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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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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



aquatic organismfromthe ship bottomtakes thousands of nman-hours, so
that many | abors and nuch tinme are 10 needed for this h¥aembarg00dhen
bacteria adhere to, for exanple, an underwater structure and propagate
and, further, slime (sludgy matter) adheres thereto to cause
putrefaction, or when a |l 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 dahmges such as deterioration of the
strength and_function of the underwater structure and thus marked
shorteni ng #PiSH tife 93U HETDf Llge #E9I e8BOFRIotGeratt6ravsi d t he above
damages, for exanple, an antifouling paint containing a copolynmer of
tributyltinSeetRa&Ery It sy Merkyed neehaefypét iove.-the |ike and cuprous
oxi de (Cu20) has been applied to ship 25 bottons, etc. This copol ynmer of
the antifouling pai marktiNoenberwlxg04s8chignhydnatyzedrianthe seawater to
thereby |iberate organotin conpounds such as bistributyltin oxide
(tributyltiaddelkers d¢fo tehesHigr 'mulleo Bulbna 08 SpBuBavherei nitBmakys oa it yl
group) and tributyltin halides (Bu3SnX 5 wherein X is a hal ogen aton), so
t hat ai |5 anthBeultireg suefffaest deusessedof Funthenipr e, bbheosopel yner

hydrol yzate per se has water-solubility and thus is dissolved in the
.seawat er, asnareeseld tonaheasimuel @fer hyRleokyéaticoEsthef tnep bhg surface of
the ship bottom 10 coating, and then the new paint filmsurface in which

the copol ymencireaset thydrfale)zesbn suexposedehe BBREPL ai RehBe1apt ithaul i ng
effect for long. The antifouling paint having such a performance is called
as "hydrol yzagbk@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



self-polishing paint". 15 However, the above organotin conpounds are so

hi ghly toxic that apprehensions are being entertained 1Wavernntzs @204 t o

mari ne pollution, occurrence of anomalous fish and anonal ous shellfish 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
pai nts based on silyl esters as descgibed in Japanese Patent Laid-open 25
Publ i cati on Nos. 4(1992)-264170 (reference (1)), 1 Novenber 2004 4
4(1992)-264169 gref ren%F,%é) and 4(1992)-264168 (reference (3)) can be
menti oned aSt A&IABRGVE S Indms i iSouts ng pathy . L HbAEIEE, t hese

antifoulingggaints have problenms that not only are 5 their antifouling

capabi | i ti eSTPBBP tHTt CRFEQVUEdSCIGYTS P ipteriytwkelriqeiget o occur as
poi nted out (in..Japangse Pat td+ id-apen Rubljcalio _%Q : 6&%994%- 157941
(ref erence {5?} an% g?%QSE?F%Ef)43hkrgﬁg?%ﬁ%%:é% 597 %%?t Fr€38panese
Pat ent Laidégpgg Puglic ti%nuNg. I%{é?&g)-lgPSBQ refiren e (6%% t eaches an
antifoul i ng" parnt COMEri SERGPA BINScKed BET - FUh i bhdes ¢ {BRepbfyner (A
which is obtained by copolynerizing trinethylsilyl nmethacrylate, ethyl
met hacr Yl at ehandine&hdgyet brpll o ra@bdmdt.e dan thwet presencef ofl ingazo
initiator and which contains carboxyl groups blocked with trinethylsilyl
groups and efpekycasi emec tednpound thrmddmevsre ddpolweati ng fil m obt ai ned
fromthe antifouling paint has a drawback in that the cracking resistance
thereof is npfiro2@zhtikl pesaisiesthact orajter-solubility and thus is
dissolved in the seawater, as a result, no resgidue 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 shed Japanese Transl ation of PCT Patent Applications from O her
States, No. 60(1985)-500452 (reference (7)) and Japanédéoveaimt200d d- open
Publ i cati on No. 63(1988)-215780 describe a resin for 25 antifouling paint
whi ch is obtained by copolynmerizing a 1 Novenber 2004 5 vinyl nonomner
havi ng an organosilyl group, such as a trialkylsilyl ester of
(meth)acrylic acid, with another vinyl nononmer and which has a nunber
average nol ecul ar weight of 3000 to 40,000. It is further described that 5
the resin can be blended with an orgaﬁic wat er binder such as trinethyl
orthoformate, an antif.ouling agent such as cuprous oxide and a pi gnment
such as red4ildd 2)oxdibde. 6 Holesderr eraze ekl i ded #hiPRR) aBévé6Bapanese

Pat ent Lai d-open Publication No. 6(1994)-157940 10 (reference (5)), this
resin for artiefeyenag pEiint drs belresbatksed nas hibei ébbsel i kely to gel ate
during the storage thereof and that the coating filmfornmed from ,the
anti f oul i ngnpaistanns peort iifowcriaokipgimand peevéengr, r eeeskances. 15 Japanese
Pat ent Publication No. 5(1993)-32433 corresponding to the above Published
Japanese TeanslfamildmoofpaR@R Pateant pippbiant i ohst frem ehber arst ates, No.
60(1985)-500452 (reference (7)) discloses an antifouling paint conprising
a poi sors (athaid an2( frallyney diguder {b)ehaybay But eReabi BgadRihgof the
formula (-CH2-CX(COOR)-(B)- wherein Xis Hor CH3, Ris SiR3 or Si(OR)3
in which R ang sreality agfeoupkehe.to kB i $s apoehhyhenicakhy unsaturated
nononer residue), which polyner binder has a specified hydrolysis rate. 25

Further, itJapadeser iskadrithala ichemnt il i & D&k Nho&ans 11 beygnber 2004 6
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



contain a solvent, a water-sensitive pignment conponent, an inert pignent,
a filler and a retarder. However, the coating fil m obt&lovedbar@dldhe
antifouling paint described in the publication has a drawback in that its
5 cracking resistance is poor. Japanese Patent Laid-open Publication No.
7(1995)- 18216 (reference (8)) discloses a coating conposition conprising
as principal conponents a polynmer (A from an organosilicon-containing
nononer A having in its 10 nolecule a triorganosilicon ester group
represented by the formula - COO- Si RIR2R3 (wherein each of Rl, R2 and R3
is, for exanple, an alkyl group having 1 to 18 carbon atons) and copper or
a copper coNpddrd MEBCrENHITH 2haa? e ¢oRpos1YL onrevnt asnshagsam essenti al
15 conponent other than the conponents (A) and (B) a silicon conpound
havi ng an altRéry kgrisud YIC)e stegir esentrethbycrhei€ormiifia: w20hRafothewher ei n
each of R4, R5 and R6 represents, for 25 exanple, a hydrogen atom or an
al koxy groupiow lcyeinealekoxandrduichavi nga IntobdB gaebageainolsruRAr
represents, for exanple, an alkyl group having 1 to 18 1 Novenber 2004 7
carbon atonweighd wfi S0P itd egero®f. 1 To Bs further pubLrCBEHORaitt S
descri bed that a copol yner AB obtained by copol ynerizing the above
organosij i cohe cestia niang oiarerddA antcia ah nytgABNEMRE £ 5rCapakkreri zabl e
"therewith B nay be contained in the coating conposition. As the nononer

B,. there asechmest itariemk (et Byt d Enessd er $n Saehi 8SuMBhEYhgent
(meth)acrylate, ethyl (neth)acrylate and
such asg cuprous oxide ;nd 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 (-CHZ-CX(COOR)-(B)- wherein X is H or CHy, R is

SiR'3 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



di met hyl am noet hyl (neth)acrylate. 10 However, the coating fil m obtained
fromthe coating conposition described in the publicafiNovehdser£200dr anback
inthat it is inferior in cracking resistance and antifouling properties,
in particular, antifouling properties in highly fouling environnment. The
15 expression "in highly fouling environnent”" used herein nmeans such
situations that a ship or an underwater structure is allowed to stand
still in a nutrious sea area such asgan inland sea or other |ike sea area,
or, Wwth 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 less. Jaf3RE8&TPat R VIERITd- Gpeff tFiibl § &t i bhv NoP1 7119955 onpo2ee3
(reference (9)) discloses a coating conposition conprising as essenti al
conponents &R AREFfoBRPAG aged iS5 eghdind copotymedevbt alpwdvErom a nononer
m xture 1 Novenber 2004 8 containing nononer A represented by the fornula
X 1 2 3 Si REFRgR3cpRABLeifA IR obRadmedR fafdm rigpe esent fauiouppasalkect ed from
anong al kyl and aryl groups and nay be identical with or different from
each ot her, daadrxbsdr épr ébentpsibdn cacridmoyiaxys éraebdekr yhoyhexyita

mal ei noyl oxy or a fumaroyl oxy group), and nononer B represented by the

f or nul a 3v- (CeRckR2O¥NrR4 iEwaere isRboawpresents an al kyl or an aryl group,
Y represents an acryl oyl oxy or a nethacryl oyl oxy group, and n is an 10
integer of | to 28pandAset Retanti fadld-rpaganihlideffon aje. Mepi bosed

i norgani ¢ conpounds such as cuprous oxi de, copper powder and ot her copper
conpounds, rBaC6syréabeenard (Bi)NCc ddddeysanth fasd hekg NBOhbOBEE: on
organonetal lic conmpounds such as oxi ne copper and ot her organocopper

comprising as principal components a polymer (A} from
an organosilicon-containing monomer A having in its

10 molecule a triorganosilicon ester group represented by
the formula -C00-SirI1RrZgr3 (wherein each of R, R? andg
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



15 conpounds, organoni ckel conpounds, and zinc pyrithione and ot her
organozi nc. conpounds. However, there is no suggesti onidovenimn2d®d havi ng
a (poly)oxyal kyl ene bl ock structure and containing an organosilyl ester
group in the publication, and, further, the paint 20 described in the
publication has a problemof being inferior in antifouling properties, in
particular, antifouling properties in highly fouling environnent. Japanese
Pat ent Laid-open Publication No. 8(1996)- 199095 (reference (10)) discloses
a coating conposition 25 conprising &s essential conponents an antifoul i ng
agent 1 Novenber 2004 9 and a copol yner obtained froma nononmer m xture
cont ai ni ng €AtbapovrEomsnomd A rigpresdmtitedry ¢hel fordul alX- SBhRIR2R3
descri bed in Japanese Patent Lai d- open Publication No. 7(1995)-102193 and
nononer B 5Spukpiestnbed By tise desomiltedr-((ICH Rd)JodRmef wherei n R4
represents an al kyl group; R5 represents an al kyl or a cycloal kyl group;
and Y represkhasnad aer yboyllexerizimet haor Wimptoxyrgand@l Bi @eyl oxy or a
fumar oyl oxy group), optionally together with a vinyl nonomer C 10

copol yneri zabheawht hgt hensmeenar and andriBy1Asadddneyi nyl nononer C, there
are nentioned, for exanple, acrylic esters, nethacrylic esters, styrene

and viny aspbavReribabovertheaswing antidould nbn @dendad iMefgeare
ment i oned i norgani ¢ conpounds such as cuprous oxide, 15 copper powder and

ot her coppegcgeIREUBERPoEHRG ofUl f Al trRNGhcRidife0Xd desnangd {4kt her nmentioned
organonetal lic conmpounds such as oxi ne copper and ot her organocopper

conpounds, REQENEALEKELcEANROWRAS %@Ctezx'é“%u%{'até" y2nd ot her

or ganozi nc conmpounds. 20 Japanese Patent Lai d-open Pu Ilcatlon No. 8(1996) -
(meth)acrylate, ethyl {meth)acrylate and
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



269388 (reference (11)) discloses a coating conmposition conprising, as
essential conponents, bis(2- pyridinethiol-1-oxide) copiNavessier A080dpper
pyrithione) and a copolyner obtained froma nononer nmixture 25 containing
nononer A represented by the formula X 1 Novenber 2004 10 Si RLR2R3 (wherein
R1, R2 and R3 all represent a hydrocarbon group having 1 to 20 carbon atons
and may be identical with or different fromeach other, and X represents
an acryl oyl oxy, a methacryl oyl oxy, a % mal ei noyl oxy, a fumaroyl oxy or an

i taconoyl oxy group), and nononer B represented by the formula

Y- (CH2CH2O) n- R4 (wherein R4 represents an al kyl or an aryl group; Y
represents gnangernyliog eoporenret hagryd oyl oxd, bya theef aoplidoxyx-a fumaroyl oxy
or an itaconoyl oxy group; 10 and nis an integer of |I to 25). For exanple,
di met hyl - t - BURYRERPy | (waempgiat @ s rferdridnet @61 t heprapBaREE frody t he
antifouling agent, there are nentioned inorganic conpounds such as cuprous

oxi de, coppelepawderf rand saidiRy LOPPEracdPOENdsrodbicCanl! hal,epdd and zinc
oxi de, and further nentioned organonetallic conpounds such as oxi ne copper

and ot her otganeseppevi tEHOMIO WIS o XU HANONIE kel « g oppREnds . nand zi nc
pyrithi one and ot her organozi nc conpounds. Furthernore, for exanple, rosin

and rosifn deepyakieues ghea@@yjdyygkjy;éimgghgé¥§&g%?b£9%eiregulator mhich

can be added to the coating conposition. Japanese Pat en ai d- open

Publicationmg@eigg}gg§&r0%6%3&%ﬁgggy¥5§yx§g5&39’cﬁg&lﬁﬁggmgrggating

conposition conprising an antifoul i'ng agent and a copol yner
copol ymer i zedpaerenorer by xhier & coantlai ni NECHYCH, Novebe(yROP4in r

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



11 unsaturated nonomer A having a triorganosilyl group and a nononer B
represented by any of the following fornulae. The nonoMRovebhimaROod: 5
nononer having a tertiary am no group, represented by the formula
CH2=CRACOOR5- NR6R7 (wherein R4 represents H or CH3; R5 represents an

al kyl ene group; and R6 and R7 represent al kyl groups and nay be identical
with or different fromeach other), 10 nononer containing a quaternary
anmonium salt, represented by the fornula CH2=CR8COORI9- NRILOR11R12(Y)
(wherein R8 represents H or CH3; RO reépresents an al kyl ene group; R10 to
R12 represent al kyl groups and may be identical with or different from
each ot her; amddalbo¥oilgpieesebits ia ddhl fogen atmyomadoieiueOnt ai ni ng a

ni t rogenous heterocycle, represented by the fornmula CH2=CH Z (wherein Z
represents aogtetipingnphiesiab@vae MddQERNQUSrehed S40eyE|18) , t 1RO nononer
having in its nolecul e an al koxy group or an aryl oxyal kyl ene gl ycol group,

represent edfbymtibe xf on & RCHARERBFA (Rl4ApardEPDa € &160).a1qRL7
(wherein R13 represents H or CH3; Rl14 represents an ethylene group; R15

represents gpedl kibeneagsewp Naavizng s Harhpn 25 APMon st represents an
al kyl ene group having 4 carbon 1 Novenber 2004 12 atons; Rl7 represents an

al kyl gropupreprak¥hc8a08Y; +8Rd £ B3N Ofy J (b d GE%) ap rgef 0 or
greater, pr%%ided t hat ﬁ and océre not s?%upygﬁeoﬁélf OF% %%ggﬁ)%crylanide

represent ed-byr-thentor gyl gls;}y@%;:ggjpgcgwr&oe%%g %:{ epresents H or

CH3; and R19 and R20 represént "al kyl groups an ica

qycloalkyl group; and Y represents an acrylovloxy, a
methacryloyloxy, a maleinoyloxy 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-



with or different fromeach other), (neth)acrylam de having a nitrogenous
cyclic hydrocarbon group, represented by the fornul a 1MNSHRHER200AN() Q
(wherein R21 represents Hor CH3; and NOQ is a nitrogen-containing
nitrogen group wherein, for exanple, 0, Nor S may be contained in Q,
(meth)acrylic ester containing a furan ring, represented by the formula
CH2=CR23COOCH2- T (wherein 15 R23 represents Hor CH3; and T represents a
furan ring or a tetrahydrofuran ring), or CH2=CH CN_ Further, as an

opti onal conponent copol yneri zabl e M}Qh t he above nononmers A and B, there
are nmentioned 20 various copol ynerizabl e nononers such as acrylic acid,

et hyl acryl@g@;RZRﬁqu@@ggiRMRKrnﬁznéggyﬂatglgnpegregggEo§ypropy

(meth)acrylate. In the Exanple portion, there are nentione for exanple,

a copol yner | Si AFT 25, (BOA ieth Ianlnoethyl
nethacrylatggﬁ%gkéwkf%an lgigie %d%% 1% Pak %§ deg %ﬁacréla?@ (M) and

a copol yner ,tr %@eg_lrtlcral Q.H.tt I SIII Wr{%nag efJgTBSAgéh é{:\%dl nmet hyl acryl am de

(DMAA) and et nethacryla weverS™ t Fere *ho 2ligéstion on a

copol yrner ( al )ox aI yl.ene bloc str e and contalnlng an
organ05|lylgg§?%5%8?ou% |% ﬁ' ﬁ%ﬂﬂq(ﬂf ?{fﬁ ©%er,%as a conponent

whi ch c gdded to the gpatln osition, there are nentioned the

same antlfoﬁ? RURYARNY ad cFﬁé”hbb?%Fﬂfpﬂ%%%ﬁegéopﬁﬁent
Lai d-open Pybki gahbal N I%gﬂr%%@n e%ﬁ%%ﬁfiche]i%%]ﬁf SF’ft o4, CAL gy gren

Publ i cati on No. 8(1996) - 90 (reference ( cl osés? 3 %oa i ng

COh‘pOSI tion 4 4
R {wherein R®™ represents an alkyl or an aryl group; Y

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



conprising: 15 a polyner from nononer A represented by the formula

X-Si R-R2R3 (wherein Rl, R2 and R3 all represent group$ Neskeatdice@0Ddom anong
al kyl and aryl groups and nay be identical with or different from each
other, and X represents an acryl oyl oxy, a nethacryl oyl oxy, a 20

mal ei noyl oxy, a fumaroyl oxy or an itaconoyloxy group), a polyner from
nononmer B represented by the fornmula Y-(CH2CH20) n-R4 (wherein R4
represents an alkyl or an aryl group;_ Y represents an acryl oyl oxy, a

nmet hacryl oyl oxy, a mal ei noyl oxy, a fu%ﬁroyloxy or an 1 Novenber 2004 14

i taconoyl oxy group; and n is an integer of 1 to 25), and an antifouling

agent. As thgsaanbhtedl hogoagenta HAEne af e MM EONEL: i he §agBpanhisf oul i ng
agents as 5 described in the above Japanese Patent Lai d-open Bublication

No. 8(1996)a2@888RerFur HoGesahitdd aRmRanen s Wi £hz G Pengdded to the
coating conposition, there are nentioned, for exanple, reSins such as

rosin and agihsehti ng agents. 10 Japanese Patent Lai d-open Publication No.
8(1996)- 277372 (reference (14)) discloses a coating conposition

conprising a triphenyhhgran BYLLdi e .conpl ex and a copol ynmer from a nononer
m xture containing the nononer A represented by the fornula X-Si RIR2R3

describ in 15 % nese _Pat. i.d- open Publication =
8(1996) :%269388 &Q’?‘é@gﬁcgaﬁ?‘% %a%(?rﬁlg‘i%rl??r%g‘ro B Yt e%%%?%%e‘byg?he
formul a Yl(ﬁ}QEhBC&arﬁﬁlde@gapba&ddmR&Jnkﬁgﬁnxwﬁgﬁg§ECQ4 and further
conprising a resin conmponent and a marine organi sm adhesi on inhibitor 20

whi ch consi s¢ppak¥net & Bene®lal K5 RYWERn AN R 2 NEPIEL &l LGPt gani c
i nhi bitor, respectively. Further,

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; R0 ¢o r12 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 monomex 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
group; rR1> represents an alkylene group having 3 carbon
25 atoms; rl6 represents an alkylene group having 4 carbon



for exanple, rosin and rosin derivatives are nentioned as a |leaching rate
regul at or which can be added to the coating conpositi ¢iNovenMmradidr 2004
15 Japanese Patent Lai d-open Publication No. 10(1998)-30071 (reference
(15)) discloses a coating conposition conprising at |east one rosin
conmpound (A) consisting of rosin, a rosin derivative or a rosin 5 netal
salt, a polyner having an organosilyl ester group (B) consisting of a

pol ymer from at | east one nonomer M represented by the formula X-Si RIR2R3
(wherein Rl, R2 and R3 all represent gyoups selected fromanong al kyl and
aryl groups and may be identical with or different 10 from each other, and

X represents,_an_acryhkoyl oxy, a.  nmethacryl oyl ox a nmal ej noyl oxy, a

f umar oyl oxy® " 8R=7 | aco%8€F§f§n§F §ﬂbi%ﬁ§80 ‘é&yxﬁr%ﬁﬁé,g RUPor 289 pol yner
fromthe above at _| east one nononer M and at | east one ot her polynerizable
monomer, an@®8h 25 Bnt Pf 8AM Fg 1&gémt 1EOSIFUhet ,oasS%wdt#Er mononmer
acting as an, optiaqgnal conponent copolynerizable with the above nononmer M
there are nBhPYoHEH, tPEF Bxamdl & ar&c ARG ST E 2Ry att vl at e,

2- hydr oxyet hyl inethéacrylate and 2-hydroxypropyl (neth)acrylate. 20
However, there i $MAbhsBGEHEILMGA O SR TEGESI BATe LhaR e @™yl y) oxyal kyl ene

bl ock sty uctyre.gnd tLai_nign n__aqrganagsilyl ester oup Lh the

publ i caESi on(.EHAscghecgﬁgi f(ll;‘ul i é"%ae&eeﬁtn, q{lherre%arreég%ﬁ igj{)n ]g ‘Il:ﬁé 28
antifouling ﬁgents ag described in the above 25 Japanese Patent Lai d-open
Publ i cati onRNo. aB¢18 8)rﬁpm@@@mweﬁlzwa4gxﬁnu269888Jmﬁuﬂmmei@easiaaéonponent

whi ch can be added to the coating conposition, there are nentioned, for
with or different from each other),

(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



exanpl e, pignments, chlorinated paraffin and antisetting agents. 5 However,
in these references (9) to (15), there is no suggesti dMNoenbsr @Ky ner
havi ng a (poly)oxyal kyl ene bl ock structure and contai ni ng-an organosilyl
ester group. Further, with the use of coating conpositions described in

t hese references, the obtained coating 10 filmis either poor in cracking
resi stance, or unsatisfactory fromthe viewpoint of a balance of cracking
resi stance, peeling resistance (coating adherence), antifouling
performance or antifouling properties3 in'particular, antifouling
properties in 15 highly fouling environnent, |long-termantifouling
properties aadhgel fiepalaicstilng «ropent iasd FuFdheryméorf ex@anpte, n-

- 2-hydroxyet hyl acrylate and 2-hydroxypropyl acrylate are nentioned as a
copol yner i zBhkgleptivonalcrgqarpenentsda) Japanesandiat €1 c 2P Buphécation No.
5(1993)-82865 (reference (16)). Still further, silyl (nmeth)acrylate

copol yners apgaf¢senidbed thiyl JRRANRSE, Ratentvika d- opspeFap) | cati-an No.
9(1997)- 48947 (reference (17)), Japanese Patent Laid-open Publication No.

9(1997) - 48948 f{hekaygRes 68 2% aAReSE 1At dai d-open Publication
No. 9(1997)-48949 1 Novenber 2004 1 (reference (19)), Japanese Patent

Lai d- oban Pupblo9bi981140 o0 1990 48910, (681 eLR0CEd S0N ung apanese Patent

Lai d- open Publication 9 1997) 48951 (reference apanese Pat ent
Publ i cati on 361993) 32433 oy P No. 4,593, 055
(reference ?%g?? J%paﬁese Pat ent La| eﬁﬁ%?%ﬁlcailon No. 2(1990)-

1968669 (refer ené&é%ﬂ%r?g‘% }{\Da%l.a/ Jc%znpon(enetf ehenge éaHS)Qe .agg\e/\gver , In

t hese references

to the coating composition, there 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



there is no suggestion on a copolyner having a 10 (poly)oxyal kyl ene bl ock
structure and containing an organosilyl ester group. FiNdveerherndOOH t he use
of antifouling paints based on copol yners described in these references
(16) to (25), the obtained coating filmis either poor in cracking

resi stance, or has room 15 for further inprovenent fromthe viewpoint of a
bal ance of cracking resistance, peeling resistance (coating film
adherence), antifouling performance or antifouling properties, in
particular, antifouling properties in4highly fouling environnent,

| ong-termantifouling '20 properties and sel f-polishing properties.

Japanese Pat.eatohaiydoeper Ry ;i catd an No.an 634988} - 245780 (peference (26))
descri bes copolyners forned using, for exanple, nethyl nethacryl ate,
n-butyl neghacryl ate and acryl am de as copol yneri zati on 25 conponents, and
further describes antifouling paints 1 Novenber 2004 18 containing the

above copol yner saandneypeus ndXidnt These @ idou 06 pab ntgchave the sane
drawbacks as those of the antifouling paints of the above references. WO

96/ 03465 (referenaee( abhk 19836 IS Shid 'ély@ffoélﬂ?éyér&éﬁﬁgbggi ned using

tri- to octa-functional mnercapto conmpounds. It 1s described that these

POl yITer s NayEsBuaBed LW SCORY Afhdfe AN fop PrEPAGALLON Of @ paint of

hi gh soli1d content, and that the tendency thereof toward Viscosity increase

or 10 gelatbggégggk@%nsh%[a%qf§§éfw§6&§g§pvq;I{ﬁg%ys ,0f - an unsaturated
y e

carboxylic acid sil ester as a nonomer is descril Pn"the WO 96/ 03465.
rovever { DBLBakRPlS WRMSPSLLOD PN So g0l YIRL YL, 20, fogatestlyl ester
(p0|y)oxya|%Xg%gearga%eg%¥gﬁggjifgé)gfg%kféylresins 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,



i nprove the antifouling performance of antifouling paint, and at |east an
AB type or ABA type block copolynmer is not taught at #&INovemtdre00df er ence.
20 OBJECT OF THE | NVENTI ON The present invention has been made with a view
toward sol ving the above problens of the prior art. It 1is an object of the
present invention to provide a copolyner for antifouling paint which
enables form ng 25 such an antifouling coating filmas exhibits less 1
Novenber 2004 19 cracking tendency, excellent adherence so as to ensure

| ess peeling tendency and desirably ciontrolled hydrolysis rate so as to be
extrenely excellent in antifouling properties in highly fouling

envi ronment 5 andabengskermtamtt fiauld -rpdqir apes1i escbsnand i f oul i ng
performance (antifouling activity). It is another object of the present

i nvention toopregigde 3@m71antddrardme coa ) NG LonPEse i oncvhtehgcan form an
antifouling coating filmexhibiting | ess cracking 10 tendency, excellent

adherence s@oapoka t8BIUICSMRSS imeeld NG 4 HNAE Yr 880h deshpahhy ¢antrol | ed
hydrolysis rate so as to be extrenely excellent in antifouling properties

in highly fedhkRgteRy LNt AN LGl &fdpi-Atifoubing propgrties. 15 It
is further objects of the present invention to provide an antifouling

coating §ilmetarmedifr om the yrhows-And fauld &&@{wg gg@?sgggﬂg, to

provide an antifouling method effected with the use o e ab
o o LT SIS SRS O p A SE 5 AL o0 RERREE UL
THE lNVENTIQEE&e@%K%@HG%yZQ%% formula X-SirRIRZgR3 {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) -



20 The (poly)oxyal kyl ene bl ock silyi ester copolyner of the present

I nvention conprises silyl ester copolyner block units1Navearebri@00dk units
(,B), the silyl ester copolymer block units (I ) ' 5 conprising: (a)
conponent units derived froma polynerizable wunsaturated carboxylic acid
silyl ester, and (b) polynerizable unsaturated nononer units other than

t he conponent units (a), I[f 10 the block units ( derived froma nercapto
conmpound represented by the formula: Rl) 15 04(CnH2nO m (G H210 k IC R2
SHi or (R) (OCnH2n)Nj__XR2 SH H a8 wherein RL represents .a

hydr ocar bon group or 20 et her-bond-contai ni ng hydrocarbon group having a
val ency of 266n si.gherumnthavdfngs ledfp3Resar PRNcAL 888 ; bB2aHaRRESNt S a

bi val ent hydrocarbon group having | to 30 carbon atons or a group of the

fornul a - CHERS) coahaveeimpddd: 2dn Wheli -8 831 #PhESEALS, argi-oup of the
formula R4-0-R5, R4 representing a bivalent hydrocarbon group having 1 to

30 carbon akg@mp1and PRI eSOl A8 B FRAONRE £PF 1 n NYHR05ALRAA (@5QuP having
1 to 30 carbon atons; X 5 represents:
agents.

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



-G0-, or -NGCO11 111 SHS10; nis aninteger of 1 to 5 mis an
integer of 1 to 100; 1 is an integer of 1 to 5; k is &MNdvendger2008 0 to
100; ais an integer of O or 1; j is an integer of 1 to 50; and i is the
val ency of Rl1. 15 The conponent units derived froma polynerizable
unsaturated carboxylic acid silyl ester (a) preferably contain conponent
units (a-1) derived froma silyl (nmeth)acrylate of the formula:

- CH2- CR(COCsi RaRbRc) (1) 20 wherein R represents a hydrogen atom or a

met hyl group; and Ra, Rb and Rc nay e identical with or different from
each other and each represent a |inear alkyl group, a branched al kyl
group, a cydkedkkghcgr dip,) ) .a SubstddaitBgtant uhsiudstbént edophenyl ogr oup or
a 25 trinethylsilyloxy group. 1 Novenber 2004 5 22 1In the formula (I), it
i s preferredot hat 180 7)) easts sone raff drendRa, (Rb) andifeanepeesgBtna branched
al kyl group or a cycloal kyl group. Al so, the conponent units derived froma

pol ymeri zabL.eitnsakur aed iecardien INc. acithsi) yAsest etrefarepraferably
conprise: silyl (meth)acrylate conmponent units (a-2) of the formula:

- CH2- CR( COOge RL L R13RbEhesl! Pt thanal it 1epresent 81 8o hyds9gen atomor a
met hyl group; each of R11 and R12 independently represents a |inear alkyl
group havingrdrboeh@eCarnbon atOmE.p A No. 4,593,055 (reference (23)),
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, or a trinethylsilyloxy group;
and R13 represents an al kyl 15 group having 1 to 18 caf iNoveatter2208di ch nmay
have a ring structure or branch, a substituted or unsubstituted phenyl
group having 6 to 10 carbon atons, or a trinethylsilyloxy group, and silyl
(meth)acryl ate conponent units (a-3) of the 20 fornula:

- CH2- CR( COCSi R14R15R16) - (I'11) wherein R represents a hydrogen atomor a
met hyl group; each of R14 and R15 independently represents a branched

al kyl or cycloal kyl group having 3 tod0 25 carbon atons; and R16
represents a linear alkyl group 1 Novenber 2004 23 having 1 to 10 carbon
atons, a branohednahlylther abewel ealgolygyaupdmvdgrSud oodPagear bon atons, a
substituted or unsubstituted phenyl group having 6 to 10 carbon atons, or
a trinethyl sheykoxyitgroupin ik int Pnefes ret tdhate tdheaPolyerizabl e
unsaturated nononmer units (b) other than the conmponent units (a) conprise
conponent UBhbSe(Bflkhdeanad FNAMADLAGIE ifr S LERL efe FDROARE <
containing a polar group. Preferably, the conponent units (b-1) derived

from 10 an acrykbCgyngahgsatied FRRReMRS &@UHWdEéH}fbé§”§¥a9r8¥% have
conponent units derived froman acrylic unsaturated nonomer cO ?alnlng at

| east one pgbayn@teUBrragheat ed ifom.iine gy OE]%,S pf a hydroxyl
group, a E@dr%&yalkyl group, aﬁ'épkofy %ﬁ(nuxa a Sﬁg%xyalkylene group,

an al ky! pol ¥exyabky! eBapataus, &k Al 0. QLA A J¥ sypstdtuted am no

group, an amdo group, an N-substi group, an epoxy group, an
oxol ane groyp; . ﬂ% gXﬁaeeesgf%UQ 1% %@é&%ﬁ%é¥“§§)to ety @hydrofurfury

group and a not pholino

preparation of a paint of high solid content, and that
the tendency thereof toward viscosity increage or

10 gelation during storage is low. Moreover, the use 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



20 The use of the above (poly)oxyal kyl ene block silyl ester copol yner
according to the present invention as a vehicle of antiNoaembeg 2084nt
enabl es providing an antifouling coating conmposition which enables form ng
such an antifouling coating filmexhibiting | ess 25 cracki ng tendency,
excel I ent adherence so as to ensure 1 Novenber 2004 24 |ess peeling
tendency and desirably controlled hydrolysis rate so as to be extrenely
excellent in antifouling properties in highly fouling environment and

| ong-term antifouling properties, whiléh antifouling 5 coating filmis
further excellent in a balance of these properties. The antifouling
coati ng conposikilgy dfertdser qur.esentel ianvetdlosr coopr ssessatbpehghaxyal kyl ene
bl ock silyl ester copolyner, the (poly)oxyal kyl ene block silyl 10 ester
copol yner caoepsi pierq isid Herekiery copdldeeirdh Dekconpibs1£4A- 1) and bl ock
units (A-2), the silyl ester copolynmer block units (A-1) conprising: (a)
conponent uhkyBgodéfiieedAfueoma 10l ad zabl eemd by uBsat urahed;gar boxylic
acid silyl ester, and (b) polynerizable unsaturated nononer units other

than the comnengdt1lufid $xcder dites bk dHl+ St déy 2)g dehi ¥ednhbam a mer capt o
.conpound represented by the formula: 20 0 (R1l) 4C 1~2n0) -(ClH210) 11 2_

SH Mk j5 GCaRdl hong- tlelh ar¥i fo MM o004 €9 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 so 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




(R1) ECC2m (OC1H21)k N XR2 SH (2) 1) | a wherein Rl represents a

hydr ocarbon group or 5 ether-bond-containing hydrocar bhddowgntgy 208 ng a
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 atons or a group of the
formula -CH(R3)- wherein R3 represents a group of the formula R4-O-R5, 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 -CGO or NA&&O-11 I Il SHSnNis an integer of
1to5 mis an integer of 1 to 100; 1 is 20 an integer of 1 to 5; k is an
integer of 0 to 1TB6,; (aocily)cawyalitydgere dfldkclorsiliy]l éstan topepemneef 1 to
50; and i is the valency of RL. The conponent units derived froma

pol ynmeri zabbé thesatresehed icardeiydn ccarp i séd ybibpl eestay preferably 1
Novenber 2004 26 contain conponent yunits (a-1) derived froma silyl

(et h) acryl abpodmetie bl ekmulai +sCH2xCR(XD RaRbiRe) ts ({X) Wherein R
represents a hydrogen atomor a nethyl 5 group; and Ra, Rb and Rc may be

identical With Othe silyl ester copolymer block units (&)
5 comprising:
(a) component units derived from a polymerizable
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

|
~{0-€ CpHpn0) —(CyH,10) & )j C—R?*——SH e (1)

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

wherein R represents a hydrocarbon group or

15

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)-



different fromeach other and each represent a linear alkyl group, a
branched al kyl group, a cycloal kyl group, a substituté&dNaoembedidd t ut ed
phenyl group or a trinmethylsilyloxy group 10 In the formula (1), it is
preferred that at |east one of the Ra, Ro and Rc represent a branched

al kyl group or a cycloal kyl group. Also, the conponent units derived from
a polynerizable unsaturated carboxylic acid silyl ester 15 (a) preferably
conprise: silyl (meth)acrylate conpo&ent units (a-2) of the formula:
-CH2-CR(COCSIi RL -R -2R13) - (11) whe din R represents a hydrogen atom or a
met hyl 20 group; each of R11 and R12 independently represents a |inear

al kyl groupwhayeng &3t @ebQ GAHhaN AlRBup ¢ SUbstd Hbet, 0g4 Ugsybsti tuted
phenyl group, or a trinmethylsilyloxy group; and R13 represents an al kyl

roup havi ng4l rben a j j 2 cture or
group 841,-Eprd8enanhen & M%l@ﬂ&%ﬁ%yoovéﬂ%@ %%Q%ﬁa% %#ylfl

branch, a substituted or unsubstituted gr oup

having 6 to:J05ga t or tys qg;ﬂy i Y. nd, silyl
(neth)acrylg%eBgoﬁgg%g%t%E%FFg €g¥%f{of t Eé%ﬁ%g%ﬁ%é?Q%%EQVafEnt

- CH2- CR( COGH, I rej r esents a hydrogen atomor a
met hyl gr oup&é%ggég %Ehgn&%g%’: Ede%p?en enctsarlt;})?neparte%lné%’t g}?a branched

al kyl org cyﬁgﬁgggghtg[oup having 3 to 10 carbon atons; and R16 represents
a linear al group 10 having | to 10 carbon atons, a branched al kyl or
cycl oal kyl group having 3 to 10 carbon atons, a substituted or

unsubsti tuted phenyl_gkqu)naving 6§ to

~N—C—-0-—
I |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.



10 carbon atons, or a trinmethylsilyloxy group. Preferably, the

pol yneri zabl e unsaturated nononmer 15 units (b) other {iNovehiter@d®donent
units (a) conprise conponent units (b-1) derived froman acrylic

unsat urated nononer containing a polar group. It is preferred that the
conponent units (b-1) derived froman acrylic unsaturated nononer
containing 20 a polar group have at |east one polar group selected from
the group consisting of a hydroxyl group, a hydroxyal kyl group, an al koxyl
group, a pol yoxyal kyl ene group, an alkyl pol yoxyal kyl ene group, an am no
group, an N-substituted am no group, an am do group, an N 25 substituted
am do group, an epoxyiegrfoumulan @Xol ane 1s Noverdere 2004= 282+t 91 8HRL an

oxet ane group,.an oxirane group, a tetrahydrofurfuryl group and a

mor phol i no gheups Hhe &, fRUldHY KOt d g SONPOSI b OR-REAt hexphesent
invention preferably further conprises an antifouling 5 agent (B). Al so,
the antifoulirBapCeat an@caMRAHS1 YrHfp the present invention preferably
further conprises zinc oxide (C). Mreover, it is preferred that the
antifouling 10 gaki,NgreonRARIddMt Afnide ALSRIM AYgNLTon furt her
conprise an inorganic dehydrating agent (D). It 1s also preferred that the
anti foul 4 ng I i L Hggéﬁpg i hvent | u L. conprise
a Ieach?ngpggggkgggfﬁﬁgpg%ﬁ%iﬁﬁhﬁgiigg%'1 e‘%ﬁ?g %u#?gﬁicéépgﬁg film of

t he present ;. ikn [ ihs, f rggq romthe above antifouling coating
conposition(gg %%%E§%§§é tc%h ens%ﬁn. The met hod of rendering antifouling a

marine vessel. 29,yRderuRLST SIAUGLU LA L4 SNiNG G031, ) A cne

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

R16

25 carbon atoms; and represents a linear alkyl group



20 fishing net according to the present invention conprises applying the
above antifouling coating conposition of the present il iNemibtmr2004a base
surface of a nmarine vessel, an underwater structure, a fishing gear or a
fishing net and drying the applied 1 Novenber 2004 29 antifouling coating
conposition so that a formed antifouling coating filmcovers the base
surface. The marine vessel, underwater structure, fishing gear or fishing
net according to the p resent invention 5 has a surface covered with the
above antifouling coating filmforned28romthe antifouling coating
conposition of the present invention. According to the present invention,
there is pheviidad larnrcantd fauboy coats ngs comngroshédoalwhicby 10 because of
t he containing of specified (poly)oxyal kyl ene bl ock silyl ester copol yner,
enabl es forgicigatlkohl. arcant ifouldng coating4{ibonascexbi bhts |ess
cracki ng tendency, excellent adherence so as to ensure |ess peeling

t endency andudesiitailed eanturddmd il dwdlrsh &5y 5 gg@@psgaa§n%05bgoexcelIent
in antifouling performance (antifouling activity), antifouling

properties, 1bncpablonC Wtdns amMd f0uld g PRSI 1§ ESxi Ngrbighl y fouling

envi ronment and | ong- tern1ant|foullng properties, ich antifouling
coating §ilmis frurtikepr2d %Rl lienlt idhea ANCE Mpibesss es.
BRI EF DESCRI PTI ON OF THE DRAWNG Fig. | ﬁgﬁé GPC ch ronato%rgﬁgg?gh

ester copolyaBheBPuhith 2 r 0 vl _ester 25
copol ynmer BP-1. 1 Ngvérﬁ)SIe?( 306"’4&&n ¢ PAR M A SlREA £ Ol BLL Y a§

comprise component 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



Fig. 3 is a GPC chromatogram of silyl ester copolyner BP-2. Fig. 4 is an

| R spectral chart of silyl ester copolyner BP-2. 5 Fi ) Ndvenshex 208€

chromat ogram of silyl ester copolynmer BP-3. Fig. 6 is 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 copolyner
BP-4. Fig. 9 is a GPC chromatogram of silyl ester copolyner BP-5. 15 Fig.
10 is an IR spectral chart of silyl ester copolynmer BP-5. Fig. 11 is a GPC
chromat ogram of silyl ester copolyner4BP-6. Fig. 12 is an IR spectral

chart of silyl ester 20 copolymer BP-6. Fig. 13 is a GPC chromat ogram of

silyl ester1leeeppkynBhgBRehddricg: ki igerdRispestitabichart of silyl ester
copolymer BP-7. 1 Novenber 2004 31 Fig. 15 is a GPC chromatogram of silyl

ester copohyEeb1BBi8. rhit@ s6 dss @ R é?@férﬁ@iycg@é&l]?énﬁi Lyl ester
copolymer BP-8. 5 Fig. 17 is a GPC chromatogramof silyl ester copolyner
BP-9. Fig. 38thgoalihB $Repnd:&halt gl Vo 8PifY LOPRLYHRY BP-9.
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




Fig. 19 is a GPC chromatogram of silyl ester 10 copolyner BP-10. Fig. 20
is an IR spectral chart of silyl ester copolyner BP-10Ndseghbe#20G0st a GPC
chromat ogram of silyl ester copolynmer BP-11. 15 Fig. 22 is an IR spectral
chart of silyl ester copolynmer BP-11 Fig. 23 is a GPC chromat ogr am of
silyl ester copolynmer BP-12. Fig. 24 is an IR spectral chart of silyl
ester 20 copolyner BP-12. Fig. 25 is a GPC chromatogram of silyl ester
copolymer BP-13. Fig. 26 is an IR spe Eral chart of silyl ester copolyner
BP-13 25 1 Novenber 2004 32 BEST NCD% FOR CARRYI NG QUT THE | NVENTI ON The
(pol y) oxyal kyl ene bl ock silyl ester copolymer and antifouling coating
conposition according to the present invention wll be described in detai
bel ow. 5 (Poly)oxyalckyl ene bl ock silyl esterycopol.ymer ]The

(Pol y) oxyal kgt @©$J§%k¥#7@@¢ﬁﬁlyk M pftdfe—pras nt invepdyon is a
bl ock copol yner onprising silyl” ester cp symer block upits (9) and 10

bl ock units (Z | the silyl ester copol ygrry bl ock units ( conprising: (a)
conponent units derived froma polynerizabl& unsaturated carboxylic acid
silyl ester, and

wherein RI represents a hydrocarbon group or

5 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 -C—0— , Or —N—-—C~—-0—
g 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 (b) pol ynmerizabl e unsaturated nononer units other than the conponent
units (a), the block units (B) derived froma specifietl Noverdaspt200donpound.
Wth respect to the (poly)oxyal kyl ene block silyl 20 ester copol ynmer, the
term nol ogy "(poly)oxyal kyl enell nmeans that an oxyal kyl ene or a

pol yoxyal kyl ene is contained in the silyl ester copolyner. Silyl ester
copol ynmer block unit (A) 1 Novenber 2004 33 First, the conponent units (a)
and (b) for constituting the silyl ester copolyner block units (A) wll be
descri bed. Conponent unit derived fromgpol yneri zabl e unsaturated 5
carboxylic acidsilyl ester (a) As the polynerizable unsaturated carboxylic
acid silyl cestterin tdrermmant ben ent {oned, déoi verampba, askhiyl1 esters of
unsat ur at ed nonocarboxylic acids such as acrylic acid and nmethacrylic
acid, a, (3-unsath)raaim i & catboxybiwudgt ds such as itaconic acid, nmaleic
acid, fumaric acid and citraconi,c dibasic acid, and wunsaturated

monocar boxyl i ¢ aciCile HRAGRPIIRERIEUct ure  6%) a hal f ester of

a, [ 3-unsaturated dicarboxylic acid. Among the conponent units derived from

such a 15 pol ynerinzahdig: unsaipgyrad &k £ag tbgeRChdofi LYl 2€5LEHy1 COMPONENt
units (a-1) derived fromsilyl (nmeth)acrylate are preferred. These

- upi A [ i hd - | at , f | e,
conponens - Ui (;a-ahlg der | yed Jﬂ@&gl%cﬁ%%g%géy ?F)gha g, for exanple

represented by the 20 formula: - erein R

represents g;ihydrogen atomal.1a Jeidyl,, groups @QQrE@eanaaTgng L8y be

identical with or
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



different fromeach other and each represent a |inear 25 al kyl group, a
branched al kyl group, a cycloal kyl group, 1 Novenber 20MNpvBanbex 200Mst it ut ed
or unsubstituted phenyl group or a trinmethylsilyloxy group. The above

| i near al kyl group preferably 1 to 18 carbon atons, still preferably 1 to
6 carbon atons. Each of the branched al kyl group and 5 cycl oal kyl group
preferably has 3 to 10 carbon atonms, still preferably 3 to 8 carbon atons.

As the substituent which can replace a hydrogen atom of the phenyl group,
there can be nentioned, for exanple, ah alkyl, an aryl and a hal ogen. The
substituted or 10 unsubstituted phenyl group has 6 to 18 carbon atons,

preferably Bnkayi2 canRomALoE s The & Iyl {setassyl gte,(a-1) from which
the above S|IyF (meth)acryl ate conmponent units can be derived can be

represent edeRY kR vherAWh 3y 13, 1dndOROOCSI RBROR 20 wherein R, |ike R of
the above formula (I), “represents a hydrogen atom or a nethyl group; and

Ra, Rb and Rc, Lt R v, ormula (1), be

identical with o%agg?fgﬁgﬁg)%%%' %ﬁ%ﬁ‘%&ﬁgﬁﬁﬁﬁﬁ‘ngt ﬁ%b%%s%%??%elinear

al kyl groupf?ngggqched al kyl 25 group, a cycloal kyl group, a substituted
ute

or unsubsti phenyl group or a trinmethylsilyloxy group 1 Novenber 2004

35 For sxanpl e, -tﬁg@M\@@&iﬂﬁMﬁh‘f&ﬂﬁ))&ﬂW atgr{@ 1) can be: silyl
(meth)acrylate wheréin Ra, Rh and Rc are

wherein R represents a hydrogen atom or a methyl
group; each of rR14 ang r15 independently 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



identical with each other, such as trinethylsilyl 5 (nmeth)acryl ate,
triethylsilyl (nmeth)acrylate, tripropylsilyl (meth)actWNatieber 2004
triisopropylsilyl (neth)acrylate, tributylsilyl (meth)acrylate, tri-sec-
butylsilyl (meth)acrylate or triisobutylsilyl (meth)acrylate, or 10 silyl
(meth)acrylate wherein Ra, Ro and Rc are partially or wholly different
fromeach other, such as di-sec-butyl-nmethylsilyl (meth)acryl ate,
sec-butyl- dinmethylsilyl (meth)acrylate, dinethylpropylsilyl
(meth)acryl ate, nononet hyl di propyl silyd (nmeth)acrylate 15 or

met hyl et hyl propyl silyl (neth)acrylate. The use of the copol yner containing

these silyl . (et hpacrylat cggp ent_units -1 a vehicle of
antifoulinggga?%? enab g%’ or ngﬂanjgﬁt+%%ﬁ ?%ggrgg%ti%g filmwhich is

excel l ent i I | £ .20 pali.shing. propert.ies. (consumability) but also
| ong-term gﬁ??%&%@ﬁﬁé%géPf gnéﬁ%@&’Vﬁ%%é?rﬁbg%ﬁ?f%%%l?Eﬂ?ﬁg" of  copol yner
means that the cgpol r. hydr.ol yzate per se has water-solubility and is

di ssol ved in sea%g e%g%éf gwnggﬁﬁ%%ﬁﬁgvﬁﬁTﬁP?&&lﬂ%to%eE%eh?ﬁ?ﬁ??fed yet
is 25 exposed. 1 Novenber 2004 36.1n . the present invention, it is preferred
that at IeéEFGBEéOBf3ﬂ%§QQ£giﬁ)§Hﬁf4%FC)OT?EQ%%%p%%eﬁ?thﬁPPé1n€a-1)
derived %ronlsilyl nmet h)acryl ate represented by the above formula (1)
represemt a2BFfRAcHE] -al kyl group 5 or a cycloal kyl group. The use of the
conponent having__a branched al kyl group or a cycloal kyl group as a

vehicle of antifB84FPngth&i AR teAaNER S i it arcomres ¥ bies ngf c8heing film
which is excellent in cracking resistance and peeling resistance. 10 Al so,
t he ConponeﬁFeﬁﬁPFslﬂ@@?ﬁé@nfQﬁﬁ@?rably 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



pol yneri zabl e unsaturated carboxylic acid silyl ester (a) preferably
conprise: silyl (meth)acrylate conmponent units (a-2) of Ndvemdeps2@ida: 15

- CH2- CR(COCSsi R11R12R13) - (I1) wherein R represents a hydrogen atom or a

met hyl group; each of R11 and R12 independently represents a |inear alkyl
group having 1 to 10 carbon atonms, a substituted or unsubstituted phenyl
group, or a 20 trinethylsilyloxy group; and R13 represents an al kyl group
having 1 to 18 carbon atoms which may have a ring structure or a branch, a
substituted or unsubstituted phenyl gyoup having 6 to 10 carbon atons, or
a trinmethylsilyloxy group, and I Novenber 2004 37 shlyl (nmeth) acrylate

conponent uBkts £oa13nOfcddteind WIS 1 £ LR~ @( £.051 R14B1aR46) - (111)

wherein R represents a hydrogen atomor a nethyl 5 group; each of R14 and

RL5 i ndependent rpunapieeisify D anchese AL kihe ObacycLpakkyl, group having 3
to 10 carbon atons; and R16 represents a li1near alkyl group having 1 to 10

carbon atoms, a branghed Al ks 1, L ORLKL O PP DaYLNO B L, B0 car bon

atons, a 10 substituted or unsubsti phenyl group aV|ng

carbon at onge,@r o ?yl s%ﬁ%@¥5%4 Y XY, §f OUp Tpﬁge %gng§9$££ unlts mnll now

be descri be acr late conpo e uni t
NE QL C&@%&&a%@%%%@ A ;%f%'ﬁ%ib@%ﬁ o
met hyl groHBat%Hg %x@% rom]ghéqgg e de 1n co {gggnts
composition of the present invention.
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.



a linear alkyl group having 1 to 10 carbon atons, 20 preferably 1 to 8
carbon atons, and still preferably 1 to 6 carbon atont NevesbestdO04dt ed or
unsubstituted phenyl group, or a trimethylsilyloxy group. As the |inear

al kyl group, there can be nentioned, for exanple, nmethyl, ethyl, 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 substituent which can replace a hydrogen
atom of the phenyl group, there can be nmentioned, for exanple, an al kyl,
an aryl and a hal ogen. R13 represents3an al kyl group having 1 to 18 5
carbon atons, preferably 1 to 12 carbon atons, and still preferably 1 to 9
carbon atoms, whireh.mayibaveca®c rh@nsigdiotil e Ors idl br avchera substituted
or unsubstituted phenyl group having 6 to 10 carbon atons, preferably 6
to 8 carboncabemgmeer s2-br.i net hyl silyloxy 10 group of the fornula
(CH3)3Si 0-. The al kyl group which constitutes R13 can be any of the above

exenplified |ineaggal Kyl; s0RQUAS syt fdir thelrcade bef1 b1 adghed al kyl group
such as isopropyl, isobutyl, 15 sec-butyl, tert-butyl or neopentyl,

alicyclic abkyhighewpeaving an alicyclic structure (e.g., cyclohexane
ring or norbornane ring), such as cyclohexyl or ethylidenenorbornyl, or

the likegg 20 O ggﬁs_% R11, RL2 %@%o&%%og@%@%@i@l bgsﬁ%/?enti cal with or

different fromeach other, prefera each represent net , ethyl,

n- propyl, n- (Wl or trinethylsilyloxy, and still preferably each
represent n%?#%#?mﬁ?pgggér, n-butyl eor n-hexyl. I Novenber 2004

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.



39 The silyl (nmeth)acrylate (a-2) from which the above silyl

(meth)acryl ate conmponent units (a-2) can be derived caiNdvembepr268dnt ed by
the forrmula: CH2=CR(COOSIi R11R12R13) (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 fornula (11). For exanple, the silyl
(nmeth)acrylate (a-2) can be any of: 10 aliphatic silyl (meth)acryl ates
wherein R11, R12 and R13 are identical with each other, such as:
trimethylsilyl (meth)acrylate, triet3dsilyl (neth)acrylate,
tri-n-propylsilyl (nmeth)acrylate, 15 tri-n-butylsilyl (neth)acrylate,

tri-n-pentylsilylr{gethy acsyh agge cBEmetBE)fX}ns'olfylszL? Q{sac%fy' ate,
tri-n-heptylsilyl (nmeth)yacrylate, tri-n-octylsil met h)acryl ate, 20

tri-n-nonyl sddpdigmetgpacgyl ate, and tri-n-decylsilyl (nmeth)acrylate,
aromatic or siloxane silyl (neth)acrylates mherein R11, R12 and R13 are

identical wth eaghy otfer; S e |SI| h)acrylate and 25
trls(trlnethyIS|Ionxy)S|TyI£fn%$h %%%5%9? QX hbgg ¥bef 5684 40
al i phatic Sldéﬂof ép)@gr%lates wherein R11, R12 and R13 are partially or

whol Iy different fromeac other such as: di net hyl - n- propyl sil yl
th | at y! di I th | at
(et acsy At e ord S by Py g gBL L S o TBE M IO 8 ey

di -n-butyl -iso
copolymer BP-9.
Fig. 18 is an IR spectral chart of silyl ester
copolymer BP-S.
Fig. 19 is a GPC chromatogram of silyvl ester
10 copolymer BP-10.
Fig. 20 is an IR spectral chart of silyl ester
copolymer BP-10.
Fig. 21 is a GPC chromatogram of silyl ester
copolymer BP-11.
15 ' Fig. 22 is an IR spectral chart of silyl ester
copolymer BP-11.
Fig. 23 is a GPC chromatogram of silyl ester
copolymer BP-12.
Fig. 24 is an IR spectral chart of silyl ester
20 copolymer BP-12.
Fig. 25 is a GPC chromatogram of silyl ester
copolymer BP-13.
Fig. 26 is an IR spectral chart of silyl ester

copolymer BP-13.

25



n- hexyl -di met hyl silyl (xneth)acrylate, sec-butyl-dinmethylsilyl
(nmeth)acryl ate, nonone.thyldi-n-propylsilyl (neth)acr{yNatvemtss 2004

met hyl et hyl - n-propyl silyl (neth)acrylate,

et hyl i denenor bornyl -di methyl silyl (nmeth)acrylate, and
trinmethylsilyloxy-dinethylsilyl (nmeth)acrylate (CH2=C (CH3) COOSi (CH3) 2
(Gsi (CH3) 3) and 15 CH2=CHCOOSi (CH3) 2 (Gsi (CH3) 3)) , These silyl
(meth)acrylates (a-2) can be used individually or in conbination. Silyl
meth acr | ate conponent unit a-3 The sblyl (neth)acrylate conponent units
(a-3) are 20 represented by the fornmula: -CH2-CR(COOSI R14R15R16) - (111)

wher ei n R r epr esent segrhydhegedrRACORRT NG RN aE INeHrAsd each of Rl4
and R15 independently represents a branched al kyl group having 3 to 10

carbon atons, 25 pref %a@gyoéyaqk%%rebmo%t}p@l " %'g@%ﬁ/}émgéoup 1

Novenber 2004 41 having to 10 Carbon atons, prefera car bon

atoms. The br angheg: akkyh : 0EOUB hike Lhalo-af 1 Aboves: formul g (11), can
be, for exanple, any of isopropyl, °5 isobutyl, sec- dijﬁ, tert-butyl and
neopentyl. Thg.cygl pakk . Qup , 4.9r. exanpl.e cycl.ohexyl or

et hyl i denenorbor ny! . mﬁla?g%?gsg%tﬁg g)%l idr'lece%é:rrla %Ilﬂgrdo Jh]at}?% °Y-to 10
carbon atons, preferably 1 to 8 carbon atons, and still 10 preferably 1 to
6 carbon atons; a branched al kyl or cycloal kyl group having 3 to 10 carbon

atons, preferably, % t c? cqyb n qg - suPsEituted or unsubstituted
phenyl group haviAﬁLéJ@U3%5Lé%g%%ﬁ—;g@%%riiLJL—iﬁﬁiﬂliiﬂﬁﬂdﬂm;E

The (poly)oxyalkylene block silyl ester copolymer

of the present invention is a block copolvmer

\ b
comprising silyl ester copolymer block units 9&3 and

10  block units (ijﬁj .
: £

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)




. the R CA C

preferably 6 to 8 carbon atons; or a trinethylsilyloxy 15 group. As the

| i near al kyl group, branched al kyl or cycl oal kyl group Novengies2004gr oup
represented by R16, there can be nentioned, for exanple, the sane specific
groups as listed above. 20 O these, when R14, R15 and R16, although nmay be
identical with or different fromeach other, are identical with each
other, it is preferred that isopropyl, sec-butyl or isobutyl be
represented thereby. It is especially preferred that isopropyl or

sec-butyl 25 be represented thereby.33 Novenber 2004 42 When R14, R15 and
R16 are partially or wholly different from each other it is preferred that

R14 and R15, al%q?%Q|sobut3%dé%ﬂg (Kﬂqf%th 0 er? %5 fron1 each ot her,

represent isopropy SEec is preferred

that R16 re n ro selected from ano ethyl propyl,
i sopropyl , 8 %%IEU%lgg%gﬁ%adsl%ipt??%%ﬁh@?%?f@?%ﬁyg¥?ﬁ5 uppgp (a)
(neth)acrylat ronh&%£Ch the above silyl (meth)acryl ate conponent

(
units (a-3) cg% %e A5 e '‘d can be represented by the formula:
CHz2= CR(COCS|R%4R15R16) i whereln Ry R14 R15 and R16 are thedsane as

(neth)a.ig1a1e ga-3) can,be for exanplet 15 any of. S|Iyl (met h)acryl at es
wher ei n h each other, such as:

triisopropylsilyl (neth)acrylate triisobutylsilyl (neth)acrylate and 20
tri-sec- butyIS|I9F Fﬁgtﬁp&gmﬁqﬂggb%ﬁuynsaturated 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,



silyl (meth)acrylates wherein R14, R15 and R16 are partially or wholly
different fromeach other, such as: diisopropyl-cycl oh®doyesibeyl2004
(meth)acrylate, diisopropyl-phenylsilyl (neth)acrylate, 25

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

di -sec-butyl-nmethylsilyl (nmeth)acrylate, di-sec-butyl-ethylsilyl
(meth)acrylate, di-sec-butyl-trinmethylsilyloxysilyl (meth)acrylate, and 5
i sopropyl -sec-butyl-nethylsilyl (meth)acrylate. In the present invention,
these silyl (meth)acrylates (a-3) caB4be used individually or in

conbi nati on. Anong the above silyl (neth)acrylate conponent 10 units, the
fol | ow ng cemyuald O tsa espechabbyti phebar pednfiog-tbhe Wewpoi nt of
easiness in the synthesis of silyl ester copolynmer bl ock units (Avl) and

fromthe vi emqaerﬁhﬁsmﬁ&kw@i@ﬁg ngTHéoaﬁaw 11%9&6%@1&?0 a”d
easy control of consumability of an antifouling coating corposi

conpri sing EiﬁéﬂéfaﬂﬁgrQPD@%Yf?rchﬂéﬁ' LBMs S Lyl 1 ¢S ?%f%?%?h%rnpob'OCk

units (A1) Preferred use 1s nade of a conbinati hent unit

derived frO@zg JRasta Ones si Iyl . 29f(€ﬁ%r?%$ﬁ5¥§? gﬂﬁ?nééﬁfgﬁfﬁ% from

anong: trlnethyIS|IyI (neth)acr ate
URECHERet eI G G SR
still preferably 3 to 8 carbon atoms. As the
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.



n-octyl -dinmethylsilyl (nmeth)acrylate, isopropyl-dinethylsilyl
(nmeth)acryl ate, ethylidenenorbornyl-dinethylsilyl (metNovembeat2804
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 (neth)acrylate, dissec-butyl-nethylsilyl.
(meth)acrylate, diisopropyl-trinmethylsilyloxysilyl (nmeth)acrylate, 15 and
di -sec-butyl -tri meihydsihyl ©xysheéyhbbiret Biaghyl(@ken) astiyhls Ry eferined use is
made of a conbination of a conponent unit derived fromtri-n-butylsilyl
(meth)acryl aden asea silyl (neth)acrylate (a-2) with a 20 conponent unit
derived fromtriisopropylsilyl (nmeth)acrylate as a silyl (neth)acryl ate

(a-3). Unsaturat e pNoRs € PAPLRERL URhE 6B RRE Rbsgh?rgbegrqpnoner

conmponent unit (b) is used 25 to constitute the sily nmet h)acryl at e

copol ymer bliogl Js Moy epber 2008 4Bncuni bkl GRORSHALLAD WL the above

conponent unit (a) derived from polynerizable unsatur ggrboxylic acid

silyl ester aidi)s&-F gﬂgg%%gg*%lg@aﬁg k%egbgé rent . fromthe conponent

unit (a) derived from poly unsatura car ofylic acid silyl

o oIS SELTBOTRECLOTLUALER, LS R B, oo
(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 ophobi ¢ (neth)acryl ates such as nethyl 10 (neth)acryl ate, ethyl
(nmeth)acrylate, n- butyl (nmeth)acrylate, iso-butyl (nmeth}drvwhaies 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
(meth)acrylate, 4-hydroxybutyl (nmeth)acrylate, 2-nethoxyethyl
(meth)acrylate, rmethyl pol yoxyethylene (neth)acryl ate and

net hyl pol yoxypropyl ene (neth)acrylate; 20 styrenes such as styrene,
vinyl tol uene and a nethyl styrene; %9 esters such as vinyl acetate,

vinyl benzoate, nd mHe p5apionat ﬁnaaﬂti/bﬂyl léuagr%ﬁfewgdcﬁ:%ta%n'acc acid
esters, itaconates, fumarate and 25 nml eates venber 2004 46

these, (meth)eawyl@ies,r Stys nes ﬁhdaﬂanxb g8t ehs abRpBLeker Led 44 Omthe
viewpoi nt that an antifouling coating filmof appropfiate strength can be

obtained. 5 L ardd:cil &, e YT OBHL L LB DL ACLYLALES , A el oyed,

t he consunablllty of coating f| m tan i ncr ase hi's pur ose,

o at ool s R Memi IV (1 PPILLLCERIDRORELABHEN 83,80 322 D

derivati ve. 10 Moreover, 1n the pres rnvent1on ' (b-1)

sui t abl e o e Seh R e BB URE oo kBBneneD ‘éh%%gg%@ﬁq?éet he
ol ar /J00uP Lo LS (0D ey 1251 26880, PLEM g AR Y e
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



selected fromthe group consisting of hydroxyl, hydroxyal kyl,

al koxyl ,

pol yoxyal kyl ene,  al kyl pol yoxyal kyl ene, ani no, N subst il iNavettarii®4 ani do,

N-substituted am do, epoxy, oxirane, oxol ane, oxetane, 20

tetrahydrofurfuryl and norpholino groups. The above conponent units (b-1)
derived froman acrylic unsaturated nononer having a polar group are
2004 47 5 CH2

10 group; and W
represents a polar group. The polar g?Bup Wis represented by the formula
ZR6 wherein z represents an oxygen atomor -NR7. Wen Z is an oxygen atom

represented by, for exanple, the formula: 25 | Novenber
CRSCOW wherein R5 represents a hydrogen atom or a net hyl

R6 represents a suBwtli tluteddr)@rcnyisubstddmt@dehy diokyal k¥l 3pr o¥5tche

hydr oxycycl oal kyl group, or a polyal kyl ene gl ycol group

an integer of 2 to 50; x is a i nteger of 1 to 100; and

Rl 0 R10 25 Rio R10 10 10

of the formula: k8
O n Hor 4RoSmOflaX R Y 20 (wherein R8 represents an al kyl ene group; nis

. Ry represents an
al kyl group), or ~&H2efBFOSSidKetRan& grioup of tHEI¥ornmulae: O Rio

wherein R represents a hydrogen atom or a methyl

5 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

cycloalkyl group having 3 to 10 carbon atoms,

10  substituted or unsubstituted phenyl group having 6 to

a

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

15 represented by the formula:

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

{a-2) is

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 10 carbon atoms,

20 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

R9-C \ C~

linear alkyl group, there can be mentioned, for example,

methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl,

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

-



R RO10\ '/ \/C R~ Tg/Q O ~RI/ RIO~L Ro ~ NRlo R 10\R10 10 ni10
R R 1 Novenber 2004 48 (wherein R9 represents an al kyl &oyegrten@20688 | to 10
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 group
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), the hydroxyal kyl group preferably
has 1 to 18 carbon atons, still prefesgbly 2 10 to 9 carbon atons. The
hydr oxycycl oal kyl group preferably has 3 to 10 carbon atons, stil

preferably 3 to &scamhonwaioimssudite @h kyh eagn 0F O9Pa B8 Baﬁyérbﬁe% carbon
atons, preferably 2 to 4 carbon atons. The substitutent of the

hydr oxyal kyla t@OWE ah el 5y Dxyeyeh oa{ﬂf&e g&aﬂpb@afaeﬁrc%%ab' éf
hal ogen atom such as a chlorine atom a phenyl group or roxyl group.
Wen Z is - MR&mpRE,r ey S8R} S, alh Al Ky grQup halogen.

r13 represents an alkyl group having 1 to 18

Lh

carbon atoms, preferably 1 to 12 carbon atoms, and
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.



havi ng carbon atons as nentioned above, which may be 20 substituted with
any of a hal ogen, a hydroxyl group, an am no group, aldNmenbart28fdanm no
group, an acyl group and an al koxyl group. R6 represents a hydrogen atom
The copol yner containing the above unsaturated nononer conponent units
having a polar group (b-1), 25 when enpl oyed as a vehicle of antifouling
paint, 1 Novenber 2004 49 realizes excellent antifouling perfornmance
especially in highly fouling sea area. The unsaturated nononer (b-1) from
whi ch the unsaturated nononer conpongmt units having a polar 5 group (b-1)
can be derived can be represented by the fornmula: 10 CH2 C R5C OW- - (I
V-a) wherein R5 ahd Wiare thechameasddwse def imedh ivhidhecfiornula (1V),
nanely, Wis ZR6. The unsaturated nononmer (lIV-a), when, in the 15 fornula

(IV-a), Z repbesestisyan @era0rahomantdbod &l aseits & sypstihuped or
unsubsti tuted hydroxyal kyl or hydroxycycl oal kyl group, or polyal kyl ene

glycol grospri¢an ban ber e a0 Ot ysinaxyet hyl  acryl ate,
2- hydroxyet hyl met hacryl ate, 2-hydroxypropyl 20 acrylate, 2-hydroxypropyl

net hacryl ate, 3- €HberB{(2oOKLRIORY | net hagny! at e,
3- phenoxy- 2- hydr oxypropyl acrylate, 4-hydroxybutyl acryl ate,

2-hydr oxybutyl  geeybaher 2shydionulis Wo MBNACIH ahe, Sidgr oxyhexyl

acrylate, 1, 4-cycl ohexanedi net hanol nonoacryl ate, 2 péﬁyet%ylene gl ycol

monomet hacryLakel (n72k) , Rl gthy! ene glyeqliamnomehhacryl ate, (pFd) .

r11, r12 and rR13 of the above formula (II).
For example, the silyl (meth)acrylate (a-2) can be
any ot:
16 aliphatic silyl (meth)acrylates wherein R11, rR12 ang
R13 are identical with each other, such asg:
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,

12 and rI? are identical with each other, such as:
triphenylsilyl (meth)acrylate, and
25 tris{trimethylsilyloxy)silyl (meth)acrylate, and



ol yet hyl ene gl ycol nononethacrylate (n=5), 1 Novenber 2004 50

Bol%ethglene gl ycol nononethacryl ate (n=8), pol yet hyl hovgmpes2004

nononet hacryl ate (n=10), polyethylene glycol nononethacrylate (n=15),

pol ypr opyl ene gl ycol nononet hacrylate (n=5), 5 pol ypropyl ene gl ycol

nononet hacryl ate (n=9), polypropyl ene glycol nononethacrylate (n=12), 2-
nmet hoxyet hyl acryl ate, 3-butoxypropyl nethacrylate and nethoxypol yethyl ene
gl ycol ‘nmononet hacryl ate (n=35). Wen z is an oxygen atom the unsaturated
nmononmer 10 (1V-a) having an epoxy gregp or an oxetane group can be, for
exanple, any of: 15 0 0 CHCOCH2ZCH CH2 | | k-1 Cr12 20 (gl ycidyl

acrylate), @1QpHdtilc \si25 11 () r LOSFROH CH §@% 3Q1@ ﬁced L
mat%acryl)ate) P50 0107\ QCh) - coBe G T c H™o

(met hyl gl ycirdyl avet hagrod At8) .o $ﬁWFﬂ?eangQ§ent from each other,

such as:
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 ~ . methylethyl-n-propylsilyl (meth)acrylate,
ethylidenenorbornyl-dimethylsilyl (meth)acrylate,

énd
trimethylsilyloxy-dimethylsilyl (methlacrylate
(CHy=C(CH3) COOSi (CH3) 5 (0Si (CH3) 3) and

15 CH2=CHCOOSi(CH3)2(OSi (CH3)3)) .

These silyl {meth)acrylates (a-2) can be used

individually or in combination.

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

The silyl (meth)acrylate component units (a-3) are
20 represented by the formula:
-CHoy - CR(COOSiR1I4R15R16) . (1I1)
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



51 5 10 15 20 25 30 3540 OOIl / \ CHCO(CH4 OCH2CH CH2 Il CH2

(4- hydroxybutyl acrylate glycidyl ether), O CH3 0 11 \1MNdveGH<CQOBAC CH2 | |
[ CH2 CH2 (3-acryl oxynet hyl - 3-net hyl oxetane), O C2H5 O C(CH)-COCH2C/ CH2
1\ / CH2. CH2 (3-nethacryl oxymet hyl - 3- et hyl oxetane), CH3 11 C-CO CH2
11 CH2 (3, 4-epoxycycl ohexyl net hyl nethacrylate), and 0 11 HC CO CH2

41
having 3 to 10 carbon atoms, preferably 3 to 9 carbon
atoms.
The branched alkyl group, like that of the above
formula (II), can be, for example, any of isopropyl,

5 isobutyl, sec-butyl, tert-butyl and neopentyl.

The cycloalkyl group can be, for example,
cyclohexyl or ethylidenenorbornyl.

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 trimethylsilquxy

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, glthough 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.



11 CH2 -Q 1 Novenber 2004 52 (3, 4-epoxycycl ohexyl nethyl acrylate). The
unsat urat ed nononer, when, in the formula (IV- a), Z réiNeeerea 2007, can
be, for exanple, any of N nethylolacryl am de, N nethoxynethylacrylam de, N
5 et hoxynet hyl acryl am de, N, N di met hyl am nopropyl acryl am de, N, N-

di met hyl am nopr opyl net hacryl am de and di acet oneacryl am de. The above

unsat urated nononers can be used 10 individually or in conbination. These
unsat urated nononers (b) can be used individually or in conbination. From
t he vi ewpoi nt of prevention of coating2film cracking and fromthe

vi ewpoi nt of the peeling 15 resistance, strength and consumability of

coating film i{nis ROef epned thatotene siiyl estef co 0&%3?; bl ock wunits
(A) contain the conponent units (a) derive rom pol yneri abl e

t t ed ;e |,.i i iyl .ester. in an a nt .of. 10 t9495%.0b
wei ght | eopabr BTt T2 BR G Buh L Gt T rr SORTATA FREC U4 8P od
it b th t the | onept _units (a in an
amount of SRt 0" oORH R QY. et Bt 157 1t 008 by SR ZFBRovi ded
t hat conponent. units _(a) + conponent units (b) = 100% by meight). When t he
silyl 25 (n%?ﬁ?ac?lt%}re&rer@&’ﬁ&&ﬁé‘rﬁ HfRPREL 2)1 %3l 3)S&F PP EXBy BFDEr 2004

53 contai ned as_the_conponent units (a) deriv froma polynerizable
unsat ur at ed“EAFRBRYFiEe agﬁdlfimﬂe§£ﬁ§ﬁ% that é¥% 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) (iid)

wherein R, R14, R1° and Rl6 are the same as the R,

r14 gl3

I

and R1® of the above formula (I11).
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,



it is preferred that the silyl (meth)acrylate conponent units (a-2) be
contained in an anount of 0.1 to 60% by 5 weight, espetiNaveynitErz2004 40% by
wei ght, while the silyl (neth)acrylate conponent units (a-3) be contained
in an anount of 10 to 70% by wei ght, especially 30 to 65% by wei ght
(provided that the ampbunt of conponent ‘units (a-2) + (a-3) falls wthin

t he above range of 10 anobunt of conponent units (a)). .Block unit derived
from mercapto conmpound (B) The block units (B) are derived froma nercapto
conpound represented by the fornula: 435 0 (R1) - 0 ( Cn H2n 0) m
(GH10) ki CR2 SHor (R1) {(OCnH2n)m (OC1H21) ki X-R2 SH . (2) j i H
a 20 wherein Rl dépresehtisya -mpdhodailon gmeuh )arcryetdies - bond- cont ai ni ng
hydr ocar bon group having a valency of | or higher and having 1 to 30
carbon atons, prétesablputytioe2@yvaarihgn atmemh) alkhe,igrslp RL may be 1
Novenber 2004 54 an aliphatic hydrocarbon group, an alicyclic hydrocarbon

group or an ar odbtkecabuphatice i medmeqaringn oxgfGuUR UNGHDSH ) 4 ateda 0k,
substituted with an al kyl group. Wen the valency of Rl is 2 or higher,
only one caghgn 5 atomas a constituent of Rl nmay be bonded with a
plurality of oxygen atom bonding groups (-0-), or a plurality of carbon

atons as constityespsopiitBec- Bﬁ@wca{e@@&rﬂ% n@yett}ﬁ é&%%ével y bonded
wi th oxygen atom bondi ng groups. For exanpl e,

In the present invention, these 311y1
(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,



10 represented by the formula: 15 CH2 Hz CH3 CH2- i - C H2- and - C H2
i - CH2- CH2- CH2 R2 represents a bival ent hydrocar bo¥ovgmlgy 2884 ng 1
to 30 carbon atons, preferably 1 to 20 carbon atons, 20 or a group of the
formula -CH(R3)- wherein R3 represents a group of the formula RA-O-R5 in
whi.ch R4 represents a bival ent hydrocarbon group having 1 to 30 carbon
atons, preferably 1 to 10 carbon atons, while R5 represents a nonoval ent
hydr ocarbon group having 1 to 25 30 carbon atons, preferably 1 to 20 carbon
atons. X represents: 30 -CG-0- o** NC-0-15 H IS 1 Novenber 2004 55 n
is an integer of 1 to 5, preferably 1.to 4. mis an integer of 1 to 100,
preferably 1 to BOOCEYils dadmetimvdgarl wf {methlkackvlstan integer of 0 to 5
100; ais an integer of O or 1; j is an integer of 1 to 50; and i is the
val ency of Rl. Whérrrwoydr diwved hdifsidnent (nypesacfybékyl ene oxide chains
(OCnH2n) exist in the mercapto conpound, al kyl ene oxi de chains of the sane
type may form a btbrkideb@norbicrenytiveione thorles diff eteatht ypepl ateal kyl ene
oxi de chains (OCnH2n) m may be arranged randomy, in the nercapto
conpound. This merdaptbyteipelncycalinke;hyfioyi Bxanpherh payreiacd, Novenber
2004 56

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



HSC H2- CO- (C2H40) 2-L, - CH2SH 0 || CH3Q( C2H40) 22. C C2HASH (M 2)

HSC2H4- CO- ( C2HA0) 4- C- C2HASH HSC2H4- CO- ( C2HA0) 19- C- C2HASINANSNTbeS 2004C - NH
(M11) (M1) (M3) HI1 SO O/~O-,NnCOnSH4 MS HSII HH

CH3( OC3H6) 30( C2H4) 19-HN- 11 -O S CH3(OC3HB) 10( OC2H4)32 HNC-0 Il S HS O
~-Co---~ SH S ()

45
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.



SH SH (M6) (M7) 11 0 O C NH C2HAOC2HAOC2Ha HN---CG-O---~ I SH S S
O G - - - NH C3H60( C2H40) 2C3H6-H N-C--O Il SH (M 10) S HSNdvember®0g41
CH-\0~,00 N IC-0SH ~ S CH30C2H40CCH2SH 5 CH30 ( C2H40) 14 ( C3H60)
5CCH2SH HSC2H4CO 0 (C3HBO) 1411 C2H4SH 10 0 O 1 Novenber 2004 57 O u
O( C3H60) 10 CCH2SH O CH2OC2HA0CC2HASH CH3CH2- C - CH2OC2HAOCC2HASH |

CH2 OC2HA0CC2HASH HSCH2- CO( CH2CHR0) 4CH2- G- - - CH2O( CH2CHR2O) 4 CCH2SH

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.

5 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.

10 Moreover, in the present invention, ccmponent
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),

15 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,

20 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:

25



CH2Q( CH2CH20) 40- CCH2SH (M 12) 0 O HSCH2- - Q(CH2CH20) 10 0 HSC2H4
C-O( CHCH20)20 CH3 0 0 11 CH20(CH2CH20)40C CH2SH CH3'1 dlayember 2004

Q( CH2CHO) 204C2H4ASH CH3 0 OCHO -(CHC 11 2 4 901 2

| Hper/ Ot NOOOHGCGOH3 Il SH32SIl HHN-CO
(M 8)
47
CH,
5 CR*COW -~ (IV)

HO) 1p' CC2H4ASH CH3 S

-Os SH S (M9)

wherein R°® represents a hydrogen atom oxr a methyl

10 group; and W represents a polar group.

The polar 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,

of the formula:

———ERSOJHH or —ERSOJXRY

integer of 2 to 50;
represents an alkyl group),

group of the formulae:

x igs an integer of 1 to 100;

or a polyalkvlene glycol group

{wherein RS represents an alkylene group; n is an

and RY

Or an epoxy or oxetane

10 10

o R'° R10 R N /R

NS 9 C
—R%—Cc—¢C R VAN
9
| N 10 10 O —R™—L O
R0 R R Rm\C/
, 10

r10 R R16 \R10

25 R10

I
S




Il HH1 0 0 QCH2CH20)1 p-CCH2SH 1 Novenber 2004 58 Anong the above
mer capt o conpounds, those of the fornulae (M1) to (M iNovembes®0dyed in
Exanpl es described later. It is preferred that the nunber average

nol ecular 5 weight of these nercapto conpounds be in the range of 100 to
10, 00.0, especially 150 to 8000, and still especially 150 to 5000. When the
bl ock units derived fromthese nercapto conpounds are contained, there can
be obtained a block 10 copol ynmer havi ng advant ageous properties such that
an excellent surface renewability isggxhibited in the event of the use of
the bl ock copol ymer as a vehicle of anti fouI ing paint. The expression

“excel I ent surfacgfenawahid |It,%/%eggsa%?¢ Pléﬁ'@ ??6 ?cgfrgnq}_\gﬁl whi | e

15 under goi ng consunpti on, | hg ant i Nng paint coating

fllmthetlc r k _ er which is
the outer rrgst lgsgﬁ”fmf%ace ﬁaoa:%/dgﬁ{a%ﬁ%% a(%/lﬁt%%l Q?X‘?l e$ o%kﬁ%eac ﬁg o%n

anti fouling raeent i.S sma.lé( SO that 20 hag? ac i ye coat i ng rface is
constantly exposeﬁly poly 3oxyaﬁ<yl ene “8r yFOQSFgF 06% Ser

produced usi_ng the_above nercapto co ou S char cterized by haV|ng a
| ow ol ecul &P W&t raesprecsoert’pta% ﬂ&t toﬁﬁsga?ﬁé?? il 9 ®est er

copol yners
poly g R10s bonded to neighboring

carbon atoms;, provided that
carbon atoms may be bonded with each other to thereby
form a ring structure).

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,



1 Novenber 2004 59 to thereby cause the viscosity of its solution to be

| ow. Therefore, the antifouling coating conposition coisvesibey 2004

(pol y) oxyal kyl ene bl ock silyl ester 5 copolymer according to the present
invention enables mnimzing the use of solvent, thereby having

advant ageous properties such that the workability at coating operation is
excellent. In the (poly)oxyal kyl ene bl ock silyl ester 10 copolyner A for
use in the present invention, the above conponent units (A and/or (B) may
be present each in a single type or #A combination of at |east two types.
In the (poly)oxyal kyl ene bl ock silyl ester copolyner of the present
invention, itedkiprefexcetlastt hatifpnévindi pgriflbamanire sispesfi=idnponent
units (A and (B) is 100% by weight, the amount of silyl ester copol yner
bl ock units {irA)hibshhgentoaliygi rebhereange of 40 to 99. 9% by wei ght,
especially 50 to 99.5% by weight, and still especially 70 to 99% by

wei ght, whil e t heri2d anmoanhrotedl nokombirt $b( B) cebst Wwhdted tefe t he nercapto
conpound be generally in the range of 0.1 to 600 by weight, especially 0.5
to 50% by weigddtusditleStmbhomespesmpbh¥gnt 18i30%nby ivei ghtho1\Wien the anount
of mercapto conpound bl ock units 25 (B) is in the above ranges, the

coating Bil gisauwls(s01) Nevepbene2004360anexhi QEEr%&%%'t'e@mb}ﬁ'Eﬂéc ouling
properties and renewability, and also tends to be excellent in hardness,
wear and ot hesppioperties. When the nercapto conpound fromwhich the 5
conponent units (B) for constituting the

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),



(Pol y) oxyal kyl ene bl ock silyl ester copolyner can be derived is a conpound
havi ng one "SH' (compound of the above formula (1) or1MNovemimréddddi is 1),
it is presuned that, in the copolynmer, one conponent unit (B) 10 woul d
exist in one end portion of the copolyner so as to seal one end of the
conponent unit (A) (nanely, A-B type, see the follow ng formula). Further,
for exanple, when the nercapto conpound from which the conponent units (B)
can be derived is a 15 conmpound havi ng one "SH' at each of both ends

t hereof (compound of the above formul &9(1) or (2) whereini is 2), it is
presuned that, in the copolynmer, one end of conponent unit (A) would be
bonded wi t h monporentenmi ¢ly¢d) , mohosetbtheylend voslsd .f urt her be bonded
with one 20 end of other conponent unit (A) (nanely, A-B-A type, see the
foll owi ng f olpte)hylenadgiyton mnondheskrabkotkteogakymer,s, there would be
a bl ock copol yner wherein chain end portions of three or nore conponent
units (A amebonde evé hyiheer doNoverheer2084e6kn=as)nore S el ements of
conponent unit (B), known as star type arrangenent (see the follow ng

fornula). | pdhguesedtie | AVEOS1 ORonbierAaBri1hyYpe (ABE)the star type are
preferred as the (poly)oxyal kylene block 5 silyl ester copolyner. A-B type

Zorrponens A ERROAEIY ] dhe 191 fe Bt AndYBRe EARREDERL A (AR 9GONMPONent A conponent
polypropylene glyceol monomethacrylate (n=12)}, 2-
methoxyethyl acrylate, 3-butoxypropyl methacrvlate aﬁd
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),



Wth respect to these bl ock copolyners, fromthe 25 viewpoint of
coatability of a conposition containing the copol yner hiNpvemberafifidng
properties exhibited when dilution is effected with a solvent, it is
preferred that the viscosity of, for exanple, a solution of 50%
concentration at 25C, although varied depending on the Star type S
conponent B [~.eonponent A S 1 Novenber 2004 62 use of enpl oyed copol yner
and not unconditionally determ ned, be generally in the range of 5 to

200, 000 (200 thousand) cps, especiaH%} 10 to 50,000 (50 thousand) cps. 5
Wth respect to these block copolyners, it is preferred that the weight
average nol ecul ar weight 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 perform ng a block copolynerization of the above silyl ester copol yner
conponen? and the abqgve nercapto conggund The process for producing

(pol y) oxyal kyl ene bl gck 15 silyl chopolyners wi |l be described bel ow.
Process for rodug

es
i _qf .0 K ock sit 1 LP- Y ester copolynmer In

the production o f?po 9)§§€QF§5¢2§8 Ioéﬁigilyl 20 ester copolyner, a

bl ock cggolyneri%ﬁ%jon is performnmed

(4-hydrozybutyl 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,




whi | e causing the nercapto conpound (B) to be present in polynerization
conditions of silyl ester copolyner conponent (A). Sp&didiesaidnZ00dse is
made of the above 25 pol ynerizabl e unsaturated carboxylic acid silyl ester
1 Novenber 2004 63 (a) and the unsaturated nonomer (b) other than the

pol yneri zabl e unsaturated carboxylic acid silyl ester which are
constituents of the silyl ester copolyner conponent (A). Based on the
anount of silyl ester 5 copolynmer conponent (A), the polynerizable
unsaturated carboxylic acid silyl esbér (a) is used in an anbunt of 10 to
95% by wei ght, preferably 20 to 85% by weight, and the unsaturated nononer
(b) is used in an(Zamegoxxfcy Sl dloeDPmbyhwei ghtylpreferably 15 to 80% by
wei ght 10 (providing that (a) + (b) = 100% by weight). The nercapto
compound (B) is uded insanmemedtneiofed, t 9hehD% BY tvRi gbt-mupref@rably 0.5
to 50% by wei ght, based on the anmpbunt of (poly)oxyal kyl ene bl ock silyl

ester copolaynerz et osdn pol ymetf j zaihopet hepeobxhaptar rhed LF qut through
vari ous conmon techni ques, such as solution polynerization, bulk

pol ymeri zat i@thyerall £4 0 aipod & e L Rat h SRy ABELSUS PEPS LA gRO! yyreri zation, in
the presence of a radical polynerization initiator. The bl ock pol ymer

obt ai nedst hiauahyanotn 20, 9} VAR dZat 0. t echni ques general |y conprises
random copol yneri zed silyl ester copolynmer conponent (A) chains and

(poly)oxyal@wﬂyyﬁﬁﬁéﬁ%hdgygﬂgiaégng$1&9pak fz0 conpounds and per oxi des
poly

can wdely be used as the radical merization initiator. 25 Exanples

of the azo GQHRAURAS A NEIJAE 2 e e da NOYEIREE 2004 64

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



azobi si sobutyronitrile, 2,2'-azobis(2- nethylbutyronitrile) and .

2,2' -azobis(2,4- dinethylvaleronitrile) Exanpl es of théNseeokiad@d0dnc| ude
benzoyl peroxide, 5 tert-butyl peroxyacetate, tert-butyl peroxyoctate,
cunene hydroperoxide, tert-butyl peroxide, tert-butyl peroxybenzoate,
tert-butyl peroxyisopropyl carbonate, tert-butyl hydroperoxi de and

persul fates (potassiumand ammoniumsalts). 10 Further, use can be made of
an initiator of the forrmula: H3 H3 O 15 -~ -- CO (CH2) 2C-N=N-C (CH2) 2000
(CH2CH2O) x CH3 CH3 n wherein each ofsyx and n is an integer of 1 or 20
greater. The use of these initiators enables increasing the hydrophilicity
of (poly) oxyankyplierd Blsockeidoppastier urbpsl yakrdantvedabtes enhanci ng the
antifouling performance and consunability of antifouling coating 25
conposi ti onpo\lWhile riespact dresdtherdted i@ddsoxflibheachboyelfor sukar,it can
effectively be used in cases where the above nercapto conpound i s not

enpl oyed, fatr iexaspiferr«d tthestpolheresizat i one o) f0r¢nsaé Uk akhgdntnovenber
2004 65 carboxylic acid silyl ester intended for producing a silyl ester
copol yner. \hemrst he -2hove pAWEIndS Useth i dndihansffouli pg spai B, the
solution polynerization in which 5 polynerization is carried out in an
organi ¢ 50l ¥@agntQr esteR: ikulik, poly ey i 2@ 110p 81 phef efkefleapRRg the above

8ilyl {(meth)acryvlate 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 coﬁponent units (a)).

Block unit derived from.mercapto compound (B)

The block units (B} are derived from a mercapto

compound represented by the formula:

O

i l
(RY) -o-—e(an%O)m———(clHZlO)k )j C——R*—-3H (1)
15 i
, or
(R (OC Hyn)m—(0C Hyy ) TN X—R*——3H (2)
_ 1) ;
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



various polynerization techni ques. The organi c sol vent sed in the

sol ution pol ynerization technique, although not parti ¢d¥o¥enPariZilded as
long as it is inert and 10 does not react with any of the nononers for
copol yneri zation and as long as it can dissolve the nononers, can be, for
exanpl e, any of: aromatic hydrocarbons such as xyl ene and tol uene;

al i phati c hydrocarbons such as hexane and heptane; 15 esters such as ethyl
acetate and butyl acetate; alcohols such .as isopropyl alcohol and butyl

al cohol ; ethers such as di oxane and dset hyl ether; and ketones such as

met hyl ethyl ketone and nethyl 20 isobutyl ketone. These sol vents can be

used indivi duakhy phatik GYERINALIRL Jhwucatal vt Epel copol ynerization is
used in an anount of, for exanple, 0.01 to 20 parts by weight, preferably

0.1 to 10 pﬁ&h%ogﬁfﬂ%hg@E@u&ﬁ%rlggl ﬁééWb2§1ﬁ§ﬁ9@$c0ﬁy898c§9559f
conponents constituting the Novenber 2004 66 (poly)oxyal kyl ene bl ock

silyl ester capgl m&%mbswt%te%toady b SA PE & Qh%@ealg{, QQO% di vi ded

and added wo or nore tines. Dividing the catalyst and e ing” ‘addi tion

two or ror ey et s vaneher e fomd he & vi eyeol ntogi}{aggg' 8Liga.of

nol ecul ar wei ght, reaction eff|C|ency and c ver5|on “8ol vent is

used in an amunt of for 1q 1000 ar ght, preferably
10 to 5 parPs aﬁyaméjlog tl)%per (?015 %‘arts )f)?lbwm g (? %Aﬁfé %um of 10

nononers for co%glg ati-on. Eh§h ferred t hat t e, wei ght aver age

nol ecul ar  { u?xﬁpb&hce %%Qegr%%%%ly t’A B8 Fn the range
of 500 to 20 thqusand %Flalhy 1000
plurality of c on atoms as constltuents 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



100 thousand, and still especially 1500 to 80 thousand qggqgmﬂpove
bl ock polynerization toward a (poly)oxyal kyl ene bl ock’ Azl

copolymer, a termnal radical in the stage of growth of S|IyI ester

copol ymer (A) undergoes a chain transfer to the S atom of nercapto
conpound (B) to formthioehter bond -S-, 20 for exanple, according to the
formula. That is, the (poly)oxyal kylene block silyl ester copolyner has a
structure that at | east one carbon atomin main chain of the silyl ester
copol yner bl ock unit (A) bonds with 3l ock unit (B) drived from mercapto
conpound through - 25 S (thioether) bond: 1 Novenber 2004 67 R 5 (CH2_C
C+ HS COOSI RRRBR4 COWR5 Rl 1 1 CH2---CC5 1 ~1 COOSl RRR3R4 COW
wherein the abbreviati ons have the sane neani ng as defined herei nbefore.

Thus, the (poly)gxyal kyl ene e @ak Sidyls estedrcopol ymerc@fat he present
invention can be obtained. The thus obtained (poly)oxyal kyl ene bl ock silyl

ester copol ymer ansben0f g el B yed mnof unedi onably 1 A8 Botype

(bi functi onal type) or star fype 10 (trifunctional or greater

functionality) inp @%%thﬁ%%% Mt thx{qpcgtqﬂgtéﬁylﬁoug capt g gpoup of

mer capt o conpound e present invention in carrying

out the aboygregction, ARG AL &L O FaLRC nteger of 1 to

50; and i is the wvaleuncy of rRL.
wWhen two or more differerit types of alkylene oxide
chains (OCpHy,} 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:



15 made with respect to the sequence of addition of eaih conponent and the
presence of solvent, it is preferred that the reactio Nﬂ¥4ﬁ§qr din a
solvent, with other conponents sinultaneously charged, or appropriately

di vi ded and charged in sequence. The pol ynerization 20 reaction can be
conducted at, for exanple, 30 to 200C, 1 Novenber 2004 68 preferably 40 to
180C, and still preferably 50 to 150C, for about 30 mn to 24 hr, thereby
obtaining the (poly)oxyal kylene bl ockésilyl ester copolynmer of the

present invention. 5 The (poly)oxyal kyl ene bl ock silyl ester copol yner
obt ai ned by the aboﬁh process {general ly has the block structure of the A-B

1 L . .
type, A-B-A't ar ~star t 1 i fi®dtion as to the above reaction can
be effected gemﬁag§r§%%ﬁ¥9ﬁgiﬁgﬁgpor exanple, GPC, IR 10 spectroscopy or
NMR spectroscopy. The degcri bed (poly)oxyal kyl ene bl ock silyl ester
copol yner of tdigos B360)clhyeRLi onyean be used as either a vehicle of
antifouling coating conposition, a Sslowy released nedicine, or an

agricultural polymen. 15 It i especially useful as a vehicle of

antifouling int . lang i 0|j%ﬁL i,ng tgenposi ti on The antifoul i ng coating
conposi tion oggtg@ 6@%&@%fﬂ42 i%@g%?ion conprises, as a coating formng

conponent, the (poly)oxyal kylgne bl ock silyl ester copolynmer A which
conprises silyl estgr copol yngf block unisss (A-1) and block units (A-2),
the silyl est &B8Celhp&OyiteHsMhock Calablls (A-1) conprising (a) conponent units
derived from 25 a polynerizabl e unsaturated carboxylic acid silyl ester, 1

Novenb 2004 69 S
venber he “ ul 5 O
-i}——o——c——NH O~ ~NTC—0
o n s

(M-4)

S

HS T y N
}O——CHN\/\O/\/O\/\ A NTEG—0
\/D\/O O ISI SH
O
CH3(003H6)3O(02H4)19““HN—-ﬁ-—O{,\C/\
SH

{M-6)
S
o)
CH3{OC3Hg)19(OC2H4)327H N_C_O{/\C/\
( SH M-7)
S

S
HS I | o
R \/D\/}O_C—NH_Czl_hOCzH‘iOCZH4_H N"'—-[”:—O—C/\C/\
O ‘ SH

S

S
HS I O
}O_C“"'NH'C3H60(CQH40)203H5_HN_C—"“O /\C/\
PP | g SH

(M-10}
S
HS I H . oY
O—C—N o} o N—C—0 —
\/O\/} HII\/ o Isl {SH
CH,0C,H,0GCH,SH
5 CH;0 (G,H,0) 1 (C,H40) <CCH,SH

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

10



and (b) polynerizable unsaturated nononmer units other than t he conponent
units (a), the block units (A-2) derived froma speC|?| é%p&
conpound. The use of the antifouling coating conposition 5 cont ai ni ng the
(pol y) oxyal kyl ene bl ock silyl ester copolynmer |eads the formation of an
antifouling coating filmexhibiting | ess cracking tendency, excellent
adherence so as to ensure | ess peeling tendency and desirably controlled
hydrol ysis rate so as to be 10 extre y excellent in antifouling
properties in highly fouling environment and | ong-term maintai ned
antifouling properties. The antifouling coating conposition (P) of the
present invention conprises the above (poly)oxyal kyl ene 15 bl ock silyl
ester copolyner A as an indi spensabl e conponent. The antifouling coating
conposition may further contain “"-sonents otnfr t han t he

(pol y) oxyal kyl ene bl ock silyl eg Dg é%H or exanple, an
antifouling agent (B), zinc oxiae F% 2@ an i norganic
dehydrating agent (D), an antisagg ng/antlsettlng agent, a | eaching
accelerating agent such as rosin, a plasticizer such as chlorinated
paraffin, various pignments such as a ¥&PeHYnEMH and a body pigrent,
various resins such as an acrylic resfin 25 and aOponaIkyI vi nyl et her
(vinyl ether (co)polyner), 1<Nmﬂknheﬂ}2eﬁngigHandC EHous. addi ti ves such as
a defoamer, an antifl ooding agent add a leveling agent Conponents and
various additives other than the (pmhmpog%akkxhgne bl ock silyl ester
copolynmer Awill be 5 described bel ow. Antltpullng agent, (B) Al though
comon antifoul ing agents, which may be

CHzO(CH20H20)4OCCH28H

] 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 CZH40)16(CH2C HO)1 0 CCZ H4SH

A O—C“"NMHM\“ {/\(C/
M-8)
j—o C——N\/\O O/\,H—C—-O—C

s (M~9)

S
HS ”
| \/3\/0 j/\O/\/O\/\O/\/O\/’— H— _C,\C/\

|
S : (M-5)




i norganic or organic, can be widely used as the antifouling agent (B), it
is preferred in the present 10 invention to enpl oy copp&ovenbasi2084copper
conpound (B- 1), a netal pyrithione (B-2) and other organic antifouling
agents. The copper and/or copper conpound (B-1) (excluding pyrithiones,
the sane applies hereinafter) to be added 15 to the antifouling coating
conposition of the present invention will now be described. Those whose
nol ecul ar weight is generally in the range of 63.5 to 2000, preferably
63.5 to 1000, are used as the copper a&d/or copper conpound. 20 Both
organi ¢ and i norgani c copper conmpounds can be used as the copper conpound

(B-1). Exanpl es ofmbhe thaoaganbcm@@@@@&LpQ%E@%%%%Q,thHQﬁaQﬂprﬂyé oxi de,
copper thiocyanate (cuprous thiocyanate or copper rhodanate), basic copper

sul fate, coppermabhkerigeiando 35-gopPalr OHnfA oy NAVEME A4 71  Exanpl es
of the organic copper conpounds include basic copper acetate, oxine copper,

copper nonydpbenohsyal f gpate, copper bi s(ethyl enedi am ne) -
bi s(dodecyl benzenesul fonate), copper naphthenate, 5 copper rodinate and

copper bi s( pent acht o 9ppenslat-gy. thgeogggn'h%f@léw Qggrgaxgg%og%%ﬁ@fﬁpef

t hi ocyanate (copper rhodanate) are pr rab use

conpounds;, i@éﬂéﬁEeOPftﬁQQQ?ﬁeQEapE?g%%gg%uWh%hb%og e%ﬁﬁi%%&gﬁhgﬁ?q

individually or in 10 conbination (coppér conmpoun i ncl ude

copper pyrithy®ng).14n e ' Lng atin nposi.tion_of the present
i nventi on, i{%?sg%rééé?égd ?ﬁ%%gﬁﬁggg %%gp%P %gﬁgfoﬁngoﬁﬁéﬁlconpounds, in
total, be gengtaliyi1y 150 to s000.

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



15 contained in an anount of 1 to 70% by weight, especially 3 to 65% by
wei ght. Per 100 parts by wei ght of (poly)oxyal kyl ene bifl desitef2084t er
copolymer A contained in the antifouling coating conposition, it is
preferred that these copper and/or copper conmpounds (B 20 1), in total, be
generally contained in an anount of 3 to 1400 parts by weight, especially
10 to 1300 parts by weight Wen the anmount of copper and/or copper
conmpound contained in the antifouling coating conposition is A 1 Novenber
2004 72 within the above ranges, an %htifouling coating film having
excellent antifouling properties can be forned. In the present invention,
use can be madehefreay canganithantidading agentst 9getbesnWebhypkhe copper 5
and/ or copper conpound (B-1) or in place of the copper and/or copper
conmpound (Bidy.. As the organic antifouling agent, there can be enpl oyed,
for exanple, netal pyrithiones (B-2). Exanples of the netal pyrithiones

include sodi um FRGRRFIWE, GHLIMM1 NAT MG J0x &l 4T DY, SPPREL, Zinc, iron
and lead pyrithiones. O these netal pyrithiones,” copper pyrithione and

zinc pyrithiLg §i§&%gp%%%eW5%iyfgﬁyg¥k%§@4%é§fﬁ%?i3i1§ff3§£8£'y preferred.
0

In the antifouling coating conposition pres IAvention, it is

n
e 18 DA U O e RIS
e

cont ai ned in an anount to 50% pec to 30% by
wei ght - Per }gngQ&hg Q&e.“%%g%% OQJQRQHX)Qﬁ%%!H¥|%9 bl ock silyl ester
copol ymer 28 A COATALNEd i N the Tantd Foul i ng coathg 2ohbdsi tion, it
advantageous properties such that the workability at
coating operation is excellent.
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 gilyl 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



is preferred that these pyrithione conpounds (B-2), in total O%enerally
contained in an anount of 0.3 to 300 parts by meight, ﬂ?@ to 200
parts by weight. 1 Novenber 2004 73 1In the present inventlon t he

foll owi ng other antifouling agents may be contai ned toget her mﬁth t he
pyrithi one compounds (B-2) or in place of the pyrithione conpounds (B-2).
Conventional various 5 antifouling agents can be used as the other
antifouling agents. Exanples,of the other antifouling agents include
tetranet hyl t hi uram di sul fi de, carbanmage conpounds (e.g., zinc

di et hyl di t hi ocar bamat e and manganese 2 10 et hyl enebi sdi t hi ocar b<anate),
2,4,5,6- tet SR Qn%ﬁﬁ#ﬁh@@bnﬁmtlfeulmhgkpdbﬁé&hﬁb@lgﬂhorophenylurea
2-methylthic-4-tert- butylam no-6-cycl opropyl am no-s-triaz-ine,

4, 5- di chl or o ¥ €2.ayadditlyl tvil- | aod ha bgol tends 086, b2, 4xBelbent in
trlchlorophenylnalelnlde pyri di ne-tri phenyl borane and

ami ne-tri phemyiriseresvo. Wentt hendresest prvesttoss these antifoul i ng agents
can be used individually or in conmbination, together wth pyrithione

conpounds (et al M@Emthh&nemﬁréaﬁﬂbéﬁbﬁ%b@ﬂamffwml&ﬂiﬁﬂetﬁ pn the formula
(I'vV), R - to RA =H M Zn and n = 2) and copper pyrithione (in the formla

(1V), Rl 30 RémpoHenM anGsang:)n for)cod®f 1 €X éeth copper pyrithione
and/or zinc pyrithione can be used in conblnatlon W th

4, 5- di chl or o{Bohyookybikyiieeldiazali nsi B35 3 Noysnber 2004 74 The
total content of various antifouling a %ﬁbeﬁ?ggr do ymer can

derived is a compound having one %“gg" (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 component 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 copolymgr wherein chain end portions of

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



such as copper and/or copper conmpounds (B-1) and pyrithione conpounds
(B-2), in the antifouling coating conposition, althoujNayeptri208d t he
types of coating 5 filmform ng copolymer and antifouling agent used in

the preparation of antifouling coating conposition and the type of, for
exanpl e, marine vessel to be coated wth the antifouling coating
conposition (wth respect to marine vessel, its sea route, speed,
operation rate, 10 size and location of ship bottom and cannot be
unconditionally determned, is preferé%ly in the range of 10 to 1400 parts
by weight, still preferably 20 to 1300 parts by weight, per 100 parts by
wei ght of ther ambeees(pdleypmtyalddy|@medlaok iyl (©S! eknSEPOLYMEL A 15
For exanple, when zinc pyrithione is used in conbination with cuprous

oxi de (Cu20) tmpet heraankikat! | REage AdLidie ANtddQuliHg. coating
conpos.ition, the zinc pyrithione may be contained in an anount of 2 to 200
parts by weight pen tA@ paekenby 120 RiighH, ofhd BxQ|BV.)A0Xt?5§H<ya{§(§1€ pl ock silyl
ester copolyner A while the cuprous oxi de nay be gene y contAfned i n

an amount of sedoutype heel3zRQrRanty Ry weloht, ;) L&%¥)1ﬁ§gts g%}¥§%ght of

(pol y) oxyal kyl ene bl ock silyl ester copolyner in-the anttd coating

conposi tison. s 25y EveBc ikt EBﬁogkggrpyrithione and cuprous oxide are 1

Novenber 2004 75 contained, the antifouling coating conposition because

of containing theyspegific copol ymer having the block unit derived from

mer capt o conpound is excellent in storage stability and does not suffer

viscosity 5 increase or gelation during storage, as different from the

af orenmentioned antidfquli.ng paints _of the frior art. Mreover, for exanple,
a

when copper pynLthgpewbaxgsggéincﬁém iTation with cuprous oxide (Cu20) as

t he

10 A-B-A type

compeonent A component B component A

S/\/\/\/\S

Star type

15 kfr\\,zomponent 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



antifouling agent in the antifouling coating 10 conposition, the copper
pyrithione may be contained in an anount of 2 to 200 pA¥@vemRenglht per
100 parts by weight of (poly)oxyal kyl ene bl ock silyl ester copolyner (A
whil e the cuprous oxide nmay be generally contained in an anmount of about 10
to 1300 parts by weight per 15 100 parts by wei ght of (poly)oxyal kyl ene

bl ock silyl ester copolyner Ain the antifouling coating conposition. Zinc
oxide (zinc white) (C Zinc oxide (zipg white) (C) may be contained in 20
the antifouling coating conposition of the present invention. In the use
of the antifouling coating conposition wherein zinc oxide is contained,
the obtai ned®€olti RPN @gnmds arhancedinamed t beonabradabi | ity of
coating filmcan be effectively 25 controlled. | Novenber 2004 76 Fromthe
vi ewpoi nt of IPEGEMARREn b cemsunadbiv iiy tnd rags asf on oF FOALHHE Tilm
hardness, it is generally preferred that zinc oxide be contained in the
antifouling ¢88Pi A§oeeapdsi Cipsn iempaw iamoynt1 oftd. 5 tepo 5(36% by wei ght ,
especially 1 to 25% by wei ght. I norganic dehydrating agent (D) The
antifoul i ng tbatvsagdtompesition of the present invention nmay be | oaded

Wi th an inorganic or organic dehydrating agent, preferably an inorganic
dehydrat i>ng 10 agénth(raspgani codehydeabiln@kageMo1NJrs The antifouling
coating conposition |oaded with a dehydrating agent exhibits an enhanced
storage stabiéféyredhehdehyHeaticnghagenis G r | & any of 15
anhydr ous gypsum (CaSO4), synthetic zeolite%gagg?%éiﬁﬁg?“yg{é%t

thereof be in the range of 500 to 200 thousand,
especilally 1000 to 100 thousand, and still especially
1500 to 80 thousand.

10 These (poly)oxyalkylene block g2ilyl 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



(trade nane: Mol ecul ar Sieve), orthoesters such as nethyl orthofornmate and
net hyl orthoacetate, orthoboric esters, silicates andliNOERRRIZED4(t r ade
nane: Additive TI). In particular, anhydrous gypsum and Mol ecul ar 20 Si eve
are preferably used as the inorganic dehydrating agent (D). Such inorganic
dehydrating agents can be wused individually or in conmbination. It is
generally preferred that the above dehydrating agent, especially the

i norgani ¢ dehydrating 25 agent, be qﬁ?ed in an anount of 0.02 to 100 parts
by 1 Novenber 2004 77 weight, especially 0.2 to 50 parts by wei ght, per 100
parts by weight of (poly)oxyal kyl ene block silyl ester copolyner A
Further, itlaks gedekhk| ynpprefcpLed mharmsgcHbs. dtdwmmarian debgdrati ng
agents, in total, be contained in an amount of 0.01 to 10% by wei ght,
especi al | y Dollvnerigébby weightrabadedaohoklyd iantadicguls ing Ic oas t oy
conposition. When the inorganic dehydrating agents are contained in the
anti f oul i ngwichalh i age conpesituentenotfheht0 sddgile esmmmtcorddiey sd Or age
stability thereof tends to be increased. Leaching accel erating conmponent E
The anti f outéomgogeati Ng) conpaseti on ahet Aacpmese® siilmMenddtdr may contain a
| eachi ng accel erating conponent 15 (E). The | eaching accel erating

conmponenlt (EHpsBpmbe, cbNpoR¥AAPI(R) , aR%e0bo @RS z A MR dused t ¥€S,
organic carboxylic acids and netal salts of organic carboxylic acids.

Exanpl es of cdHieo%PsiBSabnel HeyIURLERSI Na)Waed w2 d QY rANhd@ht &F! rosin.
Al'l of these can be used in the present invention. Exanples of the rosin
derivativesy§ nebugles dhspweREht], Opaked ra83kN20 @Y 85% 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'-



mel ti ng- poi nt di sproportionated rosin, hydrogenated rosin, polynerized
rosin, maleic rosin, aldehyde 25 nodified rosin, polyok\Naviemsi@084t ers of
rosin, 1 Novenber 2004 78 reduced rosin (rosin alcohol), netal salts of
rosin (e.g., copper, zinc, magnesi um and potassiumsalts of rosin) and
rosin am ne. These rosins and derivatives thereof can be used individually
or in conbination. 5 As the organic carboxylic acids, there can be

menti oned, for exanple, natural and synthetic fatty acids having about 5
to 30 carbon atons. Exanples of the fhganic carboxylic acids include

pivalic acid, lauric acid, stearic acid, oleic acid, isononanoic acid, 10
versatic agizpritsgldoityyeniyraked, 2i dbseeabie (dcid, naphthenic acid,
2- et hyl hexanoi ¢ acid, coconut oil fatty acid and soybean fatty acid.

Exanpl es ofnetthey lnvetvetorsidit sl of ar@ahi ' carbbxgliRetaci ds i ncl ude copper,
zi nc, magnesi um and cal cium salts of the above acids. 15 Anong these

| eachi ng addelestatliveg ecompotrents) - rosins and rosin derivatives are
preferred. These | eaching accel erating conponents can be used

i ndi vi dual | y oExampdesicattion. petokidpseleciedet hahzblyesecreaciag
accelerating 20 conponents be contained in an anmount of 0.1 to 30 parts
by wei ght, mespecaddly fkdotwaldtpas] stbycvblight, pandxystichltegspecially 0.5
to 15 parts by weight, per 100 parts by weight of antifouling coating
conposi ti orumbie eoRiie0dx]@acht8gr aseel er pbirpgiaenpeeent suits1 25
preferred to fall within these ranges fromthe 1 Novenber 2004 79

vi ewp?i Nt fereRatdiGJdid) st&engbheyanbbiowliBEprBpiiocARRER 2] Wat er
resi st ance.

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



Per 100 parts by weight of (poly)oxyal kylene block silyl ester copolyner A
contained in the antifouling 5 coating conmposition, it1iNoY 200¢
preferred that the |[|eaching accelerating conponents, in total, be
contained in an amount of 0.3 to 600 parts by weight, especially 2 to 300
parts by weight. When the content of |eaching accelerating 10 conponents in
the antifouling coating conpositionis wthin these ranges, the
antifouling performance and coatingﬁg | m consumability tend to be

i mproved. Vinyl ether copolynmer (F) e vinyl ether (co)polymer, when added
to the 15 antifouling coating conposition of the present invention,

contri but escevbenhidnacemsntl ofi lviie eertackiing-ernrdesi stangeropeelhggar esi st ance
and |l eaching velocity stability of obtained coating filmand further
functions asiaytoatiteg topmliomrexi.ng conponent. 20 The vinyl ether

(co)pol ynmer can be, for exanple, any of polyvinyl nethyl ether, polyvinyl
ethyl ether, poWgehnyhei abprepyblewaer iandised yivi mH dsobrdyl iggher. 1t is
generally preferred that the vinyl ether (co)polynmer (F) in total be .
cont ai ned ipafntameust sefiut2on0pbivmelQ Ratilch By Welidy, especially 0.2 to
5 parts by 1 Novenber 2004 80 weight, per 100 parts by wei ght of

ant i f oulsi Ngp 6 0RERYza€QBROS! @R 1RA 01RO iRATLS NGl O PfeSE | Vb et er
copolymer A contained in the antifouling coating T“conposition, It Is

general |y pegéenned bBaymbheuikAvh 3 Lher LCUPUNIRS B congined in an
anount of 0.3 to 60 parts by weight, especially 0.6 to 40 parts by

wei ght . Nbr@@fﬁéusVﬁFhQH%r@95¥E%ESt@%%hﬁ%u%shydﬁggmdﬁé%nfgcggﬁ&gﬂtbe used

in place of the vinyl ether
used in the solution polymerization technigue, 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



10 (co)pol yner or together with the vinyl ether (co)polyner. The polyners
havi ng a hydrophilic group can be, for exanple, varioﬁQﬁwe”mer2004

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

(et hoxy) pol yet hyl ene gl ycol nono(neth)acrylate 15 (co)pol ymer. The sane
effect as exerted by the vinyl ether (co)polyner can be realized by the
use of these polyners Plasticizer (G As the plasticizer, there can be
enpl oyed 20 plasticizers customarily used in paints, such as

ort hophosphoric acid esters, chlorinéfed paraffin, phthalic acid esters
and adipic acid esters. These plasticizers can be used individually or in
conbi nat i on.(Pol YNewatidry 1007 BiochMhehl Y hesetekastbolgees. ar ehiised, t hey
are added to the antifouling coating conposition in an anount of, for
exanpl e, 0. fattely®e% pnwdigadddhesecl asticazebs ébnidebubadt agaelancenent
of 5 the cracking resistance of coating film(also referred to as

"anti f oul i ngweoati mpxfd |mindwer eim)vidtmedefie onntihestesnlit anEcanthoul i ng
coating conposition. Anong the above plasticizers, chlorinated paraffin
and orthophesgherion asicd castrerse siiaheasi ¢ rpesesyte@hpsphatge 10 (TCP) are
preferred. The chlorinated paraffin nmay be |linear or branched, and may be

liquid of seliedpopawderty hretfur=000n (ENRRS B¢ & Bar Ave i 8t Chl-05 L paLgd
paraffin, there can be nentioned, for exanple, "Toyoparax 150" and

" Toyopar ax 2%fAci@ncp QgliC &by oisah ofperation, In the present
invention, two or nore chlorinated paraffins which are different from each
other in chloringneoBbeRendNds 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:



nunber of carbon atons can be used in appropriate conbination. Wen two or
nore chlorinated paraffins 20 are used in conbination,1fNeemhase004f car bon
atons and chlorination ratio of chlorinated paraffin refer to averages of
the respective nunbers of carbon atons or chlorination ratios of
chlorinated paraffins contained in the antifouling coating conposition. 1
Novenber 2004 82. \Wen the above chlorinated paraffin is used as the
plasticizer (G, it is generally preferred that the chlorinated paraffin
be contained in an-amunt of 0.05 toR20 parts by weight, especially 0.1 to
15 parts by 5 weight, per 100 parts by weight of antifouling coating
conposition. Pér 1 parts ight of silyl ester copolyner A contained
in the antifo Iinglcoatfng osition, it is preferred that the

chl ori nat ed —panaHg hed hn a1 anpunt of 1 to 50 parts by 10

wei ght, especijally [2 to 40 parfs by ‘weight” “Wien-fhe anount of chiorinated
paraffin is w Y hin QREFERFapgeSOW the ef fect of suppressing coating film
cracking, coating filmstrength, and damagi ng (i npact) resistance are
enhanced. 15 When an orthophosp oricRester i s\ used as the plasticizer (G,
it is generally preferred that fhe prthophos hqgric ester be contained in
an anount of 0.05 te-20part SWeC ; iy 0.1 ta 15 parts by

wei ght, per 100 parts by wei ght\ of ahtifoygip doat i ng 0 conposition. Per
100 parts by weight of silyl estler cepebfieR /A CO¥htained in the
antifouling coating conposition, it is preferred that the @& thophosphoric
ester be contained in an anount of 1 to 50 parts by weight, especially 2

25 to 40 parts by weight.
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,



| Novenber 2004 83 When the orthophosphoric ester is contained as the

pl asticizer (G, a coating which hardly cracks and pedéiNovearbase2G0dr ned,
and the consumability of coating filmcan be enhanced. 5 Dehydrati ng. agent
(H) This antifouling coating conposition may he | oaded with an inorganic or
organi ¢ dehydrating agent. The antifouling coating conposition |oaded with
a dehydrating agent exhibits an enhanced storage 10 stability. The
dehydrating agent can be, for exanple, any of anhydrous gypsum (CaS04),
synthetic zeolite adsorbents (trade ©&me: Ml ecul ar Sieve), orthoesters
such as nethyl orthoformate and nethyl orthoacetate, orthoboric 15 esters,
silicates ampdeifsoaydnatses (d rogemaned Addiltl uerefldgablyn partbeul ar,
anhydrous gypsum and Mol ecul ar Sieve are preferably used as the inorganic

dehydrati ng1sagent £6k) abSueh 3deiar ald g agentis &b PecysLdn 1 hgdicykdual Iy
or in conbination. 20 It is generally preferred that the above dehydrating

agent be addeéit 2B O 10,02 1 0 J00. g paFt s Lgh ecially 0.2
to 50 parts by mlygiogcﬁ/'t,rwgern 100 parts b% V\%?ght O?B%%%ﬁé?oggaﬁ%y ene bl ock

silyl ester ,gRRRL¥MBLALLL Mpvenber 2004 84 Further, it is generally
preferred tﬁat such dehydrating agents, in total, be contained in an anount

0 . . o .
anti foul{ng coat g Comma o 08 et I dohbth off ho- apeRPLvaeE
cont ai ned igbkggned by the above process generally haslthe block
structure of the A-B type, A-B-A tfpe or star type.
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,



antifouling coating conposition in the above anount, the storage stability
thereof tends to be increased. O her conponent The aMﬁNQﬂWWW@gﬁﬁﬁting
conposition of the present 10 invention may be | oaded with the foll ow ng
conponents, other than the above conponents, for exanple, an

anti saggi ng/ anti setting agent, various pignments such as a col or pignment
and a body pignent, various resins such as acrylic resins (excluding the
above vinyl ether 15 (co)polymer) and various additives such as a defoaner,
an antiflooding agent and a |leveling @Bent. Antisagging/antisetting agent
The antifouling coating conposition may be | oaded w th conventi onal

ant i saggi ng,aft i(Het wiodyregarnab e R0 arbra rad yramouat sun Exanpkas rof
suitable antisagging/antisetting agents include salts such as Al, Ca and
Zn st ear at eshahec¢ihehicoaires: carid vl kiyd s(d ¥ ondiesh1ogol yei byl enez2ynwax,

hydr ogenat ed castor oil wax, polyam de wax, m xtures of these waxes,
synthetic 2aBrpaeti culoat @ siddcciar st npot v by | enepeoxade wax. OF 1 Novenber
2004 85 these, hydrogenated castor oil wax, polyam de wax, synthetic

particul ate silicaecandepolfyeatlyl=ena fd 1k yecca @iy H&hsss 8diofurt her, use
can be made of antisagging/antisetting agents commercially available 5 by

the trade nasRgaihehgeXad! @ol ViR 1ieM MmEOS LOX s1 Bpd ePigparlon
4200- 20", which are produced by Kusunboto Chemicals, Ltd. Pignent and

sol vent Var tegs1¢aeventia@nralt Ll Gyt @sh | HOrgan £ 46, pi ”+§ (:?n% )
titaniumwhite, red iron oxide, organic red pignents an a c? cah be used
as the pigmentmi Bxntibe Al AAYd NG LIakI N0 SAHBAS) T Qo] N gddi ti on,
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),



various colorants such as dyes may be incorporated in the antifouling
coating conposition. 15 The cracki ng resistance of coaf iNqyembenZ684 be
enhanced by the use of pignments with needle, flat and flake fornms. Various
solvents customarily used in antifouling paints, such as aliphatic,
aromatic (e.g., xylene and 20 toluene), ketone, ester and ether solvents,
can be incorporated in the antifouling coating conposition. The sol vent
used in the preparation of silyl ester copolynmer may be contained in the
sol vent. Various resins 1 Novenber 2002 ° 86 ~Exanpl es of suitable resins
include an acrylic resin, a chlorinated polyolefin resin, a chlorinated

rubber 1 esi ind PO ALURELE! PesAsHERY 6Ol QLRSS by @ VITYL acetate
n, a butyral 5

resin, a polystyrene resin, resin and an ‘i ononer resin.

Producti on of i foul i ng i ng.conmpositi,on The antifouling coating
conposition%ﬁéﬁﬁ%s%ﬁ%%%n?gggﬁv%%?i32E8§ﬁ&689p585ﬁbéd by appropriately

| oyi t t echni ._F lLe, .th i fouli 10 ti
conposi ton can KERATATHEY Ty SUBF EREF nBLERE -V ER0 Py R G bl ock

silyl ester copolyner nd, er 100, parts by weight of (poly)oxyal kyl ene
bl ock silyl Fé‘g]t rOWQF%E(ﬁ ocl ?bgﬂossﬁgﬁ SR EEght SfillRpper

and/ or a_copper cgonpound (B), 0.07 to 1200 parts 15 by wei ght of an organic
anti f oul Png iheg bolew. 700 parts by weight of zinc oxide (D), O to

600 parts by weight of a |eaching accelerating conponent (E), 0.3 to 200
parts by wei ght of a vinyl eth@ﬁig@BiééﬂyﬁﬁﬁﬂéEﬂéll to 50 parts by weight
of a plasticizer (G, 0.03 to 200 20 parts by wei ght of a dehydrating agent
(e.g., anhydrous Although common antifouling agents, which may be
| 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.



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

anti saggi ng/ anti setting agent, a pignment, a solvent, &MNovempesd@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 excellent storage
stability. Further, the antifouling coating conposition satisfies various
requi renents for 5 performance such as_antifouling coating adherence,
durability and antifouling properties’lFor exanple, hulls and marine
structures coverg%gimﬁth an_antifouling coating filmhaving excellent

cracki ng resista QQﬁfiﬂﬂﬁf i W PP bpef PPREL cafmMBeURGSoBP&ILNEE by
appl ying the above antifouling coating conposition to the surface of
vari ous shap@f i &iRPPYhHaERY2teuch* H3e aROBREErF WEPBPEE| 0at i ng structure,
namely, a marine structure (e.g., plunbing port of a nuclear power
station), aPSMyd@hend¥aisirrpreyererwer 1516 prhydengdéaimanedr-i ous ocean
civil works for a bayshore road, an undersea tunnel, port facilities, a
canal / channdis @adecyl et eree sebbatabgl. acépshingagbahenpeeg., a rope and
a fishing net), once or a plurality of times according to the customary
procedure, &OOPTEY drodinpthembpplimmenanti £ Opéhhgchdatrbnyenonpasit.i on.  This
antifouling coating conpositions may be directly applied to the surface of
hul I s and mamorgagtivuctupesys oridppiédedppehetbiivtparatk Hublppeand marine
structures precoated-wi th an, undercoating material such 25 as a rust
preventi ve ahoaamatmdr .abrpovieraihe dsdovenber 2004 88
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



antifouling coating conmposition of the present invention nmay be applied as
a top coat for repair to the surface of hulls and mar il Noventhert2®04s
previously coated with the conventional antifouling paint or the
antifouling coating conposition of the present invention. Although the

t hi ckness of the antifouling coating thus fornmed 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
(pol y) oxyal kyl ene bl ock silyl ester copolymer of the present invention,

when used in.% .anthfou in aint, is exce{éeqﬁ.in sel{;gol%sﬂﬁng
properties T5ChdBnhiaBrENTy FARAF S orfg: tatrh St 601 S ot BT f bF Mlince,
especially long-termantifouling performance in highly fouling sea area,
and al so exBBFIEAt SFF &N G riat i Y RIGRIENCRS ot pRel F AFMREsi st ance.
Mor eover, the ( olﬁgoxyalkylene bl ock silyl ester copolynmer, 20 because of
t he contai ni ng ofbiF8&k PHRISES tdeMEeF fomkE e Tt AR I bn@® enabl es
reduction of the use of solvents, thereby exhibiting such excellent
per f or mance®rggnaéghantdd opdamion a9t dismlh gy with efip@aneerresprayability,
roller applicability and brush 25 applicability). 1 Novenmber 2004 89
Accor di r% t anderprevent icew@eringh, (R-Her @1 sipro\d eedofintlamt €6pBkikng
coating conposition which enables form ng such an antifouling coating as
exhibits |esd/orackppgrt endereynd ebecdl)l entdadiies evcgasbcas to 5 ensure
| ess peeling tendency and desirably controlled hydrolysis rate so as to be
excel | ent i anantichddhignggeprtoperttdres,cam Qrardmcideed, abet f exdmngepr operti es
in
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.



hi ghly fouling environment and long-termantifouling properties, which
antifouling coating filmis further 10 excellent in albgventersi0Odhese
properties Further, according to the present invention, there is provided
a coating filmw th the above excellent properties, and provided a hull or
underwat er 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 nmethod wherein the above
antifouling coating conposition is eﬁﬁ?oyed to thereby enabl e rendering

t he danger of environnmental 20 pollution extrenely |ow. EXAMPLE The
present inventi ofPwrhf PLPERBE Bavientdstrattd HellowewWiinch ot ence to the
foll owi ng Exanples which in 25 no way limt the scope of the invention. In
the fol | Newerbenlpog4agentewmay Beamyrds immf Corgeite s vel Bxanpkes, the
term "parts" means "parts by weight". Exanple 1 (poly)oxyal kvl ene bl ock
silyl esterpropbhyare ¢BRPSuUN@s1UB-Bar tos dfn xplleare afastioharged in a
reaction vessel equipped with an stirrer, a condenser, a thernoneter, a
dr oppi ng dewycithéonet cogpnundsr dduct)i.on Caruben ainthaa heatidgd cool i ng

j acket, and heated under 10 stirring at 85C while bl ow ng nitrogen

t herei ntSo. #nthfatluiegobgdfitpachs b trdddsopr opd ssthdr antni b e1ibs parts
of nmethyl nethacrylate, 1.5 parts of nmercapto conpound M1 defined bel ow
and 1 part &fert2.- azobisisobutyronitrile as an initiator was dropped 15
t hrough the dropping device into the reaction vessel '

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 tricﬁioropheﬁylmaleimide, 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 rY = H, M =
Zn and n = 2) and copper pyrithione (in the formula
{(IV), R to r% = 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.



whi | e mai ntai ning the above tenperature over a period of 2 hr. The
stirring was continued at the sane tenperature for 4 AMNoveubere30040. 4 part
of 2,2'- azobisisobutyronitrile was added, and the agitation was 20
continued at .the sane tenperature for 4 hr. Thus, a colorless transparent
solution of (poly)oxyal kylene block silyl ester copolynmer (BP-1) was
obt ai ned. The heating residue (residue resulting fromdrying in a hot air
dryer at 105C for 3 hr) fromthe obtained 25 solution of (poly)oxyalkylene
bl ock silyl ester 1 Novenber 2004 91 7¢&opol yner (BP-1) ampunted to 50. 5% by
wei ght. The vis sity at 25C thereof was 72 cps, and the weight average
nol ecul ar wei ght %ﬁm it e hvet ager L ae el AFoudiight agem)ts .neasur ed
by GPC, of the residue 5 were 5603 and 2748, respectively. GPC chromatogram
and | R spect4! @fardoriter (49D x5ePRYT emembbuessi(Byll) esnér copol yner

(BP-1) are given in Figs. 1 and 2, respectively. GPC and | R nmeasurenents
wer e per f or Red 1Hd&ne rompargds | O 2. comndtkeonstifGondinti apa thiolg GPC
p
measurenent) Instrument: HLG 8120 GPC manufactured by Tosoh Corporati on,
Col umm: Sup&CTREGOC-HMO0G L Bangh ndéplendis aomt ehe tHpandotScear imanuf act ured
by Tosoh:Corporation, Eluant: THF, Flow rate: 0.500 ml/mn, Detector: Rl
and Tenper afidf@ d&foreuinamearenmst atnd 400 i 201 {Lendythengskar ihR
measurenent) Instrument: Hitachi infrared spectrophotoneter, nodel 270-30,
manuf act ur e@higy pHiepactatidt chf eandifouling 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,
10 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 block gilyl ester copolymer A.
15 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
20 weight of (poly)oxyalkylene block 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)oxvalkylene block silyl ester

copolymer A in the antifouling coating composition.

25 Even if the zinc pyrithione and cuprous oxide are
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unit 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 200 parts by weight per 100 parts by
weight of (poly)oxyalkylene block silyl ester copolymer
(A) while the cuprous oxide may be generally contained
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
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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.

5 - 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,

10 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.

15 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

20 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

25 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

5 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

10 (co)polymer or together 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

15 (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
20 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.

?
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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
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
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.

When an orthophosphoric ester is used as 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
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

to 40 parts by weight.

(1)?
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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 (CaS0O,), 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
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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

5 Dby 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

10 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.

15 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

20 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
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
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
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
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,

etc.

a

0
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The thus obtained antifouling coating composition
is of the one package type and has excellent storage
stability. Further, the antifouling coating
composition satisfies various requirements for
performance such as antifouling cecating 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
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
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
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

as a rust preventive or a primer. Moreover, the
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antifouling ;oating composition of the present
invention may be applied as a top coat for repair to
the surface of hulls and marine structures previously

coated with the conventional antifouling paint or the

9]

antifouling coating composition of the present
invention. Although the thickness of the antifouling
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).
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According to the present invention, there is
provided an antifouling coating composition which
enables forming ;uch an antifouling coating as exhibits
less cracking tendenéy, excellent adherence so as to
ensure less peeling tendency and desirably controlled
hydrolysis rate so as to be excellent in antifouling
properties, in particular, antifouling properties in
highly fouling environment and long-term antifouling
properties, which antifouling coating film is further
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
excellent properties.

Still further, according to the present invention,
there is provided an antifouling method wherein the
above antifouling coating composition is employed to
thereby enable rendering the danger of environmental

pollution extremely low.

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

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

2004



The conponents of each of the fornulations of 5 Table 2 wer e char ed into a
pai nt shaker packed with glass beads as ‘media, shaken 1ihgvembe ébﬂj
filtered through a 100-nesh filter, thereby obtaining the desrred
antifouling coating conpositions. VWth respect to each of the antifouling
coating 10 conpositions, the storage stability exhibited after storage at
roomtenperature for two nonths was evaluated. The results are also given
in Table 2. Evaluation of storage stability was nade on the 15 basis of
an increment of vrscosrty (Ku val ue a?025C measured by a Stormer

vi sconeter) ¢ o] t epgperature f or two nonths after
t he paint p?ﬂﬁ' ion ﬁ% %% é? ﬁ%%égggggureamgérrterr t:fd“'rmevaluatron)
20 5: vrscos;%y npnenent tsar gs than 18 4. viscosity increment is in the
range of 10 £0 1&ss "than 20°° 5% BYsEGSFPY "increnent is in the range of 20
to less than 3 %ﬁ% ;. viscosity increnment is 30 or greater, and 1
Novenber 2004 99 “T*® feis no fluidity, and neasuring of Ku val ue was

i npossi bl e. FurthernDre mnth resoect to each of the antrfoulrng coating
conmposi tions, theBr el yhdes GEBOLVING Tpp(BP -
evaIuateg |n‘the foll owi ng manners. The results are al so given in Table 2.
Eval uation G%—antrfoulrng performance There was provi ded a sandbl ast ed

steel plate of 70 10 x 200 x 3 nm having been machined to have such a
00 parts of xylene was charged in a reaction

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 obtaiaed.

The heatiag 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



bending that it can be nounted on the side of a rotary, druminstalled in
the seawater in the Bay of Hiroshinma. An epoxy-based zil MNevengperQ0der, 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 filmthicknesses were 20, 150 and 50 m respectively, in
the dry state. Thereafter, each antifouling coating conposition to be
tested was radially applied onto the ggated steel plate 20 in the radius
direction fromthe center thereof by the wuse of an applicator with a

cl earance of c&681 tmeanderdni edmonei@@iss doors o7, AANS, wiUsh+ Spegiden pl ates
were obtained. This specinen plate was nounted on the rotary drum 25 and

an antifoul ivigs¢esitinabi gbby £ReLEne §AYI TONEBAL LnNOVEEDEE 126Q4 100 for
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speed of 5 kiwisa88dmai 9 ti (alter ' conpri sing
12- hr wor ki ng d%?ing tﬁguﬁgéirggﬁg%légﬁ? g?%gIﬁﬁgﬁﬁggfﬁgk%%gtine). 5 The

ant 1 oul | ng RSY LS IRACH1GR ALY Bl bnrad tploddiseotion aceording Lo

the following criteria. (Criteridn for ev no a 1t mat t er

i's observed on.th atipg rf 10.4: .thin sline adherence is observed
on the coating ésﬁ??%c%#a3?7?ﬁfcgggpfﬁglgﬁ% rence i s observed on the

coating surface, g éﬂ%gﬁaﬁgggggngedagg art%al ag%Fr nce of 15
Ect ocar pal es and ot hef pl ant e are oBSefvedP6F tRe 084t °F surface, and 1:
all the Coallg@hﬁP&L?&fk&fe%gvgiggkwggqy§c%%%%&p%gg%1ymer (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 of 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



and ot her plants. The consumability was investigated under the 20
fol l owi ng conditions. (Evaluation of consumability) An‘dyeuemipeisiip4
zinc-rich prinmer, an epoxy-based anticorrosive paint and a vinyl binder
coat were applied in this order at an interval of one day to a 25

di sk- shaped sandbl asted steel plate of 300 nmdianeter ' 1 Novenber 2004
101 and 3 mmthickness so that the respective film thicknesses were 20,
150 and 50 m respectively, in the dﬁ% state. The obtained coated steel
plate was dried indoors for 7 days. ereafter, each antifouling 5 coating
conposition to be tested was radially applied onto the coated steel plate
in the radius direéigon fronlt%e center thereof by the use of an

appl i cat or i nee of nd dried indoors for 7 days. Thus,
speci nmen p|§?%§9&£}e ?%ngn I} %gQ%ggﬁﬁﬁf t he speci nen plates was secured
to a notor and rotated in. a thernostat filled with 25C seawater at a
peri pheral speed of 15 knots for 12 nonths. The degree of consunption
(decrease of coating film_thickness) in the vicinity of the circunference
of 15 speci men pEIPER LGS NdRB AP PITHeemRaT bl vonExesnles arand €o gi ven
in Table 2. Furthernore, the condition of each coating filmat the tine
of neasuring the @86 & Sof (BfRyadli Aep £ 1 BB 28hi akdecepohymeval 1H-Ad by

vi sual "i nspection according 20 to the following criteria. (Criterion for
eval uati®n) @84 d&-2dnornality is on the coating, 4: some tiny cracks are

observed, 3: tiny cracks are observed overall,
These (poly)oxyalkylene block silyl ester

copolymers (BP-2) 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.



25 2: sone clear cracks are observed, and 1 Novenber 2004 102 1: clear
cracks are observed overall. The evaluation results ar&NavemRarZd84i n Tabl e
2. Component nonencl atures enployed in Table 2 are as follows: 5 (1)
"Toyopar ax 15011 chlorinated paraffin produced by Tosoh Corporation,
having 14.5 carbon atonms on the average, a chlorine content of 50% a
viscosity of 12 ps at 25C and a specific gravity of 1.25 at 25C, 10 (2)
"Lut onal A-25" polyvinyl ethyl ether produced by BASF AG having a
viscosity of 2.5 to 6.0 Pas at 23C anf3a specific gravity of 0.96 at 20C
(3) "Rosin solution" 15 50% solution of WVWrosin in xylene; (4) "Copper
napht henat e sol uti on” sol ution of copper naphthenate in xylene, having a
copper content in solution of 8% (5) "Soluble anhydrous gypsum D-1" 20
[11CaSH4 white powder of 15 m average particle dianmeter, produced by
Noritake Co., Ltd.; (6) "Disparlon 4200-20" pol yethyl ene oxide wax (20%
xyl ene paste), produced‘”)by Kusumot o Chemi cals, Ltd.; 25 (7) "Disparlon
A603 -20X" 1 No¢EsferCR004-1108 fatty acid ami de wax (20% xyl ene paste),
produced by Kusunot o, Chem calys, Ltd.; (8) "Kyowanoic N’

3,5, 5-trinethyl hlg%a]_r[loéoc(cnghQ @i_é&g&pami)c aci d),

s
Il
}0 C—NH O\/\O/\/N (M)

N R At

o
CH3(OC3H5)3O(CZH4)1g—NH—IcI:-—-—-o—C/\C/\
SH

S

O
CH3(003H6)10(002H4)32“NH“€I5_0 < /\C/\
SH

(M-5)

(M-6)

{M-T)

S
HS
SCuSpa s & YA aastl
It
S
g {"
_ N—_ o
}O N\/\O o~ ﬁ O
S ' oas)
i
}o—c NH-CaHgO(C2H40)2CsHg——NH- c—-~o{
ISI SH

(M-8)

(M-10)

Il K M-11)
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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and (10) Naphthenic acid (acid val ue 200).

Conparative Exanples 3 and 4 Antifouling coating conpositions were prepared
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Examples 21 to 48

Preparation of antifouling coating composition
The components of each of the formulations of
5 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
10  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
15 _basis of an increment of wviscosity (Ru 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)
20 5: viscosity increment is 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, |

25 2: viscosity increment is 30 or greater, and
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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
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
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
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
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,

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) .
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,

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

Ectocarpales and other plants 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
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

disk-shaped sandblasted steel plate of 300 mm diameter

VN
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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:

(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
25 {7)

L

"Disparlon A603-20X"

L~0O030rn
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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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CLATMS
1. A (poly)oxyalkylene block silyl ester copolymer

comprising silyl ester copolyme; block unifs (i) and
biock_units(ii){
5 said silyl éster.copolymgr”block‘units (i)
comprising: |
(a) component units derived from a polymerizable
unsaturated carboxylic acid silyl ester, and
{b) polymerizable unsaturatgd monomer units other
10 than the component units (a),
said block units (ii) derived from a mercapto

compound represented by the fofmula;

2

VI
+-c—=

(RY) O__G(CnHZnO)nrw_(clHZlo)k

15 _ , or

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:
ﬁz represents a bivalent hydrocarbon group having 1 to

30 carbon atoms or a group of the formula -CH(R%)-
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wherein R3 represents a group of the formula R4-0~R5,
r4 representing a bivalent hydrocarbon group having 1
to 30 carbon atoms, and R> representing a monovalent
hydrocarbon group having 1 to 30 carbon atoms; X

5 represents:

—-C—0— , or —N—C—0-—
g oS
10
ion
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,
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CLAIMB 1. A (éo?y)oxyalkylene bl ock silyl ester copol yhfovesth@siZ08ftng sily
ester copolyner block units (j) and block units 5 said silyl ester
copol ymer - bl ock units (i) conprising: (a) conponent units derived froma
pol ynmeri zabl e wunsaturated carboxylic acid silyl ester, and (b) _
pol yneri zabl e unsat urated nononer units other 10 'than the conponent units
(a)., said block units (ii) derived froma mercapto conpound represented
by the formula: (R1) 15 0 04(CnH2n0)ImZA G H210) kC R2 SH 11 J z or
(OGCnH2n) m (OC1H21) k X -R2 SH wherein Rl represents a hydrocarbon group or
a substituted or unsubstituted phenyl group or a

trimethylsilyloxy group.

3. The (poly)oxyalkylene block silyl ester copolymer
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



20 et her -bond- containing. hydro' carbon group having a valency of 1 or
hi gher and having 1 to 30 carbon atoms: R2 represents a N@yepmher2004
hydr ocarbon group having 1 to 30 carbon atons or a group of the fornula
-CH(R3) 1 Novenber 2004 111 wherein R3 represents a group of the formula
R4-O-R5, R4 representing a bivalent hydrocarbon group having 1 to 30
carbon atons, and R5 representing a nonoval ent hydrocarbon group having 1
to 30 carbon atonms; X 5 represents: -CO , or -N--CO SHS10; n is
an integer of 1 to 5 mis an integerlbd 1 to 100; 1 is an integer of | to
5, kis an integer of O to 100; a is an integer of O or 1; j is an integer
of 1 to 50; 15 andilyi s(mdiehvateptytef cBhpodenthanipal Yhoxyaldeylgne bl ock
silyl ester copolynmer as clained in claiml, wherein the conponent units
.derived frdamnyld yneri zabl e unsaturated carboxylic 20 acid silyl ester
(a) contai n conponent units (a- derlved froma silyl (nmeth)acrylate of
the formul a: - CH2-@Y %R 1) ®wher ei n(Rirgpresents a hydrogen atom
or a nethyl group; and Ra, Rb and RC nay be identical with or 25 different

from each ot her anc:RaGh i efRsedln s | 4 N80k ogLEY L BROUR. 3 Bt anGhed al kyl

group, a cycl oal kyl group, venber 4 11 a su

UnSUbSti5Ut%QU%&ﬁn%kuﬂ{Qﬂ@ §E4ahn&rﬁn9tb%hﬁgéxhgé¥lgrreBreséﬁES a

(pol y) oxyal Kyl ene bllock silyl ester copoly
branched alkyl or cycloalkyl group having 3 to 10

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



5 as clainmed in claim2, wherein at |east one of the Ra, Rb and Rc of the
formula (1) represents a branched al kyl group or a cycl Maveymbaesdd@d. 4. The
(pol y) oxyal kyl ene bl ock silyl ester copolyner 10 as clainmed in any of
claims 1 to 3, wherein the conponent units derived froma pol ynerizabl e
unsaturated carboxylic acid silyl ester (a) conprise: silyl (neth)acrylate
conponent units (a-2) of the fornula: 15 -CH2- CR(COOSI R11R-2R13) - (11)
wherein R represents a hydrogen atomor a nethyl group; each of Rl11 and
R12 i ndependently represents a |ineartdal kyl group having |.to 10 carbon
atons, a substituted or unsubstituted phenyl group, or a 20

trimethyl silyyéxyxgtoupouandaRh3drepfesenrts @b KWn aglr%faé@glgpl to 18
carbon atons which may have a ring structure or branch, a substittted or
unsubstit ut edl pphesy)aUkoupnBay-Bepb Le 1 kean c%fﬁrﬁlﬁq

trimethylsilyloxy group, and 1¥INovgnber 200 f%%@, si'ly Y(I?rgel%%)%%?wat e
conponent Undd SahBnd) gPbubheanf QL P +CRGQE 5R16).- (L11)
wherein R represents % hy%rogenga?ggégrﬁg%gfzﬁﬁ 59'93300 P; I%lac "0T°R14 and

RIS [ ndependepdiy, I &Rr #560b8: 2euPEANSRGH ALk or &%{%p%géryg%oqifgour) having 3

to 10 carbon atons; and R16 represents a [ine iy 1 to

10 carboR' atQpE) afe b AGCHEd Al K al kyl group having 3 to 10
carbon atoms, a 10 s%bstl futed %é%ﬁ&%ﬁﬁﬁgutg“ Blgﬁ%?lnegrg&%l aftng 6 to

10 carbon atQis, afolbtl | si.l.yl.oxy .group. 5. _The ol y) oxyal kyl ene
bl ock silyl este?lp%opo#yrg?{pgsg% éf’rr% 4R §§§p591&P& 01”5%'0 4, wherein
t he

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




15 pol ynerizabl e unsaturated nononer units (b) other than the conponent
units (a) conprise conmponent units (b-1) derived fron &¢vasiari2904

unsat urated nononer containing a polar group. 20 6. The (poly)oxyal kyl ene
bl ock silyl ester copolymer as clainmed in claimb5, wherein the conponent
units (b- 1) derived froman acrylic unsaturated nononer containing a polar
group have conponent units derived froman acrylic unsaturated nononer '
containing at |east 25 one polar group selected fromthe group consisting
of a 1 Novenber 2004 114 hydroxyl grbup, a hydroxyal kyl group, an al koxyl
group, a 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 egoxy group, an 5 oxilane grqup, an oxol ane group, an

oxet ane groupg? dry Iyl ephol.i,no group.

antifoul ing g%éti g C%g%%?ﬁionkgeﬁﬁ%|5| (pol )oxygh | ene bﬁoZk silyl
ester copolyner, which 10 (poly)oxyal kyl ap bf ock silyl ester copol ynmer
conprises silyl ester copolynmer block unitsa (A-1) and bl ock units (A-2),
said silyl ester copolymer block units (A-1) conprising: 15 (a) conponent
units derived froma polynerizable wunsaturated carboxylic acid silyl
ester, and (b) polynerizabl e unsaturated nononer units-other than the
conponent units (%ber%hde%lnemreaénsS(évByddebbwednf@Q@M@ ey capto 20
conmpound represented by the formula: 0 04( CnH2n0) m (Cl1H210) k* IC R2 SH

i ether-bond-containing hydrocarbon group having a

valency of 1 er higher and having 1 to 30 carbon atoms;
RZ2 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



(1) or 1 Novenber 2004 115 (R1) (OCnH2n) m (OC1H21) k X-R2 SH - - (2) 7 i
H a wherein Rl represents a hydrocarbon group or 5 ethdyoveserd®¥dai ni 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 1 to 30
carbon atons or a group of the fornula -CH(R3)- wherein R3 represents a
group of the formula R4-O-R5, 10 R4 representing a bival ent hydrocarbon
group having 1 to 30 carbon atons, and R5 representing a nonoval ent

hydr ocar bon group havi ng 1 to 30 carborb atonms; X represents: 15 -CGO , or

NCO--11 I Il SHS; nis aninteger of 1 to 5 mis an integer of 1to
100; 1 is memmeg@blefuﬂsaouBatkdl saaboikillageacafa Gitig1100 8 i s an
integer of 0 or 1; j is an integer of 1 to 50; and i is the vaI ency of RI1.

8. The anti foul iowncobti agnsonpasi thofsagachai gRG ivika 354 & M ¥\her ein
t he conponent units derived froma 1 Novenber 2004 116 pol yrrerl 7a %

unsat ur at ed Gertioxydiglace dosi tyé eskRi1a(a) contain conponent units (a-1)
derived froma silyl (math)acrg/l ate of the fornula: -CH2-CR(COOSI RaRbRc) -
(1) -CH, - CR {CO0SiRZRPRC) - (1)

] wherein R represents a hydrogen atom or a methyl
group; and R?, rRP and R€¢ may be identical with or
different from each other and each represent a linear
alkyl group, a branchegd alkyl) group, a cycioalkyl group,
2 substituted or unsubstituted phenyl group or a

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 (€c008ir11IR12g13) . (I1)

wherein R represents a hydrogen'atom or a methyl

25 group; each of RY1 ang rl2 independently represents a



5 wherein R represents a hydrogen atomor a nmethyl group; and Ra, Rb and
RC may be identical with or different fromeach other egat 2084r esent a
| i near al kyl group, a branched al kyl group, a cycl oal kyl group, a
substituted or unsubstituted phenyl group or a 10 trinethylsilyl oxy group.
9. The antifouling coating conposition as clained in claim®8, wherein at

| east one of the Ra, Rb and RC of the fornula (I) represents a branched
al kyl group or a 15 cycl oal kyl groqujlo. The antifouling coating
conposition as clained in any of cldainms 7 to 9, wherein the conponent
units derived froma polynerizable unsaturated carboxylic 20 acid silyl
ester (a) cohpreae:atkyyl gfaephhavipbatie toomporentbamidton(h- 2 of the
formula: -CH2-CR(COCSI R I R12R13)- (I1) wherein R represents, a hydrogen
atom or a netystistedooup; urachsof tRtkdaptieR12 igndependantd y represents a
1 Novenber 2004 117 linear alkyl group having 1 to 10 carbon atons, a
substi t ut ed torinmshibsilul edypbeoyb; geadpri8r rap dddamihdrsid w-Pxy group;
and R13 represents an al kyl group having 1 to 18 carbon atons which nmay

have a ring drotp Uedwutegor beanehcaebsubatbhit @ohien wasubstid uf ed: . phenyl
group having 6 to 10 carbon atonms, or a trimethylsilyloxy group, ahd silyl

(et h) acbyl aterconponest bR HEh(aa3uBbtiRErelObPULAsuitituted
- CH2- CR(COCS] R74R15R16) _ (111) wherein R represents a hy&rogen atomor a

met hyl  gr oupiersac hyefuRlda a0y RE5cbndependenh! ¥ cLaRr esgnts a branched
al kyl or cycl oal kyl group having 3 to 10
trimethylsilyloxy group, and

g8ilyl (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



carbon atons; and R16 represents a linear alkyl group 15 having 1 to 10
carbon atons, a branched alkyl or cycloal kyl group haviMeyember 2084car bon
atons, a substituted or unsubstituted phenyl group having 6 to 10 carbon
atons, or a trinmethylsilyloxy group. 20 11. The antifouling coating
conposition as clainmed in any of clains 7 to 10, wherein the pol ynerizable
unsat urated nononer units (b) other than the conponent units (a) conprise
conmponent units (b-1) derived from anjiaerylic unsaturated nonomer
containing a polar group. 25 1 Novenber 2004 118 12. The antifouling

coating conposiAiomias Ll@ifdehing €batMhdlcoWheESkRLNE CRIRQNENY Mnits
(b-1) derived froman acrylic unsaturated nononmer contalning a polar

group are cONpRARERt N tghdesiyeds & romanLagey ks sat urat ed
nonomer . contai ni ng at | east- one pol ar gl?olap seijg(t:: eEBf ?g)mdteﬁévﬁrdoup

consi sting of £aJday OV & QuUR; y rou an_.al koxyl group, a
pol yoxyal kyl ene group, arr%(glali ksjllrb% y%%%%?ﬁyﬁéﬁékargoﬁﬁgtaéﬁlﬁﬁi ﬁo¥°§11%’tfp, an

N- substituted ] L OUR, i gL ou n_N-substituted am do group,
an epoxy gr oug?f@élnrip oxelol ane gr%g%o,qpré%gsox% Ié%éeér bEp™ &R 8XE¥ARE group, a

t et rahydr of urf,uryl mor phol i no. group. . 13. The antifouling
coati ng conpos?&ts%égﬁl%s 5 g‘l{‘%eo S Ql%taajr'nli‘/llgg ‘?:Fa%ﬁ%s‘? PBE1DOLAFI GF O t her
conprises an antif 14. The antifouling_coatin

i i agent . g
conposition as cleé;lt(r%:sgd flr}%)m gcﬁiye érg‘gc‘fpai%n%lfBlﬁ%, Ofnt chY ftPkKer Se6mpri ses
zinc 20 oxide_(¢),4.15. e.antifouling coating conposition as clained in

@ Q&grﬁ:’ya\ﬁ%y&h F e r? Tt FpFP%EES FRCUPnotgani ¢ dehydrati ng

any of clains 7
agent (D). '
polyoxyalkylene group, an alkylpolyoxyalkylene group,
an amino group, an N-substituted amino group, an amido
10 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
15 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

20 oxide (C).

15. The antifouling coating composition as claimed in
any of claims 7 to 14, which further comprises an
inorganic dehydrating agent (D).

25



25 | Novenber 2004 119 16. The antifouling coating conposition as clained
in any of clains 7 to 15, which further conprises a [d¥amRerad¥ erating
conponent (E). 5 17. An antifouling coating filmfornmed fromthe
antifouling coating conmposition c.lainmed in any of clains 7 to 16. 18. A
mari ne vessel, an underwater structure, a 10 fishing gear or a fishing net,
havi ng a surface covered wth the antifouling coating filmfornmed fromthe
antifouling coating conposition claineditith any of clainms 7 to 16. 15 19. A
met hod of rendering antifouling a marine vessel, an underwater structure,
a fishing gearltor d&'fe snngfombingwhbehingnpoempesiapphyizrg ctihemad isfioul i ng
coating conposition clained in any of clains 7 to 16 to a base surface of
a marine vesselny anf uriceimat Brest 1sict whechard0theshicBgpgeakson a fishing
net and drying the applied antifouling coating conmposition so that a
formed antifdWddigmpaidagldideleovesmpbhenbase)surface. 1 Novenber 2004
120 NOVEL (PCLY) OXYALKYLENE BLOCK SILYL ESTER COPCLYMER, ANTI FOULI NG
CQATI NG COMPCSI TI ON, ANTI FOULI NG COATI NG FORVED FROM ANTI FOULI NG CQOATI NG
COVPOSI TI ON, ANTI FOULI NG METHOD USI NG ANTI FOULI NG COATI NG COVPOSI TI ON AND
HULL OR UNPERWATER ASTRYGHURR, CMERER WIH = ANT E%EB‘G.E%T.IF.F@ ABSTRACT A

(poly) oxyal kyl ene block silyl ester copolynmer conprising silyl ester

copol yner bl Qe iWdd1si e Sk Y 0OCkmboL § 81 68) o Mﬁe&i“ﬂsa@) o§onpri sing
(a) conponent units derived froma polynerlza%}e unsat urated Carboxylic
acid silyl estar,i@nd () ol ynerizable unsaturated nonomer units other

than the conponent units (a), the units (B) derived

18. A marine vessel, an underwater structure, a

10 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.

15 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

20 fishing gear or a fishing net and drying the applied
antifouling coating composition so that a formed

antifouling coating film covers the base surface.



froma nmercapto conpound represented by the followng fornula (1 r (2
and further an antifouling paint conprising the (poly)! Nayanksi bl o
silyl ester copolymer. 0 (R1) 04(CnH2nOm (ClH210)g- -C R2 SH (~) ;

(CCnH2n) m (OC H21) k N X-R2 SH - (2) 1 7 /a wherein Rl represents' a
hydr ocar bon group or ether-bond-containing hydrocarbon group having a
val ency of | or higher and having 1 to 30 carbon atons; R2 represents a
bi val ent hydrocarbon group having 1 to %8 carbon atons or a group of t he

formul a - Qub(B) (PolPRERYALKALERP BESRK §i L EGR &g 0 -

R5, R4 repcéﬁﬁrmck&@)w@sh‘ﬁirﬂ&u B§ ﬁﬁ‘ié a%ﬂéﬁﬁ%o %%}E °n30

atons, and GHATINPEOMPDSITION Iﬁ 1‘ bP‘i"’i @5 nt

carbon at ons; COMPERTRE AND Ol}l Un eger o FE k inseglﬁr
11*\1 0¢§Aﬁ§ldj ’

of 1 to 5 mis an iInteger
integer of O to 100; a is an |nteger Is an integer of 1 to
50; and i is the valency of Rl. FigNg€TRACT

)
ck

_ ‘A (poly) oxyalkylene block sily! ester copolymer comprising silyl ester copolymer
block units (A) and block units (B}, the units (A) comprising (@) component units derived
from a polymerizable unsaturated carboxylic acid silyl ester, and (b) polymerizable
unsaturated monomer units other than the component units (a), the units (B) derived
from a mercapto compound.represented by the following formula (1) or (2), and further

- an antifouling paint comprising the (poly) oxyalkylene block silyl ester copolymer.

i

: o . S
(Rl)*{O‘G(C HynO) (ClelO) X ) R? SH S (1)

Fes (2)

(Rl)ﬁ{'_t(oanzn)?H—(OClel) X ( Ilq

wherein R' represents a hydrocarbon group or ether-bond-containing

hydrocarbon group having a valency of | or higher and having 1 to 30 barbon atoms; R?
represents a bivalent hydrocarbon group having 1 to 30 carbon atoms or a group of the
formula - CH (R%) - wherein R® represents a group of the formula R* - O - R®, R*
representing a bivalent hydrocarbon group having 1 to 30 carbon atoms, and R°
representing a monovalent hydrocarbon group having 1 to 30 carbon atoms; X
represents: _
-C~0~— , or —N—C—0-—
| ' |l
S H S .
;nis

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 R'.

Figure 1.



