto so that ali of the resin acids in the modified rosin forms zinc
salts, and thereafter, the mixture was dehvdrated through reflux at 70 to 80 deg.
C for 3 hours. After that, the mixture was cooled and filtrated to obtain a xylene
solution B-4 of a modified rosin zinc salt containing a zinc salt of the
aforementioned unconjugated dienoic resin acid (a transparent dark brown

28



_rOEcL.;_, Tti"?r, O1E; e 9 )") -t-,c00'7 2 .- 72. =

solution; solid content: about 50%). The resulting xylene solution had a
non-volatile content of 50.6%.
[0143]
Comparative Production Examples 1 {Production of Xvlene Solution R-1 Of Resin
Acid Copper Salt

400 g of a xylene solution of Chinese gum rosin (WW, unconjugated dienoic

resin acid 15.5 weight%, conjugated dienoic resin acid 72.4 weight%]) (solid
content: 50%) was added to a 1,000 ml flask equipped with a thermometer, a
reflux condenser, and a stirrer. 200 g of cuprous oxide was further added
thereto so that all of the resin acids in the gum rosin forms copper salts, and
thereafter 100g of methanol wad added thereto, and uniformly mixed. After that,
a suitable amount {about 400 ml) of glass beads (diameter: 2.5 to 3.5 mm) wad
added thereto, 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 R-1 containing a
copper salt of the aforementioned unconjugated dienoic resin acid (a transparent
dark blue solution; solid content: about 50%). The resulting xylene solution of
the resin acid copper salt had a non-volatile content of 50.7%.
[0144]
Comparative Production Examples 2 (Production of Xvlene Solution R-2 Of Resin
Acid Zinc Salt

400 g of a xylene solution of Chinese gum rosin {(WW, unconjugated dienoic

resin acid 15.5 weight%, conjugated dienoic resin acid 72.4 weight%;} {(solid
content: 50%) was added to a 1,000 ml flask equipped with a thermometer, a
reflux condenser, and a stirrer, and 100 g of zinc oxide was further added thereto
so that all of the resin acids in the gum rosin forms zinc salts, and thereafter, the
mixture was dehydrated through reflux at 70 to 80 deg. C for 3 hours. After that,
the mixture was cooled and filtrated to obtain a xylene solution R-2 containing a
zinc salt of the aforementioned unconjugated dienoic resin acid (a transparent
dark brown solution; solid content: about 50%). The resulting xylene solution of
the resin acid zinc salt had a non-volatile content of 50.5%.
[0145]
Comparative Production Examples 3 (Production of Xvlene Solution R-3 Of Resin
Acid Copper Salt

500 g of Chinese gum rosin (WW) was added to a 1,000 ml flask equipped

with a thermometer and a stirrer, and the temperature was increased to 180 deg.
C under a nitrogen gas flow. After that, 0.5 g of 5% palladium carbon wad added
thereto, and while stirring the mixture, the mixture was reacted for 1 hours at
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230 £ 53 deg. C. After the reaction, the mixture was cooled to 200 deg. C, and the
palladium carbon was removed by a pressure filtration, and the filtrate was
moved to a flask, and was concentrated under reduced pressure at 200 deg. C to
produce 480 g of a resin acid {acid number 169 mgKOH/g). A part of the resin
acid was subjected to the componential analysis in the same way as Production
Examples 7. The amount of the unconjugated dienoic resin acids in the resin
acid was 47.3 weight% (dehydroabietic acid 35.5 weight%, dihydroeabietic acid 5.3
weight%, dihydropimaric acid 6.5 weight%).

[0146]

The obtained resin acid was dissolved in xylene to obtain a xylene
solution with a solid content of 50 %. 400 g of the xylene solution was added to
a flask, and 200 g of cuprous oxide was further added thereto so that all of the
resin acids forms copper salts, and thereafter 100g of methanol wad added
thereto, and uniformly mixed. After that, a suitable amount {about 400 ml) of
glass beads {diameter: 2.5 to 3.5 mm) wad added thereto, 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 R-3 containing a copper salt of the aforementioned
unconjugated dienoic resin acid (a transparent dark blue solution; solid content:
about 50%}. The resulting xylene solution had a non-volatile content of 51.2%.
[0147]

Comparative Production Examples 4 (Production of Xvlene Solution R-4 Of Resin
Acid Zinc Salt

400 g of a xylene solution of the resin acid produced in Comparative
Production Examples 3 (solid content: 50%) was added to a 1,000 ml flask
equipped with a thermometer, a reflux condenser, and a stirrer, and 100 g of zinc

oxide was further added thereto so that all of the resin acids in the modified rosin
forms zinc salts, and thereafter, the mixture was dehydrated through reflux at 70
to 80 deg. C for 3 hours. After that, the mixtutre was cooled and filtrated to
obtain a xylene solution R-4 containing a zinc salt of the aforementioned
unconjugated dienoic resin acid (a transparent dark brown solution; solid
content: about 50%). The resulting xylene solution had a non-volatile content of
50.9%.

[0148]

Examples 1 to 7 and Comparative Examples 1 to 5 {(Production of Coating

Compositions)
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Components listed in Table 2 were blended in the proportions (weight%)
shown in Table 2, and were mixed and dispersed together with glass beads with a

diameter of 1.5 to 2.5 mm to produce coating compositions.
[0149]
[Table 2]
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Test Example 1 {Stability Test for Coat
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(Stability Test for Coating compositions) Each of the coating compositions obtained in Examples 1
to 7 and Comparative Examples 1 to 5 was sealed in a 100 ml wide-mouth tin can and stored in an
incubator at 40 deg. C for 1 month, after which the viscosity of the coating composition was measured
;JSI:HQ a BVOOEBSH yisgames &fiﬂ%]&%f I EB@&M@%%%%%H@? ?Hgﬁ'ﬁ@&gﬁ[@%&s'ﬁ@? I‘lé!ﬁa ev;lluated afh
ollows. -A: a change in_viscosit ess than a.s eg. C (substantially no change in the
conting COMBLTArS Brap € St gt e o S R S e
viscosityforshitnaRge s bRtdsil 3P f6e thiprsioneaHy @htes 1d0dndhapissasiyeyf Gga
significantaticre aseniposstosityr D ebangt seisig nifitant itfial dhea adseostyrwas unmeasurable (the
coating mrg@psition turned into a gel or solidified) The results are shown in Table 3. [0152] It can

be seenrgrl%rg.gabé?t% Hg% tge &é’t?tingc%?tegia}};'fgﬁ”%?gs“e%” tgi% &oaastiﬁglggvrgposition of the invention
(Examples™1 %OC% IS'exce Sntin storage H3b ﬁy.

A: a change in viscosity of less than 500 mPa.s/25 deg. C (substantially no
change in the coating composition)
B: a change in viscosity of 500 to 5,000 mPa.s/25 deg. C (a slight increase in
viscosity)
C: a change in viscosity of more than 5,000 and up to 100,000 mPa.s/25 deg. C (a
significant increase in viscosity)
[: a change so significant that the viscosity was unmeasurable (the coating
composition turned into a gel or sclidified)
The results are shown in Table 3.
[0152]

It can be seen from Table 3 that the coating material formed using the
coating composition of the invention (Examples 1 to 7) is excellent in storage
stability.

[0153]
Test Example 2 (Coating Film Hardness)

Each of the antifouling coating compositions obtained in Examples 1 to 7 and
Comparative Examples 1 to 5 was applied to a transparent glass plate (75 x 150 x
1 mm) so that the dry coating film thickness would be about 100 um, and dried
for 1 day at 40 deg. C. The coating film hardness of the resulting dry coating film
was measured at 25 deg. C using a pendulum hardness tester. The results
(count number) are shown in Table 3. A count number of 20 to 50 is preferable
for practical purposes.

[0154]

It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention (Ex. 1-7) have a suitable hardness.
[0155]

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 7 and Comparative
Examples 1 to 5 was first applied to a tin plate (75 x 150 x 2 mm]} so that the dry
coating film thickness would be about 100 pm. The applied coating was then
dried for 1 day at 40 deg. C to prepare a dry coating film with a thickness of
about 100 pm. After that, the adhesion test was conducted.
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[01531 Test Example 2 (Coating Film Hardness) Each of the antifouling coating compositions
obtained in Examples 1 to 7 and Comparative Examples 1 to 5 was applied to a transparent glass
plate (75 x 150 x 1 mm) so that the dry coating film thickness would be about 100 pm, and dried for 1
day at 40 deg. C. The coating film hardness of the resulting thy coating film was measured at 25 deg.
C using[gpgﬂdulum hardness tester. The results (count number) are shown in Table 3. A count

number of 2Q.to 50 is preferable for practical purpos E%(2,1541 It can be seen from Table 3 that the
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eleven imesixeverlical stavrndinesrateformed entheediieg coating flm wihea cutter so as to reach
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. = .

state of the coating film in the crosshatch was visua spected. R'the number of the squares that did
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peel off is fromél ihibvRayRlnaliomaliaJapelyeaimeapbhaidles oe Ryalasan ot the bpve (1), a
Ce"Oph%Qfet%&%éﬁ' @ﬁ%@ﬂ%&?ﬁ&%@g&ggﬁ %é%@ﬁﬁ@ﬁe%{f‘;?ﬁoéf%gﬁi%%’ﬁ@té'@ﬂ d 100

sqguares, nd one en e tape was nd the tape was pee at, the

) A
adhesidl RRSHPINELD A MRAWES VRBRIARSHEEt N BRI Rimb el GF thedqiRFes that did not
peel offdsifresm7osta k00! thiheoaimigelilh thies isredlihatstidaiotipeel off is from 40 to 69. C : the

numberzof e sauanesrtbatBid paipesl ofbisdiam@0ges3dir e suimpiefithe. squares that did not
e on T b EUERS IS SO D Bl O ol B o T e o

the coating films formed using t coatln%com_posmo s of the invention (Ex, 1-7) strongly adhere to
the tin pq:aiethe 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.
The results are shown in Table 3.
[0157]
It can be seen from Table 3 that the coating films formed using the coating
compositions of the invention (Ex. 1-7) strongly adhere to the tin plate.
[0158]
Test Example 4 (Flexibility Test for Coating Films)

Each of the coating compositions obtained in Examples 1 to 7 and
Comparative Examples 1 to 5 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 nym. 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 um. The tin plate coated with the dry coating film
was bent 90 deg. , and the condition of the bent coating film was visually
inspected.

[0159]

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.

34



[0158] Test Example 4 (Flexibility Test for Coating Films)

Each of the coating compositions

obtained in Examples 1 to 7 and Comparative Examples 1 to 5 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 platspgoated with the dry coating film was bent 90 deg. , and the condition of the bent coating

film wa /I &Jésl

cracks

inspected. [01591 The flexibility was evaluated as follows. A: substantially free of
: 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. [0160] [Table 3] Table 3 [0161] Test Example 5 (Rotary

Test) Ptk was provided, in the center thereof, with a rotating drum with a diameter of 515 mm
and a hejght of 440 mmdg,.allgy.the Eofation Gkthe dium, via a mafor.J hg:tank was also provided with
a cooling apparatus for.keeping.the seawate -E"-a-; L@—CQH&I—&QI—,—&Dd—@r?H-&L tamatic cantroller for
i ! ’ it Nory ir 1 ;

keeping the pH of the seawager ﬁﬁalstatatm[(_)f\é?% " qmo Iﬁg:ef a@r!wér;%% V\(% _eﬂgﬁar?_(lj for eacI:h coating
compositier-acegrding-to-the-foltowing-method—10165An-antr-corrosive-coating film-was-formed by
applying jan anti-¢orfosjve coating material (a vinykbasetl A/CYto a hard vifiyl chloride plate (75 x 150
x 1 mm) so that the Thickness after drying would b%a about 50 pm, followed by drying. Each of the
antifouling coating c%mpositions Obtained in Exar%ples 1to 7 dhd Compatative EExamf)ﬁes 110 5was
applied to the anti-corrosive coating film so that the thickness after drying would be abgut 300 pm. The
applied coating was dried for 3 days at 40 deq. C, thus preparing a test plate having a dry coating film
with a thickngss of about 300 pmg, 24 A A A

5 A 24 A A A

& A 37 A A A

7 A 28 A A A

i A 35 c c G

2 A 30 D D D

Comp. Exqi 3 A 38 G G G
4 B 34 c c c
5 D 22 A A A
[0161]

Test Example 5 (Rotary Test)

A tank was provided, in the center thereof, with a rotating drum with a

diameter of 515 mm and a height of 440 mm to allow the rotation of the drum via

a motor.

The tank was also provided with a cooling apparatus for keeping the

seawater temperature constant, and a pH automatic controller for keeping the pH

of the seawater constant.
[0162]
Two test plates were prepared for each coating composition according to the

following method.
10163]
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 7 and
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[0164] 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. [0165]  The initial coating film

thiCkne@%ﬁi}@h&*ﬂﬂi@Iﬁé@&%R&%ﬁﬂ% fﬁ_rﬁrﬁy'fé@gﬁf@t@&ﬁywt$~mmﬁé%éﬁﬁgmmeg of tf}e rt]est

were mgasu r gach te usin r focu me eter s of the
BUiRd ]E%ﬁ 450K éhi%laéﬁt»gg% o%&t,}g o @ﬁlﬁ;@%& W@gét%%ﬁgg%%&%ﬁﬂ &3

dissolved coating film was calcula m i?fe_rencet e ISsolving amount

of the CEIfFg#Im FeymBhth(Bisenionthy1 T REHRHEH Eriept WaLCBAUIASH J57 SA3HRREInd the
coatingvfiith: @issokmg sendumbevesHAcplated every 12 months. [0166]  After the rotary test was
complefgddafter 24 months), the test plate was dried, and the surface of the coating film was visually

olowing wag & A P SOt e S Agch e Sl AR ok

are obSEHAIY SR it @5 tha A0 BFEHE COLMMG RIRTB PBSRENG At Rt Re S5aVaLaarg8Lracks,
blistersthrepmdhbiffis ateuoh seasetbThedestihsspecdholvikTatie 4Dj0168] {albksy] the Coating Film

Dissolvirg AmedntaistaiatedwRetaiihestfeenping FimcStataAdtenedspNMentBsAo 8.2; the
seawater was replaced once every week.
[0165]

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 {(pm/month). The measurement was
conducted for 24 months, and the coating film dissolving amount was calculated
every 12 months.

[0166]

After the rotary test was completed (after 24 months), the test plate was dried,
and the surface of the coating film was visually inspected to evaluate the state of
the coating film.

[0167]
The evaluation was conducted in the following way.
: No defects is observed
: Hairline cracks are slightly observed
: Hairline cracks are observed on the entire surface of the coating film

o oW

: Coating film defects such as large cracks, blisters or peel-offs are observed
The results are shown in Table 4.

[0168]

[Table 4]}
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Average Coating Film Dissolving Amount From 12 Months to 24 Months (p rn/Moritli) 3.7 017 el/ 3.5
LC 88 Average Coating Film Dissolving Amount From Beginning to 12 Months m/Month) 3.5 917 SC
917817 CC8Z

Coating Film State
After 24 Months
A
A
A
A
A
A
A
D
D
G
C
D

4.2
4.0
3.7
3.2
3.1

3.9
4.5
3.8
4.3
8.8

{ 4 m/Month)
3.7
45

Average Coating Fitm Dissolving
Amount Frem 12 Months to 24 Months

Coating Film Dissolving Amount and State In Rotary Test

Average Coating Film Dissolving
Armount From Beginning to 12 Months
{ 1 m/Month)

35
4.9
3.8
45
35
3.0
2.8
3.7
4.8
3.5
4.6
9.6

[+

= “ 5
fom (]
[0169]

It can be seen from Table 4 that the coating films formed using the coating
composition of the invention (Examples 1 to 7} are dissolved in seawater in an
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9'8 rllfm I- IAD [0169] It can be seen from Table 4 that the coating films founed using the
coating composition of the invention (Examples 1 to 7) are dissolved in seawater in an amount of
about 2 to 5pm per month (annual average). In addition, the coating films formed using the coating
compositions of the invention exhibit certain reductions in the dissolving rate, so that they are

dissolv@@abﬁ;&gwwﬁgm@%mr&iﬁ oh §Ate Eéﬂﬁﬁﬂl@ﬂ%mﬁ@)@oaﬁﬂﬁﬂm&oi@{m@dd%ﬁ@@ﬁ p?ating
CoOmpostions { I cellent I S Or nalriine
cracke e B B B e o B AP CBL IR et the
coating THETEPRR L SR S VSR G I BRE SRR EE alaBie doE, 22 &xIEEfade low
water rgsistadod, antk thuSuwléhelop wrackscor preiehg ffd aringries! tosinRuikesrmiieghe coating films
formed gsingdbricoatingeRMResHIOROE feopRRIRIVE EXamplesdianthéaraqueaierable in water

resistaneg,abdsielon hsliasiadks (nicresieetelaier s onargmse Eygermore, the coating

film formed u e coating composition of Comparative Exam has too large dissolving rate in
seawatSrHAPRIRGS {9hACB& B he antifouling effect for a long time [0171] Test Example 6
(Antifoulilg Pest) Each of the coating compositions obtained in Examples 1 to 7 and Comparative

Examples 11 bomas-apptied tohethy uraces:eh echashiny cblatigegiae fhdoA0 x 2 mm) so that
the dry &%%B%&ggg%gﬁgl&%!dﬁ%ﬁﬁ%‘%% ROY & apRIsH £aaund s Alied {ar Jgays at room

temperature ( S preparing a test plate having a dry coating film with a thjckness of about
gﬁ*}s nﬁp

200 pmCHRTE1&8t BEtE W ae BEIBGTSMS fe RS T OV EIRS MiSISeiedtDRe, Japan,
and fouting @fahieestplaes e eXdnimepiorn D Msathel¢e1yapd 4 are preferable in water

resistance, but develop hairline cracks (microcracks) after the long-term use.
Furthermore, the coating film formed using the coating composition of
Comparative Example 5 has too large dissolving rate in seawater, and thus
cannot exhibit the antifouling effect for a long time.

[0171]

Test Example 6 [Antifouling Test)

Each of the coating compositions obtained in Examples 1 to 7 and
Comparative Examples 1 to 5 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 num. 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 nm. 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.
[0172]

The evaluation was conducted by visual inspection of the state of the surface
of the coating film in accordance with criteria shown below.

A : Fouling organisms such as shellfish or algae are not attached, and slime is
hardly attached.

B : Fouling organisms such as shellfish or algae are not attached, and slime is
thinly attached (to the extent that the coating film surface is observable) and the
slime can be removed when wiped by brush softly.

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

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

E : Fouling organisms such as shellfish or algae are attached
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The evaluation was conducted by visual inspection of the state of the surface of the coating film in
accordance with criteria shown below. A: Fouling organisms such as shellfish or algae are not
attached, and slime is hardly attached. B : Fouling organisms such as shellfish or algae are not
attached, and slime is thinly attached (to the extent that the coating film surface is observable) and the
slime can bepigmavedwhen wipgd by, brush.seftly. C: Fouling organisms such as shellfish or algae are
not atti@wle J;’:md slime is thinly attached (to the extent that the coating film surface is observable) and
the sli ﬁ ot be removed even when wiped by brush strongly. D : Fouling organisms such as
shellfish or diggeraRe iseatiered e 3ihatdaniery %@éﬁé@&&ﬂ@e”}&e‘iﬁ? SHhOTEHETR film
surface asabobsenvhbie pand dhimmslin & eadiyoi e chmbre dieyenavirenfiipe ddryrdshsstrongly. E:
Foulinggrgapisimssush assihelfish ¢ Alaaenis.aiachashEaerrgsylfs are shown in Table 5. [0173]
It can bF 1976 from Table 5 that fouling organisms such as shellfish or algae are not attached and
slime isR rdﬂ attached to the coating films formed using the coating composition of the invention
(Examples 1focppipasualten Edrivasitafamersiontsiifmdisiitachae i hacrednstibtbating
films fotfioved atsingi tire tteatingt tompasitionisioh€ ah fatatsa Exesniplesripie $.1Rurthermore, fouling
organisgs;sHebAs,shelilisher slgae; arecdiached affen@drmpniipinanersignlothe, slime on the
coating 5IH‘I‘I forn;g d usme([gﬁthe cgaga%f)mgosm n of gt%rpl%afg?&lviaogé%@%gig. [%gSC]ogggle 5] ,Table 5
Evaluation After 12" Mohths Afe? onths A KRA g &
composition of Comparative Example 5.

[0175]
[Table 5]
Table §
Evaluation
After 12 Months After 24 Months
1 A A
2 A A
3 A A
Ex. 4 A _ A
- - e .A
8 A A
7 A A
1 D D
2 D 3
Comp. Ex| 3 c | D
4 G [
5 b =
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AAAAAAAA 21Camp. Ex.3 CLAIMS 1. An antifouling coating composition comprising: (A) a
triorganosilyl ester-containing copolymer obtained by a mixture of (a) a triorganosilyl methacrylate
monomer represented by a general formula (1): Rl is a hydrogen atom or a methyl, and R2, R3,
and R4 areequal or different each other, and each represent an alkyl group having 3 to 6 carbons and
branched on a-position or a phenyl group, ang:fhd masethylenically unsaturated monomer
copolymerizable with the triorganosilyl methacrylate monomer, (B) a modified rosin salt which is a salt
of a modified rosin and zinc and/or copper, the modified,.rgsin containing, in an amount of 80 weight%
or more w8 B rARBIR G SO R RBURP S B GrNRY 'S8R 8isting of dihydroabietic acid,
tetrahydfd abietiogaith dblyaysabistid aicith pipvmdidyackt, idupimaddoacidirartidinpdropimaric acid.

(a) a triorganosilyl methacrylate monomer represented by a general formula (1):
7 nt

H
: |

&R {13

e Oy

;3*%

R! is a hydrogen atom or a methyl, and R?, R?, and R* are equal or different
each other, and each represent an alkyl group having 3 to 6 carbons and
branched on a-position or a phenyl group, and
(b) an ethylenically unsaturated monomer copolymerizable with the triorganosilyl
methacrylate monomer,

{B) a modified rosin salt which is a salt of a modified rosin and zinc and/or copper,
the modified rosin containing, in an amount of 80 weight% or more, two or more
members selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, pimaric acid, isopimaric acid, and
dihydropimaric acid.

2. The antifouling coating composition of claim 1, wherein the amount of the two
members selected from the group consisting of dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, pimaric acid, isopimaric acid, and
dihydropimaric acid is 85 to 100 weight%.

3. The antifouling coating composition of claim 1 or 2, wherein a weight ratio
defined by the triorganosilyl ester-containing copolymer (A} / the modified rosin
salt (B) is 85/15 to 20/80.

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 modified rosin salt {B) is 70/30 to 40/60.

5. A method of antifouling treatment comprising the step of forming an
antifouling coating film on the surface of an object to be coated using the

antifouling coating composition recited in any one of claims 1 to 4.

6. An antifouling coating film formed using the antifouling coating composition
recited in any one of claims 1 to 4.
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2. The antifouling coating composition of claim 1, wherein the amount of the two members selected
from the group consisting of dihydroabietic acid, tetrahydroabietic acid, dehydroabietic acid, pimaric
acid, isopimaric acid, and dihydropimaric acid is 85 to 100 weight%. 3. The antifouling coating
composition of claim 1 or 2, wherein a weight ratio defined by the triorganosilyl ester-containing
copolymer (A) / the modified rosin salt (B) is 85/15 to 20/80. 4 The antifouling coating composition
recited in a to 3 erein ht rati ed b 8 trigrgangsilyl ester contalnlng
copolynj%ner ?X) fhe modl?éd}%%gfn lﬁ‘?lf}“@?&%%‘%oc%? met ) o% gnt %ul?%g ?r%eatment
comprl step of forming an antifouling coating film on the surface of an object to be coated
using the antlfoullng coating composition recited in any one of claims 1 to 4. 6. An antifouling coating
film formed using the antifouling coating composition recited in any one of claims 1 to 4. 7. A coated
object having the antifouling coating film of claim 6 on the surface thereof.

41



