1 Novenmber 2004 1 NOVEL (POLY) OXYALKYLENE BLOCK SILYL ESTER COPOLYMER
ANTI FOULI NG COATI NG COVPGCSI Tl ON, ANTI FOULI NG COATI NG . FORMEDNIFRCAI04

ANTI FOULI NG COATI NG COVPCSI Tl ON, . ANTI FOULI NG METHOD USI NG ANTI FOULI NG
COATI NG 5 COWPCSI TI ON AND HULL OR UNDERWATER STRUCTURE COVERED W TH

ANTI FOULI NG COATI NG TECHNI CAL FI ELD The present invention relates to a
novel 10 (poly)oxyal kyl ene block silyl ester copolyner. Mire particularly,
the present invention is concerned with a (poly)oxyal kyl ene bl ock silyl
ester copol ymer which, when used as a lehicle of coating conposition or
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removi ng foul ANTamcarIcnas i dga T S f @ser o BASKSROUND: h
underwat er structures, fishing nets and the |ike areUﬁgﬁg bBﬁg% ave thelr

appearance and f yebiE MaRGadk 16t DE@NSSH t@oﬁﬁé%

propagati on of various aquatic organisnms inclu ??ls és such as

oysters, hard-shelngd #BigsQle i3> Iﬂ?qﬁﬁf%% ants éégg&ﬁinlaver

(seaweeds) and bacteria 1 hbvenber 2004 2 'S caus they are

exposed 50 waieirdl SR ahG o r mﬂ%
particul ar, when such an aquatlc ordggﬁtnl a ereéﬁg€8g éﬁlﬁogEBBPton1and

propagates, it may occur q§£ o €SS of the ship's bottom
is increased to thereby Iomer € spee MY and i ncrease the fue

consuned by the ship. ‘Renoving the aquatlc organlsn1fron1the ship bottom
t akes thousands

TECHNICAL FIELD
The present invention relates to a novel
10 (poly)oxyalkylene block 8ilyl ester copolymer. More
particularly; the present invention is concerned with a
(polyloxyvalkylene block silyl ester copolymer which,
when used as a vehicle of coating composition or paint,
enables forming a coating having excellent Lransparency
15 and being excellent in foul removing performance, i.e.,

capability of easily removing foul from a coating

surface.

BACKGROUND ART

20 Ship bottoms, underwater structures, fishing nets
and the like are likely to have their appearance and
function damaged by the adhesion to surfaée and
propagation of various aguatic organisms including
shellfishes such as ovsters, hard-shelled mussels and

25 barnacles, plants such as laver (seaweeds) and bacteria



of man-hours, so that many | abors and nuch tine are 10 needed for this
work. Al so, when bacteria adhere to, for exanple, an Uieemeer200d ucture
and propagate and, further, sline (sludgy matter) adheres thereto to cause
putrefaction, or when a | arge sticky organi smadheres to-the surface of an
underwat er structure of, for 15 exanple, steel and propagates to thereby
damage the coating for corrosion prevention provided on the underwater
structure, there is the danger that d ges such as deterioration of the
strength and function of the underwat®er structure and thus marked
shortening of 20 the life thereof are invited In order to avoid the above
danmages, foMPégdnpiSe caufthitisbuiiey pEFNEXEBAEEI fiPnyadesopal yner of
tributyltin nmethacrylate and nmethyl nethacrylate or the |ike and cuprous
oxi de (Cu20FcR¥& tséert cdppl i tonssd presipdt pénsimetc. This copol yner of
the antifouling paint 1 Novenber 2004 3 is hydrolyzed in the seawater to

t her eby | i ber at e Inopgartdtdul sgonptherdsssekchansabigticbotyhhismoxi de
(tributyltin ether of the fornula Bu3Sn-O SnBu3 wherein Bu is a butyl
group) and edhigey ttion shalhige'ss (IBu3SmX &SndhprepagXtis, aihahagemcatan), so
that ail antifouling effect is exerted. Furthernore, the copolyner

hydr ol yzat etper sé&chasinfatcer -1solghniés s yoandhehuRibss Hbsselhved in the
seawater, as a result, no residue of hydrolyzate is |left on the surface of
‘the ship bothemes@ecoatd nherskd, theret henaewbpainbrf thm suabagad n which
the copolyner is not hydrolyzed is exposed to maintain the antifouling

effect for Largeaklke tanrt ifuaul idthaied HAving sHEP.a RenboLngnead s call ed
as "hydrolyzable self-polishing paint". 15 However, the above organotin
conpounds aegua®ic organism from the ship bottom takes thousands
of man-hours, so that many labors and much time are
10 needed for this work. Also, when bacteria adhere to,
for example, an underwater structure and propagate and,
further, slime (sludgy matter) adheres thereto to cause
putrefaction, or when a large sticky organism adheres
to the surface of an underwater structure of, for
.15 example, steel and propagates to thereby damage the
coating for corrosion prevention provided on the
underwater‘structure, there is the danger that damages
such as deterioration of the strength and function of
the underwater structure and thus marked shortening of
20 the 1life thereof are invited.
In order to avoid the above damagés, for example,
an antifouling paint containing a copolymer of
tributyltin methacrylate and methyl methacrylate or the

like and cuprous oxide (Cuy0) has been applied to ship

25 Dbottoms, etc. This copolymer of the antifouling paint



hi ghly toxic that apprehensions are being entertained wth respect to

mari ne pol lution, occurrence of anomalous fish and anbiNdvensbes8104f i sh and
adverse effects on ecosystemthrough food chain. Therefore, 20 the

devel opment of a nonstannic antifouling paint having excellent antifouling
properties is desired as a substitute therefor. For exanple, antifouling
paints based on silyl esters as described in Japanese Patent Laid-open 25
Publ i cation Nos. 4(1992)-264170 (refegence (1)), 1 Novenber 2004 4
4(1992)-264169 (reference (2)) and 4(1992)-264168 (reference (3)) can be
menti oned as tpe abﬁve ngnst anni c antifoul i ng paint. However, these

anti f oul i ng* Pal¥Es CHEFE Spridhl SRt Hot hl RarePs theP¥F2EAti foul i ng
capabilities poor hut al'so crackin and peeling arellike[g to occur as

poi nt ed out °FH2N3EP AN ESBPPITE i%%-%?péﬁﬁ}bﬁ%%ﬂ%ﬂ Nexide(1994)- 157941

(reference (4).).a g ngg%%&-¥57%4 Qg erence 5 %; 1$.§urth§r Japanese
Pat ent Laidgopen g BliEati on NG, 1 anﬁ%éﬁg3 Perdhde YBSYeiBaches an
antifouling, paint conprisin bl KS? aci d-functionality copolynmer (A
which is obfai ﬁgdab%uggﬁolgﬁ?g‘rpsziaﬁ’git iRt i el “f%ai’?‘;’z]ﬁ FE, et hyl
met hacryl ate and met hoxyethyl 15 acrylate in the presence of an azo
initiator awdewAishX éeneaibad cgamb@bdm)gr aupstid ockedami T fot I ingt hyl sil yl
roups and a pol ycationic conpound (B). However, the coating film obtained
g p poly np g
fromthe antifeaki ng paemtedas & uwrthwbacked,.n thmtcddel ymacki ng resi st ance
thereof is not 20 fully satisfactory. Published Japanese Transl ation of
PCT Pat ent hpppbigatitenpefr em @ahewaSteat-asyl i1 60 1:085) 09462 (reference
(7)) and Japanese Patent Lai d-open
dissolved in the seawater, as a result, no residue of
hydrolyzate is left on the surface of the ship bottom
10 coating, and then the new paint film surface in which
the copolymer is not hydrolyvzed is exposed to maintain
the antifouling effect for long. The antifouling paint
having such a performance is called as ‘"hydrolyzable
self-polishing paint’'’.
15 ' However, the above organotin compounds are so
highly toxic that apprehensions are being entertained
with respect to marine pollution, occurrence of
anomalous fish and anomalous shellfish and adverse
effects on ecosystem through food chain. Therefore,
20 the development of a nonstannic antifouling paint
having excellent antifouling properties is desired as a
substitute therefor.
For example, antifouling paints based on silyl

esters as described in Japanese Patent Laid-open

25 Publication Nos. 4(1992)-264170 (reference (1}),



Publ i cati on No. 63(1988)-215780 describe a resin for 25 antifouling paint
whi ch is obtained by copolynerizing a 1 Novenber 2004 % Nosemyther@ddmer
havi ng an organosilyl group, such as a trialkylsilyl ester of
(meth)acrylic acid, with another vinyl nonomer and which has a nurber
average nol ecul ar weight of 3000 to 40,000. It is further described that 5
the resin can be blended with an organic water binder such as trinethyl
orthoformate, an antif.ouling agent such as cuprous oxide and a pi gnment
such as red iron oxide. However, as described in the above Japanese

Pat ent Lai d-open Publication No. 6(1994)-157940 10 (reference (5)), this
resin for aftifPd i 4Peiht (triserenambheks andt haLlo9PR)i-86KiLkély to gel ate
during the storage thereof and that the coating filmformed from ,the
anti f oul i ng (FaifRrensepodr) )i rramr dekimep bhenp@ek s ngher ebbskances. 15 Japanese
Pat ent Publication No. 5(1993)-32433 corresponding to the above Publi shed
Japanese Trnamsltaminors ¢mtRCPWPairentpaAppt i caiowasefr ogthekber States, No.
60(1985) - 500452 (reference (7)) discloses an antifouling paint conprising
a poi son (apndidoaldGgaaimars Biaderp{dhldmyi tigad nepeahingauwnit of the
formula (-CH2-CX(COOR)-(B)- wherein Xis Hor CH3, Ris SiR3 or Si(OR)3
in whichS R theian aaltdylougrioup,catabil ante B pSoanbet hyl esi eahky iugsat ur at ed
nononer residue), which polyner binder has a specified hydrolysis rate. 25

Further, itang @esarinkedrtchartiidie, ay idasih+ ngs pab Nkt £@Nodc Noyenber 2004 6
contain a solvent, a water-sensitive pignment conponent, an inert pignent,

a filler andapahelsar @ef.entlOWRMET -opdhera9Rt & ek &ih | 153 bt @i pedy from t he
antifouling paint described in the publication has a drawback in that its
157941 (reference (4)) and 6(1994)-157940 (reference

(5)) .

10 Further, Japanese Patent Laid-open Publication No.
2(1990) -196869 (reference (6)) teaches an antifouling
paint comprising a blocked acid-functionality copolymer
(a) which is obtained by copolymerizing trimethylsilyl
methacrylate, ethyl methacryléte and methoxvethyl

15 acrylate in the presence of an azo initiator and which
contains carboxyl groups blocked with trimethylsilyl
groups and a polycationic compound (B). However, the
coating f£ilm obtained from the antifouling paint has a
drawback in that the cracking resistance thereof is not

20 fully satisfactory.

Published Japanese Translation of PCT Patent
Applications from Other States, No. 60(1985)-500452
(reference (7)) and Japanese Patent Laid-open

Publication No. 63(1988) -215780 describe a resin for

25 antifouling paint which is obtained by copolymerizing a



5 cracking resistance is poor. Japanese Patent Laid-open Publication No.
7(1995)- 18216 (reference (8)) discloses a coating conpd&ivierndrer 200dpri si ng
as principal conponents a polyner (A) from an organosilicon-containing
nononer A having in its 10 nolecule a triorganosilicon ester group
represented by the formula -COO Si RLR2R3 (wherein each of R, R2 and R3
is, for exanple, an al kyl group having 1 to 18 carbon atons) and copper or

a copper compound (B), which coating 5corrposi tion contains as an essenti al
15 conponent other than the components (A) and (B) a silicon conpound

having an al koxy group (C) represented by the fornula: 20 R7 n wherein
each of R4, VREYanFREEprieseits, af op 9 2Boekhvbl eroarhydnohensatom or an
al koxy group or cycl oal koxy group having 1 to 18 carbon atons; R7
represents, trapléyamlle;l aptakyf gfmeiphhavingid €0id8 ¢iNovenbehe2004 7
carbon atonms; and nis an integer of 1 to 3. In the publication, it is
descri bed t Wanvd osopoimarmrransB whobtlailres dyneopet yaeeiragagmbbecahave
organosi |l i con- contai ni ng nononer A and a vinyl nmononer 5 copol yneri zabl e
t herewi t h Bweaghlte cfordttdinedd 40 tE0 . cont i hg fonphsit 8e8crABeBheha@noner
B,. there are nentioned (neth)acrylic esters such as nethyl

(met h) act yl ahe, retshiyl cnetdy) acredd@did aneh st et dyh ol WeethYbinder

" (nmeth)acrylate. 10 However, the coating filmobtained fromthe coating

conposi ti onsdescrisbed iine e Pl CRd i dasad aflf avbackngnabbak it is
inferior in cracking resistance and antifouling properties, in particular,
antifoul i ngsuch as cuprous oxide and a pigment such as red iron
oxide. However, as described in the above Japanese
Patent Laid-open Publication No. 6{(1994)-157940
10 (reference (5)), this resin for antifouling paint has
drawbacks in that it is likely to gelate during the
storage thereof and that the coating film formed from
the antifouling paint is poor in cracking and peeling
resistances.
15 Japanese Patent Publication No. 5(1993)-32433
corresﬁonding to the above Published Japanese
Translation of PCT Patent Applications from Other
States, No. 60(1985)-500452 (reference (7)) discloses
an antifouling paint comprising a poison (a) and a

20 polymer binder (b) having a repeating unit of the

formula (-CH,-CX{COOR) - (B) - wherein X is H or CHy, R is
SiR'4 or Si(OR')3 in which R' is an alkyl group, etc.
and B is an ethylenically unsaturated monomer residue),

which polymer binder has a specified hydrolysis rate.

25 Further, it is described that the antifouling paint can



properties in highly fouling environnent. The 15 expression "in highly
fouling environnent"” used herein neans such situati on$ Ndvaemizersfiod or an
underwater structure is allowed to stand still in a nutrious sea area
such as an inland sea or other |like sea area, or, wth respect to a ship,
service and anchorage are 20 repeated frequently or navigation is conducted
at a speed as |ow as about 10 knots or |ess. Japanese Patent Lai d-open
Publ i cati on No. 7(1995)- 102193 (reference (9)) discloses a coating
conposition conprising as essential conponents an antifouling agent 25
and a copol ymer obtained froma nonomer m xture 1 Novenber 2004 8
cont ai ni ng %Bﬂﬁﬁép A PESMESENt &d R 4hes ¢B% il ve X 19pent SERRRRRBN(twher ei n R
, Rand R all represent a group _selected fromanong al kyl and aryl groups
and may be 2PdéREréaPl@MeR tor adiffifldraantad om vachrdeher , HamdvXx5 represents
an acryl oyl oxy, a nethacryloyloxy, a naleinoyloxy or a fumaroyl oxy group),
and rononer tBe FepEésanitadmbphitisd rfest niem YE i CHReHRO)nl Rdg (phénei n R4
represents an al kyl or an aryl group, Y represents an acryloyloxy or a
met hacr yl oyflefgrgpedp inaktien pud ldwalQ dmtlegera odrdwbacR5)in ARathéts
antifouling agent, there are nentioned inorganic conpounds such as cuprous
oxi de, <Xoppeechdndereandtetlver icomuerr conpounds, zinc sulfate .and zinc
oxi de, and further nentioned organonetallic conpounds such as oxi ne copper
and ot her organoZappeeselBbactenmonads, - opiegamaib kel t LOIPsINds (1 ang) zi nc
pyrithi one and ot her organozinc. conpounds. However, there is no suggestion
on a pol ynetshavi ngedetpaky) asyal ltlsenesdd ack:&d ¢ 1ed U Sm@dsls £9phai ni ng an
organosilyl ester group in the publication, and, further, the paint
comprising as principal components a polymer (A} from

an organosilicon-containing monomer A having in its

10 molgcule_a triorganosilicon ester group represented by
the formula -C00-SiRIRZR3 {(wherein each of R, RZ and
R3 is, for example, an alkyl group having 1 to 18
carbon' atoms} and copper or a copper compound (B),
which coating composition contains as an essential

15 component other than the components (&) and (B) a
silicon compound having an alkoxy group (C) represented

by the formula:

RS
20 |
R*+Si—O+ R’
| n
RG

whereln each of R4, R> and R® represents, for
25 example, a hydrogen atom, or an alkoxy group or
cycloalkoxy group having 1 to 18 carbon atoms; R’

represents, for example, an alkyl group having 1 to 18



20 described in the publication has a problemof being inferior in
antifouling properties, in particular, antifouling prop&nengseri200di ghly
fouling environnent. Japanese Patent Lai d-open Publication No. 8(1996)-
199095 (reference (10)) discloses a coating conposition 25 conprising as
essential conponents an antifouling agent 1 Novenber 2004 9 and a

copol yner obtained froma nononer m xture containing the above nononer A
represented by the fornula X-Si RIR2ZR3 descri bed in Japanese Patent Laid-
open Publication No. 7(1995)-102193 ahd nononer B 5 represented by the
formula Y-(CH(R4))-(OR5) (wherein R4 represents an al kyl group; RS
represents aprabrybtomsa agyicinodlskydn gimggeanst YL represenis ahe
acryl oyl oxy, a methacryl oyl oxy, a nal ei noyl oxy or a fumaroyl oxy group),
optional | y pogéihetiwnt hi& visnylesvonidrest Qa0 <opopylemezabbe with the
nononers A and B. As the vinyl nononmer C, there are nentioned, for
exanpl e, acbyhinedsber sopmdlyecriyling elterahowd ywenenant: veayl acetate.
Moreover, as the antifouling. agent, there are nentioned inorganic
conpounds suchtasncupr agsomerde, ahdl coppelyipavsiesmand ot her copper
conpounds, zinc sulfate and zinc oxide, and further nentioned

or ganomnet al £bf01 AERAUAHS eSEGIR ras iMH TR nCOPRY it DLMEd Dk gapecopper
conpounds, organoni ckel conpounds, and zinc pyrithione and other

Or ganozi nc €oapeHEdsomaB8sdananese ARatend raidhapan, Rubligcation No. 8(1996) -
269388 (reference (11)) discloses a coating conmposition conprising, as

essential CRERENEALE, (Rksh?ackyniidi Retdd Al -hraxide) sopper salt (copper
pyrithione) and a copolyner obtained froma nononer mXxture 25 containing

nononer A reReesfRtediRYet Ne chonmiba o) hdmerher, 2904 10

dimethylaminoethvl {meth)acrylate.

10 However, the ccating film obtained from the
coating composition described in the publication has a
drawback in that it is inferior in cracking resistance
and antifouling properties, in particular, antifouling‘
properties in highly fouling environment. The

15 expression "in highly fouling environment" used herein
means such situations that a ship or an underwater
structure is allowed to stand still in a nutrious sea
area such as an inland sea or other like sea area, or,
with respect to a ship, service and anchoragelare

20 repeated frequently or navigation is conducted at a
speed as low as about ;0 knots or less.

Japanese Patent Laid-open Publication No. 7(1995) -
102193 {(reference (9)) discloses a coating compésition
comprising as essential components an antifouling agent

25 and a copolymer obtained from a monomer mixture



Si RLR2R3 (wherein Rl, R2 and R3 all represent a hydrocarbon group having 1
to 20 carbon atons and may be identical with or diffef &uveimtmanaf@dh ot her,
and X represents an acryl oyl oxy, a nethacryl oyl oxy, a 5 mal ei noyl oxy, a
fumar oyl oxy or an itaconoyl oxy group), and nononer B represented by the
formula Y-(CH2CH20) n- R4 (wherein R4 represents an al kyl or an aryl group;
Y represents an acryl oyl oxy, a nethacryl oyl oxy, a mal ei noyl oxy, a
fumar oyl oxy or an itaconoyl oxy group; , 10 and n is an integer of | to 25).
For exanple, dinmethyl-t-butylsilyl acrylate is nentioned as the nononer
A. As the antifouling agent, there are nentioned inorganic conpounds such
as cuprous orihdeinicgppemqreader arn ofdrered dppetheonpomnds, xzi nc sul fate
15 and zi nc oxide, _and further nentioned organonetallic conpounds such as

oxi ne coppesiaf@?athawhengdnocdpper? aohpolings pegassshekgl ggempounds, and
zinc pyrithione and ot her organozi nc conpounds. Furthernore, for exanple,

rosin and resilpcdedi Fabnvenoaie dLY onel asyR g2Oupeaghiangaabe regul ator
whi ch can be added to the coating conposition. Japanese Patent Lai d-open

Publ i cationilent8¢c:99a)i+nh269388 f(Fafdaienteo 12dn db sgloses,a goating
conposition conprising an antifouling agent and a copol yner

copol ymeg i Zedp@ e FRREE b a1 aital N r}&@{béﬂ»@éfﬁ@%{r, 2004 11
unsat urated nononer A having a triorganosilyl group an a nononer B

represent ednRY e 2A%vebxihef @l IRMWMNG v TR W a8, The ﬁ%gﬁ?ﬁémFrcﬁn be: 5

monomer having a tertiary amno group, represente ormul a
CH2=CRACOOREe NREREntwhebei nhif4 farepries ent &oH, o, HB; A5 (FRPFESANRS an
al kyl ene group;

represents an alkyl or an aryl group, Y represents an
acryloyloxy or a methacryloyloxy group, and n isg an
10 integer of 1 to 25). As the antifouling agent, thére
are mentioned inorganic compounds such as cuprous oxide,
copper powder and other copper compounds, zinc sulfate
~and zinc oxide, and further mentioned organometallic
compounds such as oxine copper and other organocopper
15 compounds, organonickel compounds, and zinc pyrithione
and other organozinc compounds. However, there ig no
suggestion on a polymer having a (poly)oxyalkylene
block structure and containing an organosilyl ester
group in the publication, and, further, the paint
20 described in the publication has a problem of being
inferior in antifouling properties, in particular,
antifouling properties in highly fouling envirconment.
Japanese Patent Laid-open Publication No. 8(1996) -
199095 (reference (10)) discloses a coating composition

25 comprising as essential components an antifouling agent



and R6 and R7 represent al kyl groups and may be identical with or
different fromeach other), 10 nononer containing a quatNoveatherdo®dni um
salt, represented by the formula CH2=CR8COOR9- NRIOR11R12(Y) (wherein R8
represents Hor CH3; R9 represents an al kylene group; R10 to R12 represent
al kyl groups and may be identical wth or different fromeach other; and
15 Y represents a hal ogen atom, nononer containing a nitrogenous

het erocycl e, represented by the forrmula CH2=CH Z (wherein Z represents a
group conprising a nitrogenous heterdcycle), 20 nonomer having in its

nol ecul e an al koxy group or an aryl oxyal kyl ene gl ycol group, represented
by the foranflaaCe2pERYBED00PREAD:d (RIDGO)d (IRiGfNer o fierein R13
represents H or CH3; Rl4 represents an ethylene group; R15 represents an

al kyl ene groopthauing 3Iheanhewe2maicms: Rubegepasesd So@nc@ékyl ene group
having 4 carbon 1 Novenber 2004 12 atons; R17 represents an al kyl group or

aryl group; fapguleaghsaR1lrAR3n st e am iTH @l Ofp D M X884 er ,
provided that n and o are not sinmultaneously 0), (neth)acrylam de

repr esent edopynt hebl 0 caME 3nd NEGH2ZGREBGEONRL S0 (Wherg o8 gepresents H or
CH3; and R19 and R20 represent al kyl groups and may be i1dentical wth or

differet frepreachcatingy) cneMeldbhaary vanide 1{985\3' .gﬂo@ &&-gggﬁgﬁmycl ic

hydr ocar bon group, represented by the formula 1 (wherein
R21 represepts-kkOneCHan angy1 28 dgenaant gen group
wher ei n, forﬁzxanple n, N nggghg% '‘be” cont ai ne %gyéﬂgﬁg%h§gc§yllc
ester conta&pépga§k§yrggoﬁbngandr %gngy Hp%uf rnul L COH2=CR23C00CH2- T

(wherein 15 R23 repreSentsS H represen 2 furan ring

methacryloyloxy, a malelnoyloxy or a fumaroyloxy group),
optionally together with a vinyl monomer C

10 copolymerizable with the monomers A and B. As the
vinyl monomer C, there are mentioned, for example,
acrylic esters, methacrylic esters, styrene and vinyl
acetate. Moreover, as the antifouling agent, theré are
mentioned inorganic compounds such as cuprous oxide,

15 copper powder and other copper compounds, zinc sulfate
and zinc oxide, and further mentioned organometallic
compounds such as oxine copper and other organocoppér
compounds, organonickel compounds, and zinc pyrithione
and other organozinc compounds.

20 Japanese Patent Laié—open Publication No. 8(1996) -
269388 (reference (11)) discloses a coating composition
comprising, as essential components, bisg(2-
pyridinethiol-1-oxide) copper salt (copper pyrithione)
and a copolymer obtained from a monomer mixture

25 containing monomer A represented by the formula X-



or 'a tetrahydrofuran ring), or CH2=CH CN_ Further, as an optional
conponent copol ynerizable wth the above nononers A andNd&entthearZ00dr e

menti oned 20 various copol yneri zabl e nononers such as acrylic acid, ethyl
acrylate, 2-hydroxyethyl (nmeth)acrylate and 2- hydroxypropyl

(meth)acrylate. In the Exanple portion, there are nentioned, for exanple,
a copolyner fromtri-n-butylsilyl acrylate 25 (TBSA), diethylam noethyl

met hacryl ate (DEAEMA) and 1 Novenber 2004 13 nethyl nethacrylate (MVA) and
a copolymer fromtri-n- butylsilyl actYlate (TBSA), N, N-dinethyl acryl ani de
(DVAA) and net hyl nethacrylate (MVA). However, there 1is no suggestion on a

copol ymer hayirAg 2335 ((RRINY¢E kK 2ng, bloEk, §1 r#g%yégﬁlquacont aining an

organosilyl ester group in the publication. Stil urther, "as a conponent

uhi ch can beyadded pbo h 0L NGLAMAS d Wb BT S BE TRALANed the

same antifouling agents as described in the a apanese Bat'ent
Publ 1 ot onRo- CBUT988) “JaSB00 (Veraaits 150 SHrach6eeE: a2b8at ng
Formui a X SFEORIRE Einererr Rl RS d RIS T Bl SERHEY ofioups. sel ect ed
froma g alkyl. _and aryl groups and nmay be identical_wth or different
from eac of“ﬁi%,mgﬁ ox ’ré?‘prfélér%rﬁoé'qéﬁ‘yacgrlﬁllﬂlbWO%O%?MCgﬁPBQPoxy, a 20
mal ei noyl OXMndamBHEﬁ"eQYbo&%ques%'héé@%%ﬂ%ﬂ&%o%wh- &\ﬁiefeﬁgg%-f rom
nmononmer B represented by the fornula Y-(CH2CH2O) n-R4 ( el
represents %@ ?lwﬁyalrei%r an r%l:p}élesgern?:l{sp;anY arlekpglescgazmasn agr?frgig&/lp?)%’ 2
represents an acryloyloxy, a methacrylocyloxy, a
maleinoyloxy. a fumaroyloxy or an itaconoyloxy group;
10 and n is an integer of 1 to 25). For example,
dimethyl-t-butylsilyl acrylate is mentioned as the
monomer A. As the antifouling agent, there are
mentioned inorganic compounds such as cuprous oxide,
copper powder and other copper compounds, zinc sulfate
15 and zinc oxide, and further mentioned organometallic
compounds such as oxine copper and other organocopper
compounds, organonickel compounds, and zinc pyrithione
and other organczinc compounds. Furthermore, for
example, rosin and rosin derivatives are mentioned as a
20 leaching rate regulator which can be added to the
coating composition.
Japanese Patent Laid-open Publication No. 8(1996) -
269389 (reference (12)) discloses a coating composition

comprising an antifouling agent and a copolymer

25 copolymerized a monomer mixture containing an



met hacryl oyl oxy, a mal ei noyl oxy, a fumaroyl oxy or an 1 Novenber 2004 14

i taconoyl oxy group; and n is an integer of 1 to 25), &iNbvemb=nt200dul i ng
agent. As the, antifouling agent, there are nentioned the sanme antifouling
agents as 5 described in the above Japanese Patent Lai d-open Publication
No. 8(1996)-269388. Further, as a conponent which can be added to the
coating conposition, there are nentioned, for exanple, resins such as
rosin and antisetting agents. 10 Japanese Patent Lai d-open Publication No.
8(1996)- 277372 (reference (14)) disclbses a coating conposition
conprising a triphenyl boron pyridine conplex and a copol ymer from a nononer

m xture conhakAtngatha MRRGHRL PAHaaﬂr@@ttﬁdi@b’gérh@sii);i'/fmbﬁoefpshﬁémm
described in 15 the above Japanese Patent Lai d-open Publication No-

8(1996) - 26938@ohbRber 8N pkLthh rakd kt;hearfgnrtpﬁethz? £6EPoEsggted by the
formula Y-(CH2CH20) n- R4 described in the same reference, and further

conprising gofR8iBe conmponent and a narine organi sm adhesion inhibitor 20
whi ch consi st only of a nonnetallic polymer and a nonnetallic organic

i nhi bitor, respe@£5v55¥0mggrbh% L HeQr exanple, rosin and rosin derivatives
are nentloned as a leaching rate regulator whi ch can be added to the

coati ng sconposi t r ese Patent Lai d-o
Publlcagfon No. %gﬁigé§?ﬁégg$% 2@?@%&&9%%@) osé%e%.%%3$§ﬁ8
conposi ti onbgosRei SbRguak b&gstﬁmd@slmwﬂpméﬂ reonsi sting of
rosin, a rosin derivative or "a rosin 5 netal salt, a polyner having an

or ganosi :\/Iy|r@§£65eﬁ[:§uﬂ ot BLHGONKSS teit fert QLY MBIk §1 002 3% L gSL ONe
nonomer

and R6 and R’ represent alkyl groups and may be
identical with or different from each other),

10 monomer containing a quaternary ammonium salt,

represented by the formula CH2=CR8COOR9-NR10R11R12(Y)

(wherein RS represents H or CHjy; R9 represents an

alkylene group; R10 to r1Z represent alkyl groups and
may be identical with or different from each other:; and
15 Y represents a halogen atom),

monomer containing a nitrogenous heterocycle,

represented by the formula CH,=CH-Z (wherein %

represents a group comprising a nitrogenous
heterocycle),
20 monomer having in its molecule an alkoxy group or

an aryloxyalkylene glycol group, represented by the
formula CH,=CR13c00(R1%0),(rR15%0),(R160),-R17 (wherein

R13 represents H or CH3; R14 represents an ethylene

R15

group; represents an alkylene group having 3 carbon

R16

25 atoms; represents an alkylene group having 4 carbon



represented by the fornmula X-Si RIR2ZR3 (wherein Rl, R2 and R3 all represent
groups selected fromanong al kyl and aryl groups and ftiNoveenbad€@ddcal with
or different 10 from each other, and X represents an acryl oyl oxy, a

met hacryl oyl oxy, a mal ei noyl oxy, a fumaroyl oxy, an itaconoyloxy or a
citraconoyl oxy group), and/or a polynmer fromthe above at |east one
nononmer M and at | east one other pol ynerizable nononer, and an 15
antifouling agent (C). Further, as another nononer acting as an, optional
conponent copol ynerizable with the appve nononmer M there are nentioned,
for exanple, acrylic acid, nethyl acrylate, 2-hydroxyethyl (neth)acrylate

and 2- hydr oxypr opy 1¢neth%acr late. 2 wever, there is no suggestion on a
copol yner h%g %a'ah (pdfFy 8??&3%W¥%5865%CWﬁﬁqquﬁ{u%f¥ﬂmﬁﬁ%ﬂ?aiﬁpﬁg an
organosilyl ester _group in_the publication. As the antifouling agent, there

are nenti on83°Fh8% BanB &R FPodlSi AF dgeReeRLYL &Y b hefhe above 25
Japanese Patent  Lai d-open Publication No. 8(1996) 1 Novenber 2004 16

269388. FurPheV1d5¢ ShednPoAd@ft i éh " B HddEtE W 1Y he) coat i ng
conposition, there are nentioned, for exanple, pignments, chlorinated

paraffin and ant{Beth) A§rvagedcs. sruamerdred ity thhes£emwtekances (9) to
(15), there.is_.pos est.kon on a copqliwrer having a (poly)oxyal kyl ene
bl ock s?fuc?%?ecgndégg%ta%nindwgﬁrg?ﬁa%ésH%ﬁpﬁﬁﬁ%ﬁk%ﬂénﬁf %ﬁith%?% with
the use of c gting cgﬁpositions described in these references, the
obt ai ned coBtT ngnd1B“ti krpirsseinttharl kydorgravrsy agld may ds¢ stdembicell
unsati sfactory fromthe viewpoint of a balance of cracking resistance,
peel i ng resvithnoe @ibderrgt ddiver @acd) otdre)f.oul i ng perfornmance or
antifouling properties, in'particular, antifouling properties in
(meth)acrylamide having a nitrogenous cyclic
hydrocarbon group, represented by the formula
10 CH2=CR21CON()Q (wherein R?1 represents H or CHy; and
N()Q is & nitrogen-containing nitrogen group wherein,

for example, 0, N or S may be contained in Q)},

(meth)acrylic ester containing a furan ring,

represented by the formula CH2=CR23COOCH2~T (wherein
15 r23 represents H or CHy; and T represents a furan ring
or a tetrahydrofuran ring), or
CH2=CH-CN.
Further, as an optional component copolymerizable
with the above monomers A and B, there are mentioned
20 various copolymerizable monomers such as acrylic acid,
ethyl acrylate, 2-hydroxyethyl (méth)acrylate and 2-
hydroxypropyl (meth)acrylate.
In the Example portion, there are mentioned, for
example, a copolymer from tri-n-butylsilyl acrylate

25 (TBSA), diethylaminoethyl methacrylate (DEAEMA} and



15 highly fouling environnment, long-termantifouling properties and

sel f-polishing properties. Further, for exanple, 2-hydi®Novenibdr 200dyl at e
and 2-hydroxypropyl acrylate are nentioned as a copol yneri zabl e opti onal
conponent in Japanese Patent 20 Publication No. 5(1993)-82865 (reference
(16)). Still further, silyl (meth)acrylate copolyners are described in
Japanese Patent Lai d-open Publication No. 9(1997)- 48947 (reference (17)),
Japanese Patent Laid-open Publication No. 9(1997)-48948 (reference (18)),
25 Japanese Patent Lai d-open Publicati®n No. 9(1997)-48949 1 Novenber 2004
17 (reference (19)), Japanese Patent Laid-open Publication No.

9(1997) - 489hBthyef earence r2Q)e (apanesel RPatentol uad - open Subl hcati on No.
- 9(1997)-48951 (reference (21)), Japanese Patent Publication No.

5(1993) - 32483t h1kheker areeg1add) ) (T84S, P.u No- d An &y DoEr {1 &fenence (23)),
Japanese Patent Lai d-open Publication No. 2(1990)- 1968669 (reference (24))

and WO 91./ 14¥43) ( bakie RS 1( ZRhacHOMEVET (i) | hes@wdei£r epgese(16) to
(25), there is no suggestion on a copol yner having a 10 (poly)oxyal kyl ene

bl ock structurgoandgeg@iicdion G &N cdyHaARsH i ef group. Further, with
t he use of ant?fou??ng pai nts baség{on copoljﬁgéi described in these

references (18) 4 Bx%@{yﬂe@l% %ﬁ%m%&%&ﬁ% ardd | fBd Sa £ 1fgrapoor in

cracki ng resistance, has room 15 for further | nprovenent™fromthe

Vi ewpoi nt o f £ NSy 4 resi stance (coatin
fllﬁfadhereégg?pagﬁgg oﬁ%ﬁﬁ%rgg%hggnanég&%r ant% dﬁ#ﬁgg propertles( in )
particul ar, ant'EPEhinQ %%%%%rt%%§ I%O@} I¥ ullnqjenwjro

Y pol’i

| ong-term anti f oul’i ng roperti €s an |ng proper |es

Japanese PakgnEhLalga%E%n %g%ﬂé§¥éfgklw%here are mentioned the

game antifouling agents as described in the above

10 Japanese Patent Laid-open Publication No. 8(1996) -
269388.

Japanese Patent Laid-open Publication No. 8(1996) -
269390 (reference (13)) discloses a coating composition
comprising:

15 a polymer from monomer A represented by the
formula X-SiRIR2g3 (wherein R1, R? and R3 all represent
groups selected from among alkyl and aryl groups and
may be identical with or different from each other, and
X represents an acryloyloxy, a methacryloyloxy, a

20 maleinoyloxy, a fumaroyloxy or an itaconoyloxy group),

a polymer from monomer B represented by the
formula Y—(CHZCHZO)n-R4 (wherein R* represents an alkyl
or an aryl group; Y represents an acryloyloxy, a

methacryloyloxy, a_maleinoyloxy, a fumaroyloxy or an



63(1988)-215780 (reference (26)) describes copolyners forned using, for
exanpl e, methyl nethacrylate, n-butyl nethacryl ate antl Novepitarn2d@4as

copol ynmeri zati on 25 conmponents, and further describes antifouling paints 1
Novenber 2004 18 containing the above copol yners and cuprous oxide. These
antifouling paints have the sane drawbacks as those of the antifouling
paints of the above references. WO 96/ 03465 (reference (27)) describes
star-type 5 polyners obtained using tri- to octa-functional mercapto
conpounds. It is described that thesei4 pol yners have such a | ow viscosity
as to enable preparation of a paint of high solid content, and that the

t endency t hereebnbewakxyd wireaasi tanhd ncrieasen ofnddggel afi ontdupbng storage is
| ow. Moreover, the use of an unsaturated carboxylic acid silyl ester as a
nmonomer i Sad@scribed in the WD 96/ 03465. However, there is no suggestion
on a copol ynmer having an organosilyl ester group, which copolynmer has such

a_block StTUCHUr gnafin 130tk LR0l9) Ol deyd elien i FasL gl 9Bkt Ci ty and
can inprove the antifouling performance of antifouling paint, and a

least an ABrhype Qh-cARANMRGL agle LOROIMIRIrd S Npd LaughL at al | n the
reference. 20 OBJECT OF THE | NVENTI ON The present 1hvention has been made

Wi th a v ewackavardosalvicag e, Abos Il e ol thes prigraart. s an

obj ect of e present invention to provi a copol yner antlfoullng

pai nt whichg B§9%§gi %gﬁbngs%qgﬁﬂﬂh Ay ifoull goagéng filmas exhibits

less 1 hbve cracking 't en ency, excelTent adhéerence so as to
e he expeRBEhLRY LENISHENPIL dRpldably LoDt ioiteds DYAESEYRYR e o
there are mentioned, for example, resins such as rosin
and antisetting agents.

10 Japanese Patent Laid-open Publication No. 8(1996) -
277372 (reference (14)) d%scloses a coating composition
comprising a triphenylboron pyridine complex and a
copolymer from a monomer mixture containing the monomer
A represented by the formula X-giRIR2R3 deécribed in

15 the above Japanese Patent Laid-open Publication No.

8(1996) -269388 (reference (11}) and the monomer B
represented by the formula Y—(CHECHzo)n-R4 described in
the same reference, and further comprising a resin
component and a marine organism adhesion inhibitor

20  which consist only of a nonmetallic polymer and a
nonmetallic organic inhibitor, respectively. Further,
for example, rosin and rosin derivatives are mentioned

as a leaching rate regulator which can be added to the

coatling composition,



antifouling properties in highly fouling environnent 5 and | ong-term
antifouling properties as antifouling performance (aniiNowhibey 2004 vity).
It is another object of the present invention to provide an antifouling
coating conposition which can forman antifouling coating film exhibiting
| ess cracking 10 tendency, excellent adherence so as to ensure |ess

peeling tendency and desirably controlled hydrolysis rate so as to be
extrenely excellent in antifouling properties in highly fouling
environment and long-term antifoulingpproperties. 15 It is further objects
of the present invention to provide an antifouling coating filmforned
fromthe above aapkheule rPgteoat ilrg cCamEasithiln c4 Oigr ondbde an  antifoul i ng
nmet hod effected with the use of the above antifouling coating conposition,

and to provideziasglsyl-I302@ 10r( ryTdatamaieer (1)U 18 €1 sover gdovh thnhe above
antifouling coating film DI SCLOSURE OF THE | NVENTI ON | Novenber 2004 20

The (poly) oxyablkylenenbl-ees siditg %Sdelreé&p%ﬂémfo@{nt:@@mgf;ﬁﬁgm(A hnvention
conprises silyl ester copolymer block units (A) and block units 2 B), the

silyl ester-eap9kyARly RIfock Ut S Wodin 'dedi FOOPrE SERY, £8)1H0MPONENt
units derived froma pol ymeri zabl e unsaturated carboxylic aci d silyl

ester, and fR)} pOL¥ARSI @ae,loqymat WAL arypw&édp&@im%g%r %gr Qpt he

conponent units (a), I'[f "I0 the block units (C derived from a gpto

conpound re@ﬁ?S@BBEQSQXnEh%ff%r@gf§m4¥)fgé% at least one monomer M
represented by the formula X-SirIR2R3 {wherein Rl, RZ
and R3 all represent groups selected from.among alkyl
and aryl groups and may be identical with or different

10 from each other, and X represents an acryloyloxy, a
methacryloyloxy, a maleinovloxy, a fumaroyloxy, an
itaconoyloxy or a citraconoyloxy group), and/or a
polymer from the above at least one monomer M and at
lJeast one other polymerizable monomer, and an

15 antifouling agent (C). Further, as another monomer
acting as an optional component copolymerizable with
the above monomer M, there are mentioned, for example,
acrylic acid, methyl acrylate, 2-hydroxyethyl
{meth)acrylate and 2-hydroxypropyl (meth)acrylate.

20 Howeverx, there is no suggestion on a copolymer having a
(poly)oxyalkylene block structure and containing an
organosilyl ester group in the publication.

‘As the antifouling agent, there are mentioned the
same antifouling agents as described in the above

25 Japanese Patent Laid-open Publication No. 8(199%6) -



04(CnH2NO) M (A H210 k ICR2 SHi or (R) (OCnH2n)Nj__XR2 SH H a i
wherein Rl represents .a hydrocarbon group or 20 et het Noveditew@08d4ni ng
hydr ocarbon group having a valency of 1 or higher and having 1 to 30
carbon atons; R2 represents a bival ent hydrocarbon group having I to 30
carbon atons or a group of the fornmula -CH(R3) |I Novenber 2004 21 wherein
R3 represents a group of the fornmula R4-0-R5, R4 representing a bival ent
hydr ocarbon group having 1 to 30 carbon atons, and R5 representing a
nonoval ent hydrocarbon group having ¥ to 30 carbon atons; X 5 represents:
-G0-, or -NGCO11 111 SHS10; nis aninteger of 1 to 5 mis an
i nteger of 26©68B00; Fhithe®n dnt£gesmPdndnt owbick bsnapei Aheger &f O to
100; ais an integer of O or 1; j is an integer of 1 to 50; and i is the

val ency of RBhe topabie:gc (ymaiadt ¢ 16w | Stileré veds f hont 8oRehyMeki-zabl e
unsat urated carboxylic acid silyl ester (a) preferably contain conponent

units (a-1) estampued igMenisd | Ydnidreidiegrybal £e0f L8 LAETULRL ing
- CH2- CR(COCsi RaRbRc) (1) 20 wherein R represents a hydrogen atom or a

met hyl grodgeng’d Ra, Rb and Rc nay be identical with or different from
each other and each represent a |inear

5 However, in these references (9) to (15), there is
no suggestion on a copolymer having a (poly)oxyalkylene
block structure and containing an organosilyl ester
group. Further, with the use o0f coating compositions
described in these references, the obtained coating

10 film is either poor imn cracking resistance, or
unsatisfactory from the viewpoint of a balance of
cracking resistance, peeling resistance (coating
adherence}, antifouling performance or antifouling
properties, in particular, antifouling properties in

15 highly fouling environment, long-term antifouling
prope;ties and self-polishing properties.

Further, for example, 2-hydroxyethyl acrylate and
2-hydroxypropyl acrylate are mentioned as a
copolymerizable optional component in Japanese Patent

20 Publication No. 5(1993);82865 {reference (16})). 8Still
further, silyl (meth)acrylate copolymers are described
in Japanese Patent Laid-open Publication No. 9(1997) -
48947 (reference (17)), Japanese Patent Laid-open
Publication No. 9(1997)-48948 (reference (18)),

25 Japanese Patent Laid-open Publication No. 9(1997)-48949



al kyl group, a branched al kyl group, a cycloal kyl group, a substituted or
unsubstituted phenyl group or a 25 trinethylsilyloxy gt dNgenbdi@d8dber 2004
522 Inthe formula (1), it is preferred that at |east one of the Ra, Rb
and Rc represent a branched al kyl group or a cycloal kyl group. Al so, the
conponent units derived froma polynerizable unsaturated carboxylic acid
silyl ester (a) preferably conprise: silyl (nmeth)acryl ate conponent units
(a-2) of the formula: -CH2-CR(COOSIi R11R12R13)  (I1) 10 wherein R
represents a hydrogen atom or a nethyl?7 group; each of R11l and R12

i ndependently represents a linear alkyl group having 1 to 10 carbon atons,
a substit ut édederensebdtliotut.ed grirerad e U t Obadd - bpenebhyl stbylioxy group
and R13 represents an al kyl 15 group having 1 to 18 carbon atons which may
have a ringNost ByeBare -asdsmanatefearaubst (1o} pd oapansebspityhed phenyl
group having 6 to 10 carbon atons, or a trinmethylsilyloxy group, and silyl

(et h) acryl ahedcoppanent lUrialts dra18). of (19%7) 208691 Mut-8ference
- CH2- CR( COCSi R14R15R16) - (111) wherein R represents a hydrogen atomor a

nmet hyl  groypi)gachaghinBb4 aad JRES duptenendest | Yo epyesent s3g43§r anched
al kyl or cycloal kyl group having 3 to 10 25 carbon atons; and R16

represers s arkeaeancal Kglz)growp ¢l fNovgstbes | 2004523 Pé)!éﬁsnéet Q239 ,carbon
atoms, a branched al kyl or ‘cycloal kyl group having 3 10 carbon atoms, a

Japanese Patent Laid-open Publication No. 2(1990) -
1968669 (reference (24)) and WO 91/14743 {reference
(25}). However, in these references (16) to (25),
there is no suggestion on a copolymer having a

10 (poly) oxyalkylene block structure and containing an
organosilyl ester group. Further, with the use of
antifouling paints based on copolymers described in
these references {16) to (25), the obtainea coating
film is either poor in cracking resistance, or has room

15 for further improvement from the viewpoint of a balance
of cracking resistance, peeling resistance (coating
film adherence), antifouling performance or antifouling
properties, in particular, antifouling properties in
highly fouling envirconment, long-term antifouling

'20 properties and self-polishing properties.

Japanese Patent Laid-open Publication No.

63{(1988) -215780 (reference (26)) describes copolymers
formed using, for example, methyl methacrylate, n-butyl

methacrylate and acrylamide as copolymerization

25 components, and further describes antifouling paints



substituted or unsubstituted phenyl group having 6 to 10 carbon atons, or
atrinmethylsilyloxy group. 5 it is preferred that the pdNoveerher 604
unsaturated nonomer units (b) other than the conmponent units (a) conprise
conponent units (b-1) derived froman acrylic unsaturated nononer
containing a polar group. Preferably, the conponent units (b-1) derived
from 10 an acrylic unsaturated nononmer containing a polar group have
conponent units derived froman acrylic unsaturated nonomer containing at
| east one polar group selected fromide group consisting of a hydroxyl
group, a hydroxyal kyl group, an al koxyl group, a 15 pol yoxyal kyl ene group,
an al kyl pol yoxyalikyhenehgr atpve abpaiDyiegy iy AlpMNbssibsiidgat ed am no
group, an am do group, an N-substituted am do group, an epoxy group, an

oxol ane gr ompesanaqxefane i@gowR,ints MEVanRG Ori: @&atist&pbydsof urfuryl
group and a norpholino group. 20 The use of the above (poly)oxyal kyl ene

bl ock silyltheseebrcepel WiRN fAGOATY ik 4 NSr PESS Moy OVEREL PO, AR o2
vehi cl e of antifouling paint enables providing an antifouling coating

conposi tion whi choenahbes s50NFRG reaich @M )3NtddQul g C&@éli-“rg%é%' m

exhibiting | ess 25 cracki ng tendency, excellent adherence so 0 ensure 1

Novenbers 2004 2derkess tReGkiNG sligdanay. and dasirahly cod ol'l ed
b antito

hydrol ysis rate so as to be extrenely excellent in uling properties

in highly fﬁg}&ggtgnggkgpggﬁg and H%n%ggaﬁggﬁg:gﬁélit Droperties, which

antifouling 5 coating mis further exce na balance of these

properties. i Li oat i canposi.tion of the present invention
conpri ses ap%ggﬁn%%m{}gll&ﬁyggﬁ% I (%c%k svﬁsycIOSIetsyt &° ctooposf ]re t he

(pol V) oxyal SyLnga Bhogk o8l b ball LGP YA T SRIPLLS! Nh g Lot e

the tendency thereof toward viscosity increage or

10 gelation during storage is low. Moreover, the uSg of
an unsaturated carboxylic acid silyl ester as a monomer
is described in the WO 96/03465. However, there is no
suggestion on a copolymer having an organosilyl ester
group, which copolymer has such a block structure as,

15 1ike a (poly)oxyalkylene, has hydrophilicity and can
improve the antifouling performance of antifouling

paint, and at least an AB type or ABA type block

copolymer is not taught at all in the reference.

20 OBJECT OF THE INVENTION

The present invention has been made with a view
toward solving the above problems of the prior art. It
is an object of the present invention to provide a
copolymer for antifouling paint which enables forming

25 such an antifouling coating film as exhibits less



units (A-1) and block units (A-2), the silyl ester copolyner block units
(A-1) conprising: (a) conponent units derived froma pNoweiberdiiod 15
unsat urated carboxylic acid silyl ester, and (b) pol ynerizabl e unsaturated
nmononmer units other than the conponent units (a), the block units (A-2)
derived froma nercapto .conpound represented by the fornmula: 20 0 (R1)
4C, 1~2n0) -(CIH210) 11 2. SHMk jj GRli ... (1) , or 1 Novenber 2004 25
(R1) EOC2m (OC1H21)k N XR2 SH (2) 1) | a wherein Rl represents a
hydr ocarbon group or 5 ether-bond-cdi ai ni ng hydrocarbon group having a
val ency of 1 or higher and having 1 to 30 carbon atons; R2 represents a
bi val ent hydrecarirgn tgmaign chaviaqwrel tan t 30dlcar d0ne atONEsOkoaegsau@ of the
formula -CH(R3)- wherein R3 represents a group of the formula R4-OR5, 10
R4 representlesg @ ekildalge ntedtedrace arboni 8 trgb haveege 0118430 car bon at ons,
and R5 representing a nonoval ent hydrocarbon group having 1 to 30 carbon
atons; X rapeeseRtsis et O td\NKe eddrdmély excellent in
antifouling properties in highly fouling environment
5 and long-term antifouling properties as antifouling
performance {(antifouling activity). It is another
cbject of the present invention to provide an
antifouling cocating composition which can form an
antifouling coating £ilm exhibiting less cracking
10 tendency, excellent adherence so as to ensure less
peeling tendency and desirably controlled hydrolysis
rate so0 as to be extremely excellent in antifouling
properties in highly fouling environment and long-term
antifouling properties.
15 It is further objects of the present invention to
provide an antifouling coating film formed from the
above antifouling coating composition, to provide an
antifouling method effected with the use of the above
antifouling coating composition, and to provide a hull

20 or underwater structure covered with the above

antifouling coating film.

DISCLOSURE OF THE INVENTION




SHSnNnis aninteger of 1 to 5 mis an integer of 1 to 100; 1 is 20 an
integer of 1 to 5; kis an integer of 0 to 100; a is &MNowragar2004 0 or 1
j is an integer of 1 to 50; and i is the valency of Rl. The conponent
units derived froma polynerizable unsaturated carboxylic acid silyl ester
(a) preferably 1 Novenber 2004 26 contain conponent units (a-1) derived
froma silyl (meth)acrylate of the formula: -CH2- CR(COOSI RaRbRc) - (1)
wherein R represents a hydrogen atomor a nethyl 5 group; and Ra, Rb and
Rc may be identical with or differem0fromeach other and each represent a
| i near al kyl group, a branched al kyl group, a cycloal kyl group, a
substituted or ufisebdpbiut edypliémllergy ok =i11Y i eetdyl sbbyloxgrgroup 10
In the formula (1), it i's preferred that at |east one of the Ra, Rb and Rc
represent aobr ahehedealkky! ingreouiat @omycl 98 kyligr oapreAl so, the
conponent units derived froma polynerizabl e unsaturated carboxylic acid
silyl eStercoﬂ5lQﬂbrprE&kaQijﬁﬁn@ﬂlSﬁndSbid&k(@@ian@ﬁy ate conponent
units (a-2) of the formula: -CH2-CR(COOSIi Rl -R -2R13) (II) wherein R.
represents a hydengeBiaaMe@ied MRIJHIymeA0 K QU ueech of)R11 and R12

i ndependently represents a linear alkyl group having 1 to 10 carbon atons,
a substytutgfpeh syagubstituted phenyl group, or a trinmethylsilyloxy
group; and R13 represents an alkyl group having 1 to 18 carbon atons which

may have a ring 23)SEbRELHER tOLnltAN b & SHDSId A W 6 P aPsybsi Lt ut ed

unsaturated carboxylic acild silyl ester, and
(b) polymerizable unsaturated monomer units other

than the component units (a),

e

A
10 the block units 937 derived from a mercapto

compound represented by the formula:

O

r f \ 2
0 C,H C;H,,0 C R SH -
200 (C1H20) ¢ k /] . (1}

15 ., Oor

(Rl)%(oanZn)r(oclej_) k Il\] X"__R2—"'_SH} - {2)
H ] i
a .

wherein R represents a hydrocarbon group or

20 ether-bond-containing hydrocarbon group having a
valency of 1 or higher and having 1 to 30 carbon atoms;
RZ represents a bivalent hydrocarbon group having 1 to

30 carbon atoms or a group of the formula -CH(R3)-



1 Novenber 2004 27 phenyl group having 6 to 10 carbon atons, or a
trinethylsilyloxy group, and silyl (nmeth)acryl ate conpbiNdovembert200da- 3) of
the f ornula: 5 -CH2- CR(COCSi R14R15R16 (111) wherein R represents a
hydrogen atom or a methyl group; each of R14 and R15 i ndependently
represents a branched al kyl or cycl oal kyl group having 3 to 10 carbon
atons; and R16 represents a linear alkyl group 10 having | to 10 carbon
atons, a branched al kyl or cycloal kyl. group having 3 to 10 carbon atons, a
substituted or unsubstituted phenyl oup having 6 to 10 carbon atons, or
a trinmethylsilyloxy group. Preferably, the polynerizable unsaturated

monomer  15yHBktsn(RP Qthelstdhan e LAPUEMhUNESSnR) £OIPLLSE
conponent units (b-1) derived froman acrylic unsaturated nononer

cont ai ni ng R4pekakedbA¥lng b b3 vAN&IA! Rk LAl i e &P&ﬁpggrgé‘gilggi s (b-1)

derived froman acrylic unsaturated nonomer contal ning ar group

have at |eagh 95ecRebah drgi SELRCLEd Joamile o FOLSy21Lhg of a
hydr oxyl group, a hydroxyal kyl group, an al koxy roup, a po?yoxyalkylene

group, an ajkyl al n . , 1 n [ oup an_D%substituted
am no group,§§n8g%¥§§¥g?§§%§ %ﬁg&%%g153%§3ﬂ1Lé%é¥%ﬁﬁ%ﬁP%ﬁt) , an epoxy
gr oup, o yvenber 2004 28 group, an oxetane group,.an oxirane
group, gﬁ té?#ﬁﬁgabgggrfuryl group and a norpholino group. The antifouling

coating conposition of the present inven;ionfpreferab!y further conprises
?Eeantlfoullng 5 agenLﬁgﬁk)_Alsou the anttjgyLkpgmfgatlng conposition of
|l
S H S

10 ; n is
an integer of 1 to 5; m is an integer of 1 to 100; 1 is
an integer of 1 to 5; k is an integer of 0 to 100; a is
an integer of 0 or 1; j is an integer of 1 to 50; and i
is the valency of RY.

15 The component units derived from a polymerizable
unsaturated carboxylic acid silyl ester (a) preferably
contain component units (a-1) derived from a silyl
{(meth)acrylate of the formula:

-CH, - CR (CO0SiR2RPRE) - (I)

20 wherein R represents a hydrogen atom or a methyl
group; and R®, R and RC may be identical with or
different from each other and each represent a linear
alkyl group, a branched alkyl group, a cycloalkyl group,

a substituted or unsubstituted phenyl group or a

25 trimethylsilyloxy group.



present invention preferably further conprises zinc oxide (C). Moreover,

it is preferred that the antifouling 10 coating conpo$iNdvembsr 200d present
invention further conprise an inorganic dehydrating agent (D). It is also
preferred that the antifouling coating conposition of the present
invention further conprise a |eaching accelerating conponent (E). 15 The
antifouling coating filmof the present invention is formed fromthe above
antifouling coating conposition of the present invention. The nethod of
rendering antifouling a marine vessel; an underwater structure, a fishing
gear or a 20 fishing net according to the present invention conprises
appl yi ng the above anti ffeurulg cQat,i Ng: COMOS 46630 of hi hea pr esgBk
invention to a base surface of a marine vessel, an underwater structure, a
fishing gesheobrfa thieskiang rietarANkUrydgigeddier appbi £ e Aoy enber 2004 29
antifouling coating conposition so that a forned antifouling coating film

covers the gagapSuif aceychha 1nasl agssel, underwater structure, fishing
gear or fishing net according to the p resent invention 5 has a surface

covered with theaabave (gnt icqldig CQatig dddmdprapg, fyomthe antifouling
coating conposition of the present invention. According to the present
inventiof, LAGLE LS »aRHQVI 'Bg%}' oat | c ition which, 10
because of %he§cgntgfhinguo%gggggﬁg%% 6% %&@d%ﬁ%?e%gpgfo%éggflyl ester
copol yner, b f ' n antifouling coating filmas exhibits

| ess crackiggatggggﬁgg%quggﬁ#%ﬁfﬁadherence So as to ensure |less peeling

engency and oeskiabhy Gl Ahgate WA (RS 902 3 19 PEngx el et

formula:
-CH,-CR(co0Sir11R12r13) . (1)
10 wherein R represents a hydrogen atom or a methyl

group; each of rR11 andg r12 independently represents a
linear alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted phenyl group, or a
trimethylsilyloxy group; and r13 represents an alkyl
15 group having 1 to 18 carbon atoms which may have a ring
structure or branch, a substituted or unsubstituted
phenyl group having 6 to 10 carbon atoms, or a
trimethylsilyloxy group, and
silyl (meth)acrylate component units (a-3) of the
20 formula: |
-CH,-CR(CO0Sir14Rr15r16) . (II1)
wherein R represents a hydrogen atom or a methyl
group; each of R;4 and RL® independently represents a
branched alkyl or cycloalkyl group having 3 to 10

25 carbon atoms; and R!® represents a linear alkyl group



performance (antifouling activity), antifouling properties, in particular,
antifouling properties in highly fouling environnent &iNbJeartgert280dh
antifouling properties, which antifouling coating filmis further 20
excellent in a balance of these properties. BRI EF DESCRI PTI ON OF THE
DRAWNG Fig. | is a GPC chromatogram of silyl ester copolynmer BP-1. Fig.
2 is an IR spectral chart of silyl ester 25 copolynmer BP-1. 1 Novenber
2004 30 Fig. 3 is a GPC chromatogram of silyl ester copolyner BP-2. Fig.
4 is an IR spectral chart of silyl eskgr copolyner BP-2. 5 Fig. 5is a GC
chromat ogram of silyl ester copolyner BP-3. Fig. 6 is an IR spectral chart
of silyl eshewingopgolbarelrd BRhorFigrtonrs | sa abGR-chdoankoyr am of silyl ester
10 copolyner BP-4. Fig. 8 is an IR spectral chart of silyl ester: copol yner
BP-4. Fig. @vicdoalGRA chwcamatiogriang of b |lyd estesn gepakyner BP-5. 15 Fig.
10 is an IR spectral chart of silyl ester copolynmer BP-5. Fig. 11 is a GPC

chr omat ogr asubk tdithiyte Etrerun A0 Wt e BRen i ggrddpi BadingRespect r al
chart of silyl ester 20 copolymer BP-6. Fig. 13 is a GPC chromat ogram of
silyl esteriocepebyiefat¥hs). di & thdinscmd R spoeirgbogpart of silyl ester
5 It is preferred that the polymerizable unsaturated
monomer units (b) other than the component units (a)
comprise componenﬁ units (b-1) derived from an acrylic
unsaturated monomer containing a polar group.
Preferably, the component units (b-1) derived from
10 an acryiic unsaturated monomer containing a ﬁolar group
have component units derived from an acrylic
unsaturated monomer containing at least one polar group
selected from the group consisting of a hydroxyl group,
a hydroxyvalkyl group, an alkoxyl group, a
15 polyoxyalkylene group, an alkylpolvoxyalkylene group.
an amino group, an N-substituted amino group, an amido
group, an N-substituted amido group, an epoxy group, an
oxolane group, an oxetane group, an oxirane group, a
tetrahydrofurfuryl group and a morpholino group.
20 The use of the above (poly)oxyalkylene block silyl
ester copolymer according to the present invention as a
vehicle of antifouiing paint enables providing an
antifouling coating composition which enables forming

such an antifouling coating film exhibiting less

25 cracking tendency, excellent adherence so as to ensure



copolymer BP-7. 1 Novenber 2004 31 Fig. 15 is a GPC chromatogram of silyl
ester copolynmer BP-8. Fig. 16 is an IR spectral chart1Movenibdr 208der
copolymer BP-8. 5 Fig. 17 is a GPC chromatogram of silyl ester copolymner
BP-9. Fig. 18 is an IR spectral chart of silyl ester copolynmer BP-9. Fig.
19 is a GPC chromat ogram of silyl ester 10 copol yner BP-10. Fig. 20 is an
| R spectral chart of silyl ester copolyner BP-10. Fig. 21 is a G°PC
chromat ogram of silyl ester copolynmer BP-11. 15 Fig. 22 is an IR spectral
chart of silyl ester copolynmer BP-112Big. 23 is a GPC chromat ogram of
silyl ester copolyner BP-12. Fig. 24 is an IR spectral chart of silyl

ester 20 copekypee1BRylZerfichc2rid® desPenwhyonmtpgsamgf silyl ester
copolymer BP-13. Fig. 26 is an IR spectral chart of silyl ester copol yner

BP-13 25 1 N?E@B@?%i%o%t%zsoB%%TmFé?t%}'{'\@%%gﬁg ENVENTI ON The

(pol y) oxyal kyl ene bl ock silyl ester copolymer and antifouling coating

gglrrg\?vsi L I onaaeeebdhRa ot @rbhe rdifsent niWenti eou Ll be dessrLhed in detail
and long-term antifouling properties, which antifouling
5 coating film is further excellent in a balance of these
properties.

The antifouling coating composition of the present
invention comprises a (poly)oxyalkylene block silyl
ester copolymer, the (poly)oxyalkylene block silyl

10 ester copolymer comprising silyl ester copolymer block
units (A-1) and block units (A-2},

the silyl ester copolymer block units (A-1)
comprising:

(a} component units derived from a polymerizable

15  unsaturated carboxylic acid silyl ester, and

(b) polymerizable unsaturated monomer units other

than the component units {a),

the block units (A-2} derived from a mercapto

. compound represented by the formula:

20




(Pol y) oxyal kyl ene bl ock silyl ester copol.ymer The (Poly)oxyal kyl ene

bl ock silyl ester copolynmer of the present invention i$ Novenhdxe 200dol yner
conprising silyl ester copolymer block units (9) and 10 block units (Z |
the silyl ester copolynmer block units (M conprising: (a) conponent units
derived froma polynerizable wunsaturated carboxylic acid silyl ester, and
15 (b) polynerizabl e unsaturated nononer units other than the conponent
units (a), the block units (B) deriveg froma specified nmercapto compound.
Wth respect to the (poly)oxyal kyl ene Block silyl 20 ester copolyner, the
term nol ogy "(poly)oxyal kyl enell means that an oxyal kyl ene or a

pol yoxyal kylene is contained in the silyl ester copolyner. Silyl ester
copol ymer bl ock upity (A 1 Novenber 2004 33  First, the cpnponent units (a)
and (b) for (g {o0g1 4 he—sibyln.gser 8 yrerpPblocdg Units.(A)2y will be
descri bed. Conpongntl uni t derived from ol ri zabl e unsaturated 5 :
carboxylic acidsilyl ester (a) As the polynrerizable unsaturated carboxylic
acid silyl ester, there can be nentioned,  for exanple, silyl esters of
unsat ur at ed nonocar boxylic acids such as acrylic acid and nmethacrylic
acid, a,(3-unsaturated 10 dicarboxylic acids such as itaconic acid, nmaleic
acid, fumaric acid and cijtraconic dibasic acid, and unsaturated

nmonocar boxyl i ¢ a¥f@¥ eiayifig BT sttt f Y dfoa fadt exeer of

a, [ 3-unsaturated dicarboxylic acid. Among the conponent units derived from
such a 3 ether-bond-containing hydrocarbon group having a

valency of 1 or higher and having 1 tc 30 carbon atoms;
R2 represents a bivalent hydrocarbon group having 1 to
30 carbon atoms or a group of the formula -CH(RJ)-
wherein RZ represents a group of the formula R4-O—R5,
10 gré representing a bivalent hydrocarbon group having 1
to 30 carbon afoms, and R° representing a monovalent
hydrocarbon group having 1 to 30 carbon atoms: X

represents:

15 ~ﬁ—o— , OF —N—C—~0-—
s H §
; n is
an integer of 1 to 5; m is an inieger of 1 to 100; 1 is
20 an integer of 1 to 5; k is an integer of 0 to 100; a is
an integer of 0 or 1; j is an integer of 1 to 50; and i
igs the wvalency of rl.
The component units derived from a polymerizable

unsaturated carboxylic acid silyl ester (a) preferably



15 pol yneri zabl e unsaturated carboxylic acid silyl ester, conponent units
(a-1) derived fromsilyl (meth)acrylate are preferredl Ndweseer 2004
conponent-units (a-1) derived fromsilyl (neth)ac,rylate are, for exanple,
represented by the 20 formula: -CH2-CR(COOSI RaRbRc)- (1) wherein R
represents a hydrogen atomor a nethyl group; and Ra, Rb and Rc may be
identical with or different fromeach other and each represent a |linear 25
al kyl group, a branched al kyl group, a cycl oal kyl group, 1 Novenber 2004 34
a substituted or unsubstituted phenyl 2group or a trinethylsilyloxy group.
The above linear alkyl group preferably 1 to 18 carbon atons, stil
preferably Tdnrait camomeattonsnitacha of ) t herbraachedmabkyli1gnoup and 5
cycl oal kyl group preferably has 3 to 10 carbon atons, still preferably 3
to 8 carbon (aieay.acds/idwe: Sibsié t S@rhudi ch can replace a hydrogen atom of
the phenyl group, there can be q?ntloned for exanple, an alkyl, an aryl
and a hal ogen. Thé€HsulsR (FARER G RO unsubstTt ut ed phenyl group has 6 to 18
carbon atons, preferably 6 to 12 carbon atons. The silyl (nmeth)acrylate

(a-1) from whi chwﬁu@&elabqwe%;ﬂéfsler(ﬁ@t@)@ﬁ%@éﬁ &9&1@08@“5 H@h&%can be
derived can be represented by the formul a: OROOCSI R8

wherein & iR dind e andve forml af 1o 1&R§RE§é§ﬂt§1ﬁhhé9r ogen at om or

a methyl group; and Ra, 'Rb and Rc, |iK and e above formul a

(1), my b%ﬂﬂ%@?éﬂ%“ff%ﬁ*bé%h(Béﬂ£%eﬁﬁdféggﬁeﬁgBrQLQEE and; near

alkyl group, a branched alkyl group, a cycloalkyl group,
a substituted or unsubstituted phenyl group or a
trimethylsilyloxy group.

10 In the formula (I), it is preferred that at least
one of the RE, rRD and R® represent a branched alkyi‘
group or a cycloalkyl group.

Also, the component units derived from a
polymerizable unsaturated carboxylic acid silyl ester

15 (a) preferably comprise:

silyl (meth)acrylate component units (a-2) of the
formula:

-CH4-CR (CO0SiR1IR12R13) . (II)

wherein R represents a hydrogen atom or a methyl

20 group; each of R11 and r12 independently represents a
linear alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted phenyl group, or a
trimethylsilyloxy group; and r13 represents an alkyl
group having 1 to 18 carbon atoms which may have a ring

25 structure or branch, a substituted or unsubstituted



each represent a linear alkyl group, a branched al kyl 25 group, a

cycl oal kyl group, a substituted or wunsubstituted phenyNayepiperaO04
trimethyl silyloxy group 1 Novenber 2004 35 For exanple, the above silyl
(meth)acrylate (a-1) can be: silyl (meth)acrylate wherein Ra, Rh and Rc
are identical with each other, such as trinethylsilyl 5 (nmeth)acryl ate,
triethylsilyl (meth)acrylate, tripropylsilyl (neth)acrylate,
triisopropylsilyl (nmeth)acrylate, tributylsilyl (nmeth)acrylate, tri-sec-
butylsilyl (meth)acrylate or triisobuylsilyl (meth)acrylate, or 10 silyl
(meth)acrylate wherein Ra, Rb and Rc are partially or wholly different

[ om each o ehw15ueuts naditnsets bl Yo ELiube dybnf mebh) goryi ate,
sec- butyl - dlnethyIS| (et h) acryl ate, di net hyl propyl si

(neth)acrylgggmqugqggg ﬁ%@ﬂﬂgﬁgﬂ ilylg (meth)acrylate 15 or
met hyl et hyl propyl silyl (neth acrylate The use of the copol ynmer containing

t hese silyl (”EEQl§ﬁr%h§E§Orm il éﬂﬁé %ﬁkjanls ?1gep |?n1m%|ch i's

antifouling paint ehable an antl I hg coa
excellent ip ? % 1Qnly self 20 pollshlng properties (consunablllty) but al so
 ong-term an oul'i ng performance. Werein "self -polishing" of copol ymer

neans thmat the COQQ5y@§rcbb@m@Qﬁﬁﬂ3kkﬁ¥ se hﬁ§[ pater-solubility and is
di ssolved in seamater new copol ymer which has not been hydrolyzed yet

is 25 exposed. venbe 2004 36 In thﬁgP esent invention, it is preferred
that at | east o 51elflh REPTR5 I Re TR dipdhett uffeshyta- 1)

derived fromsilyl nmet h) acryl ate r esented b i
group¥ egch 5& Rﬁﬁ and £¥§ 1ndependg£tly represents a

branched.alkyl or cycloalkyl group having 3 to 10
carbon atoms; and r16 represents a linear alkyl group
10 having 1 to 10 carbon atoms, a branched alkyl or
cycloalkyl group having 3 toe 10 carbon atoms, a
substituted or unsubstituted phenyl group having 6 to
10 carbon étoms, or a trimethylsilyloxy group.
Preferably, the polymerizable unsaturated monomer
15 units (b) other than the component units (a) comprise
component units (b-1) derived from an acrylic
unsaturated monomer containing a polar group.
It is preferred that the component units (b-1)
derived from an acrylic unsaturated monomer containing
20 a polar group have at least one polar group selected
from the group consisting of a hydroxyl group, a
hydroxyalkyl group, an alkoxyl group, a polyoxyalkylene
group, an alkylpolyoxyalkylene group, an amino group,
an ﬁ—substituted amino group, an amido group, an N-

25 substituted amido group, an epoxy group, an oxolane



t he above fornmula (I) represent a branched al kyl group 5 or a cycl oal kyl
group. The use of the conponent having a branched al kyINaeotsher@00d

cycl oal kyl group as a vehicle of antifouling paint enables form ng an
antifouling coating filmwhich is excellent in cracking resistance and
peeling resistance. 10 Al so, the conmponent units derived froma

pol yneri zabl e unsaturated carboxylic acid silyl ester (a) preferably
conprise: silyl (meth)acrylate conmponent units (a-2) of the formula: 15

- CH2- CR(COCSi R11R12R13) - (I1) whereimd®R represents a hydrogen atom or a
met hyl group; each of R11 and R12 independently represents a |inear alkyl

group havin 0 r at QR @ u i e r_unsubstituted phenyl
group, or agféu?fi%gtﬁyeggﬁﬁ XYy &?oﬁﬁf %ﬁ%féﬁ% ?E%?%ée%ts an al kyl group
having 1 to ich. may have a ring. .structure or a branch, a
substitutedt%gréﬁgﬁggfﬁéﬁﬂgaﬂh %§H§3 %ﬁ%d%IW%%?%%l%n?ogﬁﬁuEarbon at ons, or
a trinethylsilyloxy_aroyp, .and | venber 2004, 37 shlyl (meth) acrylate
conmponent units g?nggﬁ%Pﬁélnﬁbﬁﬁﬂz%nq(ﬁ%ﬂ%ﬁﬁkﬁﬁg?RTERE%%?%T?SFHW) |
wherein R represents a _hydrogen omor a nethyl 5 group; each of R14 an
R15 independgﬁf lP@pP&?&ﬁFﬁggi’aiﬁﬂgﬁﬁﬂ %ﬁ@@?y%?sc?%l%%Ek§?ubﬁﬁﬁp havi ng 3
to 10 carbon atons; and R16 represents a |inear alkyl group having 1 to 10
carbon at on€9¢R bri&hched al kyl or cycloal kyl group having 3 to 10 carbon
atoms, a 10 substituted_or unsubstituted phenyl group having 6 to 10
carbon atons, or2a5Pri ABEhPRSLEPVIRP 9 rsti: 1 hes@mrotbhent O fintks will now
be d ri bed. :

© desc present invention preferably further comprises zinc

oxide (C).

Moreover, it is preferred that the antifouling

10 coating composition of the present invention further
comﬁrise an inorganic dehydrating agent (D).

It is also preferred that the antifouling cocating
composition of the present invention further comprise a
leaching accelerating component (E).

15 The antifouling coating film of the present
invention is formed from the above antifouling coating
composition of the present invention.

The method of rendering antifouling a marine
vegsel, an underwater structure, a fishing gear or a

20 fishing net according to the present invention
comprises applying the above antifouling coating
composition of the present invention to a base surface
of a marine vessel, an underwater structure, a fishing

gear or a fishing net and drying the appliegd



Silyl meth acr |late conponent unit (a-2) The silyl (nmeth)acryl ate conmponent
unit (a-2) is 15 represented by the fornula: -CH2- CR( COOSeRIEEREZBE3) - {1Y)
wherein R represents a hydrogen atomor a nethyl group, and each of R11
and R12 independently represents a |inear alkyl group having 1 to 10
carbon atons, 20 preferably 1 to 8 carbon atons, and still preferably 1 to
6 carbon atonms, a substituted or unsubstituted phenyl group, or a
trimethylsilyloxy group. As the linear alkyl group, there can be

menti oned, for exanple, nethyl, ethylg n-propyl, n-butyl, n-pentyl,

n- hexyl, n 25 heptyl, n-octyl, n-nonyl and n-decyl groups. 1 Novenber 2004

38 As the substblughly \WYL0h LA S8R ALE: 8n hydr eggp at egrpbat he phenyl
group, there can be nmentioned, for exanple, an alkyl, an aryl and a

hal ogen. R13nkeR6e3anics ¥ ldey| s APUPoPavi Ngnd £9:s48s,psgaLbon atoms,
preferably 1 to 12 carbon atons, and still preferably 1 to 9 carbon atons,

whi ch may have apnil RG StfdIGidd & OF ﬁ@é%&‘&é‘e ag SpPhSt Fut egigﬁin

unsubstituted phenyl group having 6 to 10 carbon atons, 'pre eragly 6 to 8

carbon at o0 o3 ehisHRLYald Y Qi 40,07 UP OL EDEcLOrmla.( (R} 3SI 0-.

The al kyl group ch constitutes e any & above &XEnplified
B e At Rt s G
o oo DRSS UBIBE ol S B G RLSTEIRe TS
20 O theseboﬁ%%hi%&%n@% %%% ﬁﬁéégﬁﬁﬂkéﬁﬁhéfkn.
According to the present invention, there is
provided an antifouling c¢oating composition which,
10 because of the containing of specified
(poly)oxyalkylene block silyl ester copolymer, enables
forming such an antifouling ceoating film as exhibits
less cracking tendency, excellent adherence so as to
ensure less peeling tendency and desirably controlled
15  hydrolysis rate so as to be excellent in antifouling
performance (antifouling activity), antifouling
properties, in particular, antifouling properties in
highly fouling environment and long-term antifouling
properties, which antifouling coating film is further

20 excellent in a balance of these properties.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a GPC chromatogram of silyl ester
copolymer BP-1.
Fig. 2 is an IR spectral chart of silyl ester

25 copolymer BP-1.



identical with or different fromeach other, preferably each represent

met hyl, ethyl, n-propyl, n-butyl, n hexyl or trinethyl $iNoMeomber 2004 stil
preferably each represent nmethyl, n-propyl, n-butyl or n-hexyl. | Novenber
2004 39 The silyl (nmeth)acrylate (a-2) fromwhich the above silyl
(meth)acryl ate conponent units (a-2) can be derived can be represented by
the formula: CH2=CR(COOSI RL11R12R13) (ii) 5 wherein Ris the sane as the R
of the above formula (I1), and R11, R12 and R13 are the sane as the RI11,
R12 and R13 of the above formula (11)30For exanple, the silyl
(meth)acrylate (a-2) can be any of: 10 aliphatic silyl (meth)acryl ates
wherein R11, R12ragd 3R13 ar ericdemirotal o Adin eachs aiheressgeh as:
trimethylsilyl (meth)acrylate, triethylsilyl (neth)acrylate,
tri-n-propykshbbybmeresp)-acrylate, 15 tri-n-butylsilyl (neth)acrylate,
tri-n-pentylsilyl (meth)acrylate, tri-n-hexylsilyl (meth)acrylate,
tri-n-heptylsilyk;igreghlacnyl atge . spddirdt eatadsidy|s{1gi haageyl ate, 20
tri-n-nonylsilyl (meth)acrylate, and tri-n-decylsilyl (nmeth)acrylate,
aromatic orc§%59§ﬁ@§ gipl.yl (nmeth)acrylates wherein R11, R12 and R13 are
identical wth each other, such as: triphenylsilyl (meth)acrylate, and 25

tris(triqret hyl si ox¥) si.l yl I o . -Npve 2004 40
aliphatfgesilyl %%éfh¥a§%y¥a§%§?&£%?gﬁﬁ' f%f %%gséﬁ' ﬁ%%ggFe partially or

whol |y diffSBﬁBEyREQ”ﬁ%@%h ot her,

Fig. & 1s an IR spectral chart of silyl ester
copolymer BP-3.
Fig. 7 is a GPC chromatogram of silyl ester
10 copolymer BP-4.
Fig. 8 is an IR spectral chart of silyl ester
copolymer BP-4.
Fig. 92 is a GPC chromatcgram of silyl ester
copolymer BP-5.
15 Fig. 10 is an IR spectral chart of silyl ester
copolymer BP-5.
Fig. 11 is a GPC chromatogram of silyl ester
copolymer BP-6.
Fig. 12 is an IR spectral chart of silyl ester
20  copolymer BP-6 
Fig. 13 is a GPC chromatogram of silyl ester
copolymer BP-7.
Fig. 14 is an IR spectral chart of silyl estex

copolymer BP-7.



such as:

(met h) acryl at e,

n- hexyl - di et hyl si | yl

(meth)acryl ate,
met hyl et hyl - n- propyl si | yl

di met hyl - n- propyl si | yl
di - n-butyl -isobutyl silyl

(meth)acryl ate

(xneth)acrylate, sec-butyl-dinmethylsilyl

et hyl i denenor bor nyl - di net hyl si | yl

trimethyl silyl oxy-dinmethylsilyl

(0Si (CH3) 3) and 15 CH2=CHCOOSI

(meth)acrylates (a-2) can be used
meth acr |ate compppents unitaacBe ThRrshhybgkart Bkagrylat onent units
20 represented by the forﬁula: i':rCHZ-CR( iR%E%%gp

wherei n R r e eseph Sy agpyglr ogen atomor a nethyl group, and each of Rl4
a branched al kyl group having 3 to 10

(a-3) are

and R15 i ndependently represents

carbon atonms, 25 preferably 3.t
Novenber 2004 41 ﬁgving 3tol

atonms. The Qranched. Al

be, for exanplie,
neopentyk. The cygl
ethylidenenorbornfl
carbon atons
6 carbon ato

10

15

20

25
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Fig.
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copolymer
Fig.
copolymer
Fig.
copolymer
Fig.
copolymer
Fig.
copolymer
Fig.
copolymer
Fig.
copolymer
Fig.

copolymer

any o

P

i sopropyl,

(meth)acryl ate

car
%nggroup, li ke that of the above
[ 5 isobutyl, sec-butyl, tert-butyl

nonone. t hyl di - n-propyl silyl (nmeth)acrylate, 10
(meth)acryl ate

(meth)acryl ate, and

858%%999 atpus, 8%e%é§¥§|%%#§%g

formula (11),

n atons, pre

exanpl e, . cycl ohexyl

. grou an, be or _
Lo o2 §h5°$?&8§FaQIR | Sgr¥dpeR&®ng 1 to 10
10 preferably 1 to

r'epr esent
refera to 8 carbon atons, and stil
q%g%%¥%ﬁrﬂ%%5%‘alkyl or

18 is an IR spectral chart of silyl ester

BP-9.

19 is

BP-10.

20 is

Bp-10.

21 is

‘BP-11.

22 1is

BP-11.
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BpP-12.
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BP-13.
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chromatogram of silyl ester

spectral chart of silyl ester

chromatogram of silyl ester

spectral chart of silyl ester

5 i sopropyl di net hyl si |l yl
(et h) acryl at &ovember 2004

(CH2=C (CH3) CQoCsi
(CH3®12 (CSi (CH3)y 3)) , These silyl
individually or in conbination

(CH3) 2

RL6) -

group 1



cycl oal kyl group having 3 to 10 carbon atons, preferably 3 to 9 carbon
atons; a substituted or unsubstituted phenyl group haliNuyetnhas 2004car bon
atons, preferably 6 to 8 carbon atons; or a trinmethylsilyloxy 15 group.
As the linear alkyl group, branched al kyl or cycloal kyl group and phenyl
group represented by R16, there can be nentioned, for exanple, the sane
specific groups as |listed above. 20 O these, when R14, R15 and R16,

al though may be identical with or different fromeach other, are

identical with each other, it is prefgprred that isopropyl, sec-butyl or

i sobutyl be represented thereby. It is especially preferred that isopropyl

or sec-butyl 25 beprepr esent edrt harerncl Novesher: @0dr A% Wien R14, R15
and R16 are partially or wholly different fromeach ofher, 1t is preferred

that R14 and R15Thé|QB@@?WoQ%&lQ?ﬂé%@WHﬂaﬁk‘@1ﬂ&f’ éﬁééfﬁéﬁg}y£?”1 each

ot her, represent isopropy i sobufyl, sec-butyl 5 tert

preferred t hat I t.ed nethy et hyl,
propyl , |sop?%p§a?nE§96§§$PE ?3%63#§IC% %%?lné%ﬁiﬂhﬂﬁgfq%§ Lh%llyl

(neth)acrylat h bayv (net acr at conponent
units (a-3) c%%é gt %ﬁgg?%ég ggﬁ‘ibg%r eﬁpe?sé::rén d 1by ({]‘% %

CH2=CR( |R14R15R16) (iii1) wherein R, Rl4, Rl15 and R16 are the sane as
the R 14, R15 and R16 of the above formula (I11). The silyl
(neth)acrylate (a-3) of : silyl (neth)acrylates

wher ei n R14, R15 4 3 ST EOEN ; eSS te o- yie

triisopro IsiI nmet h ryl at
propy y%h% &Hfﬁ xyaf&ylene block silyl ester copolymer

of the present invention is a block copolvmer

comprising silyl ester copolymer block units (X) and

10  block units (Bj:ﬁj .
I A

L/ A
the silyl ester copolymer block units ()

comprising:
(a) component units derived from a polymerizable
ungaturated carboxylic acid silyl ester, and
15 (b) polymerizable unsaturated monomer units other
than the component units (a),
the block units (B) derived from a specified
mercapto compound.
With respect to the (poly)oxyalkylene block silyl
20 ester copolymer, the terminology "{poly)oxyvalkylene"
means that an oxyalkylene or a polyoxyalkylene is
contained in the silyl ester copolymer.

Silvl ester copolymer block unit (A)




triisobutylsilyl (nmeth)acrylate, and 20 tri-sec-butylsilyl (nmeth)acryl ate,

and silyl (meth)acrylates wherein R14, R15 and R16 arel Nmaenitari200dr whol |y

different fromeach other, such as: diisopropyl-cycl ohexylsilyl

(meth)acryl ate, diisopropyl-phenylsilyl (meth)acrylate, 25

dii sopropyl-trinmethylsiloxysilyl (neth)acrylate, 1 Novenber 2004 43

di -sec-butyl-nmethylsilyl (neth)acrylate, di-sec-butyl-ethylsilyl

(neth)acrylate, di-sec-butyl-trinmethylsilyloxysilyl (nmeth)acrylate, and 5

i sopropyl -sec-butyl-nmethylsilyl (nmeth}acrylate. In the present invention,

these silyl (meth)acrylates (a-3) can be used individually or in

conbi nati on. Anp e v I met h)acryl ate co nent 10 units, the
R e 3 %osfagacﬁeyét LI ECT YL AL S, GOTRONE

foll owi ng conmbi nation’i s especi pref err fTom PEwpoi nt  of

easi ness in . t.hesi.s of silyl ester copplyner block units -1) and
fromthe viS&%§F%?*§6n€h$ %I%é%%wrﬁ%&?%r%%%$f¥¥ers?g?ﬁﬁeugfﬁﬁiN')y and
easy controh.g& %%n umabi.lity of 15 an antifouling coating conposition
conpri si ng t'he b ocke%ﬁﬁﬁﬂ r containing silyl ester copol yner bl ock
units (A1) . Pref s made of a conbinpation of a conponent unit
. derived fromPaPoRER g 0 e vmenizable junsasurages
anong: trinethylsilyl (neth)acrylate, triethylsilyl (neth)acrylate,
tri-n-pr pyF%Fé?ﬁi%&E&ﬁ%&éﬁﬁ%%&%—§§§$£4¢$btyIsiIyI (meth)acryi ate, 25
n-hexyl-dinethylsil¥l (meth)acryl ate, 1 Novenber 2004

As the polymerizable unsaturated carboxylic acid

$ilyl ester, there can be mentioned, for example, silyl
esters of unsaturatéd monocarboxylic acids such asg
acrylic acid and methacrylic acid, o, pP-unsaturated
10 dicarboxylic acids such as itaconic acid, maleic acid,
fumaric acid and citraconic dibasic acid, and
unsaturated monocarboxylic acids having the structure
of a half ester of o,P-unsaturated dicarboxylic acid.
Among the component units derived from such a
15 polymerizable unsaturated carboxylic acid silyl ester,
component units {(a-1) derived from silyl (meth)acrylate
are preferred.
These component units (a-1) derived from silyl
(meth)acrylate are, for example, represented by the
20 formula:
-CHy - CR (COO0S1R3RPRC) - (1)
wherein R represents a hydrogen atom or a methyl
group; and R®, R® angd Rc‘may be identical with or
different from each other and each represent a linear

25 alkyl group, a branched alkyl group, a cycloalkyl group,



44 n-octyl-dimethylsilyl (meth)acrylate, isopropyl-dinethylsilyl
(meth)acryl ate, ethylidenenorbornyl-dinethylsilyl (nmethNaembieat2804
trimethylsilyl.oxy-dinethylsilyl (nmeth)acrylate, 5

bi s(trinmethylsilyloxy,)-methylsilyl (meth)acrylate, and
tris(trinmethylsilyloxy)silyl (nmeth)acrylate, with a conponent unit derived
fromat |east one silyl (neth)acrylate (a-3) selected from anong: 10
triisopropylsilyl (nmeth)acrylate, triisobutylsilyl (meth)acrylate,
tri-sec-butylsilyl (nmeth)acrylate, dB4sec-butyl-nethylsilyl.
(meth)acrylate, diisopropyl-trinmethylsilyloxysilyl (neth)acrylate, 15 and
di - sec- but yl= tsuned hwil séd ybexyskhybt( BBt BRaghyhategrodll IJr Rreferred use is
made of a conbination of a conponent unit derived ?ron1tr|-n butyl silyl

(met h) acryl aiﬁnﬂa%lﬁzﬁéiﬂslrl&@t 5ra6py! a&ﬁe(abaife%meafy%(izqﬁéﬂﬁf}ﬁ%l uni t

derived fromtriisoprop (meth)acryl ate as ate

(a-3). UnsatﬁireafteexdamqreioC%rpegleﬂénugt&méb) g'ﬂ%lup%gtf(% :bh pnoirer

conponent unit (b) is used 25 to constitute the si acry Gte

copol ymer blgock, .4, Noverder 209445, “Qhé.bP gﬁggrgékyatmnth t he above

conponent uni t (a) derived from pof yreri zab e tunsa &4 & & lic acid
ini - (2)° derioas Tror PETSRE M Bk = ETY at U bR TRa BaRp P 6 el i Tyl
o MPASLIETS] 107 MLk g gl onorer
substituent which can replace a hydrogen atom of the
phenyl group, there can be mentioned, for example, an
alkyl, an aryl and a halogen. The substituted or
10 unsubstituted phenyl group has 6 to 18 carbon atoms,
preferably 6 to 12 carbon atoms.
The silyl (meth)acrylate {(a-1) from which the

above silyl (meth)acrylate component units can be

derived can be represented by the formula:

15
i
CRTCOOSIiR*R!R® == (i)
20 wherein R, like R of the above formula (I},

represents a hydrogen atom or a methyl group; and R?2,

R® and R®, like R®, RP and R® of the above formula (I),

may be i1ldentical with or different from each other and

each represent a linear alkyl grouﬁ, a branched alkyl
25 group, a cycloalkyl group, a substituted or

unsubstituted phehyl group or a trimethylsilyloxy group.



hydr ophobi ¢ (neth)acryl ates such as nethyl 10 (neth)acryl ate, ethyl
(nmeth)acryl ate, n- butyl (neth)acrylate, iso-butyl (neth} &ovehdes 2004t ert -
butyl (neth)acrylate, 2-ethyl hexyl (neth)acrylate and cycl ohexyl
(meth)acrylate; hydrophilic (neth)acrylates such as 2-hydroxyethyl 15
(meth)acryl ate, 2-hydroxypropyl (meth)acrylate, 2- hydroxybutyl
(nmeth)acryl ate, 4-hydroxybutyl (neth)acrylate, 2-nmethoxyethyl
(meth)acrylate, rmethyl pol yoxyethylene (neth)acryl ate and

met hyl pol yoxypr opyl ene (neth)acryl atezs20 styrenes such as styrene,
vinyl tol uene and a nethylstyrene; vinyl esters such as vinyl acetate,

vinyl benzoate, mRomydxqnOpépnahe andvei BYL yhuteaheacayd s¢0t@ni acid
esters, itaconates, fumarate and 25 naleates. 1 Novenber 2004 46 of

t hese, (nethjacrydates, styrenes and vinyl esters are preferred fromthe
viewpoi nt that an antifouling coating film of appropriate strength can be

obt ai ned. 5!ly;xgﬂj§1ngm@tmﬁ@@r@ygggpghgggigngab)gbré5@t§g.a@&p enpl oyed,
the consumability of coating filmcan be increased. For this purpose,

al so, use cambefEle pfcn 2lur 9BALL] CsHRIDIBTEL ;RGN A% 31 acr vl ani de

derivative. 10 Mdreover, in the present invention, C onén units (b-1)

derived gromﬁgkﬁygég#ééé@§aéy{g&ﬁgéggg%geqmeggxggggﬁegolar group are

suitable for use as t unsat ur at oner nt anit s (b). As the

o S SRRt 2 s RS IS
hydroxyl, (meth)acrylate, tributylsilyl (meth)acrylate, tri-sec-
butylsilyl {meth)acrylate or triisobutylsilyl
{meth)acrylate, or

10 £ilyl (meth)acrylate wherein R®, RP and RC are
partially or wholly different from each other, such as
di-sec-butyl-methylsilyl (meth)acrylate, sec-butyl -
dimethylsilyl (meth)acrylate, dimethylpropylsilyl
(meth)acrylate, monomethyldipropylsilyl (meth)acrylate

15 or methylethylpropylsilyl (meth)acrylate.

The use of the copolymer containing these silyl
(meth)acrylate component units (a-1) as a vehicle of
'antifouling paint enables forming an antifouling
coating film which is excellent in not only self-

20 polishing properties (consumability) but also long-term
antifouling performance. Wherein “’self-polishing’’ of
copolymer means that the copolymer hydrclyzate per se
has water-solubility and is dissolved in seawater, a
new copolymer which has not been hydrolyzed yet is

25 exposed.



hydr oxyal kyl , al koxyl, pol yoxyal kyl ene, al kyl pol yoxyal kyl ene, am no,
N-substituted am no, am do, N-substituted am do, epoxy Noawermtmr00dxol ane,
oxet ane, 20 tetrahydrofurfuryl and norpholino groups. The above conponent
units (b-1) derived froman acrylic unsaturated nononer having a pol ar
group are represented by, for exanple, the formula: 25 | Novenber 2004 47
5 CH2 CRSCOWNwherein R5 represents a hydrogen atomor a nethyl 10 group;
and Wrepresents a polar group. The polar group Wis represented by the
formula ZR6 wherein z represents an oxygen atom.or -NR7. Wen Z is an
oxygen atom R6 represents a substituB®d or unsubstituted hydroxyalkyl or

15 hydroxycycl oaldey|tior qibne s O ¢ a; PELYaL k¥ ene %yﬁ%fg&%e t% d hg formul a:
k8 Q n Hor 4R S 3 X RY 20 (wherein R8 represents an al kyl ene group; n

s an inteawadf chd ®Eing 43, aB0I BhAOSP GF 1nLociA0onaRd By SEpresents

an al kyl group), or an epoxy or oxetane group of the formulae: o R9-C
\C-RL O R1Qézile%§¥4ééIEré£ g&lﬁﬁ (meth)acrylate represented by

the above formula (I) represent a branched alkyl group

5 or a cycloalkyl group. The use of the component having
a branched alkyl group or a cycloalkyl group as a
vehicle of antifouling paint enables forming an
antifouling coating f£ilm which is excellent in cracking
resistance and peeliﬁg resistance.

10 Also, the component units derived from a
polymerizable unsaturated carboxylic acid silyl ester
(a) preferably comprise:

silyl (meth)acrylate component units (a-2) of the

formula:

15 -CH, -CR(C00sir11R12g13) . (I1)

wherein R represents a hydrogen atom or a methyl

group; each of rR11 ang r12 independently represents a
linear alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted phenyl group, or a

20 trimethylsilyloxy group; and r13 represents an alkyl
group having 1 to 18 carbon atoms which may have a ring
structure or a branch, a substituted or unsubstituted
phenyl group having 6 to 10 carbon atoms, or a

trimethylsilyloxy group, and



010\ '/ \/C RO~ Tg/QA O ~RI/ RIO~-L Ro ~ NRlo R 10\R10 10 n10 R R |
Novenber 2004 48 (wherein R9 represents an al kyl ene gil dNgventbdr 20041
carbon atons having or not having an ether bond; and R10s may be identi cal
with or different fromeach other and each represent H or an al kyl
having 1 to 5 5 carbon atons, provided that R10s bonded to nei ghboring
carbon atons nmay be bonded with each other to thereby forma ring

structure).

In the above formula (1V)

0

g

roup

t he hydroxyal kyl group preferably

has 1 to 18 carbon atons, still prefe?%bly 2 10 to 9 carbon atons. The

hydr oxycycl

oal kyl group preferably has 3 to 10 carbon atons, stil

preferably 3 to &idarlbdmedthdrmsryllea: @l dommmesgr oupi B8 has3l 6@ 8hecar bon

atons, preferably 2 to 4 carbon atons. The substitutent of the

hydr oxyal kylfogmadj :or 15 hydr oxycycl oal kyl group can preferably be a

hal ogen atom such as a chlori t a phenyl group or a hydroxyl
rl%%%ﬂs)

Wien Z is -NR7, RFHpeSRISONSE Ran

group He¥Fhg carbon atons as

nmentioned above, which may be 20 substituted with any of a hal ogen,
hydroxyl group, @her@hN® Gfe@ids ch St FdlQFb M HOn 05 PUR, m@RKYEY! 9roup

5

10

15

20

25

group; each of rR14 ang r1S independently represents a
branched alkyl ox cycloalkyl group having 3 to 10
carbon atoms; and r16 represents a linear alkyl group
having 1 to 10 carbon atoms, a branched alkyl or
cyvcloalkyl group having 3 to 10 carbon atoms, a
substituted or unsubstituted phenyl group having 6 to
10 carbon atoms, or a trimethylsilyloxy group.

These component units will now be described.

Silyl {(meth)ac¢rvlate component unit (a-2)

The silyl (meth)acrylate component unit {(a-2) is
represented by the formula:

-CH, -CR (coogirllgl2gi3) . (I1)

wherein R represents a hydrogen atom or a methyl
group, and each of r11l ang rl12 independently represents
a linear alkyl group having 1 to iO carbon atoms,
preferably 1 to 8 carbon atoms, and still preferably 1
to 6 carbon atoms, a substituted or unsubstituted
phenyl group, or a trimethylsilyloxy group. As the
linear alkyl group, there can be mentioned, for example,
methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-

heptyl, n-octyl, n-nonyl and n-decyl groups.

a

group.



and an al koxyl group. R6 represents a hydrogen atom The copol yner
cont ai ni ng the above unsaturated nononer conponent uniNovieabkien@084pol ar
group (b-1), 25 when enpl oyed as a vehicle of antifouling paint, 1 Novenber
2004 49 realizes excellent antifouling performance especially in highly
fouling sea area. The unsaturated nononmer (b-1) fromwhich the unsaturated
nonomer conponent units having a polar 5 group (b-1) can be derived can be
represented by the forrmula: 10 CH2 C RSC OW- - (I V-a) wherein R5 and W
are the sanme as those defined in theggornula (1V), namely, Wis ZR6. The
unsat urated nononer (lV-a), when, in the 15 formula (lIV-a), Z represents
an oxygen atom and Rhe reapesentsne Swbsh i &atk ede 9l 2 HBSHLEL kLG

hydr oxyal kyl or hydroxycycl oal kyl group, or polyal kyl ene glycol group,
can be, for aexane tranpidndr hydsexyethyte ashvbat fen?iByduoxyethy!

met hacryl ate, 2-hydroxypropyl 20 acrylate, 2-hydroxypropyl nethacryl ate,
3-chl oro-2- ¢ /pr. th Y. , p = 2= hydr oxypr opyl

acryl ate, 4-hyg$g§¥b5€§%h§§$blg%%,éggﬁy%g%x§gﬁ§§¥gggéryIate, 2- hydr oxybut yl
methacryl ate, - 6 pior wodied, e ACLY! a6y1 1o 6y chobexangdi et anol
nmonoacryl ate, 25 polyethyl ene glycol nononethacryla ?nza), pol yet hyl ene

| ycol no ryl = hyl e o] nonet hagryl ate (n=5
O Xovertar Ta5a08, Hedhfs (iRl cr MOy oL IVE PhE X680 TEPRR AR Y = © (77

still preferably 1 to 9 carbon atoms, which may have a

ring structure or a branch, a substituted or
unsubstituted phenyl group having 6 to ib carbon étoms,
preferably 6 to 8 carbon atoms, or a trimethylsilyloxy

10 group of the formula (CH3) 48i0-.

The alk?l group which constitutes R13 can be any
of the above exemplified linear alkyl groups., and
further can bhe:

branched alkyl group such as isopropyl, isobutyl,

15 sec-butyl, tert-butyl or neopentyl,

alicyclic alkyl group having an alicyclic
structure (e.g., cyclohexane ring of norbornane ring),
such as cyclohexyl or ethylidenenorbornyl,

or the like.

20 Of these, R1L, R12 ang ri3, although may be
identical with or different from each other, preferably
each represent methyl, ethyl, n-propyl, n-butyl, n-
hexyl or trimethylsiiyloxy, and still preferably each

represent methyl, n-propyl, n-butyl or n;hexyl.



pol yet hyl ene gl ycol nononet hacrylate (n=10), polyethylene glycol
monomet hacryl ate (n=15), pol ypropyl ene gl ycol nonomet hédovgmnber 20045) 5
pol ypr opyl ene gl ycol nononet hacrylate (n=9), polypropylene glycol
nononet hacryl ate (n=12), 2- methoxyethyl acrylate, 3-butoxypropyl
met hacryl ate and net hoxypol yet hyl ene gl ycol nonomethacrylate (n=35). Wen
z is an oxygen atom the unsaturated nononer 10 (IV-a) having an epoxy
group or an oxetane group can be, for exanple, any of: 15 0 0 CH COCH2CH
CH2 I I k-1 Cr12 20 (glycidyl acrylage), 00 1l / \ 25 1 (CH3)-COCH2CH
CH2 CH2 30 (glycidyl methacrylate) , 35 00 11/ \ C(CH-COCH2C CH2 Il 1
CH2 C H3 40 (net iykgbyeivdy(meethaemyiai®) , (d- Novemder2004 &de5 10 15 20
above silyl (meth)acrylate component units (a-2) can be
derived can be represented by the formula:
CH,=CR (COOSiR11R12R13) (i1)
3 wherein R is the same as the R of the above
formula (II), and Rll, R12 and rR?® are the same as the
Rll, R12 and R13 of the above formula (II).
For example, the silyl (meth)acrylate (a-2) can be
any ot:
10 aliphatic silyl {meth)acrylates wherein R11, rR12 ang
R13 are identical with each other, such as:
trimethylsilyl {meth)acrylate,
triethylsilyl (meth)acrylate,
tri-n-propylsilyl (meth)acrylate,
15 tri-n-butylsilyl (meth)acrylate,
tri-n-pentylsilyl (meth)acrylate,
tri-n-hexylsilyl {(meth)acrylate,
tri-n-heptylsilyl {meth)acrylate,
tri-n-octylsilyl (meth)acryvlate,
20 tri-n-nonylsilyl (meth)acrylate, and
tri-n-decylsilyl (meth)acrylate,
aromatic or siloxane silyl (meth)acrylates wherein Rll,
R12 and R1? are identical with each other, such as:

triphenylsilyl (meth)acrylate, and

25 tris{trimethylsilyloxy)silyl (meth)acrylate, and



25 30 3540 OO01I1lI / \ CHCO(CH4 OCH2CH CH2 |

CH2 (4-hydroxybutyl

acrylate glycidyl ether), OCH3 0 11 \ -/ \ CH COCH2C CHMavember804CH2
(3-acryl oxynet hyl - 3- net hyl oxetane), O C2H5 O C(CH)-COCH2C/ CH2 Il \ /

CH2. CH2 (3-nethacryl oxymet hyl - 3- et hyl oxetane), CH3 11 C COCH2 11 CH2
(3, 4- epoxycycl ohexyl met hyl nethacrylate), and 0 11 HGCCOCH2 11 CH2 -Q 1
Novenber 2004 52 (3, 4-epoxycycl ohexyl net hyl acryl ate).

40

aliphatic silyl (meth)acrylates wherein Rll, RL2 ang

r13

such as:

are partially or wholly different from each other,

dimethyl-n-propylsilyl (meth)acrvlate,

5 isopropyldimethylsilyl (meth)acrylate,

di-n-butyl-isobutylsilyl (meth)acrylate,

n-hexyl-dimethylsilyl (meth)acrylate,

sec-butyl-dimethylsilyl (meth)acrylate,

monomethyldi-n-propylsilyl (meth)acrylate,

10 o methylethyl-n-propylsilyl (meth)acrylate,

ethylidenenorbornyl-dimethylsilyl

and

(meth)acrylate,

trimethylsilyloxy-dimethylsilyl (methlacrylate

(CH2=C(CH3)COOSi(CH3)2(OSi(CH3)3) and
15 CH,=CHCOOS1 (CH3) 5 (081 (CH4)3)) .
These silyl {meth)acrylates (a-2)

individually or in combination.

can be used

Silvl {(meth)lacrvlate component unit (a-3)

The silyl (meth)acrylate component units (a-3) are

20 represented by the formula:

-CH,-CR(CO0SiR14R15R16) . (II1)

wherein R represents a hydrogen atom or a methyl

group, and each of R4 ang ri1S independently represents

a branched alkyl group having 3 to 10 carbon atoms,

25 preferably 3 to 8 carbon atoms, or a cycloalkyl group



The unsaturated nononer, when, in the formula (IV- a), Z represents -NR7,
can be, for exanple, any of N nethyl ol acryl am de, 1 November 2004

N- net hoxynet hyl acryl am de, N 5 et hoxynet hyl acryl am de, N, N

di met hyl am nopr opyl acryl am de, N, N- di net hyl am nopr opyl nmet hacryl am de and

di acet oneacryl am de. The above unsaturated nononers can be used 10
individually or in conbination. These unsaturated nononers (b) can be used
individually or in conbination. Fromthe viewpoint of prevention of coating
film cracking and fromthe vi ewpoi nt46f the peeling 15 resistance,
strength and consumability of coating film it is preferred that the siiyl
ester copol ywmringd otkto uhd tsafi®ncontms n phefeoaparent tunist & s(1@oderi ved
from a polynerizable unsaturated carboxylic acid silyl ester in an anount
of 10 to 95%tmmamei ght, especially 20 to 20 85% by wei ght, and contain the
unsat urated nononer conponent units (b) other than the conponent units (a)

in an anount of FHeo HOMHINeIi DL €5PeS) allye 1Bnke ogo%%QYa%v@
(provided that component units (a) + conponent units (b) = 100% by

wei ght) . Wentha si{yt) 25c4nesd) acsy| akemsPOPOREDt oWNk LS &%p 1 .and (a-3)
are | Novenber 2004 53 contained as the conponent units erived froma

pol ymer i 2ablig opasatiur afeadl ad POX YL d£r ach &y 51 LYk ﬁ‘%?EBt |lt | s preferred

that the silyl (meth)acrylate conponent units e"contained in an

amount of 0.1 to§QR%N-13 M8l ahty rcﬁ_&pe&ér‘?lt%é(, 53 tgxérgP/ qRy weight, while
S a-3§ b a

the silyl (nmeth)acrylate conponent "unit e contarhed in an anmount

of 10 to 709 t, % by wei ght (provided that the
R MY 02 PO Ao o di9or 0020 DY Wl

anount of conponent = unit s within the above range of

r16 represents a linear alkyl group having 1 to 10

carbon atoms, preferably 1 to 8 carbon atoms, and still

10 preferably 1 to 6 carbon atoms; a branched alkyl or
cycloalkyl groﬁp having 3 to 10 carbon atoms,
preferably 3 to 9 carbon atoms; a substituted or
unsubstituted phenyl group having 6 to 10 carbon atoms,
preferably 6 to 8 carbon atoms: or a trimethylsilyloxy

15 group.

As the linear alkyl group, branched alkyl or
cycloalkyl group and phenyl group represented by R16,
there can be mentioned, for example, the same specific
groups as listed above.

20 Of these, when R'%, R1> ang r16, although may be
identical with or different from each other, are
identical with each other, it is preferred that
isopropvyl, sec-butyl or isobutyl be represented thereby.
It is especially preferred that isopropyl or sec-butyl

25 ©be represented thereby.



10 anmount of conponent units (a)).. Block unit derived from nmercapto
conpound (B) The block units (B) are derived froma nétiNeenberd®®dound
represented by the fornmula: 150 (R1) - 0O ( Cn H2nO0) m(GH10) ki C
R2 SH or (R1) {(OCnH2n) m (OC1H21) k i X-R2 SH . (2) j i Ha 20 wherein
R1 represents a hydrocarbon group or ether-bond-containing hydrocarbon
group having a valency of | or higher and having 1 to 30 carbon atons,
preferably 1 to 20 carbon atons. The group RL may be 1 Novenber 2004 54 ‘an
al i phati c hydrocarbon group, an alicy¢®ic hydrocarbon group or an aromatic
al i phatic hydrocarbon group unsubstituted or substituted with an al kyl

group. Wen the epay of,1R1 i 109 hi only. one carbon 5 atomas a
Wﬁ@h i R (?nvqa%h aﬂp&?&bﬁ%ﬁ%ﬁé}g or wW oPg

constituent of Rl nay be 'bonde oxygen Yon1bonding

groups (-0-), pl ity of rbon. atons_ as.constituentsqef the
hydrocarbonhé?géggﬁgyfgéﬁ}é?%ghfrééIV bonded & The* bXygbh2 bt Bm baRd ng

groups. For .exa R1.may be 10 represented by the fornula: 15 CH2 Hz C
BB CH- i XC ﬁ%ﬁ%ﬁa‘gﬁ gﬁ’—’fz%% LAY pen C?JHZE%E‘?E%?ESEHP@ a

bi val ent hydrogar%gn grou% having . 1 to 30 carbon atons, preferably 1 to 20
carbon at ong2°"28%8Fa §FETF ST e TR GRSy YL whzfer huRyl or

5 tert-butyl. It is preferred that r16 represent a group
selected from among methyl, ethyl, propyl, isopropyl,
n-butyl, isobutyi and trimethylsilyloxy.

The =silyl (meth)acrylate (a-3) from which the
above gilyl (meth)acrylate component units (a-3) can be

10 derived can be represented by the formula:

CH,=CR (CO0SiR14R15R16) (iii)
wherein R, RY%, R15 and r1® are the same as the R,
rR14, R13 and R® of the above formula (IIX).

The silyl (meth)acrylate {a-3) can be, for example,

15 any of:
silyl (meth)acrylafes wherein Rl4, R15 ang r16 are
identical with each other, such as:

triisopropylsilyl (meth)acrylate,
triisobutylsilyl {(meth)acrylate, and

20 tri-sec-butylsilyl (meth)acrylate, and
s1lyl {(meth)acrylates wherein R14, R15 ang r16 are
partially or wholly different from each other, such as:

diisopropyl-cyclohexylsilyl (meth)acrylate,
diisopropyl-phenylsilyl (meth)acrylate,

25 diisopropyl-trimethylsiloxysilyl (meth)acrylate,



represents a group of the formula RA&-OR5 in which R4 represents a

bi val ent hydrocarbon group having 1 to 30 carbon atond Ngyestharai0d 1 to 10
carbon atons, while R5 represents a nonoval ent hydrocarbon group having 1
to 25 30 carbon atons, preferably 1 to 20 carbon atons. X represents: 30
-CG-0-, or NCO-I5HIS 1 Novenber 2004 55 nis an integer of 1 to 5,
preferably 1 to 4. mis an integer of 1 to 100, preferably 1 to 60. 1 is an
integer of 1 to 5, kis aninteger of 0O to 5 100; a is an integer of 0 or
1; j is an integer of 1 to 50; and i43s the valency of RL. Wen two or
nore different types of al kylene oxide chains (OCnH2n) exist in the

mer capt o conpound;j - akkybengloxiedeydtrdilng ofmedthe ssargldtype may form a bl ock,
10 or the two or nore different types of al kyl ene oxide chains (OCnH2n) m
may be arranged dandent pntivh -ehéylmangdpt mnecipmindlatlhi s nercapt o conpound
can be, for exanple, any of: 1 Novenber 2004 56 HSC H2- CO (C2H40) 2- L, - CH2SH

0 11 CH3Q(C2H48) 22 €- B SHt i-Mmd): hgSE2AMA~ 1R WG2AHA0) dn& K248 S ate,
HSC2H4- CO- ( C2H40) 19- G- C2HASH HS 0
and
5 isopropyl-sec-butyl-methylsilyl (meth)acrylate.
In thé present invention, these silyl
(meth)acrylates (a-3}) can be used individually or in
combination.
Among the above silyl {(meth)acrylate component
10 units, the following combination is especially
prreferred from the viewpoint of easiness in the
synthesis of gilvl ester copolyvmer block units (aA-1)
anﬁ from the viewpoint of the film forming property,
storage stability and easy control of consumability of
15 an antifouling coating composition comprising the block
copolymer containing silyl ester copolymer block units
(A-1).
Preferred use is made of a combination of a
component unit derived from at least one silyl
20 (meth)acrylate (a-2) selected from among:
trimethylsilyl (meth)acrylate,
triethylsilyl (meth)acrylate,
tri-n-propylsilyl (meth)acrylate,
tri-n-butylsilyl (meth)acrylate,

25 n-hexyl-dimethylsilyl {meth)acrylate,



S OC-NH (M11) (M1) (M3) HI1 SO O/~0-,NnCGO0OnSH4 MS HSI
CH3( OC3H6) 30( C2H4) 19-HN- || -O S CH3( OC3H6) 10( OC2H4) 32 Nanemlger2004s H
~-C0---~SHS () SHSH(MB6) (M7) 11 0 O C NH C2H40C2H40C2Ha
H\---CGO--~11 SH S'S

44
n-octyl-dimethylsilyl‘(meth)acrylate,
isopropyl-dimethylsilyl {(meth)acrylate,
ethylidenenorbornyl-dimethylsilyl (meth)acrylate,
trimethylsilyloxy-dimethylsilyl (meth)acrvlate,

5 bis(trimethylsilyloxy,) -methylsilyl {(meth)acrylate,
and
tris(trimethylisilyloxy)silyl (meth)acrylate,‘with
a component unit derived from at least one silyl
(meth)acrylate (a-3) selected from among:
10 triisopropylsilyl (meth)acrylate,
triisobutyleilyl (meth)lacryliate,
tri-sec-butylsilyl (meth)acrylate,
di-sec-butyl-methylsilyl (meth)acrylate,
diisopropyl-trimethylsilyloxysilyl (meth)acrylate,
15 and
di-sec-butyl-trimethflsilyloxysilyl (meth)acrylate.
Still preferred use is made of a combination of a
component unit derived from tri-n-butylsilyl
{(meth)acrylate as a gilyl (meth)acrylate (a-2) with a
20 component unit derived from triisopropylsilyl

(meth)acrylate as a silyl (meth)acrylate (a-3).

Unsaturated monomer component unit (b)

The unsaturated monomer component unit (b) is used

25 to constitute the silyl (meth)acrylate copolymer block

I H
S O

H



O G - - - NH C3H60( C2H40) 2C3H6-H NNCG--O Il SH (M10) S HS | | HO p-1
-G H--\0~, 0 N-(I C o)s H ~ S CH30C2HAOCCH2SH 5 CH3O { titemytiat 2003H60)
5CCH2SH HSC2H4CO 0 (C3HBO) 1411 C2H4SH 10 0 0 1 Novenber 2004 57 O u
O C3H60) 10 CCH2SH O CH2O0C2HAOCC2HASH CH3CH2- C - CH2OC2HAOCC2HASH |
CH2OC2HA0CC2HASH HSCH2- CO( CH2CH20) 4CH2- G- - - CH2Q( CH2CH20) 4 CCH2SH
CH2O( CH2CH20) 40- CCH2SH (M 12) 0 O HSCH2- - O( CH2CH20)10 0 HSC2H4
C-0(CHCH0) 20 CHB 0 0 11  CH20( CH2CH20) 40C

unit in cooperation with the above component unit (a)

derived from polymerizable unsaturated carboxylic acid

gilyl ester and is a componenﬁ unit which is different

from the component unit (a) derived from polymerizable
5 unsaturated carboxylic acid silyl ester.

The unsaturated monomer from which this
unsaturated monomer component unit (b} can be derived
can be, for example, any of:

hydrophobic (meth)acrylates such as methyl

10 {meth)acrylate, ethyl {(meth)acrylate, n-
butyl(meth)acrylate, iso-butyl {meth)acrylate or tert-
butyl (meth)acryvlate, 2—ethylhexyl (meth})acrylate and
cyclohexyl (meth)acryvlate;

hydrophilic (meth)acrylates such as 2-hydroxyethyl

15 (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-
hydroxybutyl (meth)acrylate, 4-hydroxybutyl
(meth)acrylate, 2-methoxyethyl (meth)acrylate,
methylpolyoxyethyvlene {meth)acrylate and
methylpolyoxypropvlene {meth)acrylate;

20 styrenes such as styrene, vinyltoluene and o-
methylstyrene;

vinyl esters such as vinyl acetate, vinyl benzoate,
vinyl propionate and vinyl butyrate; and

crotonic acid esters, itaconates, fumarate and

25 maleates.



CH2SH CH3 0 0 Q(CH2CHO) 204C2H4SH CH3 0 OCHO -(CHC 11 2 4 901 2 |

HO 1p' CC2HASH CH3 S | | Hper/ Ot NOOOHCGCO0 H 31INovBkhizr2084l |

-C0 -Os SHS (M9 S(M8) Il HH1 0 0 OCH2CH20)1 p- CCH2SH 1

Novenber 2004 58 Anong the above nercapto conpounds,

(M1) to (M12) are enployed in Exanples described |ater.

10

15

20

25

46

Of these, {meth)acrvlates, styrenes and vinyl
esters are preferred from the wviewpoint that an
antifouling ccating film of appropriate strength can be
obtained.

In particular, when hydrophilic (meth)acryvlates
are employed, the consumability of coating film can bé
increased. For this purpose, also, use can be made of
a hydrophilic comonomer such as an acrylamide
derivative.

Moreover, in the present imnvention, component
units (b-1) derived from an acrylic unsaturated monomer
having a polar group are suitable for use as the
unsaturated monomer component units (b).

As the polar group of the component units {(b-1),
there can preferably be employed at least one group
selected from the group consisting of hydroxyl,
hydrokyalkyl, alkoxyl, polyvoxvalkylene,
alkylpolyoxyalkylene, amino, N-substituted amino, amido,
N-substituted amido, epoxy, oxirane, oxolane, oxetane,
tetrahydrofurfuryl and morpholino groups.

The above component units (b-1) derived from an
acrylic unsaturated monomer having a polar group are

represented by, for example, the formula:

HHN

those of the fornul ae



It is preferred that the nunmber average nol ecular 5 weight of these

mer capt o conpounds be in the range of 100 to 10, 00. 0, 1 &&penhari3p0450 to
8000, and still especially 150 to 5000. When the block units derived from
t hese nercapto conpounds are contained, there can be obtained a block 10
copol ynmer havi ng advant ageous properties such that an excellent surface
renewability is exhibited in the event of the use of the block copol yner as
a vehicle of antifouling paint. The expression "excellent surface
renewabi | ity" means that, in the surf&te renewal, while 15 undergoing
consunption, of the self-polishing antifouling paint coating film the

t hi ckness of a porous |ayer (known as "skel eton layer") which is the

out ernost surface | aygr,constituted of traces of |eaching of antifouling
agent is small, so that a 20 highly active coating surface is constantly
exposed.5 The (poly)oxywil&@Ene bl ock sil-ylivester copol ymer produced using
t he above nercapto cofpound is characterized by having a | ow nol ecul ar
wei ght as conpared with those of customary silyl ester copolyners 1
Novenber 2004 59 to thereby cause the viscosity of its solution to be

| ow. Therefore, the antifouling coating conposition conprising the
(poly)oxyal kyl ene bl ock sidyl ester 5 copolyner according to the present

i nventi on enabl e¥PSRHTIR| PRIRS ¢RES 0F %b%V@ﬂ?? 2heRedy Raleh§yl
advant ageous properties such that the workability at coating operation is
excel | ed?. wxoume @l W oeRl kseehe bl bekasi gypubster 10 copol yner A for

use in the present invention, the above conponent units (A) and/or (B) may
be present each iMpegpolar group W is represented by the formula

ZR6 wherein 7 represents an oxygen atom or —NR7.
When Z 1s an oxygen atom, r® represents a
substituted or unsubstituted hydroxyvalkyl or
15 hydroxycycloalkyl group, or a polyalkylene glycol group

of the formula:
———ERSOJHH or —ERSOJXRY

' 20 (wherein R® represents an alkylene group; n is an
integer of 2 to 50; x is an integer of 1 to 100; and RY
represents an alkyl group}., or an epoxy or oxetane

group of the formulae:

R0 R10 10 10
o R" R R10 R C/R
—Rg C{__;\C/ —“Rg o 9 / \
~ —RY—C O
$10 R10 R0 ANV
R R10 R‘ID

25 R R




single type or in conmbination of at |east two types. In the

(pol y) oxyal kyl ene bl ock silyl ester copolyner of the pNeyember@dertion, it
is preferred 15 that, providing that the sumof conponent units (A) and

(B) is 100% by melght t he amount of silyl ester copolynmer block units (A
be generally in the range of 40 to 99.9% by wei ght, especially 50 to 99. 5%
by weight, and still especially 70 to 99% by wei ght, while the 20 anount

of block units (B) constituted of the nercapto conpound be generally in
the range of 0.1 to 600 by weight, egpecially 0.5 to 50% by wei ght, and
still especially 1 to 30% by weight. Wien the amount of nercapto conpound

bl ock units 25 (B), 3] h t ends to |
Novenber 2004 60( efﬁﬁ%f?E%xgxﬁ$§%%ﬂg%?%%€u?%ﬁgl%gg ?gF%s ang Q%

renewab! lit %éls%éoq&dsné['\pllp oun %é%é%n%hh?hggﬁé§ bwg r.and, ot her

properties. mer capt o co fom conporedt “uni t s

(B) for con%pmtutl the ‘%Fblggpxy kylen% gggn %OPhgte§b58§2?%rnulcan

be derivediis™a c oun avi hg one conpoun a
(1) or (2) wh reln i is 1 presu t hat t he copol yner, one
conmponent ufit (f?ﬂﬁﬁ%F%& %toﬁ %H%fg%h %B?FPoﬂaBanhg E8pdSl ymer so as
to seal pne en of the co On%ﬁ%‘i €§g16n3”9|% see the
follomﬁng °D 2T herEOY enct %dnEPCBEPEhPBﬁﬁﬁﬁhd from
whi ch the conponent units (B) can be derived is a 15 conpound havi ng one
"SH' at eacﬁ%@%ﬁ?%éﬂ%ﬁéﬁf@ecﬁoq%%p%% srchhethpsyECt SRREERY( 1) or (2)

whereini is 2), it is presuned that, in the copolyner, one end of
conponent uficET( & SR ¢ WHYIHED- wi t h conponent unit (B), whose ot her

end would further be bonded with one
In the above formula {IV), the hvdroxyvalkyl group

rreferably has 1 to 18 carbon atoms, still preférably 2
10 to 9 carbon atoms. The hydroxycycleoalkyl group
preferably has 3 to 10 carbon atoms, still preferably 3
to 8 carbon atoms. The alkylene group R8 has 1 to 8
carbon atoms, preferably 2 to 4 carbon atoms. The
substitutent of the hydroxvalkyl group or
15 hydroxycycloalkylbgroup can preferably be a halogen
atom such as a chlorine atom, a phenyl group or a
hydroxyl group.
When Z is -NR7, R/ represents an alkyl group
having carbon atoms as mentioned above, which may be
20 substituted with any of a halogen, a hydroxyl group, an
amino group, a substituted amino group, an acyl group
and an alkoiyl group. RO represents a hydrogen atom,
The copolymer containing the above unsaturated
monomer component units having a polar group (b-1),

25 when employed as a vehicle of antifouling paint,



20 end of other conponent unit (A) (nanmely, A-B-A type, see the follow ng
fornula). In addition to these bl ock copolymers, there’lMavembase2094bl ock
copol ymer wherein chain end portions of three or nore conponent units (A
are bonded with three 1 Novenber 2004 61 or nore S elenents of conponent
unit (B), known as star type arrangenent (see the following fornula). In
the present invention, the A-B-A type and the star type are preferred as
t he (poly)oxyal kyl ene block 5 silyl ester copolynmer. A-B type conponent A
conponent B 10 A-B-A type component A915 conponent A conponent A Wth
respect to these block copolyners, fromthe 25 viewpoint of coatability of
a conpositi orexcbmtas néngel hentopokyhenland aetrifsaggineg prsemeritdiesy exhi bit ed
when dilution is effected with a solvent, it is preferred that the
vi scosity ofinflrglekanpbeliagsekat roraof 50% concentration at 25C,
al t hough vari ed depending on the Star type S conponent B [~.eonponent A S
1 Novenber 2004 6thelisenodtenptoeyedonopekyner 1andrbat whieendintd onal |y
determ ned, be generally in the range of 5 to 200, 000
unsaturated monomer compeonent units having a polar
5 group (b-1) can be derived can be represented by the

formula:

CH,
10 CR’COW - (1V-a)

wherein R® and W are the same as those defined in
the formula (IV), namely, W is 7R6 .
The unsaturated monomer (IV-a), when, in the
15 formula (IV-a), 2 represents an oxygen atom and RP
represents a substituted or unsubstituted hydroxyalkyl
or hydroxycycloalkyl group, or polyalkylene glycol
group, can be, for example, any of Z-hydroxyethyl
acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
20 acrylate, 2-hydroxypropyvl methacrylate, 3-chloro-2-
hydroxypropyl methacrylate, 3-phenoxy-2-hydroxypropyl
acrylate, 4-hydroxybutyl acrylate, 2Z2-hydroxybutyl
acrylate, 2-hydroxybutyl methacrylate, 6-hydroxvhexyl
acrylate, 1,4-cyclohexanedimethanol monoacrylate,
25 polyethylene glycol monomethacrylate (n=2},
polyethylene glycol monomethacrylate (n=4),

polyethylene glycol monomethacrylate {(n=5),



(200 thousand) cps, especially 10 to 50,000 (50 thousand) cps. 5 Wth
respect to these block copolymers, it is preferred thhtNavesmhesriZdd aver age
nol ecul ar wei ght thereof be in the range of 500 to 200 thousand,
especially 1000 to 100 thousand, and still especially 1500 to 80 thousand.
10 These (poly)oxyal kyl ene block silyl ester copolynmers A can be produced
by performng a block copolynerization of the above silyl ester copol yner
conponent and t he above nercapto conmpound The process for producing

(pol y) oxyal kyl ene block 15 silyl ester copolymers will be described bel ow
Process for roducin of ox alk lene block sit 1 LP- Y ester copolyner In

t he product itonlyoftipbeyg oximt&y| moeobkobkesivlylte 20Q=83t,er copol yner, a

bl ock copol ynerization i's performed while causing the nmercapto conpound
(B) to be prmsigrdthyempol yheedzahonomeohdekiyhaseof(nsilloyl, ester copol yner
conponent (A). Specifically, use is nade of the above 25 pol ynerizable
unsat ur at ed bty ien@cd Ty sbl yhoeshethdcNoverbern2884 ,63 (a) and the
unsat urated nmononer (b) other than the polynerizable unsaturated
carboxylic amidsidydl €5é ef1vabi cChoRbRe €RASEt HeRt §nak)t he silyl ester
copol ymer conponent (A). Based on the amount of silyl ester 5 copol yner

conponens (Aol ipl dherd zabb e Hosehytakedy1aaebexykic acid silyl ester
(a) is used in an anmount o 10 to 95% by weight, preferably 20 to 85% by

wei ght , an%él@ﬁpwﬁﬁiéﬁ@tfﬁ%&@ﬂ%ﬁo&@hﬁérﬁSgei Mnah23moynt of 5 to 90%
by wei ght, preferably 15 to 80% by wei ght _
methoxyethyl acrylate, 3-butoxypropyl methacrvlate and
methoxypeolyethylene glycol monomethacrylate (n=35).
When Z is an oxygen atom, the unsaturated monomer

10 (IV-a) having an epoxXy group or an oxetane group can be,

for example, any of:

O O
| 7\
15 %H—COCH@H——CHZ
CH,
(glycidyl acrylate),
20
0] O
| VAN
25 (I|3(CH3)—COCH2CH~——CI—I2
CH,
30 (glycidyl methacrylaté) ,
O O
35 I 7N\
|
CH, CH,

40 (methylglycidyl methacrylate),



10 (providing that (a) + (b) = 100% by weight). The nercapto conpound (B)
is used in an amount of 0.1 to 60% by wei ght, preferablNovenar09d% by

wei ght, based on the anmount of (poly)oxyal kyl ene bl ock silyl ester
copolynmer. A block polynerization thereof is carried 15 out through various
common techni ques, such as solution polynerization, bul k polynerization,
emul sion polynerization and suspensi on polynerization, in the presence of
a radical polynerization initiator. The bl ock pol ymer obtained through such
20 pol ynerization techni ques generall ]conprises random copol yneri zed
silyl ester copolyner conponent (A) chains and (poly)oxyal kyl ene bl ock
chai ns. Conventional azo conpounds and peroxides can w dely be used as the
radi cal polynerization initiator. 25 Exanples of the azo conpounds i ncl ude
2,2" 1 Novenber 2004 64 azobisisobutyronitrile, 2,2'-azobis(2-

met hyl butyronitrile) and 2,2'-azobis(2,4- dinethylvaleronitrile) Exanples
of the peroxides include benzoyl peroxide, 5 tert-butyl peroxyacetate,
tert-butyl peroxyoctate, cunene hydrg eroxi de, tert-butyl peroxide,
tert-butyl peroxybenzaoa tert- g%LEp xyi sopropyl carbonate,

tert-butyl hydroéggo '@eh§ﬁ34§i¢§§ﬁ te§8%gotassiun1and ammoni um sal ts).
10 Furthgr, use be made of an initiator of the formula: H3 H3 O 15 -~
-- CO (CH2) 2C- NENTC (CH2) 2000 (CH2CH20) x CH3 CH3 n wherein each of x and

nis an integer pindyPhxybutyl acrylate glycidyl ether),

15
O CH; O
| NIPZEERN
CH—COCH,C CH,
| N S
20 CH, CH,
(3—acryloxymethyl-3-methyloxetane},
25
O C)H; O
I N /7 N
C(CHy—COCH,C CH,
| NS
30 CH,. CH,

(3 -methacryloxymethyl-3-ethyloxetane),

70
s e
CH, O

{3,4-epoxycyclohexylmethyl methacrylate), and

C“) .
40 HC—CO—-CH»
Il o
CH,




20 greater. The use of these initiators enables increasing the
hydrophilicity of (poly)oxyal kyl ene bl ock silyl ester 1dtpenyrar20dd
enabl es enhancing the antifouling performnce and consunability of
antifouling coating 25 conposition. Wth respect to the initiator of the
above formula, it can effectively be used in cases where the above

mer capt o conpound i s not enployed, for exanple, in the polynerization of
an unsaturated 1 Novenber 2004 65 carboxylic acid silyl ester intended for
producing a silyl ester copolyner. Waén the above polyner is used in an
antifouling paint, the solution polymerization in which 5 polynerization
is carried out in{Zan orgaycysbbivenyimethyl hecbullktpol.ynmerization is
preferred anong the above various polynerization techniques. The organic
sol vent used i n TtHee w0 i 0 @bl woksmaas | WRehechai gue, rakkhaugh ot
particularly limted as long as it is inert and 10 does not react with any

of the monomBr,s 7 ofepeapal ysrerizaf i @4n apd, asokoBgaap1iet aay dirsspl ve the
nononers, can be, for exanple, any of: aromatic hydrocarbons such as xyl ene

and t0|Ue”emeﬁﬁYHHEHdﬁ&f&ﬁH&§aF@Qﬁétﬁ&ﬁPméEhﬂ@ééB?léﬂ@dQEpha”e 15 esters
such as ethyl acetate and butyl acetate; al cohols Such as isopropyl alcohol

and butys altahGime @Rl SeLcH: @, dyogane and diethyl ether; and ketones
such as nethyl ethyl Ketone and nmethyl 20 isobutyl ketone. These sol vents

can be useddﬂmyeﬂfmgﬂﬂab§¥o¢§n4é4¢dgﬁqagn-§The catalyst for

copol ynerization s used in an anount or exanple, 0.01 to 20 parts by

wei ght,  pr efigleAllw dhiln g R L5 DY YEHOBL . 1RET 100 parts by

diacetoneacrylamide.
The above unsaturated monomers can be used
10 individually or in combination.
These unsaturated monomers (b) can be used
individually or in combination.
From the viewpoint of prevention of-coating film
cracking and from the viewpoint of the peeling
15 resistance, strength and consumability of coating film,
it is preferred that the silyl ester copolymer block
units (A) contain the component units (a) derived from
a polymerizable unsaturated carboxylic acid silyl ester
in an amount of 10 to 95% by weight, especially 20 to
20 85% by weight, and contain the unsaturated monomer
component units (b) other than the component units (a)
in an amount of 5 to 90% by weight, especially 15 to
80% by weight (provided that component units (a) +
component units (b) = 100% by weight). When the silyl

25 (meth)acrylate component units (a-2) and {a-3) are



25 wei ght of the sum of conmponents constituting the 1 Novenber 2004 66

(pol y) oxyal kyl ene bl ock silyl ester copolymer. This chtNgvesbar@908e added
once, or can be divided and added two or nore tines. Dividing the catalyst
and effecting addition two or nore tines is preferred fromthe 5 vi ewpoint
of regul ation of nolecul ar weight, reaction efficiency and conversion
rati o. The solvent is used in an anmount of, for exanple, O to 1000 parts
by wei ght, preferably 10 to 500 parts by weight, per 100 parts by wei ght
of the sumof 10 nononers for copol ynggi zati-on. It is preferred that the
wei ght average nol ecul ar weight of thus produced silyl ester copolyner A
be in the rangeiofdhed ttheGkilmsandinkspetanl dyriodd fooml@0 t housand,
and still especially 1500 to 80 thousand. 15 In the above bl ock

pol ymeri zat pon ymewdrzdibd e (ol aupatad Kyderteoby bk stidl sesver egapel, yner, a
termnal radical in the stage of growth of silyl ester copolyner (A

under goes aiehaisn pifedRefrerd tthdthec ke ad 011 of meret captp1 £08PBLRAZoaBhtt 0 form
t hi oehter bond -S-, 20 for exanple, according to the fornmula. That is, the
(pol y) oxyal kyliere lal 20k v ladnw@stedd copay nBholas & St1ugbupgst Bat at

| east one carbon atomin main chain of the silyl ester copol ynmer bl ock

unit (A)s bogds gwitt, h es?e%filéltw tg (ﬁ)tdjuobﬁ%;f r@@i@i@f C&PEPl@OHHQU”d t hrough -
25 S- (thioether) bon Novenber 2004 67 (CH2 + HS COCSI R2ZR3R4

CONVRS Rl éllyl {meth)acrylate component units (a-3) be contained
in an amount of 10 to 70% by weight, especially 30 to
65% by weight {(provided that the amount of component
units {(a-2)}) + {a-3) falls within the above range of

10 amount of component units (a)).

Block unit derived from.mercapto compound (B)

The block units (B} are derived from a mercapto

compound represented by the formula:

O
) y I,
3 ,
15 *
, or
(RY) (oc wHon)3—(0C Hyy) N X—R*—5H (2)
I J i
H
=]
20 wherein r1 represents a hydrocarbon group or

ether-bond;containing hydrocarbon group having a
valency of 1 oxr higher and having 1 to 30 carbon atoms,

preferably 1 to 20 carbon atoms. The group r1l may be



CH2---C G5 1 ~1 COOSI RRR3R4 COWN wherein the abbrevi?tions have t he sane
meaning as defined hereinbefore. Thus, the (poly)oxyal NAVERE 304ck silyl
ester copol yner of the present invention can be obtained. The thus
obt ai ned (pol y)oxyal kyl ene bl ock silyl ester copolyner can be of the A-B
type (nonofunctional), A-B-A type (bifunctional type) or star type 10
(trifunctional or greater functionality) in accordance wth the
functionality of nercapto group of nercapto conpound (B). In the present

i nvention, although, in carrying outsghe above reaction, appropriate
selection can be 15 nade with respect to the sequence of addition of each

conmponent agd thepRReSeNeS o SelnENtgrdip ] SaPr&f eeyedicthat the reaction
be perforned in a solvent, with other conponents simultaneously charged,

or appr opr i g8k ca@iwnded i Gharged: dk SEAUSNCEn . TDe PPAYBEBLEBALI On 20
reaction can be conducted at, for exanple, 30 to 200C, 1 Novenber 2004 68

pref er abl yt égoh%ym%hs%ﬁctu%éd 'oxprss{ @Pwﬁj@ wPen L &l%?{[y?ggg e.30 m n

to 24 hr, ere obtaining the (poly)oxyalkylene blo r

copol YIer ol 0" SR80l VAN S T pply ovyal kvl ene Bigsk il v

ester copol yner “0Obtaine the above pro gehera Bl ock

structurge of ,the A-B t L A-B-At or_star_ type dentification as to
t he abo&g rgggpigﬁ ?aﬁ%%%tlé%fggiéﬁpg§ He: 3¢%H%%?d%éi%b%hf%r exanpl e, GPC,

IR 10 t NVR spect .. The described_(pol | kyl
bl ock si |yl PSTER S Edo 6l JREFEDT ARG pREATHIY i SERT of Bah bEFuSea ad

plurality of carbon atoms as constituents of the
hydrocarbon group may be respectively bonded with
oxygen atom bonding groups. For example, r: may be

10 xrepresented by the formula:

?I{[— CH,—
CH,CH,—C—CH,— and —CH,—C—CH,—
15 | I
CH,— ) CH,—
RZ represents a bivalent hydrocarbon group having
1 to 30 carbon atoms, preferably 1 to 20 carbon atoms,
20 or a group of the formula -CH(R3)- wherein R3
represents a group of the formula R4-0-R® in which Rr%
represents a bivalent hydrocarbon group having 1 to 30
carbon atoms, preferably 1 to 10 carbon atoms, while R
'represents a monovalent hydrocarbon group having 1 to

25 30 carbon atoms, preferably 1 to 20 carbon atoms.

X represents:

—C—0— , Or —N~C—0—

|
30 S H S



either a vehicle of antifouling coating conmposition, a | oWy rel eased
medi cine, or an agricultural polymer. 15 It is especiafl Wﬂﬂﬁ%ﬂzqg§ a
vehicle of antifouling paint. Antifouling coating conposition The
antifouling coating conposition of the present 20 invention conprises, as
a coating form ng conmponent, the (poly)oxyal kyl ene bl ock silyl ester
copolynmer A which conprises silyl ester copolyner block units (A-1) and
bl ock units (A-2), the silyl ester copolynmer block wunits (A1) conprising
(a) conponent units derived from 25 @Yol yrmeri zabl e unsaturated carboxylic
acid silyl ester, 1 Novenber 2004 69 and (b) polynerizable unsaturated
nononmer units other than the conponent units (a), the block units (A-2)
derived froma specified nercapto conpound. The use of the antifouling
coating conposithLoRs anCeRkRIGUNG he o y)oxyadkybepe biock silyl ester
copol yner leads the formation of an antifouling coating filmexhibiting
less cracking tepdeacy, ex¢ellsntor adnes eNbe Sor &t M EPSUr €, | £6S peel i ng
tendency and desirably controlled hydrolysis rate so as to be 10 extrenely
excel lent in antifoul Lng.pk i [ ighly - [ Lr nt .and
Iong-tern}naintaang %gnﬁﬁfgﬁﬁ?%éﬁiﬁbgg?fgéég ﬁ%gggn???%%¥#ngﬁg§a%9ng
conposi tion.(P) qf .th I £ ti co I S v

(pol y) oxi}i/al %g;loéng 1%5%611 g(?%%%ryl%?eépc%'po y{n%r Ii %Jg@%ﬁgfngfs%eﬁgabl e
conmponent . e ant.if.oul i coat.ing co jtion may further contain
conponent s gphe?néhénlﬁhg%?}ﬁﬁ%ﬁég§é¥£y ehe bl ock silyl ester copolyner

(A, for exarrpleh an ant%&pug nléa tréE%;tzinc oxi d ginc go.ghite)
(O, an inorgani & 88h§3?at|n§‘§ﬁ% qﬁ%%, H %Rﬁ?s%ég? fitf s8ft g agent,
a | eaching %ﬁ%@h%rQUd%ﬁzn) exist in the mercapto compound,
alkylene oxide chains of the same type may form a block,
10 or the two or more different types of alkylene oxide
chains (OCLH5,), may be arranged randomly, in the
mercapto compound.
This mercapto compound can be, for example, any

of:



agent such as rosin, a plasticizer such as chlorinated gﬁfrafflgg]varlous
pi gnments such as a color pignent and a body pignent, Ods such
as an acrylic resin 25 and a pol yal kyl vinyl ether (vinyl ether
(co)polyner), 1 Novenber 2004 70 and various. additives such as a defoaner,
an antiflooding agent and a | eveling agent. Conponents and vari ous

addi tives other than the (poly)oxyal kyl ene block silyl ester copolynmer A
will be 5 described below Antifouling agent,(B) Al though common
antifouling agents, which may be inorganic or organic, can be w dely used
as the antifouling® agent (B),Qit is preferred in the present 10 invention
to enpl oy COppgELanehoL (ﬁquér gappouffd'(B- 1), a netal pyrithione (B-2)
and ot her organlc anti fol fng éhts The copper and/ or copper conpound
(B-1) (excluding pyrithfones, the sanme applies hereinafter) to be added
15 to the antidpuld,pYgoco bggsgonqg§5tlon of the present invention will now
be descri bed. Those whose nbl'ecular "weight is generally in the range of
63.5 to 2000, prefexably 63. to 1000, are used as the copper and/or
copper comnpou 0 0 gl i nawgani ¢ copper conpounds can be
used as the CE§B§% 8@ ﬁ% lsﬁp§§anples of the inorganic copper
conmpounds i ncl ude cEprous OX|q§, copper thiocyanate (cuprous thiocyanate
or copper rhodanatd), basic cppper sul flage, copper chloride and 25 copper
oxide. 1 NoveHﬁ@ﬂiQQEM(EﬂADExdﬁv¢@bsbf t he organi ¢ copper conpounds include
basi c copper acetate, oxine copper copper

-i}——o——c NH{“\/O\/AYTA\/N+" /\T:jlﬁ\

(M-4)
S

: oY
}O_“'C“"‘N\/\O/\/O\/\O/\/N"_ —0 SH
S

O
CH3(003H6)3O(02H4)19-HN—C—O{,\C/\
l SH (M-6)

S
o)
CH3{OC3Hg)19(OC2H4)327H N_C_O{/\C/\
H SH M-7)
S
H ﬁ oY
S .
}O—C—NH-C2H4OCZH4OCQH4—H N"-C—O—C
\/D\/o ‘ g SH

HS
j—o c—-—NH -C3H60(CoH40)2CaHe— HN—C—mo—C
I SH a0
s
S
o Lo ioge 007
0 N0 o I SH

CH,0C,H,06CH,SH ®
5 CH0 (CH,0) 1 (CH,0) {CCH,SH

HSCQH,,h)O (CH0) 10|(|}CQH4SH
0 0

10



nonyl phenol sul f onate, copper bis(ethyl enedi am ne) -

bi s(dodecyl benzenesul fonate), copper naphthenate, 5 coﬁﬁgweﬁﬁﬁﬁ%ggé and
copper bi s(pentachl orophenolate). |norganic cuprous oxi de and copper

t hi ocyanate (copper rhodanate) are preferably used. These copper
conpounds, in place of copper or together with copper, can be used
individually or in 10 conbination (copper conpounds (B-1) do not include
copper pyrithione). In the antifouling coating conposition of the present
invention, it is preferred that these gopper and/ or copper conpounds, in
total, be generally 15 contained in an amount of 1 to 70% by wei ght,
especially 3 to 65% by weight. Per 100 parts by wei ght of (poly)oxyal kyl ene
bl ock silyl ester copolymer A contained in the antifouling coating
conposition, it is preferred th ese coppery and/ or copper conpounds (B

20 1), in total, be generally cq (PHqﬁkﬁﬁﬁéﬁhtﬁf 3 tot14$0 parts by
e anount of copper

wei ght, especially 10 to 1300 pé
and/ or copper conpound cont ai ned t he antlfoullng coating conposition is
A 1 Novenber 2004 72 wthin the above ran an antifouling coating film
havi ng excel l ent antifouling properti KLHehred. In the present
i nvention, use can be nade of an organlc antlfogllng agent together with
t he copper 5 and/or copper cdﬁﬂ@h@d—«Br&¢ngcgwyygtg¢gHof t he copper and/or
copper compound (B-1). As the organld antifouling agent t here can be

enpl oyed, for exanple, netal pyr|thnnﬁesg@BngHﬁExanples of the netal
pyrithiones include sodium magnesium calcigm barium

il
CH,0(CH,CH,0),0CCH,SH

] O
HSCHz-CO(CHzCHzO),;CHZ—(IJ——CHZO(CHZCHZO),;-IC':CHzSH

CHO(CH,CH0),0CCH,SH (M-12)
o)

CHj
| g
*HyCO(CH,CH,O)y0 t|3 O(CH,CH,0),5CCH,SH
CH,
CH,
HSC,H 2 | i
2Hy CO(CHCH,0)y0 ? O(CH,CHO)26CC,H,SH
o CH, CH CH,
3

CHj

_‘_ 0
Qo CZH4O)10(CHZCHO)10 CC,H,SH
HS
}O—CWN‘ﬁ\,Xf N—C— {/\C/
PP I
S (M-8)
H
j— C——N\/\O O/\,N—c—-o—C

s (M~9)

S
HS 0 H H e o
| \/3\/0 o Nw/\o/\/O\/\O/\/O\/’—N ! O_C

S : M-5)




10 al um num copper, zinc, iron and |l ead pyrithiones. O these netal
pyrithi ones, copper pyrithione and zinc pyrithione ar&Nsavefidrar@®04Copper
pyrithione is especially preferred. In the antifouling coating conposition
of the 15 present invention, it is preferred that these pyrithione
conpounds (B-2), in total, be generally <contained in an anobunt of 0.1 to
50% by wei ght, especially 0.5 to 30% by weight- Per 100 parts by weight

of (poly)oxyal kyl ene bl ock silyl ester copolyner 20 A contained in the
antifouling coating conmposition, it &8 preferred that these pyrithione
conpounds (B-2), in total, be generally contained in an anobunt of 0.3 to
300 parts by wei ghtongsprei abbye2 mk@ c3@Q oP@idnd I aWeidse b Noyegber 2004
73 1In the present invention, the follow ng other antifouling agents may be
cont ai ned togethelaw th- nmetopxmlqhnoggprﬁRggﬂg%rQ% By Hidy pl ace of the
pyrithi one conpounds (B-2). Conventional various 5 antifouling agents can
be used as thesethpedangikoul ing agents. Exanples,of the other antifouling
agents include tetranethylthiuramdisulfide, carbanmate conpounds (e.g.

zinc d|nethyldlth19cﬁéb§FEE§r§Qg Eﬁgga@ﬁﬁen%m% GV EE A BPAE T A%

et hyl enebi sdi t hi ocar b<amat e) , tetrachl oroisop

dlﬁEthy|@'Ch&@{QH998Y|Hﬁ§§e %eHEEB¥LtQ g%u%%g 8e 1FOF&e range of

but yl am no- 6-cycl opropyl am no-s-triaz-in

2-n-octyl - 4-4 spt hi azgl tric rophe ylnalelnlde
pyridine-triaﬁgny b%?a%gaan§Q§Sﬁ$%g1? }goeﬁylgggg n Fﬁélpresent

i nventi on, téﬁﬁ@b?ﬂiifoﬁébngoaQSHBs can be used |nd|V|duaIIy or in

conblnatlon

N, N-

When the block units derived from these mercapto
compounds are contained, there can be obtained a block
10 copolymer having advantageous properties such that an
excellent surface renewability is exhibited in the
event of the use of the block copolymer as a vehicle of
antifouling paint. The expression "excellent surface
renewability" means that, in the surface renewal, while
15 updergoing consumption, of the self-polishing
antifouling paint coating film, the thickness of a
porous layer (known as "skeleton layer") which is the
outermost surface layer constituted of traces of
leaching of antifouling agent is small, so that a
20 highly active coa?ing surface is constantly exposed.
The (poly)oxyalkylene block silyl ester copolymer
produced using the above mercapto compound is
characterized by having a low molecular weight as

compared with those of Customary silyl ester copolymers



wi th pyrithione conpounds (netal pyrithiones) such as 20 zinc pyrithione
(inthe formula (1V), R to RA = HH M Zn and n = 2) ahdNaepper 2004 t hi one
(in the formula (I1V), RLto R4 =H M= Cu and n = 2). For exanple,

copper pyrithione and/or zinc pyrithione can be used in conbination with
4,5-di chl oro-2-n-octyl -4-isothiazolin- 25 3-one. 1 Novenber 2004 74 The
total content of various antifouling a . gents, such as copper and/or
copper compounds (B-1) and pyrithione conpounds (B-2), in the antifouling
coating conposition, although depends®on the types of coating 5 film
form ng copol ymer and antifouling agent used in the preparation of

anti f oul i ngteoahier®beORRASIE itk antcddiecd ype ofs E01uexanpks, pEari ne
vessel to be coated wth the antifouling coating conposition (with respect

to marine vesgel, its sea route, speed, operation rate, 10 size and
| ocation of ship botton) and cannot be unconditionally determned, is

preferably in theneaReerOf +HY 1:Q, A4QQ, PALS Se by Y.k g still preferably 20
to 1300 parts by meightf per 100 ﬁérts bjiﬁ%ig%t %fgéﬂ% %E%Sg

(POl ¥} ey al KbhBRS sanaclers) | (o185 /By MR ML b Do [l SxgBLe. nen 21 ne

pyrithione is used in conbination™w uprous oxi de as the

ant i foul4 NgcageRlnl LRE 2AlIOWS N6 LeAld Iy OO Ostiléélfgh%@?e zi nc

pyrithi one nmay bé containe an anou to par ﬁéight per

100 parts b%iggmﬁgggggt%% &%%I¥§p§xﬁkyrbgngj%§éé%sé%¥i ester copolyner A:

whil e the cuprous oxide may be general cont di %h anount of about

bl ock i 'yl 2asrBr Rl s Preberne® ittt T ComtPhOCt bhpot i on. 25
Even i1 the 21,06, BVEELRL008, 214 QURLGYs Qxi de are 1 Novenber 2004
In the (poly)oxyalkyléne block silyl ester
10  copolymer A for use in the present invention, the above
component units (A) and/or (B) may be present each in a
single type or in combination of at least twc types.
In the (poly)oxyalkylene block silyl ester
copolymer of the present invention, it is preferred
15 that, providing that the sum of component units (A) and
(B) is 100% by weight, the amount of silyl ester
copolymer block units (A) be generally in the range of
40 to 99.9% by weight, especially 50 to 99.5% by weight,
and still especially 70 to 99% by weight, while the
20 amount of block units (B) constituted of the mercapto
compound be generally in the range of 0.1 to 60% by
weight, especially 0.5 to 50% by weight, and still
especially 1 to 30% by weight.
When the amount of mercapto compound block units

25 (B) is in the above ranges, the coating film tends to



75 contained, the antifouling coating conposition because of containing
the specific copol ynmer having the block unit derived fMNse 2904
conmpound is excellent in storage stability and does not suffer viscosity 5
i ncrease or gelation during storage, as different from the aforenentioned
antifouling paints of the prior art. Moreover, for exanple, when copper
pyrithione is used in conbination with cuprous oxide (Cu20) as the
antifouling agent in the antifouling coating 10 conposition, the copper
pyrithione may be contained in an amggnt of 2 to 200 parts by wei ght per
100 parts by weight of (poly)oxyal kyl ene block silyl ester copolyner (A
whi | e the cufrdud dxitre sialebe genefablyngoptrapeedicd anganount of about 10
to 1300 parts by weight per 15 100 parts by wei ght of (poly)oxyalkylene

bl ock silyl *&dtesakddpidiymand ahst heeadsi oubkngxeeatkRg GQMPOSition. Zinc
oxide (zinc white) (C Zinc oxide (zinc white) (C may be contained in 20

the antif oul PAFdaEEs .ngreronposd totme Df ptHige present i nvention. In the use
of the antifouling coating conposition wherein zinc oxide is contained,

t he obtai ned coaWheg mﬁaﬂmﬁﬂdﬂnﬁ3l&éhﬁ&&@@C§g@ma@giégethgbradabi|ity of
coating filmcan be effectively 25 controlled. | Novenber 2004 76 Fromthe

viempoint5ofcpaguhamkomnﬁﬁmﬁongumEMJ&5&@@H@EE§Q§I Lon of coating film
hardness, it is generally preferred that zinc oxi de be contained in the

antifoul ing ¢paliyNgxeanpegicdeomnidbian AUt of, 0.5 1, 5 35% by wei ght,
especially 1 to 25% by wei ght. |norganic de ydratlﬁﬁ agent Cof ¥ﬁe
antifouling éeafiveg &aMROSckigRhr HJV%AE‘E%%“"SH" (compound of the
above formula (1)} or (2) wherein i is 1), it is
bresumed that, in the copolymer, one component unit (B)
10 would exist in one end portion of the copolymer so as
to seal one end of the component unit (a) (namely, A-B
type, see the following formula).
Further, for example, when the mercapto compound
from which the component units (B} cén be derived is a
15 compound having one "SH" at each of both ends thereof
{(compound of the above formula (1) or (2) wherein i is
2), it is presumed that, in the copolymer, one end of
component unit (A) would be bonded with compeonent unit
(B), whose other end would further be bonded with one
20 end of other component unit (A) (namely, A-B-A type,
see the following formula).
In addition to these block copolymers, there would

be a block copolymer wherein chain end portions of

three or more component units (A) are bonded with three



invention may be | oaded with an inorganic or organic dehydrating agent,
preferably an inorgani c dehydrating 10 agent (i norgani ¢t Neeeyheit208d¢ agent
(D). The antifouling coating conposition |oaded with a dehydrating agent
exhi bits an enhanced storage stability. The dehydrati ng agent can be, for
exanpl e, any of 15 anhydrous gypsum (CaSO4), synthetic zeolite adsorbents
(trade name: Mol ecul ar Sieve), orthoesters such as nethyl orthoformate and
met hyl orthoacetate, orthoboric esters, silicates and isocyanates (trade
nane: Additive TI). In particular, aﬁﬁydrous gypsum and Mol ecul ar 20 Sieve
are preferably used as the inorganic dehydrating agent (D). Such inorganic
dehydr ati ng agenrgec&nelemensed dmdionghtaddty Ofi ¢ N EOTHENGLH, 0 Ekaks
generally preferred that the above dehydrating agent, especiafly t he

i norgani ¢ dehydeatirngng2meagentsede:-radded idwialy amunt; #f 0.02 to 100 parts
by 1 Novenber 2004 77 weight, especially 0.2 to 50 parts by weight, per 100
parts by wei ght ofn(pakypexkakbkylienendieek sy lx ester opol r A
Further, it is generally preferred thatQEUcﬁﬂ%¥}}%ﬁfbéﬁﬁ%adgﬂ%gf%?ing

agents, in tetak, thpecantapRed et cq@R AMHUNt QL 1.9..10% by._wei ght,
especially 0.1 to 5% by meighf, based on tﬁ?%%%%é%kﬂ##ﬁ?%&%ﬁ?ﬁ%cg

conposi tijon. s en theeknehganimedehydrating agents are contained in the
antifouling coating conmposition in the 10 above anount, the storage
stability thereofatgnds,to be increased. Leaching accelerating conponent E
The antifouling coating conposition of the present invention may contain a
| eachi ng accel erati ng conponent 15 (E). The | eaching accel erating

component (E) can bc%mponent A component B
\/\/\/\/\/S\/\/\\/\\/

10 A-B-A type
compeonent A component B component A
/\/\/\/\
S S
Star type
15 [//\,eomponent A
S
component A
/?WS S
20 component A component B

component A

With respect to these block copolymers, from the

25 viewpoint of coatability of a composition containing
the copolymer and antisagging properties exhibited when

dilution is effected with a solvent, it is preferred

that the viscosity of, for example, a solution of 50%

concentration at 25°C, although wvaried depending on the



for exanple, any of rosins, rosin derivatives, organic_ _carboxylic acids
and netal salts of organic carboxylic acids. Exanpl estd¥ovameber

i nclude gumrosin, wood 20 rosin and tall oil rosin. Al of these can be
used in the present invention. Exanples of the rosin derivatives include
di sproportionated rosin, |ow nelting-point disproportionated rosin,

hydr ogenated rosin, polynerized rosin, maleic rosin, aldehyde 25 nodified
rosi n, polyoxyal kyl ene esters of rosipgps 1 Novenber 2004 78 reduced rosin
(rosin alcohol), nmetal salts of rosin (e.g., copper, zinc, magnesium and
potassiumsalts of rosin) and rosin am ne. These rosins and derivatives

t hereof can B&%uSédeMRdioviedusanp lomam ayohin evatimron i BsohB1 Gr gani ¢
carboxylic acids, there can be nentioned, for exanple, natural and

synt hetic fa???er§épééfh§@imymﬂnﬁhlxiin)ﬁﬁb(xﬁﬂgﬁldﬁ(ﬂmtoEZ@@pbgg of the

organic carboxalic acids include pivalic acid, lauric acid, stearic acid,
ol ei ¢ acid, i#3BRoRkABEENdEi ¢psl0 eweresdtdicyacial,td add, ®id fagty. acid,
i sostearic acid, naphthenic acid, 2-ethylhexanoic acid, coconut oil fatty

acid and soybkanséntliycasi.d. Exanples of the nmetal salts of organic
carboxylic acids include copper, zinc, magnesium and cal ciumsalts of the
above acids. 15 AWbbl theseckeaeshithgsaceelekatidiegamaenents,, ( rosins and
rosin derivatives are preferred. These |eaching accel erating conponents

can be used piﬂﬂérfdﬂathytothbnwéQ@hEnab%Qﬁgé1hdf%d¥f§éﬂﬁé¥§:$at t hese
| eachi ng accelerating 20 conponents be contained in an anmo of 0.1 to 30

parts. by mei@ﬁmeoBSBQCiﬁ|EMeOripbg 3@ @@@t%obﬁdWeE%%%%a%%P stil

especially 0.5 to 15 parts by weight, per 100 parts by wei‘ght of

antifoul i ng eopdd gL TRMPOSHT £BN1 g0 thousand, and still especially
1500 to 80 thousand.

10 These (poly)oxyalkylene block silyl ester
copolymers A can be produced by performing a block
copolymerization of the above silyl ester copolymer
component and the above mercapto compound.

The process for producing (poly)oxyalkylene block

15 silyl ester copolymers will be degecribed below.

Progcess for producing (poly)oxyalkvlene block silyl

ester copeolvmer

In the production of (poly)oxyalkylene block silyl
‘20 ester copolymer, a block copolymerization is performed
while causing the mercapto compound (B) to be present
in polymerization conditions of 8ilyl ester copolymer
component (A).
Specifically, use is made of the above

25 polymerizable unsaturated carboxylic acid silyl ester



The content of |eaching accel erating conponents is 25 preferred to fal
within these ranges fromthe 1 Novenber 2004 79 vi ewpdiNavesibara®dng fil m
strength, antifouling performance and water resistance. Per 100 parts by
wei ght of (poly)oxyal kyl ene block silyl ester copolynmer A contained in the
antifouling 5 coating conposition, it is generally preferred that the

| eachi ng accel erating conponents, in total, be contained in an anount of
0.3 to 600 parts by weight, especially 2 to 300 parts by weight. Wen the
content of |eaching accelerating 10 conponents in the antifouling coating
conposition is wthin these ranges, the antifouling performance and
coating fil hkconeé@nbbil higatendted Benpomsroviéd. oVt tdtdrertlowpol yner (F)
The vinyl ether (co)polyner, when added to the 15 antifouling coating
conposi ti onpoivnéeipakbientnsphventiedn cachokyilivt es it sinhdnceseat of the
cracking resistance, peeling resistance and | eaching velocity stability
of obt ai nedwichalti agef cbnsanduburthelf thenctilgrls easxer coatdingndi | m f or m ng
conponent. 20 The vinyl ether (co)polyner can be, for exanple, any of

pol yvi nyl neddwybnethera) pol pukegl cat ke ambdamt ofolsiviviyledtsapropyl et her
and pol yvinyl isobutyl ether. It is generally preferred that the vinyl

ether (5co)pepyremetFronpohiehal (A¢, CeRkapRedmet iaaAMUHsDfur26:8. 1 to 10
parts by weight, especially 0.2 to 5 parts by 1 Novenber 2004 80 wei ght,

per 100 parésrbyxyeighhcol antifoekicee qaat iiRgusCARESidd Ahollef 40 parts
by wei ght of silyl ester copolynmer A contained in the antifouling coating
conposi tiomoitol §59€p9r abiynpl eheeradabat JlheovighW by weight,
and the unsaturated monomer (b) is used in an amount of
5 to 90% by weight, preferably 15 to 80% by weight
10 (providing that {a) + (b) = 100% by weight). The
mercapto compound (B) is used in an amount of 0.1 to
60% by weight, preferably 0.5 to 50% by weight, based
on the amount of (polyloxvalkylene block silyl ester
copolymer. A block polymerization thereof is carried
15 out through various common technigques, such as solution
polyvmerization, bulk polymerization, emulsion
polymerization and suspension polymerization, in the
presence of a radical polymerization initiator.
The block polymer obtained through such
20 polymerization technigques generally comprises random-
copolymerized silyl ester copolymer component (A)
chains and (poly)oxvalkylene block chains.
Conventional azo compounds and peroxides can

widely be used as the radical polymerization initiator.

25 Examples of the azo compounds include 2,2'-



5 ether (co)polynmer be contained in an amount of 0.3 to 60 parts by

wei ght, especially 0.6 to 40 parts by weight. Moreovel Noavgmsi004l ymers
having a hydrophilic group can be used in place of the vinyl ether 10
(co)pol ynmer or together with the vinyl ether (co)polymer. The polyners
havi ng a hydrophilic group can be, for exanple, various

(al koxy) pol yal kyl ene gl ycol nono(neth)acrylate (co)polynmers such as

(et hoxy) pol yet hyl ene gl ycol nono(neth)acrylate 15 (co)polynmer. The sane
effect as exerted by the vinyl ether64co)polyner can be realized by the
use of these polyners Plasticizer (G As the plasticizer, there can be
enpl oyed 2Go¥igsitscd] werzorlist bhar i £ y2 Usedobaspaint s, such as

ort hophosphoric acid esters, chlorinated paraffin, phthalic acid esters
and adi pi c medihg léstterrson fhieske) pradt 2ck zergoban (Be4used individually or in
conmbi nation. 1 Novenber 2004 81 Wen these plasticizers are used, they
are added tdameidhydnta feordnigrebal i ng conposition in an anount of, for
exanple, 0.1 to 10% by wei ght. These plasticizers contribute to enhancenent
of 5 the crackimmgmpdsisstahceho®fpenakidgsfiholdksbenebglr e raxd &s,
"antifouling coating film herein) formed from the resultant antifouling
coat i ngs coneas -1 Angkyd becaboyetplasbhiicirzepsroghberiunated paraffin
and orthophosphoric acid esters such as tricresyl phosphate 10 (TCP) are
preferred. clemhlmrdraiabpadaf f tor oayubel | beeakiae, brapehed,tyland may be
liquid or solid (powdery) at room tenperature. As the chlorinated
paraffin, thel4ahte, tert-butyl peroxyisopropyl carbonate,

tert-butyl hydroperoxide and persulfates (potassium and

ammonium salts).

10 Further, use can be made of an initiator of the
formula:
e g
].5 CO (CHz) z(l}_NzN‘“? (CHz) 2000 (CHchzo) %

CH;  CH, n

wherein each of x and n is an integer of 1 or
20 greater.

Thé use of these initiators enables increasing the
hydrophilicity of (poly)oxvalkylene block silyl ester
copolymer and enables enhancing the antifouling
performance and consumabllity of antifouling ccating

25 composition. With respect to the initiateor of the
above formula, it can effectively be used in cases
where the above mercapto compound is not employved, for

example, in the polymerization of an unsaturated



mentioned, for exanple, "Toyoparax 150" and "Toyoparax 15 A-70" produced by
Tosoh Corporation, In the present invention, two or rNQWﬂﬂbﬂﬁia%ﬂ
paraffins which are different from each other in chlorine content and
nunber of carbon atons can be used in appropriate conbination. Wen two or
nore chlorinated paraffins 20 are used in conbination, the nunber of carbon
atons and chlorination ratio of chlorinated paraffin refer to averages of
the respective nunbers of carbon ato chl orination ratios of
chlorinated paraffins contained in t%& antifouling coating conposition. 1
Novenber 2004 82 When the above chlorinated paraffin is used as the

pl astici zercg@poxviics agéderalllyy predfear red drhbd tiher mhbdudaged paraffin
be contained in an-anount of 0.05 to 20 parts by weight, especially 0.1 to
15 parts bysblvii ghterpeppd0@mear.ts by wei ght of antifouling coating
conposition. Per 100 parts by weight of silyl ester copolynmer A contained
in the antifoul i Wgenoahengbocenpesiviiean is udest prefar rat {hal1 ihe
chlorinated paraffin be contained in an amount of 1 to 50 parts by 10

wei ght, esppsiat!|ytlet 8cd4ltpant poymeiighic i dthem the cmmount of chl ori nat ed
paraffin is within these ranges, the effect of suppressing coating film

cracking, goayh8gikhkibat hengkl ARG %@wnngm(ldﬂ(}?eﬁ{:)c r&S1-vdRARCEpar €
enhanced. 15 When an orthophosphoric ester is us as the plasf|C|zer (9,

it is generghbynpigRf gengﬁleyﬂ@fatti% igr% ra!nforﬁ%ttﬁ{e gpatained in
an amount of 0.05 to 20 parts by weight, especiall 1to 15 parts by

wei gt perv3P0oRar b8, Pevel.aht oAl %'elsng GO | U020 COUPOSLLT O Per

100 parts by weight of |yl ester copol ymer contalne
ant'fOU|'ngu&@@tiﬂgtﬁgnggihEEQH po Hyh%rlzatlon technique, although

not particularly limited as long as it is inert and
10 does not react with any of the monomers for
copolymerization and as long as it can dissolve the
monomers, can be, for example, any of:
aromatic hydrocarbons such as xylene and toluene;
aliphatic hydrocarbons such as hexane and heptane;
15 esters such as ethyl acetate and butyl acetate;
alcohols such as isopropyl alcohol and butyl
alcohol;
ethers such as dioxane and diethyl ether; and
ketones such as methyl ethyl ketone and methyl
20 isobutyl ketone. These solvents can be used
individually or in combination.
The catalyst for copolymerizatioh is used in an
amount of, for example, 0.01 to 20 parts by weight,
preferably 0.1 to 10 parts by weight, per 100 parts by

25 weight of the sum of components constituting the



preferred that the orthophosphoric ester be contained ,in an ampunt of 1 to
50 parts by weight, especially 2 25 to 40 parts by meﬂ@g¥@”ﬁbQQﬁﬂQﬁber 2004
83 When the orthophosphoric ester is contained as the plasticizer (G, a
coating which hardly cracks and peels can be forned, and the consumability
of coating filmcan be enhanced. 5 Dehydrating.agent (H) This antifouling
coating conposition may he | oaded with an inorganic or organi c dehydrating
agent. The antifouling coating conposition |oaded with a dehydrating
agent exhibits an enhanced storage 166stability. The dehydrating agent can
be, for exanple, any of anhydrous gypsum (CaS04), synthetic zeolite

adsor bents (Pelydexyateey Isledul aek Sieled , eorehoespel gmsuch agisnet hy

ort hof ormate and nethyl orthoacetate, orthoboric 15 esters, silicates and

i socyanat es c@ttedde thame addiddad odd. on pant beullaridaahydaodsagypsum and
Mol ecul ar Sieve are preferably used as the inorganic dehydrating agent
(H . Such déwpdeat megeagemtes carpbeidivesl thadextduaktyaps bpreerbhgation

20 It is generally preferred that the above dehydrating agent be added in
an anount ofRd@i®2ono th@0 orpardrse byimed gid ,pesSpeetad | ¥r&m2the 50 parts by
wei ght, per 100 parts by weight of (poly)oxyal kyl ene bl ock silyl ester
copol yme§  Avidwhovenberd 2@ 184 idiirdherclédul sropoeset! yrprefepped that

such dehydrating agents, in total, be contained in an amount of 0.01 to
20% by wei gbEfiespaeialang GohverB%hbYratio.

The solvent is used in an amount of, for example,
0 to 1000 parts by weight, preferably 10 to 500 parts
by weight, per 100 parts by weight of the sum of

10 monomers for copolymerization.

It is preferred that the weight average molecular
weight of thus produced silyl ester copolymer A be in
the range of 500 to 200 thousand, especially 1000 to
100 thousand, and still especially 1500 to 80 thousand.

15 In the above block polymerization toward a
(poly)oxyalkylene block silyl ester copolymer, a
terminal radical in the stage of growth of silyl ester
copolymer (A) undergoes a chain transfer to the S atom
of mercapto compound (B) to form thioehter bond -8-,

20 for example, according to the formula. That is, the
(poly)oxyvalkylene block silyl ester copolymer has a
structure that at least one carbon atom in main chain
of the silyl ester copolymer block unit {A) bonds with
block unit (B) drived from mercapto compound through -

25 S-{(thicether)bond:



wei ght, based on the antifouling coating conposition. 5 Wen the
dehydrating agents are contained in the antifouling cbiaveghes@p84ition in
t he above amount, the storage stability thereof tends to be increased.

O her conponent The antifouling coating conposition of the present 10
invention may be | oaded with the follow ng conponents, other than the
above conponents, for exanple, an antisagging/antisetting agent, various
pi gnents such as a color pignent and a body pignment, various resins such
as acrylic resins (excluding the abowes vinyl ether 15 (co)polyner) and
various additives such as a defoaner, an antiflooding agent and a | eveling
agent. Antisa ginq@antiset i ngs agent The antifouling coating conposition
may be | oaded mﬁtm conventijongal antisaggi ng/ antisetting agents in 20
arbitrary amreyobs— cSUitqb|%s anti saggi ng/ anti setting agents

i ncl ude saltsisuch las Al And zn stearates, ~tecithinates and

al kyl sul fonate§, pPEIGHTRA 'neCOdx, hydrogenated castor oil wax, polyam de
wax, m xtures of these waxes, synthetic 25 particulate silica and

pol yet hyl ene oxide wax. OF 1 Noyenbegr: 2004 8 kese, hydrogenated castor
oi | wax, polyam de wax, synthetic pﬁrticulat | ica and pol yet hyl ene

oxi de wax are preferred—sFur —4s gﬁ;/Aﬁy/\w{,
anti saggi ng/ antisetting agents: onneicial%¥ A aill abl €5 by tHe trade nanes,
for exanple, "Disparlon A-603-20X" &RASRI Bpar G4 4200- 20", which are
produced by Kusunbto Chem cals, Ltd. Pignment and sol vent & i ous

conventional organic and inorganic 10 pignents (e.g., titaniumwhite, red

iron oxide, organic red pignents and talc) can be used as the pignent in
wherein the abbreviations have the same meaning as

defined hereinbefore. Thus, the (poly)oxyalkflene
5 block silyl ester copolymer of the preseﬁt invention
can be obtained.

The thus obtained {(poly)oxyalkylene block silyl
ester copolymer can be of the A-B type (monofunctional),
A-B-A type (bifunctional type) or star type

10 (trifunctional or greater functionality) in accordance
with the functionality of mercapto grdup of mercapto
compound (B} .

In the present invention, although, in carrying

out the above reaction, appropriate selection can be

15 made with respect to the sequence of addition of each
component and the presence of solvent, it is preferred
that the reaction be performed inra solvent, with other
components simultaneously charged, or appropriately
divided and charged in sequence. The polymerization

20 reaction can be conducted at, for example, 30 to 200°C,



the antifouling coating conposition. In addition, various colorants such
as dyes may be incorporated in the antifouling coatind No@pet30d. 15 The
cracking resistance of coating filmcan be enhanced by the use of pignments
with needle, flat and flake forns. Various solvents customarily used in
antifouling paints, such as aliphatic, aromatic (e.g., xylene and 20

tol uene), ketone, ester and ether solvents, can be incorporated in the
antifouling coating conposition. The solvent used in the preparation of
silyl ester copolyner nmay be containé8 in the solvent. Various resins 1
Novenber 2004 ° 86 Exanples of suitable resins include an acrylic resin, a
chl ori nat ed ppalfiealagfliyn 4tesidn,1 80 Tl @udatted 1 rphbesr L1885y Nso acet r ol eum
resin, a vinyl chloride resin, a vinyl acetate resin, a polystyrene resin,
a butyral 5iseStn asd aBoue@naWEmineIid.2Praduciioref @wtifeulingneoating
conposition The antifouling coating conposition of the present invention

can be produged yh¥xaRAKIAM AL %Wo%ﬁ}fgesfé'ftQHBB%yﬂ.gghBifqlﬁgl%b For
e obtal ne y

exanple, the antifouling 10 coating conposition cah

subj ecting tpheschRoliyhmualdyl ene bl ock silyl ester copolynmer A and, per
100 parts by weight of (poly)oxyal kyl ene block silyl ester copolyner (A,

3to 14 arts f e er _conpound_.(B), 0.07 to
1200 pa(r):?sp15 byq&gy\gﬁgﬁgf)%gﬁlaoqr an%nceag%(%]%ﬁﬁffr?gfaaseg?g}(j&?,po%gf%rmo

L P, PSS B0 U R S B D
20 part o by ErSirst O dHd R 1 Sodht® (o, Bre ShyaFagetyRE. o

| Identification as to the above reaction can be

effected by measurement using,: for example, éPC, IR

10 spectroscopy or NMR spectroscopy.
The described (poly)oxyvalkylene block silyl ester

copolymer of the present invention can be used as

eifher a vehicle of antifouling coating composition, a

slowly released medicine, or an agricultural polymer.

15 It i1s especially useful as a vehicle of antifouling

paint.

Antifouling coating composition
The antifouling coating composition of the present
20 invention comprises, as a coating forming component,
the (poly)oxyalkylepe block silyl ester copolymer A
which comprises silyl ester copolymer block units (A-1)
and block units (A-2), the silyl ester copolymer block
units (A-1) comprising (a) component units derived from

25 a polymerizable unsaturated carboxylic acid silyl ester,



gypsum and Mol ecul ar Sieve) (H) and appropriate anobunts of an

anti saggi ng/ anti setting agent, a pignment, a solvent, &MNovenbesd@odi on
conducted once or in arbitrary sequence and to agitation, mXxing,

di spersion, 25 etc. 1 Novenber 2004 87 The thus obtained antifouling
coating conposition is of the one package type and has excel |l ent storage
stability. Further, the antifouling coating conposition satisfies various
requi renents for 5 performance such as antifouling coating adherence,
durability and antifouling propertiesé2For exanple, hulls and narine
structures covered wth an antifouling coating film having excell ent
cracki ng resgndt divée raridmentiidadild nip g opes t ¢@seoaomee 10i obt athed by
appl yi ng the above antifouling coating conposition to the surface of
vari ous shapédni ttéms cofipases)t, wuchs atalan tinedsWwatlerviil eat ing2$tructure,
nanely, a marine structure (e.g., plunbing port of a nuclear power
station), adskudgd dirforusi aeurigvient inverddpfé | Mpfiesumse i n vari ous ocean
civil works for a bayshore road, an undersea tunnel, port facilities, a

canal / channel , etae, vaenalfi eV eSSalf AN @y fd St Yy G8@sHpod L Doy @ rope and
a fishing net), once or a plurality of times according to the customary

procedur®, apdt2@ndhy rGet N ARNIJeh BRI dl b TG0t 190 copppsition.  This
antifouling coating conpositions may be directly applied to the surface of

hull's and nMBbbBEyRLLUALUERS thedls AU d £5h O tdie surface af, hulls;agd marine
structures precoated-wi th an, undercoating material such %5 as a rust

preventive @i1a BkhABAtiMar QWS ¢ N8 i1 Noverhel 2004, 88, 1 ant i foul i ng
coating conposition of the present
‘ adherence so as to ensure less peeling tendency and
desirably controlled hvdrolysis rate so as to be
10 extremely excellent in antifouling properties in highly
fouling environment and long-term-maintained
antifouling properties.
The antifouling coating composition (P) of the
present invention comprises the above (poly)oxyvalkylene
15 Dblock silyl ester copolymer A as an indispensable
component. The antifouling coating composition may
further contain components other than the
{poly)oxyalkylene block silyl ester copolymer (a), for
example, an antifouling agent (B), zinc oxide (zinc
20 white) (C), an inorganic dehydrating agent (D), an
antisagging/antisetting agent, a leaching accelerating
agent such as rosin, a plasticizer such as chlorinated
paraffin, wvarious pigments such as a color pigment and

a body pigment, various resins such as an acrylic resin

25 and a polyalkyl vinyl ether (vinyl ether (co)polymer),



invention may be applied as a top coat for repair to the surface of hulls
and marine structures previously coated wth the convéMavemhera®df oul i ng
paint or the antifouling coating conposition of the present invention.

Al t hough the thickness of the antifouling coating thus forned on the
surface of hulls and marine structures is not particularly limted, for
exanple, i ranges fromabout 30 to 150 mfor each application. 10 EFFECT
OF THE | NVENTI ON The (poly)oxyal kyl ene bl ock silyl ester copolynmer of the
present invention, when used in an ant®fouling paint, is excellent in

sel f-polishing properties 15 (consunability) and |ong-term antifouling

per fOr MNCe o PPACI NS Yad @005 LEL M BBL! LAUL BA RELIY mance | n hiohly

fouling sea area, and also excellent ITn coating cracking resistance and

peel i ng res%%%%p§f60g9%$q¥ Lot QQS.SPQE¥L?§§%|§%%%Q? bl ock silyl ester
o€

copol yner, ecause € containing o uni‘ts derived froma

nmer capt o compoun enabl es reduction of t .use of ol vents, thereb
exhib?ting gEch %ﬁﬂﬁ??ﬁﬁt?mﬁ9 r“%ﬁ%%usagggﬁﬁéﬁfédoé iﬁ?%ﬁquﬁencz

(i.e., enhanced sprayabi]ity, rol]er applicability and brush 25
applicabilit 91%)$%X%$k%%e@%oﬁl%§k ﬁb&ggdﬁﬁﬁeFocPRQHMmﬁﬁaﬂ Yider§ on,

there is_provided _an_antifouling coating conposition which enables formng
such an ant i¥SATIRPEREING- as exhibits |ess cracking tendency, excellent

adherence so as to 5 ensure Iess.EeeI(ng tendency and desirably controlled
hydrol ysis rate so as to be 1 ing properties, in
particular, antifouling properties in highly fouling environnment and

| ong-term anti f odtlitipug opereersanphfenl angi poghitsg wbdchngati bm i s
further inorganic or organic, can be widely used as the
antifquling agent (B}, it is preferred in the present

10 invention to employ copper and/or a copper compound (B-
1), a metal pyrithione (B-2} and other organic
antifouliné agents.

The copper and/or copper compound (B-1) (excluding
pyrithiones, the same applies hereinafter}) to be added

15 to the antifouling coating composition of the present
invention will now be described. Those whose molecular
weight is generally in the range of 63.5 to 2000,
preferably 63.5 to 1000, are used as the copper and/or
copper compound.

20 Both organic and inorganic copper compounds can be
used as the copper compound (B-1l). Examples of the
inorganic copper compounds include cuprous oxide,
copper thiocyanate (cuprous thiocyanate or copper

rhodanate), basic copper sulfate, copper chloride and

25 copper oxide.



10 excellent in a balance of these properties Further, according to the

present invention, there 1is provided a coating film wil tNPvErRDeS

excel l ent properties, and provided a hull or underwater structure covered

with the coating filmto thereby have. the above 15 excellent properties.

Still further, according to the present invention, there is provided an

antifouling nethod wherein the above antifouling coating conposition is

enpl oyed to thereby enabl e rendering_the danger of environnmental 20

pol lution extremely | ow. EXAMPLE The’present invention will further be

illustrated beIOM/mﬁtq.refQ{e ce to the foll ow ng Exanples which in 25 no
n

way linit the scép&BH he Nt R ERRPEHI CPMRBYBABer NZAOLE0 | owi ng
Exanpl es and Conparative Exanples, the term "parts" nmeans "parts by
wei ght". ExXQfFiE CRRAY)IGEE kS e BE 0ERPBEFY| c@BPEE copol ymer (BP 5 V?
100 parts of xylene was charged in a reaction vessel equipped with an
stirrer, a &ofgdmbmnoksulirpaibret@rrar dpopprhhydentdéamansiltr ogen
introduction tube and a heating/cooling jacket, and heated under 10
stirring at P5Caafigde Brevd eresit fogebet herebneo. nAphithenake  of 40 parts of
triisopropylsilyl acrylate, 55 parts of nethyl nethacrylate, 1.5 parts of
mer capt 0° cSPPRETd MMdinketd el bedmweandi 4 (pantaohl@r@phenoclate) .
azobi si sobutyronitrile as an initiator was dropped 15 through the dropping
devi ce i nt o Il geerict i orpvmess ebxlddi drd nedpp ar ntEhfothenahevd coemear at ur e
over a period of 2 hr. The stirring was continued at the sane tenperature
for 4 hr. Fohckhlemat®)4 fpar tprdfrAty used.
These copper compounds, in place of copper or
together with copper, can be used individually or in
10 combination {(copper compounds (B-1) do not include
copper pyrithione).
In the antifouling coating composition of the
present invention, it is preferred that these copper
and/or copper compounds, in total, be generally
15 contained in an amount of 1 to 70% by weight,
especially 3 to 65% by weight. Per 100 parts by weight
of (poly)oxyalkylene block silyl ester copolymer A
contained in the antifouling coating composition, it is
preferred that these copper and/or copper compounds (B-
200 1), in total, be generally contained in an amount of 3
to 1400 parts by weight, especially 10 to 1300 parts by
weight.

When the amount of copper and/or copper compound

contained in the antifouling coating composition is



azobi si sobutyronitrile was added, and the agitation was 20 continued at the

same tenperature for 4 hr. Thus, a colorless transpar&NovesheariZefdof

(pol y) oxyal kyl ene bl ock silyl ester copolynmer (BP-1) was obtained. The

heating residue (residue resulting fromdrying in a hot air dryer at 105C

for 3 hr) fromthe obtained 25 solution of (poly)oxyal kylene block silyl

ester 1 Novenber 2004 91 copolyner (BP-1) anpbunted to 50.5% by wei ght. The

viscosity at 25C thereof was 72 cps, and the weight average nol ecul ar

wei ght (My) and nunber average nolecid ar wei ght (M), neasured by GPC, of

the residue 5 re 5603 _and 2748, respectively. GPC chropatogramand IR
£hr° e S99 Ph

spectral chirtPdf ERSoRYPI%y ZIFASEhe B GEk 1t er2bbpdl yel (BP- 1)
are given in Fi,%s. 1 and 2, respectively. GPC and | R nmeasurenents were
per formed uRBEFDENEXCES LRGN S g Vondid iR e 'eowRli $3Bnke f brripe -
measurenent) Instrument: HLC 8120 GPC manufactured by Tosoh Corporation,
Col um: Super H28B0+FR208F e SEMIMYSINde W -aktercan PR ds @i aRanuf act ur ed
by Tosoh Corporation, Eluant: THF, Flow rate: 0.500 m/mn, Detector: R,
and Tenper aPUFenafr EaItakR &S FaeRt Qﬂﬂgtth)Y(%md¢h¢O%%PP©¥ IR
measurenment) Instrunent: Hitachi infrared spectrophotoneter, nodel 270-30,
manuf actlur ednBy ok cavkier cogrovard (AvEds 1 nigh metdeel: okBrheetbprevat i ng
met hod. Conpound M 1: 25 1 Novenber 2004
and/or copper compound {(B-1). As the organic
antifouling agent, there can be employed, for example,
metal pyrithiones (B-2). Examples of the metal
pyrithioneg include sodium, magnesium, calcium, barium,
10  aluminum, copper, zinc, iron and lead pyrithiones. Of
these metal pyrithiones, copper pyrithione and zinc
pyrithione are preferred. Copper pyrithione is
especially preferred.
In the antifouling coating composition of the
15 present invention, i1t is preferred that these
pyrithione compounds (B-2), in total, be generally
contained in an amount of 0.1 to 50% by weight,
egspecially 0.5 to 30% by weight. Per 100 parts by
welight of (poly)oxvalkylene block sllyl ester copolymer
20 A contained in the antifouling coating composition, it
is preferred that these pyrithione compounds {(B-2}, in
total, be generally contained in an amount of 0.3 to

300 parts by weight, especially 2 to 200 parts by

weight.



92 0 HSU2r' 4-L' U- (C2H40) 4- U UONASH Exanples 2 to 20 and Conparative
Exanples | and 2 CoT)ol,vmers (BP-2) to (BP-20-) and tdpwiepmmar2004-1) 5
and (H 2) These (poly)oxyal kyl ene bl ock silyl ester copolynmers (BP-2) to
(BP-20) and conparative copolyners (H 1) and (H2) were produced in the
same manner as in the preparation of (poly)oxyal kyl ene block silyl ester
10 copol yner (BP-1), except that the conposition of dropping conponent
m xture was changed as specified in Table 1. The properties of these
copolynmers (solutions) were al so measured in the sane manner. The formul ae
for mercapto conpounds M2 to M 12 15 used in the preparation of these
copol yners are gi®ehhebRFB&ETThénves oS artd1ealisd Ispyeidis iddhémn Table 1. 1
Novermber 2004 O |1 CH3Q(C2H40) 22 C—C2H4SH.(N12) HSC2H4 CO- (C2H40) 19
C C2HASH S #istifioplimuCappngs (Riy3peH oprd-ai/ned XidgetthelSH{tNH)tMS i1 H H r0
0 I SE CH3( OC3H6) 30( C2H4) 1s NHM1--0 S

pyrithione compounds (B-2) or in place of the

pyrithione compounds (B-2). Conventional various

5 antifouling agents can be used as the other antifouling
agents.

Examples of the other antifouling agents include
tetramethylthiuram disulfide, carbamate compounds (e.g.,
zinc dimethyldithiocarbamate and manganese 2-

10 ethylenebisdithiocarbamate), 2,4,5,6-
tetrachloroisophthalonitrile, N,N-
dimethyldichlorophenylurea, 2-methylthio-4-tert-
butylamino-6-cyclopreopylaminc-s-triazine, 4,5-dichloro-
2-n-octyl-4-iscthiazolin-3-one, 2,4,6-

15 trichlorophenylmaleimide, pyridine-triphenylborane and
amine-triphenylborane.

In the present invention, these antifouling agents
can be used individually or in combination, together
with pyrithione compounds (metal pyrithiones) such as

20 zinc pyrithione (in the formula (IV), Rt to rRY = H, M =
Zn and n = 2) and copper pyrithione (in the formula
(1v), RY to RrR% = H, M = Cu and n = 2}). For example,
copper pyrithione and/or zinc pyrxithione can be used in

combination with 4,5-dichloro-2-n-octyl-4-isothiazolin-

25 3-one.
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The total content of wvarious antifouling dgents,
such as copper and/or copper compounds (B-1) and
pyrithione compounds (B-2), in the antifouling coating
composition, although depends on the types of coating
film forming copolymer and antifouling agent used in
the preparation of antifouling coating composition and
the type of, for example, marine vessel to be coated
with the antifouling coating composition ({with respect
to marine vessel, its sea route, speed, operation rate,
size and location of ship bottom) and cannot be
unconditionally determined, is preferably in the range
of 10 to 1400 parts by weight, still preferably 20 to
1300 parts by weight, per 100 parts by weight of the
above (poly)oxyvalkylene biock gilyl ester copolymer A.

For example, when zinc pyrithione is used in
combination with cuprous oxide (Cuzo) as the
antifouling agent in the antifouling anting
composition, the zinc pyrithione may be contained in an
amount of 2 to 200 parts by weight per 100 parts by
weight of (polf)oxyalkylene biock silyl ester copolymer
A while the cuprous oxide may be generally contained in
an amount of about 10 to 1300 parts by weight per 100
parts by weight of (poly)oxyalkylepe block silyl ester
copolymer A in the antifouling coating composition.

Even if the zinc pyrithione and cuprous oxide are
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contained, the antifouling coating composition because
of containing the specific copolymer having the block
ﬁnit derived from mercapto compound is excellent in
storage stability and does not suffer viscosity

5 increase or gelation during storage, as different from
the aforementioned antifouling paints of the prior art.

Moreover, for example, when copper pyrithione is

used in combination with cuprous oxide (Cuy0) as the
antifouling agent in the antifouling coating

10 composition, the copper pyrithione may be contained in
an amount of 2 to 2do parts by weight per 100 parts by
weight of (poly)oxyalkylene block silyl ester copolymer
{a) while the cuprous oxide may be generaliﬁ contéined
in én amount of about 10 to 1300 parts by weight per

15 100 parts by weight of (poly)oxyalkylene block silyl
ester copolymer A in the antifouling coating
composition.

Zinc oxide (zinc white) (C)

Zinc oxide (zinc white) (C) may be contained in
20 the antifouling coating composition of the present
invention. 1In the use of the antifouling coating
composition wherein zinc oxide is contained, the
obtained coating film strength is enhanced, and the
abradabilityJof coating film can be effectively

25 controlled.
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From the viewpoint of fegulation of consumability
and regulation of coating film hardness, it is
generally preferred that zinc oxide be contained in the
antifouling coating composition in an amount of 0.5 to

5 35% by weight, especially 1 to 25% by weight.

Inorganic dehydrating agent (D)

The antifouling coating composition of the present
invention may be loaded with an inorganic or organic.
dehydrating agent, preferably an inorganic dehydrating

10 agent (inorganic dehydrating agent (D}). The
antifouling coating composition loaded with a
dehydrating agent exhibits an enhanced storage
stability.

The dehydrating agent can be, for example, any of

15 anhydrous gypsum (CaS0O,), synthetic zeolite adsorbents
{trade name: Molecular Sieve), orthoesters such as
methyl orthoformate and methyl orthoacetate, orthoboric
esters, silicates and isocvanates (trade name: Additive
TI}. In particu;ar, anhydrous gypsum and Molecular

20 Sieve are preferably used as the inorganic dehydrating
agent (D). Such inorganic dehydrating agents can be
used individually or in combination.

It is generally preferred that the above
dehydrating agent, especially the inorganic dehydrating

25 agent, be added in an amount of 0.02 to 100 parts by

-H
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weight, especially 0.2 to 50 parts by weight, per 100
parts by weight of (poly)oxyalkylene block silyl ester
copolymer A.
Further, it is generally preferred that such
5 inorganic dehyvdrating agents, in total, be contained in
an amount of 0.01 to 10% by weight, especially 0.1 to
5% by weight, based on the antifouling coating
coﬁposition. When the inorganic dehydrating agents are
contained in the antifouling coating compositicn in the
10 above amount, the storage stabllity thereof tends to be
increased.

Leaching accelerating component (E)

The antifouling coating composition of the present
invention may contain a leaching accelerating component
15 (E) . The leaching accelerating component (E) can be,
for example, any of rosins, rosin derivatives, organic
carboxylic acids and metal galts of organic carboxylic
acids.
Examples of the rosins include gum rosin, wood
20 rosin and tall oil rosin. All of these can be used in
the present invention. Examples of the rosin
derivatives include disproportionated rosin, low-
melting-point disproportionated rosin, hydrogenated
fosin, polymerized rosin, maleic rosin, aldehyde-

25 modified rosin, polyoxyalkylene esters of rosin,
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reduced rosin (rosin alcohol), metal salts of rosin
(e.g., copper, zinc, magnesium and potassium salts of
rosin) and rosin amine. These rosins and derivatives

thereof can be used individually or in combination.

As the organic carboxylic acids, there can be
mentioned, for example, natural and synthetic fatty
acids having about 5 to 30 carbon atoms. Examples of
the organic carboxylic acids include pivalic acid,
lauric acid, stearic acid, oleic acid, isononanoic acid,
versatic acid, tall oil fatty acid, isostearic acid,
naphthenic acid, 2-ethylhexanocic acid, cocenut oil
fatty acid and soybean fatty acid. Examples of the
metal salts of organic carboxylic acids include copper,
zinc, magnesium and calcium salts of the above acids.

Among these leaching accelerating components,
rosins andlrosin derivatives are preferred. These
leaching accelerating components can be usged
individually or in combination.

It is preferred that these leaching accelerating
componentslbe contained in an amount of 0.1 to 30 parts
by weight, especially 0.1 to 20 parts by weight, and
still especially 0.5 to 15 parts by weight, per 100
parts by weilght of antifouling coating composition.

The content of leaching accelerating components is

preferred to fall within these ranges from the
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viewpoint of coating film strength, antifouling
performance and water resistance.
Per 100 parts by weight of (poly)oxyalkylene block

silyl ester copolymer A contained in the antifouling

Lh

coating composition, it is generally preferred that the
leaghing accelerating components, in toﬁal, be
contained in an amount of 0.3 to 600 parts by weight,
especially 2 to 300 parts by weight.

When the content of leaching accelerating
10 components in the antifouling coating composition is
within these rangeé, the antifouling performance and
coating film consumability tend to be improved.

Vinvl ether (colpolvmer (F)

The vinyl ether (co)polymer, when added to the

15 antifouling coating composition of the present
invention, c¢ontributes to enhancement of the cracking
resistance, peeling resistance and leaching velocity
stability of obtained coating film and further
functions as a goating film forming component.

20 The vinyl ether (co)polymer can be, for example,
any of polyvinyl methyl ether, polyvinyl ethyl ether,
polyvinyl isopropyl ether and polyvinyl isobutyl ether.

It is generally preferred that the vinyl ether
(co)polymer (F) in total be contained in an amount of

25 0.1 to 10 parts by weight, especially 0.2 to 5 parts by
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weight, per 100 parts by weight of antifouling coating
composition. Per 100 parts by weight of silyl ester
copolymer A contained in the antifouling coating
composition, it is generally preferred that the vinyl
ether (co)polymer be contained in an amount of 0.3 to
60 parts by weight, especially 0.6 to 40 parts by
welght.

Moreover, various polymers having a hydrophilic
group can be used in place of the vinyl ether
(co)polymer or togethér with the vinyl ether
(colpolymer. The polymers having a hydrophilic group
can be, for example, variocus {(alkoxy)polyalkylene
glycol mono {meth)acrylate (co)polymers such as
(methoxy)polyethylene glycol meono {meth)acrylate
{co}polymer. The same effect as exerted by the vinyl
ether (co)polymer can be realized by the use of these
polymers.

Plasticizer (G)

As the plasticizer, there can be emploved
plasticizers customarily used in paints, such as
orthophosphoric acid esters, chlorinated paraffin,

phthalic acid esters and adipic acid esters. These

plasticizers can be used individually or in combination.

?

04d
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When these plasticizers are used, they are added
to the antifouling coating composition in an amount of,
for example, 0.1 to 10% by weight.

These plasticizers contribute to enhancement of

5 the cracking resistance of coating film {also referred
to as "antifouling coating film" herein) formed from
the resultant antifouling coating composition. Among
the above plasticizers, chlorinated paraffin and
orthophosphoric acid esters such as tricresyl phosphate

10 (TCP) are preferred.

The chlorinated paraffin may be linear or branched,
and may be liquid or solid (powdery) at room
temperature. As the chlorinated paraffin, there can be
mentioned, for.example, "Toyoparax 150" and “"Toyoparax

15 A-70" produced by Tosoh Corporation. In the present
invention, two or more chlorinated paraffins which are
different from each other in chlorine content and
number of carbon atoms can be used in approbtiate
combination. When two or more chlorinated paraffins

20 are used in combination, the number of carbon atoms and
chlorination ratioc of chlorinated paraffin refer to
averages of the respective numbers of carbon atoms or
chlorination ratios of chlorinated paraffins contained

in the antifouling coating composition.
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When the above chlerinated paraffin is used as the
plasticizer (@), it is generally preferred.that the
chlorinated paraffin be contained in an . amount of 0.05
to 20 parts by weight, especially 0.1 to 15 parts by

5 weight, per 100 parts by weight of antifouling coating
composition. Per 100 parts by weight of silyl ester
copolymer A contained in the antifouling coating
composition, it is preferred that the chlorinated
paraffin be contained in an amount of 1 to 50 parts by

10 weight, especially 2 to 40 parts by weight. When the
amount of chlorinated paraffin is within these ranges,
the effect of suppressing ccating film cracking,
coating film strength and damaging (impacﬁ) resistance
are enhanced.

15 When an orthophosphoric ester is used ag the
plasticizer (G), it is generally preferred that the
orthophosphoric ester be contained in an amount of (.05
to 20 parts by weight, especially.o.l to 15 parts by
weight, per 100 parts by weight of antifouling coating

20 composition.

Per 100 parts by weight of silyl ester cépolymer A
ccntained in the antifouling coating composition, it is
preferred that the orthophosphoric ester be contained
in an amount.of 1 to 50 parts by weight, especially 2

25 to 40 parts by weight.
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When the orthophosphoric ester is contained as the
plasticizer (G), a coating which hardly cracks and
peels can be formed, and the consumability of coating
film can be enhanced.

5 Dehvdrating agent (H)

This antifouling coating composition may be loaded
with an inorganic'or organic dehydrating agent. The
antifouling.coating composition loaded with a
dehydrating agent exhibits an enhanced storage

10 stability.

The dehydrating agent can be, for example, any of
anhydrous gypsum (CaS0,), synthetic zeolite adsorbents
(trade name: Molecular Sieve}, orthoesters such as
methyl orthoformate and methyl orthoacetate, orthoboric

15 esters, silicates and isocyanates (trade name: Additive
TI). 1In particular, anhydrous gypsum and Molecular
Sieve are preferably used as the inorganic dehydrating
agent (H}. Such dehydrating agents can be used
individually or in combination.

20 7 It is generally preferred that the above
dehydrating agent be added in an amount of 0.02 to 100
parts by weight, especially 0.2 to 50 parts by weight,
per 100 parts by weight of (poly)oxvalkylene block

silyl ester copolymer A.
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Further, it is generally preferred that such
dehydrating agents, in total, be contained in an amount
of 0.01 to 20% by weight, especially 0.1 to 8% by
weight, based on the antifouling coating composition.

5 When the dehydrating agents are contained in the
antifouling coating composition in the above amount,
the storage stability thereof tends to be increésed.

Other component
The antifouling coating compogition of the present

10 invention may be loaded with the following components,
other than the above components, for example, an
antisagging/antisetting agent, wvarious pigments such as
a.color pigment and a body pigment, various resins such
as acrylic resins (excluding the above vinyl ether

15 (co)polymer) and various additives such as a defoamer,
an antiflooding ageﬁt and a leveling agent.

Antisagging/antisetting agent

The antifouling coating composition may be loaded
with conventional antisagging/antisetting agents in
20 arbitrary amounts. Examples of suitable
antisagging/antisetting agents include salts such as aAl,
Ca and Zn stearates, lecithinates and alkylsulfonates,
polyethylene wax, hydrogenated castor oil wax,
polyamide wax, mixtures of these waxes, synthetic

25 particulate silica and polyethylene oxide wax. Of

N O
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these, hydrogenated castor cil wax, polyamide wax,
synthetic particulate silica and polyvethvlene oxide wax
are preferred. Further, use can be made of
antisagging/antisetting agents commercially available
by the trade names, for example, "Disparlon A-603-20X*"
and "Disparlon 4200-20", which are produced by Kusumoto
Chemicals, Ltd.

Pigment and solvent

Various conventional organic and inorganic
pigments (e.g., titanium white, red iron oxidé, organic
red pigments apd talc) can be used as the pigment in
the antifouling coating compositidn. In addition,
various colorants such as dyes ﬁay be incorporated in
the antifouling coating composition.

The cracking resistance of coating film can be
enhanced by the use of pigments with needle, flat and
flake forms.

Various solvents customarily used in antifouling
paints, such as aliphatic, aromatic (e.g., xylene and
toluene), ketone, ester and ether solvents, can be
incorporated in the antifouling coating composition.
The solvent used in the preparation of silyl ester
copolymer may be contained in the solvent.

Various regins
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Examples of suitable resins include an acrylic
resin, a chlorinated polyolefin resgin, a chlorinated
rubber resin, a petroleum resin, a vinyl chloride resin,
a vinyl acetate resin, a polystyrene resin, a butyral
5 resin and an ionomer resin.

Production of antifoulinag coating composition

The antifouling coating composition of the present
invention can be produced by appropriately employing
customary techniques. For example, the antifouling

10 coating composition can be ohtained by subjecting the
(poly)oxyalkylene block silyl ester copolymer A and,
per 100 parts by weight of (poly)oxyalkvlene block
silyl ester copolymer (A), 3 to 1400 parts by weight of
copper and/or a copper compound (B), 0.07 to 1200 parts

15 by weight of an organiclantifouling agent {(C), 2 to 700
parts by weight of zinc oxide (D), 0 to 600 parts by
weight of a leaching accelerating component (E), 0.3 to
200 parts by weight of a vinyl ether (co)polymer (F), 1
to 50 parts by weight of a plasticizer (G), 0.03 to 200

20 parts by weight of a dehydrating agent {e.g., anhydrous
gypsum and Molecular Sieve) (H) and appropriate amounts
of an antisagging/antisetting agent, a pigment, a
solvent, etc. to addition conducted once or in
arbitrary sequence and to agitation, mixing, dispersion,

25  etc.
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antifouling coating conposition The conponents of eacﬂ Npvanplery | ati ons
of 5 Table 2 were charged into a paint shaker packed with glass beads as
nmedi a, shaken for 2 hr, and filtered through a 100-nmesh filter, thereby
obtaining the desired antifouling coating conpositions. Wth respect to
each of the antifouling coating 10 conpositions, the storage stability
exhibited after storage at roomte ature for two nonths was eval uated.
The results are also given in Table Z.° Evaluation of storage stability was

made on the 15 hasi s.1fs %ﬁ@ﬂ?ﬁ%tﬁfoﬂi§%§ség¥t£§§ xe'{ng%saltu%“

nmeasured by a Storrrer Vi sconet er t ed stor om't erature

for two nonths e thiEs p@gz(gﬁ ggrg)glggtégg QXsth |O\éll g measure. .
(Criterion for eva uati on) 3 Osity T NErene S8 8%4n 10, 4
viscosity ingrament.js in,the range, of RTY: 1£§§Sc Q?ngo’
composition satisfies various requirements for
5 performance such as antifouling cocating adherence .
durability and antifouling properties.

For example, hulls and marine structures covered
with an antifouling coating film having excellent
cracking resistance and antifouling properties can be

10 obtained by applying the above antifouling coéting
composition to the surface of various shaped items
{bases), such as an underwater/floating structure,
namely, a marine structure (e.g., plumbing port of a
nuclear power station), a sludge diffusion preventive

15 film for use in various ocean civil works for a
bayshore road, an undersea tunnel, port facilities, a
canal/channel, etc., a marine vessel and a fishing gear
(e.g., a rope and a fishing net), once or a plurality
of times according to the customary procedure, and

20 drying the applied antifouling coating composition.
This antifouling coating compositions may be directly
applied to the surface of hulls and marine structures,
or applied to the surface of hulls and marine

structures precoated with an undercoating material such

25 as a rust preventive or a primer. Moreover, the



3: viscosity increnment is in the range of 20 to less than 3 0 , 25 2:
viscosity increment is 30 or greater, and 1 Novenber 200¥venker3qidre is no
fluidity, and nmeasuring of Ku value was inpossible. Furthernore, with
respect to each of the antifouling coating conpositions, the antifouling 5
performance and consumability were evaluated in the follow ng manners. The
results are also given in Table 2. Evaluation of antifouling performance
There was provi ded a sandbl ast ed steeé plate of 70 10 x 200 x 3 mm havi ng
been machi ned to have such a bending ¥hat it can be nounted on the side of
arotary druminstalled in the seawater in the Bay of Hi roshinma. An

epoxy- based S HEFH R DHricRtinancepexyi bhsedofatbecoressinte paint and a
vinyl binder coat were 15 successively applied in this order to the

sandbl ast ed 1Dt Q31 A3y ek tHeplie@ aespetobvecht| firrhireknésses were 20,
150 and 50 m respectively, in the dry state. Thereafter, each antifouling
coating conpdsi tSugrfaas bt hwekledendsmaninal byrapphired omrteibhelgoat ed
steel plate 20 in the radius direction fromthe center thereof by the use
of an appli catedredniwitn Wearameen viondD anthfduldniedatndooks ther 7 days.
Thus, specinmen plates were obtained. This specinen plate was nounted on
the rotaby dmumfowd5mndcatang idampdésiriest oEnthiegpkystaul i ng environnment
1 Novenber 2004 100 for 12 nonths was carried out by rotating the rotary
drum at a pemivehmeriain .speadfudh kiios stiandkaesa 58%hepghatisnltalt ernate

operation conprising 12-hr working
coating thus formed on the surface of hulls and marine
structures is not particularly limited, for example, it
ranges from about 30 to 150 um for each application.

10

EFFECT OF THE INVENTION
The (poly)oxyalkylene block silyl ester copolymer
of the present invention, when used in an antifouling
paint, is excellent in self-polishing properties

13 (consumability) and long-term antifouling performance,
especiélly long-term antifouling performance in highly
fouling sea area, and also excellent in coating
cracking resistance and peeling resistance. Moreover,
the (poly)oxyalkylene block silyl ester copolymer,

20 because of the containing of block units derived from a
mercapto compqund, enables reduction of the use of
solvents, thereby exhibiting such excellent performance
as enhanced coating efficiency (i.e., enhanced

sprayability, roller applicability and brush

25 applicability).



during the night and 12-hr stop during the daytine). 5 The antifouling
performance was eval uated by visual inspection accor dil f{Pves®ere2G04 | owi ng
criteria. (Criterion for evaluation) 5: no adherent matter is observed on
the coating surface, 10 4: thin sline adherence is observed on the coating
surface, 3: thick slime adherence is observed on the coating surface, 2:
slinme adherence and partial adherence of 15 Ectocarpal es and other plants
are observed on the coating surface, _and 1: all the coating surface is
covered with Ectocarpales and other B?ants. The consumability was

i nvestigated under the: 20 follow ng conditions. (Evaluation of

consumabi | i ty) AfCERSY-Wadetd FAAhRTS T or i WEPD L EPR epbR9TBasEd
anticorrosive pagint and a vinyl binder coat were applied in this order at
an i nt erval PEPVGRE AR 136 td B i nk - eprapb saemppasteansvbarhpl ate of 300
mm di aneter ' 1 Novenber 2004 101 and 3 nmthi ckness so that the respective
film thickfeeddesnwdremimg Brrtamn snr feekpest tvetyngi as ehbibidysst at e.
The obtained coated steel plate. was dried indoors for 7 days. Thereafter,
each anti f o&EiSEg CF aEdFamon ¢ aesifpos t i ofc e bl det tadhedemas sadeal by appl i ed
onto the coated steel plate in the radius direction fromthe center
t her eof Dy eheugse lofs saweadplnedtaordeniyt hrmd cdeat vaicky ofoh0fohtednd dri ed
i ndoors for 7 days. Thus, specinmen plates were obtained. 10 Each of the
speci men pl avdsolas isecwted stoo s not dre anteYDémt efh i antafbbeiagstat fill ed
wi th 25C seawat er
properties, in particular, antifouling properties in
highly fouling environment and long-term antifouling
properties, which antifouling coating film is further
10 excellent in a balance of these properties.

Further, according to the present invention, there
is provided a coating film with the above excellent
properties, and provided a hull or underwater structure
covered with the coating film to thereby have. the above

15 excellent properties.

Still further, according to the present invention,
there is provided an antifouling method wherein the
above antifouling coating composition is emploved to

thereby enable rendering the danger of environmental

20 pollution extremely low.

EXAMPLE
The present invention will further be illustrated
below with reference to the following Examples which in

25 no way limit the scope of the invention. In the fol-



at a peripheral speed of 15 knots for 12 nonths. The degree of consunption
(decrease of coating film thickness) in‘the vicinity dfNaveanke 2Q04 er ence
of 15 specinmen plates was nmeasured. The evaluation results are al so given
in Table 2. Furthernore, the condition of each coating filmat the tine
of neasuring the decrease of coating film thickness was eval uated by

vi sual inspection according 20 to the following criteria. (Criterion for
eval uation) 5: no abnornmality is on the coating, 4: sonme tiny cracks are
observed, 3: tiny cracks are observed9%verall 25 2: sone clear cracks are
observed, an( 0 acks are served overall. The
eval uati on regélts are a}so gl%eéoﬁgaggg? xaEBnﬁgneE?“héﬁBﬁ%latures

enpl oyed in g) e,ZIQrgngs" : g% Toyoparax 15011 chl ori nat ed
paraffin prodiced by To56h %%F %r%Yl%ﬁl aving 14.5 carbon atoms on the
average, a chIorEpe qagtent of 50% a viscosity of 12 ps at 25C and a
specific graV|ty h 25C, 10 (2) "Lutonal A-25" polyvinyl ethyl

et her produced by BASF AG, haV|no of 2.5 to 6.0 Pas at 23C and
a specific graviBRot-olarlobe:; - o TS0,
WNrosin_in xylene (4) "Cbpper naphthenate solutlon" sol ution of copper
naphthenate=ﬁn xyl ene, having a copper content in solution of 8% (5)

" Sol ubl e anhydrous gypsunlD-l"

parts of xylene was charged in a reaction

a VI SCOSI t
Gk ghplyl

vessel equipped with an stirrer, a condenser, a
thermometer, a dropping device, a nitrogen introduction
tube and a heating/cocling jacket, and heated under

10 stirring at 85°C while blowing nitrogen thereinto. A
mixture of 40 parts of triisopropylsilyl acrylate, 55
parts of methyl methacrylate,.l-s parts of mercapto
compound M-1 defined below and 1 part of 2,2'-
azobisisobutyronitrile as an initiator was dropped

15 through the dropping device into the reaction vessel
while maintaining the above temperature over a period
of 2 hr. The stirring was continued at the same
temperature for 4 hr. Further, 0.4 part of 2,2'-
azobisisobutyronitrile was added, and the agitation was

20 continued at the same temperature for 4 hr. Thus, a
colorless transparent solution of (poly)oxyalkylene
block silyl ester copolymer (BP-1) was obtaiﬁed.

The heatiﬁg residue (residue resulting from drying

in a hot air dryer at 105°C for 3 hr) from the obtained

25 solution of (poly)oxyvalkylene block silyl ester



20 111 CaSHA white powder of 15 m average particle dianeter, produced by
Noritake Co., Ltd. p (6) "Disparlon 4200-20" pol yet hyl ethdNesendgeen@B04 20%

xyl ene paste), produced by Kusunoto Chemicals, Ltd.; 25 (7) "D sparlon
A603 -20X" 1 Novenber 2004 103 fatty acid am de wax (20% xyl ene paste),
produced by Kusunoto Chem cals, Ltd.; (8) "Kyowanoic N’
3,5,5-trinet hyl hexanoi c acid (isononanoic acid), produced by Kyowa Yuka
Cc,, Ltd.; (9) "Versatic 10 (versaticgacid)" tertiary synthetic fa:tty acid
(10 carbon atons on the average), produced by Shell' Chem cal; and (10)

Napht heni ¢ aebslo(agid Vabue)2@@buntQCamparratsy e Exames. 3 and 4 _
Antifouling coating conpositions were prepared in the sanme manner as in

Exanpl es 21-&DséBsieyC&ﬁtzsh@tthéhéofoﬁaﬂ|a@i@E%,FQ%BGQBeW%%Qgﬁhanged as
specified in 15 Table 2- Wth respect to the obtained antifouling coating

VAl uat ed 1T S e 20 PR T ot o 1
molecular weight (Mn)}, measured by GPC, of the residue
5 were 5603 and 2748, respectively.

GPC chromatogram and IR spectral chart of
(poly)oxyalkylene block silyl ester copolymer (BP—lj
are given in Figs. 1 and 2, respectivgly.

- GPC and IR measurements were performed under the
10 following conditions.

(Conditions for GPC meésurement)

Instrument: HLC-8120 GPC manufactured by Tosoh
Corporation,

Column: Super H2000+H4000, 6 mm inside diameter

15 and 15 cm, manufactured by Tosoch Corporation,

Eluant: THF,

Flow rate: 0.500 ml/min,

Detector: RI, and

Tempefature 0of column thermostat: 40°C.

20 (Conditions for IR measurement)

Instrument: Hitachi infrared spectrophotometer,
model 270-30, manufactured by Hitachi, Ltd., and

Measuring method: KBr cell, coating method.

Compound M-1:

25
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I |
HSC,H,~CO~(CoH40),——CCoH,SH

Examples 2 to 20 and Comparative Examples 1 and 2

Copolymers (BP-2} to (BP-20) and copolymers (H-1)

5 and (H-2)

These (poly)oxyalkylene block silyl ester
copolymers (BP-2i to (BP-20) and comparative copolymers
(H-1) and (H-2) were produced in the same manner as in
the preparaﬁion of (poly)oxyalkylene block silyl ester

10 copolymer (BP—l), except that the composition of
dropping component migture was changed as specified in
Table 1. The properties of these copolymers
(solutions}) were also measured in the same manner.

The formulae for mercapto compounds M-2 to M-12

15 used in the preparation of these copolymers are given

below. The results are also specified in Table 1.
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Il
CHaO{C3H40)o2C—CoH4SH (M-2}

fl - (M-3)
HSCQH4‘CO'(CZH4O)1g_C‘_CgH4SH

S
o—C— O~ /\/N
} CTNA © SH (M-4)

P Y aa it

(M-5)

(M-6)

0O
CHA(0CHe0CaHig—NH-G—0—{
g SH

[0/\@/\
CH3(0C3Hgh o{QCH4 a2~ NH-C—
g SH

{M-T)

s
HS
o—c— f[\, N—c— —C
vl, I
S
g {"
_ N—_ o
S ' oas)
i
}o—c NH-CaHgO(C2H40)2CsHg——NH- c—-~o{
ISI SH

(M-8)

(M-10)

Il K (Mei1)
HSCHy—CO~(CoH0),—C—CH,SH

o
CHZO(CH2CH20)4O~CCHZSH
HSCHy: CO(CHzCHzO)4CHzc—CH20(CHch20) —CCH,SH

I
O

CH0(CHzCH0),0-CCHaSH  (-12)
o)
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Examples 21 to 48

Preparation of antifouling coating composition

The components of each of the formulations of
Table 2 were charged into a paint shaker packed with
glass beads as media, shaken for 2 hr, and filtered
through a 100-mesh filter, thereby obtaining the
desired antifouling coating compositions.

With respect to each of the antifouling coating
compositions, the storage stability exhibited after
storage at room temperature for two months was
evaluated.

The results are also given in Table 2.

Evaluation of storage stability was made on the

basis of an increment of viscosity (Ku value at 25°C

measured by a Stormer viscometer) exhibited by storage

at room temperature for two months after the paint
production by the following measure.

{(Criterion for evaluation)
5: viscosity increment ig less than 10,
4: viscosity increment is in the range of 10 to less
than 20,
3: viscosity increment is in the range of 20 to less
than 30, |

2: viscosity increment is 30 or greater, and

ri NMC 4. 1~0L~0001HNW1nWC- - COOLQU al
Nwwwwwr Frlrlrlricfrir-21riri NNNL . wwAL D, , ; wawnawwwwy xx QNaovember 2004
asasmmasi nmmmadnasnmdammra d~nG .~ N " -r-Hr,k,al6 p O?+HO i

[ ny,u
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1: there is no fluidity, and measuring of Ku value was
impossible.
Furthermore, with respect to each of the
antifouling coating compositions, the antifouling
5_ performance and consumability were evaluated in the
following manners.
The results are also given in Table 2.

Evaluation of antifouling performance

There was provided a sandbiasted steel plate of 70
10 x 200 x 3 mm having been machined to have such a
bending that it can be mounted on the gide of a rotary
drum installed in the seawater in thé Bay of Hiroshima.
An epoxy-based zinc—rich primer, an epoxy-based
anticorrosive paint and a vinyl binder coat were
15 successively applied in this order to the sandblasted
steel plate so that the respective film thicknesses
were 20, 150 and 50 pm, respectively, in the dry state.
Thereafter, each antifouling coating composition to be
tested was radially applied onto the coated steel rlate
20 in the radius direction from the center thereof by the
use of an applicator with a clearance of 500 pm, and
dried indoors for 7 days. Thus, specimen plates were
obtained._
This specimen plate was mounted on the rotary drum,

25 and an antifouling test in highly fouling environment
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for 12 months was carried out by rotating the rotary
drum at a peripheral speed of 5 knots and at a 50%
operation (alternate operation comprising 12-hr working
during the night and 12-hr stop during the daytime) .

5 The antifouling performance was evaluated by
visual'inspection according to the following criteria.

(Criterion for evaluation)

5: no adherent matter is observed on the coating
surface,

10 4: thin slime adherence is observed on the coating
surface,
3: thick slime adherence is observed on the coating
surface,
2: slime adherence and partial adherence of

15 Ectocarpales and other prlants are observed on the
coating surface, and
1: all the coating surface is covered with Ectocarpales
and other plants.
The cohsgmability was investigated under the
20 following conditions.
(Evaluation of consumability)
An epoxy-based zinc-rich primer, an epoxy-based
anticorrosive paint and a vinyl binder coat were
applied in this order at an interval of one day to a

25 disk-shaped sandblasted steel plate of 300 mm diameter
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and 3 mm thickness so that the respective film
thicknesses were 20, 150 and 50 pum, respectively, in
the dry state. The obtained coated steel plate was
dried indoors for 7 days. Thereafter, each antifouling

5 coating composition to be tested was radially applied
onto the coated steel plate in the radius direction
from the center thereof by the use of an applicator
with a clearance of 500 pum, and dried indoors for 7
days. Thus, specimen plates were obtained.

10 Each of the specimen plates was secured to a motor
and rotated in a thermostat filled with 25°C seawatef
at a peripheral speed of 15 knots for 12 months. The
degree of consumption (decrease of coating f£ilm
thickness) in the vicinity of the circumference of

15 specimen plates was measured.

The evaluation results are also given in Table 2.

Furthermore, the condition of each coating-film at
the time of measuring the decrease of coating film
thickness was evaluated by wvisual inspection according

20 to the following criteria.

(Criterion for evaluation)
5: no abnormality is on the coating,
4: some tiny cracks are observed,
3: tiny cracks are observed overall,

25 2: some clear cracks are observed, and
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1: clear cracks are observed overall.
The evaluation results are alsoc given in Table 2.
Component nomenclatures employed ih Table 2 are as
follows:

5 (1) "Toyoparax 150"

chlorinated paraffin produced by Tosoh Corporation,

having 14.5 carbon atoms on the average, a chlorine

content of 50%, a wviscosity of 12 ps at 25°C and a

specific gravity of 1.25 at 25°C:

10 (2} "Lutonal A-25"

polyvinyl ethyl ether produced by BASF AG, having

a viscosity of 2.5 to 6.0 Pa-s at 23°C and a specific

gravity of 0.96 at 20°C:

(3) "Rosin solution®

15 50% solution of WW rosin in xylene;
(4) "Copper naphthenate solution”
solution of copper naphthenate in xylene; having a
copper content in solution of 8%;
(5) nSoluble anhydrous gypsum D-1"
20

IIICasO, white powder of 15 um average particle

diameter, produced by Noritake Co., Ltd

.

{6) "Disparlon 4200-20"

polyethylene oxide wax (20% xylene paste),

produced by Kusumoto Chemicals, Ltd

L

25 {7) "Disparlon A603-20X"
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fatty acid amide wax (20% xylene paste), produced
by Kusumoto éhemicals, Ltd.;
(8) "XKyowanoic N®
3,5,5-trimethylhexanoic acid (isononanoic acid),
5 produced by XKyowa Yuka Co., Ltd.;
(8) "Versatic 10 (versatic acid}"®
tertiary synthetic fatty acid (10 carbon atoms on
the average), produced by Shell Chemical; and
{10) Waphthenic acid {acid wvalue 200}.
10
Comparative Examples 3 and 4
Antifouling coatiﬁg compositions were prepared in
the same manner as in Examples 21 to 48, except that
the formulations thereof were changed as specified in
15 Table 2. With respect to the obtained antifouling
coating compositions, the storage stability and
antifouling performance were evaluated in the same

manner.
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(1) E-r 1 Novenber 2004 110 CLAIMS 1. A (poly)oxyal kyl ene bl ock silyl
ester copolyner conprising silyl ester copol yner bl och Nmiersberj2004nd
bl ock units 5 said silyl ester copolyner-block units (i) conprising: (a)
conponent units derived froma polynerizable wunsaturated carboxylic acid
silyl ester, and (b) polynerizabl e unsaturated nonomer units other 10
"than the conponent units (a)., saididbock unlts (ii) derived froma

ner capt o rcpnpoyndyrepresgntiedr by —ther fornp-a—(RE)—35 4{CnH2N0) m
(G H210) |kQR2 SH 11 I zjor (DOCnHZ2N) O‘l‘n‘(’CClH)J) KX !sRZ |BH.wherein Rl
represent|s- g@_hydrocarbdon ¢rdupl of 20|%et|hel” - bond- |"tant jai|ni|ngl hydr o' car bon
group havéhgﬁa val ency ot 1 of highef~ and.having L tto 30 ¢arpon atons; R2
0w . . .. " la | o
represent{§ g '|bijval ent| hydrqcaf bon [gr pup-havi ng |& [ |30 |eafbpn atoms or a
group of thgg'ornu a -[CH(R3)[t Novenmper 200411t 7whererm R3] represents a
o o (n e
group of [thgsforjmula R4- O RG, g lala [T e B ] 2|5 ]w
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R4 representing a bival ent hydrocarbon group having 1 to 30 carbon atons,
and R5 representing a nonoval ent hydrocarbon group hatiNgyemhkeas 2884car bon
atons; X 5 represents: -CGO , or -N--CO SHS10; n is an integer of
1tob5 mis aninteger of 1 to 100; 1 is an integer of | to 5; k is an
i.nteger of O to 100; a is an integer of O or 1; j is an integer of 1 to
50; 15 and i is the valency of RL. 2. The (poly)oxyal kyl ene bl ock silyl
ester copolyner as clainmed in claim 1, wherein the conponent units
.derived fropya pel ynerizabl e unsaturated carboxylic 20 acid silyl ester
(a) contain conponient units (a-1) derived froma silyl (meth)acrylate of

the fornmul a: .- CH2- i RaRbRc).- (1), wherein represents a hydrogen atom
or a nethyl 1grou6$3§W 4 ?xﬁg}%ﬁﬁfé&:%%ﬁc es?ﬁg%t?ggﬁﬁﬁﬁmp%¥m25'different :
from each other and.each represent a linear alkyl group, a branched alkyl
group, a cycF8EPRYE§foidid: \I\’Rﬁ/te‘?fbe‘?o%%)ﬁmﬁﬁzbl%ic%u‘b%%& Utied e _
unsubsti tuted_phenyl group.or a trimethylsilyloxy group. 3. The
: (pon)oxyaIk%ﬂ@ﬁé.ﬁP&%ﬁ g?ﬁyr_ester copolyner 5 as clained in claim 2,
wherein af |east one of the Ra, Rb and Rc of the fornula (1) represents a
branched 4l kyl gr 8&p % F1id Ydy @sd8k AR BURLRT P loawe Ppots)(Gxyal kyl ene bl ock
'silyl ester copolyner 10 as clainmed in any of clains 1-to 3, wherein the
conponent unFPEPEEFIEEd from a pol ynerizable unsaturated carboxylic acid
silyl ester (a) conprise: silyl (neth)acrylate conponent units (a-2) of
t he (a) component units derived from a polymerizable
unsaturated carboxylic acid silyl ester, and

(b) polymerizable unsaturated monomer units other

10  than the component units (a),
said block units (ii) derived from a mercapto

compound represented by the fofmula;

. O . N
I
(Rl)—{O—G(CnH%O)mm(ClHZ;O)k }j C R® SH . -+ (1)

Wherein Ri represents a ﬁydrocarbon'group or

20 ether~bond-coﬁtaining-hydrobarbon group having a
valency of 1 or higher and having 1 to 30 carbon atoms:
R represents a bivalent hydrocarbon group having 1 to |

30 carbon atoms or a group of the formula -CH(RB)-



formula: 15 -CH2- CR(COOSI R11R-2R13) - (I11) wherein R represents a hydrogen
atomor a nethyl group; each of R11 and R12 i ndependeitNgverngiare¥t s a

| i near al kyl group having |.to 10 carbon atons, a substituted or
unsubstituted phenyl group, or a 20 trinethylsilyloxy group; and R13
represents an al kyl group having 1 to 18 carbon atons which may have a
ring structure or branch, a substituted or unsubstituted phenyl group
having 6 to 10 carbon atonms, or a trinethylsilyloxy group, and 1 Novenber
2004 113 silyl (meth)acrylate conpongnt units (a-3) of the fornula:

- CH2- CR( COOSi R14R15R16) - (111) wherein R represents a hydrogen atomor a

Tethyl |5 gripudie 83CkY Of e RldseRtls RIS o RIBPERIHL! % S GRNGSENL S, &s5 branched
(0]

al kyl or cycl oal kyl group having 3 carbon atomns; and r'epresents

a linear al ky4 g having, 1.t a ' a _branched al kyl or
cycl oal kyl group having 3 ?oalsgggiggg %?gﬁggggg%ﬁ qosH t %ﬁ?%ﬂy

unsubsti t ut u in o _10 _carbon atons, or a
trinFthy|Siﬁ§1§?§T§§3%%£ %Fgﬁ%é %?§!§)o§§§FEiF8%én§IScﬁth$ﬂ§%ﬂﬁeﬂ -
copol yner n_any of clai : erein e pol ymeri zabl e
unsat ur at ed n&%%r d%%t%g?%? o?ﬁé?gggaﬁo ?HecégESBnéﬁPmﬁﬁiﬁé (a) conpri se
conponent “@éﬁ} ggg. .derived froman acrylic unsaturated nononer
cont ai ni hg “a“polar oup. 20 6. The (poly)oxyal kyl ene bl ock silyl ester
copolynmer as clained in claim5, wherein the conponent units (b- 1)
derived froman acrylic ggga;urated monojer qggigining a polar group have
conponent units deriveﬁ? from an Sfryliclun|at at ed nononer containing at

| east 3 H S

10
pon
is an integer of 1 to 5; m is an integer of 1 to 100; 1
is an integer of 1 to 5; k is an integer of 0 to 100; a

is an integer of 0 or 1; j is an integer of 1 to 50;

15 and i is the valency of RT.

2. The (poly)oxyalkylene block silyl ester copolymer
as claimed in claim 1, wherein the componeﬁt units
.derived from a polymerizable unsaturated carboxylic

20 acid silyl ester (a) contain component units (a-1)
derived from a silyl (meth)acrylate of the formula:
-CH4 - CR {COOSiR@RPRC) - (1)
wherein R represents a hydrogen atom or a methyl
group; and R®, RP and R may be identical with or
25 different from each other and each represent a linear

alkyl group, a branched alkyl group, a cycloalkyl group,



25 one polar group selected fromthe group consisting of a 1 Novenber 2004
114 hydroxyl group, a hydroxyal kyl group, an al koxyl §MNaygmbeg 2004

pol yoxyal kyl ene group, an al kyl pol yoxyal kyl ene group, an am no group, an
N-substituted am no group, an am do group, an N-substituted am do group,
an epoxy group, an 5 oxilane group, an oxol ane group, an oxetane group, a
tetrahydrofurfuryl group and a norpholino group. 7. An antifouling coating
conposition conprising a (poly)oxyal kyl ene bl ock silyl ester copolyner,
whi ch 10 (pol y)oxyal kyl ene bl ock silyllZ2ster copolynmer conprises silyl
ester copol yner block units (A-1) and block units (A-2), said silyl ester
copol yner blaockulpmiisu{®d 1or coapbisiingtedbphahvaorpangntoni ts derived
froma polynerizable wunsaturated carboxylic acid silyl ester, and (b)

pol ymer i zabl ter umstlt vl et 2ell ooypogesupni t s-ot her  than the conponent units
(a), said block units (A-2) derived froma nercapto 20 conpound
represented by the formula: 0 04( CnH2n0) m (ClH210) k* ICR2 SHi (1) or
1 Novenber 2004 115 (R1) (OCnH2n) m (OC1H21) k X-R2 SH - - (2) 7 i Ha

wherein Rl represemd s (o lyds 0621 RPN 80ROk 3 19hhe RN Gt ng
hydr ocar bon group having a '
5 as claimed in claim 2, wherein at least one of the RrR?,

R® and RC of the formula (I) represents a branched

alkyl group or a cycloalkyl group.

4, The (poly)oxyalkylene block silyl ester copolymer
10 as claimed in any of claims 1 to 3, wherein the

component units derived from a polymerizable

unsaturated carboxylic acid silyl ester (a) comprise:

silyl (meth)acrylate component units (a-2) of the

formula:

15 -CH, - CR (CO0SiRI1R1IZ2R13) (11)

wherein R represents a hydrogen atom or a methyl

group; each of R11 ang r12 independently represents a
linear alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted phenyl group, or a

20 trimethylsilyloxy group; and r13 represents an alkyl
group having 1 to 18 carbon atoms which may have a ring
structure or branch, a substituted or unsubstituted
phenyl group having 6 to 10 carbon atoms, or a

trimethylsilyloxy group, and



val ency of 1 or higher and having 1 to 30 carbon atons; R2 represents a

bi val ent hydrocarbon group having 1 to 30 carbon at ong Veﬂﬂﬁﬁéﬁp4of t he
formula -CH(R3)- wherein R3 represents a group of the formula R4-OR5, 10
R4 representing a bival ent hydrocarbon group having 1 to 30 carbon atons,
and R5 representing a nonoval ent hydrocarbon group having 1 to 30 carbon

atons; X represents: 15 -CO , or NGO--Il1 I I SHS; nis an
integer of 1 to 5 mis an integer of 1 to 100; 1 is 20 an integer of 1 to
5; kis an integer of 0 to 100; a is 1&ah integer of O or 1; j is an integer
of 1 to 50; and i is the valency of RL. 8. The antifouling coating

conposi tion as clsilgd (metRbactaiard, cohpbaibntt haieanmanent Jnids, derived
froma 1 Novenber 2004 116 pol yneri zabl e unsaturated carboxylic acid silyl
ester (a) daMmailw conponent units (a-1) derived froma silyl
(meth)acrylate of the fornmula: -CH2- CR(COOSI RaRbRc)- (1) 5 wherein R
represents a hydrﬂ%ﬁHTQﬂ(ﬂﬁQﬁi%;ﬁﬁ%ﬁy¥ ) group; {amd)Ra, Rb and RC may be
identical with or different from each other and each represent a |inear

Ky o0y 0uP (8 Dhtiherh ol kydp 0L Qufco % CHEPBLEY| S0ERUB, 2raighituted or

unsubstituted phenyl group or a 10 tri net yl oxy group.
antifoul §ng J.NG LAMMPsigion iai ? j im 8, wherein at |east
one of the Ra, and RC of the o%nulgﬁ ?#Q?%%bgggn SPECBFRNGhEd al kyl

group or 2 planidde BLUyo18a1 PP FPLLECHLL DG CqaLLNg (composi tion as
carbon atoms; and r16 represents a linear alkyl group
hgving 1 to 10 carbon'atoms, a branched alkyl or
cycloalkyl grdup having 3 to 10 carbon atoms, a

10 substituted or unsubstituted phenyl group having 6 to

10 carbon atoms, or a trimethylsilyloxy group.

5. The (poly)oxyalkylene block silyl ester copolymer
as claimed in any of claims 1 to 4, wherein the

15 polymerizable unsaturated monomer units (b) other than
the component units (a) comprise component units {b-1)
derived f;om an acrylic unsaturated monomer containing

a polar group.

20 6. The (poly)oxvalkylene block silyl ester copolymer
as claimed in claim 5, wherein thercomponent units (b-
1) derived from an acrylic unsaturated monomer
containing a polar group have component units derived
from an acrylic unsaturated monomer containing at least

25 one polar group selected from the group consisting of a



any of clains 7 to 9, wherein the conponent units derived froma

pol ymeri zabl e unsaturated carboxylic 20 acid silyl esteéMNQ@Mkas@ZNise:

silyl (meth)acrylate conponent units (a-2) of the formula:

-CH2- CR(COCSi R I R12R13) - (I1) wherein R represents, a hydrogen atomor a
met hyl 25 group; each of R11 and R12 independently represents a 1 Novenber
2004 117 linear alkyl group having 1 to 10 carbon atonms, a substituted or
unsubstituted phenyl group, or a trimethylsilyloxy group; and R13
represents an al kyl group having 1 tta418 carbon atons which may have a
ring 5 structure or branch, a substituted or unsubstituted ,phenyl group
having 6 to d¥dcarbdngabaps, aOhyadrcbdiaBiNY Igidut , 00h HIOURy ANG-SiLY!
(meth)acrylate conmponent units (a-3) of the formula: 10 ’

- CH2- CR( COOS} RF4RIGRES) kv { bhb) geBapei BnRarl%@rl%%Q@;cﬁiy%lWé}geer%ﬁgQ or a

met hyl group; each of R14 and R15 independently represents a branthed

al kyl or cycdmakiyho g5 0eBpNaxhng - 3ub@ 1. &3l BoN A YR, And, RLE represent s
a linear alkyl group 15 having 1 t(l)l 10 célr bon 3{15%3, a r’aﬁacrheacf“%f?(gyl or

cycl oal kyl gy08pp hayh ng.- 3.5+ 10ucaKLIR ;Lo bsti Lyt ed or
unsubstituted phenyl group having 6 to- %OEESP on4 Sire, Yo FPUP, an

trimethylssi Iyi%ngr?y&pgoaéloigﬁ]gagg irfoggl i ng %%%%nﬂgzcorrposi tion as

claimed in any of clains 7 to eéin"thé po &P urfsat ur at ed

nononer unit h nponent _units_(.a) conprise conponent
units (b-1) %%é%%%&ﬁ%ﬁﬂgﬁy%c%ﬁﬁg ﬁﬁga uF“ﬁfré’ﬁi‘oﬂ'éﬁlé’nﬁrroélé’nt ai ning a pol ar

group. 25 1 Novenber 2004

7. An antifouling coating composition comprising a
(poly)oxyalkylene block silyl ester copolymer, which
10 (poly)oxyalkylene block silyl ester copolymer comprises

silyl ester copolymer block units (A-1) and block units

(A-2),
said silyl ester copolymer block units (a-1)
comprising:
15 (a) component units derived from a polymerizable

unsaturated carboxylic acid gilyl ester, angd

(b) polymerizable unsaturated monomer units other
than the component units (a),"

said block units (A-2) derived from a mercapto

20 compound represented by the formula:

0
.l |
(RY) [o—é(cnﬂznmm——(clﬂzlm k—aj—c—-Rz_SH} (1)

1




118 12. The antifouling coating conposition as claimed in claim11,
wherein the component units (b-1) derived from an acr{INavenhss2904t ed
nononer containing a polar group are conponent units derived from an
acrylic 5 unsaturated nononer.containing at | east one polar group selected
fromthe group consisting of a hydroxyl group; a hydroxyal kyl group, an
al koxyl group, a polyoxyal kyl ene group, an ai kyl pol yoxyal kyl ene group, an’
am no group, an N-substituted am no group, an am do 10 group, an
N-substituted am do group, an epoxy gkbup, an oxilane group, an oxol ane
group, an oxetane group, a tetrahydrofurfuryl group and a norpholino
group. 13. The antifouling coating conposition as claimed in 15 any of
claims 7 to 12, further conprlses an ntifouling agent (g). 14. The
antifouling } @f cI m 7 to whi ch
further conp???es Zi 2%%1dec?%§ g5, aﬁ?_¥oullng oating (Y
conposition as clained |n any of clains 0’ 14, which fufther conprises
an inorgani c dehydrating agent (D). 25 | enber 2004 119 16. The
antifouling coating conposition as clainmed in any of clains 7 to 15, which
further conprises a |eaching accelerating conponent (E). 5 17. An
antifouling coating f|In1fornEd fromthe antifouling coating conposition
c.laimed in any ofhexdimi ! 7reprdfent8. a Anparbre r¥ess elroudn odnder wat er
structure, a 10 fishing gear or a fishing net, having a surface covered
Wi th the5ant¢ﬁkmﬁib@p@ﬂ@Qih@iﬁihg]ﬁpdﬁsdatbaﬁlb&@upamhwﬁgglEﬂg coating
conposition clained in any of

valency of 1 or higher and having 1 to 30 carbon atoms;

RZ represents a bivalent hydrocarbon group having 1 to
30 carbon atoms or a group of the formula -CH(R3)-
wherein R3 represents a group of the formula R4—O—R5,

10 Rr% representing a bivalent hydrocarbon g?oup having 1
to 30 carbon atoms, and RO representing a monovalent
hydrocarbon group having 1 to 30 carbon atoms; X
represents: |

15 —C—0— , or —N—-C—-0O-—

| - Lol
S H S

; n is

an integer of 1 to 5; m is an integer of 1 to 100; 1 1is

20 an integer of 1 to 5; k is an integer of 0 to 100; a is
an integer of 0 or 1; j is an integer of 1 to 50; and i

is the valency of rl,

8. The antifouling coating composition as claimed in

25 claim 7, wherein the component units derived from a



claims 7 to 16. 15 19. A nethod of rendering antifouling a marine vessel,

an underwater structure, a fishing gear or a fishing h OVE\mﬁQﬂ?Q%rrprl ses
applying the antifouling coating conposition claimed in any of clains 7 to
16 to a base surface of a marine vessel, an underwater structure, a 20
fishing gear or a fishing net and drying the applied antifouling coating
conposition so that a formed antifouling coating filmcovers the base
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(B), the units (A) conprising (a) conponent units derived fromad

pol yneri zabl enantsiad eir ol £6e caf boxy! E6ragid.silyl ester, and (b)
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followng formula (1) or (2), and further an antifouling pa| nt conprising
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10  trimethylsilyloxy group.

9. The antifouling coating composition as claimed in
claim 8, wherein at least one of the R?, RP and RC of
the formula (I) represents a branched alkyl group or a

15 cycloalkyl group.

16. The antifouling coating composition as claimed in
any of claims 7 to 9, wherein the component unitg
derived from a polymerizable unsaturatéd carboxvylic
20 acid silyl ester (a) comprise:
silyl (meth)acrylate component units (a-2) of the

formula:

-CH,-CR (C008iRYIR12R13) . (I1)

wherein R represents a hydrogen'atom or a methyl

25 group; each of RY1 ang rl2 independently represents a



represents: -CO or NGCO-II I Il SHS; ;nis aninteger of 1to 5 mis
anpi nteger of 1 to 100; 1 is an integer of 1 to 5; k |§?\K}Vemh6§g?&0f* of 0to
100; ais an integer of O or 1; j is an integer of 1 to 50; and i is the

val ency of RL. Figure 1
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linear alkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted phenyl group, or a
trimethylsilyloxy group; and r13 represents an alkyl
group having 1 to 18 carbon atoms which may have a ring
5 structure or branch, a substituted or unsubstituted
.phenyl group having 6 to 10 carbon atoms, or a
trimethylsilyloxy group, and
silyl (meth)acrylate component units (a-3) of the
formula:
10 -CHy-CR{CO0SiR14R15R1E) . (I11)
wherein R represents a hydrogen atom or a methyl
group; each of R14 and RS independently represents a
branched alkyl or cycloalkyl group having 3 to 10
carbon atoms; and r16 represents a linear alkyl group
I5 having 1 to 10 carbon atoms, a branched alkyvl or
cycloalkyl group having 3 to 10 carbon atoms, a
substituted or unsuﬁstituted phenyl group having 6 to

10 carbon atoms, or a trimethylsilyloxy group.

20 il. The antifouling coating composition as claimed in
any of claims 7 to 10, wherein the polymerizable
unsaturated monomer units (b) other than the component
units {(a) comprise component units (b-1) derived from

an acrylic unsaturated monomer containing a polar group.

25
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12. The antifouling coating composition as claimed in
claim 11, wherein the component units (b-1) derived
from an acrylic unsaturated monomer containing a polar
group are component units derived from an acrylic
unsaturated monomer containing at least one polar group
selected from the group consisting of a hydroxyl group,
a hydroxyalkyl group, an alkoxyl group, a
polyoxyalkylene group, an alkylpolyoxyalkylene group;
an amino group, an N-substituted amino group, an amido
group, an N-substituted amido group, an epoxy group, an
oxilane group, an oxolane group, an oxetane group, a

tetrahydrofurfuryl group and a morpholino group.

13. The antifouling coating composition as claimed in
any of claims 7 to 12, which further comprises an

antifouling agent (B).

14. The antifouling coating composition as claimed in
any of claims 7 to 13, which further comprises zinc

oxide {(C).

15. The antifouling coating composition as claimed in
any of claims 7 to 14, which further comprises an

inorganic dehydrating agent (D).
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16. The antifouling coating composition as claimed in
any of claims 7 to 15, which further comprises a

leaching accelerating component (E).

17. An antifouling coating film formed from the
antifouling coating composition claimed in any of

claims 7 to 16.

18. A marine vessel, an underwater structure, a
fishing gear or a fishing net, having a surface covered
with the antifouling coating film formed from the
antifouling coating composition claimed in any of

claims 7 to 16.

19. A method of rendering antifouling a marine vessel,
an underwater structure, a fishing gear or a fishing
net, which comprises applying the antifouling coating
composition claimed in any of claims 7 to 16 to a base
surface of a marine vessel, an underwater structure, a
fishing gear or a fishing net and drying the applied
antifouling coating composition so that a formed

antifouling coating film covers the base surface.





