DESCRI PTI ON Tl TLE OF | NVENTI ON Anti fouling Coating Conposition,
Antifouling Film Conposite Film and In-5Water Structure |I ECHN CAL FI ELD
The present invention relates to an antifouling coating conposition, and
nore specifically, to an antifouling coating conposition containing a
hydrol yzabl e resin that gradually dissolves in water by hydrolysis. Also,
the present invention relates to an 10antifouling filmformed fromthe
antifouling coating conposition and a conposite filmhaving the antifouling
film and an in-water structure such as a ship having the antifouling film
or the conposite film BACKGROUND ART Organi sns such as barnacl es, nussels
and algae are likely to adhere on shi 15fish nets, and other in-water
structures. Such adhesi on of organi %%IPFI@EM t he probl em of hi ndrance
of efficient travel and waste of the fuel in ships and the like. In fish
nets and the |ike, the problens of clogging and shortening of the service
life arise. Tt[fﬁhEé)ﬁH‘WlENﬂ“}ONf or preventing adhesion of organisnms to these

i n-water structures,. a sure of a oulin surf aces
of an in-water sty ’lng ng LORPS lﬁée&‘%fa&mgnﬁkge %btp?él ‘?PBUI i ng
pai nt, an ajyid.ouhicigepai nt containing a hydrol yzable resin having a

hydr ol yzabl e group such as a netal -atomcontaining group in a resin side
chain as a Ei"lElﬁ.‘dBﬂICrﬁeIsFIEI(Eehi cle) is recently used because in such an

antifouling paint, the anti uI| Ims r.face is.qgradual sel.f-polished
by hydrol ysis bytrBEPFFée‘géﬁY B glie %\fzf ‘3%@51%0%\“?%%’&? OSmﬁH Byl | ng
effect can Reecaxanyad ah@htifuliRpeoRRE 'c@ﬂlpggltlbh B8nthih@i; L%aeﬁ‘}@m&ﬁxblé%%ﬁﬁ@ﬁat

Literature 1 (Japanese Patent Laying-(Qpéen No. 62-57 Patent Literature

2 (Japanese gRdualit dissojvesgn Ggten chhydm@Lszsgafee) thgnpereseat eW?ntantrelaéﬂSlﬁ@ an 3

convertDh onafn i Ry Rt e hbnag Soun o RORHER i L0 Moot | o ge

anount of aR&vih@tHel Mg fAGRPYIImS d @x@rwatagstabtuadiichay hiship }efvfn@cthe for a |ong
period of tinme. In order to solve these problens, for exanple, in Patent
Literature @%fQB%ﬁ%OP@??éﬁmPE%ﬁﬁi il Qpen No. 2004- 300410) and Pat ent
Literature ? @&I@ ¢aepaient Layi ng- Open No. 2004-307816), there are
proposed an ‘A?ou I'ng coatlng conpositions 5containing, as a vehicle, a
copol ymer cont ai Qirgapisngsuich e barnadies nimssedsratd algact are tikelgitmadigre on ships,

(rreth)acryl nodi fied silicon at one termnal_and/or both termnals and a
met al A&t om S8hRSts- DA §USE R RET SYATIES: rmg‘]%ﬁli‘édhﬁﬁ%‘i’l%o GREUFRT deé %fh\‘?al ent

nmetal atom Jarcies Igslgd tithg
conposi ti ongh@escr | ]%mgﬁ"ﬁ&é {);%ﬁeﬂr:llf Hilsitlrgtvg at urgeﬁﬁmat%llg?%égme%% Li td reigea{ﬂgf‘e If51 are
i nsuf fi ci enfish nets mattherds) the @mbéemamﬁi:kbggngmﬁb@mtagng of the sevivelide anscked by

bei ng di pped, i n wat sea wat.er Ihellke for a on erlo of time, or
under an en&PP‘(‘ﬁWF’BHﬁXM% IEeYﬁn?P%Q ‘d’n\ﬁél"fgaﬁ n%frt8ﬂ?eéf)érh ISIHHBuGh t hey

exhi bit an gxe&ht 8MprfhE faQHhﬂuBgmﬂg ﬁﬂﬁrérysurﬁ%FlaQ&Ha§T s%?ﬁ%abbé@ﬁRATURE
15PTL 1: Japanese Patent Layi ng- Op . 62-57464 PTL 2: Japanese Patent
Layi ng0Q0pentakien. 10 298455 PTL 3: Japanese Pat ent Layi ng- Open No.

2001- 342432 PTL anese ent .Layi n No. 20 4- 300
le-
Japanese Pat ent %’(’&éﬂtlﬁf ing paL é%?’%i@m? ?\@}é‘%ﬁ‘féﬁﬁ’
TECHNI CAL PR@EL}an a hydrblfyzéb?eg upRi@cds DhetangtoR-esRAhink BYRMih @Redi® provi de
i

an antifouling coatling conposition capable of formng a coating filmthat
exhi bi ts ansidsckdih ena binder xfeem|(iv¢lgclp}1@peqengly oveask begayse g sysdrangationling me and

contained or PhaHRORg ARGIRECTERAREr sI2pdhol b bR £

presegs i NvVeppt®h wWatet, an® bOY kedalt h z@ﬁfdlﬂmgleffeq dah lberck @totefdr 4 toampetied of
antifouling coating conmposition, a conposite film having the antifaquling

film and aimenfongrenple; Paentdrterawer @apaacssriaiens haymg-Qnsa Newoe1364ng il m
or the conp f

i nventi on, ?%tgétguleéiltﬁ}reoszgeﬁﬂgg@%a%ﬁ%ér@ggﬁ()22@55 agltsdlrt?’lt eg‘ﬁﬁgg‘ﬁ al ni ng

a hydrol yzablrpaest Pafeavl agn@Opeeddt 20016343488)]0f Holwlevephir the B(bl&lemldmgd gr oup
selected fromthe group consisting of the qroups represented by

5fol | owi ng &uHewing Haémnﬂ|1~°a§ece$sytry t(>|sm;arate1|ym gnckilgrge apounh at %tltltfwlegg*laﬁlﬁs. Lyl
oxycar bonyl group represented by the foll ow ng general fornmula (V). 0 C -0
4CaH200+- CE, H2b Si- OR2R4R5 R2n Here, in the general formula (1), a
and b each independently represent an integer of 2 to 5, mrepresents an
integer of O to 50, and n represents an integer of 3 to 80. R 10to R5 each
i ndependently represent an al kyl group, an al koxy group, a phenyl group, a
substituted phenyl group, a phenoxy group or a substituted phenoxy group.
CcH2c0+- Cd1-12d- OSI ReR7R8) 3(H) Here, in the general formula (I1), c
and d each independently represent an integer of 2 to 5, and p represents




20le is -17284002H4) - OR29 (wherein y represents an integer of 1 to
20; and R28 and R29 are the sane or different and each represent an al kyl
group). CCei 12,0* CfH2f - Si- 0\ R 0l2 5Here, in the general formula
(rrr), e, f, g and h each independently represent an integer of 2 to 5, ¢
and s each independently represent an integer of 0 to 50, and r represents
an integer of 3 to 80. RO to Rl12 each independently represent an al kyl
group, an al koxy group, a phenyl group, a substituted phenyl group, a

phenoxy group or a substituted phenoxy group. O 1 -0-04C1i2t0)-Cilir
Sl i 1-0--/1-0\ (0-310siRRORR1 RR3 0 il 0 - C2 2 -(1\0 Si- R13 $1
1L Rswil2 4 exerting a%\{a]ﬁ%i%o]h(li;g%%gff%ﬁ a IontgJ p%rsﬂoﬁ%é RLeRL7 R 14 v

In order to solve these problems, for example, in Patent Literature 4 (Japanese
Patent Laying-Open No. 2004-300410) and Patent Literature 5 (Japanese Patent
Laying-Open No. 2004-307816), there are proposed antifouling coating compositions
5 containing, as a vehicle, a copolymer containing a polymerizable monomer unit
containing (meth)acryl-modified silicon at one terminal and/or both terminals and a
metal-atom-containing polymerizable monomer unit containing a divalent metal atom.
However, coating films formed from the antifouling coating compositions described in
Patent Literature 4 and Patent Literature 5 are insufficient in crack resistance, and the
10 coating films can be cracked by being dipped in water (sea water or the like) for a long
period of time, or under an environment where drying and wetting are repeated,
although they exhibit an excellent antifouling property.
CITATION LIST
PATENT LITERATURE
15 PTL 1: Japanese Patent Laying-Open No. 62-57464
PTL 2: Japanese Patent Laying-Open No. 10-298455
PTL 3: Japanese Patent Laying-Open No. 2001-342432
PTL 4: Japanese Patent Laying-Open No. 2004-300410
PTL 5: Japanese Patent Laying-Open No. 2004-307816
20 SUMMARY OF INVENTION
TECHNICAL PROBLEM
It is an object of the present invention to provide an antifouling coating
composition capable of forming a coating film that exhibits an excellent antifouling
property over a long period of time and is excellent in crack resistance even when no
25 antifouling agent is contained or the blending amount thereof is small. Another object
of the present invention is to provide an antifouling film formed from the antifouling
coating composition, a composite film having the antifouling film, and an in-water

structure such as a ship having the antifouling film or the composite film.




10 Here, in the general formula (1V), i, j, k and 1 each

i ndependently represent an integer of 2 to 5, t and u each independently
represent an integer of 0 to 50, and v and w each i ndependently represent
an integer of 0 to 20. R13 to R22 are the sanme or different and each

represent an al kyl group. Il -C --Si 1: 0R4A1R4A2M Here, in the general
formula (V), R40, R4l and R42 are the sane or different and each represent
a hydrocarbon residue having I to 20 carbon atons. Preferably, the

hydrol yzabl e resin further has at |east one kind of netal-atonbcontaining
group selected fromthe group consisting of the groups represented by the

following g r and (VIl). 0 - -0- MFe(Vl) Here, in
t he general %@t‘dﬁwﬁé§ﬁ¥%resents a divalent nmetal atom and R3
represents an or ggRbfdidEiodhé frekeh envehticn] tidre 1ebvides bl i foultrgohihd ) 10
Here, in the general formula (VI1), Mrepresents a divalent netal atom

In the anti feomipprigor sentringscdnedlyzablaresin heriag st kesghmneindertsilisan- t he
hydr ol yzabl t
ydrol yzabl &, tt%fqng%gr%u se% gbéﬁftﬁe gﬂ%ﬁg LY d}*tﬂeg%% pgﬁoﬂ%ﬁée'sérﬂ&gt}y g

deri ved from a on-conttal ni n e nononer

(a) selgct e&olﬂdx@xﬂgtgbﬁeréﬂgﬁﬂulas AR E), UDgdqiV pardoaneiveganb€ilyl oxpparesght ed by
the follow ng general formul a §I') a nonomer %aZ) represented by the

fol | owi ng geRaPIePressied by the fol OWIQg%?FéMP“{l‘éB V)-epresented by the
foll owi ng general formula (111") and a nononer (a4) represented by the
foll owi ng general formwa (1V ), and aﬂégnst' tuent unit derived from

triorganosilyl (meth)ac%{ sarridae fol | oy ng general
formula (V). 20 Fel IO\_%%H%%Q% daFlp -)-CbH2b SI -g’S R3R4R5 \ 2 Al

Here, in the general formula (1'), R31 r&presents a hydrogen atomor a
methyl group, and a, b, m n and Rl to RS represent the same neaning as
nent i oned above Her2 @n ﬁnecgehle@klfommhﬂ&dd))ta amh\Ge8eh indSHerEEM S EpiRsenD anh irB¢gen

Her e, inthe ral formula (I represents a h 1 a
ot byl g out Jang, B rekresptamnisgess 08 T0HRLE BT RS AL TSR EhA T nek

menti of da@&Re JR3ARA YRR 1y repiSentan alfeyt Goup,Gntdicdky2rod & pheédyl Si \ Rr
R2 OBy 4t praT YeliRilyreifelentan allyt ongh ar &y%e%er?erzgl ot
(1'11"), R33 sabtitRsdphanyt g@gp,talahemylsbr gyon oata@hbS@ftutad Pesohyy gtpupup, and e, f,
g, h, q, r, s and RO to R12 represent the sanme nmeaning as nenti oned above.
RIB\ 0-si---0sits26R3, R32 R16/ wJ 2 p3500 R36 11111 H20= - C 040/ 921-54-

0- Si - CkH2k OOl I -121%0-_}1- Bq_cgz—l%_)gjé,HZd_g,_(Oosﬁb@)RBRlGRlZ(n)

Here, in the general formula (II), ¢ and d each independently represent an
integer of 2 to 5, and p represents an integer of 0 to 50. R R” and R® each
15 independently represent an alkyl group, R or R®.

R%is
RZB
{
o-sll OSIRBRBRY
R%4/ x

(wherein x represents an integer of 0 to 20; and R* to R are the same or
different and each represent an alkyl group), and

20 R is



"\ 1 R14/) v 10Here, in the general formula (1V'), R35 and R36 represent a

hydr ogen atomor a nethyl group, and i, j, k, I, t, u, v, wand RI3 to R22
represent the same meani ng as nentioned above. 2 6- R43 0 Il H2C=c -C
-0-21RA0R4A1R42 (V) Here, in the general fornula (V'), R43 represents

a hydrogen atomor a nethyl group, and R49 to R47 represent the sane
meani ng as previously nentioned. Preferably, the hydrol yzable resin further
contains a constituent unit derived 5fromat |east one kind of

met al - at om cont ai ni ng pol yneri zabl e nononer (c) selected fromthe group
consi sting of a nonomer (cl) represented by the follow ng general fornula
(VI'") and a nmononer (c2) represented by (MI'). R3%7 01 Il H20=--C
c-0--MR3 Here, in the general formula (VI'), R37 represents a
hydrogen atom or a nethyl 10group,_g# @g oR® represent the sanme neaning
as nentioned above. FM 00 R8.9 IIIIII ) ﬁz c-C0-M-0-Cc=CH2 (VIl)

Here, in the general fornmula (VIP), R38 and R39 represent a hydrogen atom
or a nethyl grou and Mre sents the .nmeani:n wne Loned above.
The total cont enf(WB%rFH‘ebht%%e‘?e}F a’&Bﬁ%%eff)Eiﬁ(t@QlﬁP?g e&ref ?‘SH%I?%%r si licon-
15 contai ni REFFREANHRR hdPRbRsEMAAARY] fRdippnd the triorganosilyl
(meth)acrylate (b) in the entire constl uent units of the hydrol yzabl e

resin is preferably mréhln the range o 5 to 90@6by nass. The ratio
bet ween the content of"the const tuent‘hnlt d%rlved fromthe
si | i con-cont ai ni ng pe+gn9 2| He md—the content of the

constituent unit derived 20from the trngsg blyl{(nmeth)acrylate (b) is
preferably within the range of 20/80 to 80/20 by Ss ratig The
rati o between the t)tal content of the constituent units d Ml ved from the
silicon-containing j gqg_é. r (a) and the triorganosilyl
(nmeth)acrylate (b), h conT :iethe constituent unit derived from
t he netal - aton}contalnlng polynerlz | e mononer (c) is preferably within

the range of 10/90 to 90/10 by _nass ra The antlfopllng coating
conpositi on of t A piREEHEeFTH @ﬁ@P@rﬂW&? @ grh breaghidarsadenttyfepreant 43¢ i ¢

resin and/ ot g lonstd 61 £8K thtﬁltc%t;@tdeﬁapg@?tSﬁﬂt%& gt 31530l gy ¢, resin

and/ or plastictzer per part mass zable resin is
preferably 3cpresei@@npateps dip tr86s. R” to R eﬂrtemtibrmndmpl}exspnesem es a}kyl group,

ort Lo i B LA B B8 .
chl ori dei soluitoyihy gk opol yner. 10The plasticizer is preferably at
| east one kin 1 %%%h ?ggn§the group consisting of a phthal ate ester

pl asti ci zer and a phosphat e ester pl tICI The antifouling
rm
1sr

coating conposition of the present i nay contfain O to 20 parts by
mass of an antifouling agent per p&RﬁB?RBf the total arount of
t he hydrol yzable resin, the thernopl esln and the pl asticizer.

15Al so, according to the present in nt| there ar %rovrded an
antifouling fllﬁLforned fromthe an |fouI|ng coatln conposition, and a
conposite film havj sare.. the _ihe sent invention
has a pri ner 7150 %gﬂégﬁk}oﬁr nﬁgnﬁlrust palnt and an ant| ouling film
formed fromthe antifouling cogtf os|t|on verlaid on the priner
film The conposite filmof th res i nventiom may further 20have an
internediate filmformed on the |‘e o‘PSI R a surface of the priner

filmbetween the prinmer film and tlfoullng Bilm One preferred
exmmgﬁcﬁ t he Hnenmdunefllmls acomrngfllmfonmdfroman
antifouling coating conposition containing an antifouling agent. Further,

accordi ng to theHsredethe generghforonla (BY), rnrh\amcelreasb mﬁ@pmden%amprrgentne
25ant|fouI|n fil co os|t Imjs prOV|d red exanpl e of
Che i n- vt entier ated o gy ke Ruli Pl iRl ol ShiEl SRR

| NVENTI ON v each Aiepérsticntl V\%Tréprésféﬁt Alhickad i 09 2WoaR' he RO ERAEE bdngorof t he
present invention, even en an antifouling agent is not contained, or the
bl endi ng andifferentfand eesth represendpn alkyhgighpant i f oul i ng per f or mance can be
exerted stably for a long period of time, and an antifouling filmthat is
excellent in crack resistance can be fornmed. The antifouling coating
conposition of the present invention can be suitably used as an antifouling
paint for preventing surfaces or inner srfaces of in-water structures such
as ships; fish 5nets typically for farmng and other fishing equipnent;
harbor facilities; oilfences;




i nt ake equi pnment of an electric generation plant or the like; piping such
as water conduits for cooling; bridges, buoyage; industrial water system
facilities; and subnmarine bases. DESCRI PTI ON OF EMBODI MENTS 10<Anti foul i ng

coating conposition> The antifouling coating conposition of the
present invention contains, as a vehicle ingredient, a hydrolyzable resin
(i) having a specific silicon-containing group as will be described |ater

and a specific triorganosilyl oxycarbonyl group [hereinafter, referred to
sinply as a hydrolyzable resin (0]. According to the antifouling coating 15
conposition of the present invention, since it is possible to form an
antifouling filmthat is hydrolyzed at an appropriate speed over a |long
period of tinme, it ips possible to obtain an antifouling filmthat exerts an
excel l ent antifoulidlg _proper staply for a long period of time (excellent
in | ong-term anti fod g %g%%ﬁty?hand is excellent in crack resistance.
When the antifouling coating conposition is applied to a ship or the |iKke,
for exanple, 20t heranh teQpthbRgfdrini (v, RY, RE i RIeskeithe waieadr diff@antimtier or
the like) for a long period of time, and repeatedly exposed to the cycle of
bei ng di ppecathrepresent athydragadentresiduethavingdrie 20marbdngteiesl, and hence the
antifouling filmgs. requestied to have .such flexihi].i . ' )le to
such a conditi on.ﬂr%g?ﬁﬂldﬁ}?d“y 501¥§‘?2’iiearﬁ§lfl#%@? g rll?ag(%:tgggfs:t %%e %lg%)g}snﬁa?%{rﬁﬁgf t he
presents i NVephiafig %rbgﬁ Sele&sfrbinahé group comARingrifithioogtoipigrepiebentddigt thes | ess
likely to be 25cracked even by dipping in water for a long period of tine
or by repeatfeldowipg gercralforrpres ofleandbO¥k. In the foll owing, the antifouling
coating conposition of the present invention will be specifically

descri bed. [Hydrol y®able resin (0] The hydrolyzable resin (i) contained in
the antifouling coafing-spopositi®A) of the present invention has at |east
one kind of silicon-containing group selected fromthe group consisting of

a group represented by the foll ow nqueneral fornucli\?ale(rlt)n%etal ato%igarngl.kgo
(; »

represented by t AETE R fhsvaengraborapiy (Vb Mrgpaesenis g
-C-0-EQ 1-1 - - - = . represented by the
fol | owi ng gé?FgésaeﬁégaSg"%n%n? %@%ﬁﬁ%ﬁ@ﬂ .gl.cgli‘% Pt 0 )-Of R Si-0 Sl ql

Rior Lcgfri,g40G Hg -)-0-c- sp0 , and a group represented by the foll ow ng
general fornmula (I1M): OSIRRRE1IR22 ')I 11 -C 0400-1210)-QJI-12i- SI- O -
Si- CRH' + 001112tE—0—H(3vFtu R13 | -40--Si OSi RI5RI5R17 I/ Rl14/ v2
10and 1@ tri organosilyl oxycar bonyl group represented by the follow ng
general formula (. i IcSIRAQRARAR NI TR cdiipl YRRAICR: fERl okl ) havi ng
such a specific silircon-contal ning group and a triorganosi |yl oxycarbonyl
group exhi bits t hetherapéding ebatfrgaauglosifiohyd thel presenginventivat the (particul arly
in sea water) due to the hydrolyzabil|ity of, the trjorganosilyl, Soxycarbonyl
group. Ther é*ﬁ’é‘jrog},’zab\)ﬁéﬁs%ﬁ Rt TAO0R Fog! qqnf%ﬁllf‘%?r?@’as“ft?ec?gf‘f‘ﬁger %filqs%%i ng
coating COMROZY $de9ﬁn&8fq§i?&dﬂ-&91t§iﬂﬁg?M%ﬁ%‘r_ ¥ZRB nforfofRk ) GbibctB® frdmu@Bi cl e i's
dipped in water, its surface is seff-polished, and as'a result, the coating
film siir f aceroup coesietiveriof smondratr (ef yapiesintedabyethdifoiawing igenasalddmeyla (Bl en

e, a8 SRl ORGS0 G B DRSS 1

represented by the following general formula (III") and a monomer (a4) represented by

D&

the following general formula (IV’), and a constituent unit derived from triorganosilyl

(meth)acrjrlate (b) represented by the following general formula (V’).

R31 o R1
| " d 3radped '
T - SiR°RR |
Hzc ] c O‘(‘CBH%O‘};CbHZb S‘lz ] ( )
R n

20
Here, in the general formula (I’), R*! represents a hydrogen atom or a methyl



10exhaust ed. In the general forrmula (1), a and b each independently
represent an integer of 2 to 5 mrepresents an integer of 0 to 50, and n
represents an integer of 3 to 80. RI to R5 each independently represent an
al kyl group, an al koxy group, a phenyl group, a substituted phenyl group, a
phenoxy group or a substituted phenoxy group. 15In the general formula
(I'l), c and d each independently represent an integer of 2 to 5, and p
represents an integer of 0 to 50. R6, R7 and R8 each independently
represent an al kyl group, Ra or Rb. Ra iS ( 17" Cl-St051 R25R26R27 ? 424 X
(wherein x represents an integer of 0 to 20; and R23 to R27 are the same or
20di fferent and e h repr t alk I ou and. Rb is -R2 C2H4) - - OR2e
(wherein y rEEYeé ?sb &h nraﬂgrehj Fepfgsteﬂgt%é ;Sgréﬁﬁle?&l@g éﬁﬁlewegrago‘fene sane
or different and each represent an al kyl group). In the genera
formula (111), e, hﬂ g and h each independently represent an integer of 2
to 5 q and s li nfe repre igat eger of O(yp 50, and r
represents an Fﬁ? er ogggqfﬂ @%%4§g 3 %?ﬂgggﬁéindependeptfy represent an
al kyl group, an al koxy group, a phenyl group, a substituted phenyl group, a
phenoxy group or a substituted 5phenoxy group. In the general formula
(W), 1 1 K @ndice GRAR JAGRPRARANIIY) REPFBRRA 3R aﬂagegﬁamqrr adnétyl>, 1
and u each i ndepen entIy epresent a |nteg F v and w each
i ndependent lgyoupe pnds.ahp aad Rno 8§ espraseniahe sar@meRiiBe compfoned ebotee same or
different and each represent an aIkyI group 10The hydrol yzable resin (i)

may have two or &eokrnds of srlrc arﬁmng groups selected fromthe
group consrstlgg Of tilhe oups the general formulas (1),
HefFT y r
nt rt

(1), (111) a PV70791 %ﬁyc yza le resin (i) may have two
or nore kinds of the groups represe e ge eraI formula (1), two or
nore kinds of the, fornukﬂw(ll), two or

nore ki nds of the|groups 15represented by the general for a (Il1), and/or
two or nore kinds oiﬂipz_ngH@ shesgntgd by the general formula (I1V). In
the general formula (V)7 R and R42 dre the same or different and
represent a hydrocarbon residue havﬂth% to 20 carbon atons. The

hydrol yzabl e resin (i) nmay have two or nore krnds of triorganosilyl

oxycar bonyl grou represente 0] gner fornula Concrete
exanpl es of hydr ?=B’6Fr‘erg§§,‘?r&ﬂg§%ﬁg\ﬂm§ 1% @QFGS?)‘H ady g%ﬂﬁe? AOPUYER | i near
or branched rxﬂéﬂ:ﬁn O HhPe rf‘?%, ,%12,9 afld Rp?éﬁl g@@éht %%e%ﬁn@%sa met hyl
group, an et éﬁo p, a ro group, an isopropyl group, a n-butyl
group, an i swdmtiby¢d ghrosep, a sec-butyl group, a tert-butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, a undecyl group, a 25dod§5g oup, a triidecyl group and a

tetradecyl group; cyclic al kyl groups drFk:0hexyl group and a
substituted cycl ohexyl group; aryl Bstrtut d aryl groups and so
on. As the substituted aryl groups Hps that J@re substituted with a
hal ogen, an aIkyIR@r up having up to about 18 carb ﬁﬁns an acyl group,

a nitro group mb— .gg a@dbs -qp% c@ﬁg cAnmpg tivdse, it is
preferred that the tri anosrfy oxycarbonyl up represented by the
general fornmula (V) contains an i group s a hydrocarbon residue
and it is nore preferred that all o) oﬁ#hﬂaﬂ R42 are isopropyl groups

because a coating filmexhibiting st Le polishing rate (polishing speed)
i s obtained, and antifouling performnce can be épt stably for a |ong

S5period of tine. Since there is a tendency of being able to keep the
sel f-pg i shing prRR&Nt heQenthefEmata (19 )f RrSrmtrébfapra‘sert achyld€ypen R O Of
time, and thus allowi ng fornation of a coating filmthat is nore excellent
inlong-ter meaqusthgrom amc, ko hetr By, anandddF éo B ceprieasnt thersame arsaning g st ance
and adherence base the hydrolyzable resin (i) preferably further
10cont ai ns &%mré ne kind of netal - at om cont ai ni ng group selected from

t he group consistrng of a group represented by the foll ow ng general
formula (M): O (VI) and a group represented by the foll ow ng general
formula (M1): 111 CGO-M 0-C(VIl) 15In the general fornmulas (VI) and
(M), Mrepresents a divalent netal atom and R3 represents an organic
acid residue or an al cohol residue. The hydrolyzable resin (i) may have
both the general formulas (VI) and (VI 1Y%-As the divalent metal atomM for
exanple, My, Zn and Cu can be recited, and Zn or Cu is preferred. Wiile the
hydrol yzable resin (i) is not particularly limted insofar as it has the
20si licon-contai ning group and the triorganosilyl oxycarbonyl group, an
acrylic resin containing a constituent unit derived fromat |east one kind
of silicon-containing polynerizable nononer (a) selected fromthe group



3 Here, in the general formula (11"'), R32 represents a hydrogen atom
or a nethyl group, and ¢, d, p and R6 to R8 represent the sanme neani ng as
mentioned above. R3 0 Il 1-12C=C - 0 4 Ce H2,0* GeH2f R' SI 1 SI-01
R10 R12 C9H2g OChH2h+-0- C-C=CH2 S RS4 10Here, in the general
formula (111"), R33 and R34 represent a hydrogen atom or a nethyl group,
and e, f, g, h, g, r, s and RO to R12 represent the sane neani ng as
mentioned above. 2 0O PMIII," , 0 SI CkH2k OCl F421+- Q0"'"" Cl/4, =n2(I1V")
Li R 3 0-510Si F215R16R17 1 R14i v Here, in the general fornula
(I'V'), R35 and R36 represent a hydrogen atomor a nethyl group, and i, |,
k, 1, t, u, v, wand R 3 to 1272 represent the sane neaning as nentioned
above. R43 0 111 FI‘PZG:C- C 0-SIR4AOR41R42 (V) 5SHere, in the general formula

(V), R43 repress tieao hygungsp: at Mor a methyl group, and R4 to 1242
represent the?sa ani ng as preV|oust ment i oned.

Here, in the general formula (V’), R* represents a hydrogen atom or a methyl
group, and R* to R* represent the same meaning as previously mentioned.
Preferably, the hydrolyzable resin further contains a constituent unit derived
5 from at least one kind of metal-atom-containing polymerizable monomer (c) selected
from the group consisting of a monomer (c1) represented by the following general
formula (VI’) and a monomer (c2) represented by (VII’).
R O

H20=é—-”-—0-—M—-R3° V)

Here, in the general formula (VI’), R represents a hydrogen atom or a methyl

10 group, and M and R*® represent the same meaning as mentioned above.
"8 4T
P i
HyC =G —C—0—M=—0—C—C=ChH, (Vi)

Here, in the general formula (VII’), R* and R* represent a hydrogen atom or a
methyl group, and M represents the same meaning as mentioned above.
The total content percentage of constituent units derived from the silicon-
15 containing polymerizable monomer (a) and the triorganosilyl (meth)acrylate (b) in the
entire constituent units of the hydrolyzable resin is preferably within the range of 5 to
90% by mass.
The ratio between the content of the constituent unit derived from the silicon-
containing polymerizable monomer (a) and the content of the constituent unit derived
20 from the triorganosilyl (meth)acrylate (b) is preferably within the range of 20/80 to
80/20 by mass ratio.
The ratio between the total content of the constituent units derived from the
silicon-containing polymerizable monomer (a) and the triorganosilyl (meth)acrylate (b),

and the content of the constituent unit derived from the metal-atom-containing

-7-



The nononer (a]) represented by the general formula (F), the nononmer (a2)
represented by the general fornmula (I1"), the nononmer (a3) represented by
the general formula (I11') and the nononer (a4) represented by the general
formula (1V') are 10respectively silicon-containing polynerizable nononers
havi ng silicon-containing groups represented by the general formulas (1),
(rr)y, (rrr) and (1V). The triorganosilyl (meth)acrylate (b) represented by
the general fornmula (V') is a polynerizable nmononer having a triorganosilyl
oxycar bonyl group represented by the general forrmula (V). Preferably, the
hydrol yzabl e resin (i) further contains a constituent unit derived 15from

el cotoa 11 omngpisIiRa e RETMIL ABAERe A o 0IR LROAPEN e

followi ng gemgsal formula (VI') and a nononmer (c2) represented by the
followi ng general formula (VII') because the self-polishing property of a
coating fil m can The arifulisg seatinercompasition gt e presanignventies mayfurth@nce a
coating fil i . -rer L i roperty and
more oxcel | Satil b P08 S TR ACR o pRORIAEC TRl BHLROTEREC °PS b

f or med.5 R37 tRerhmoplastic reki@radd/dr pldsti€izgere 1 60 pdrarbyhass(o¥khe) hydR3yzabkpesiagnt s a
hydr ogen atom or a nethyl group, and M and R3 represent the sane neani ng as
ment i oned atpékferablyrbio 1819 rRSs by mass.| (VW H2C=c- G- 0- M 0- G- - - C=CH2 Her e,
in the general f ' r I or a
met hyl group, an hlg/ll&rl%a&gisagtﬁ% gesﬁlg p%?‘%% %glelgﬁé) ﬁggﬂ{r?e%%e?%ﬁﬁ@g%%me
nmononer ( el konggingsdchiedinbted toheafiie petyadinyl ethey lrasif ¥hd 3 vauytichltvederononer 5( c2)
represented by the general formula (VII') are respectively

met al - at om ¢ Q’ll‘ﬂpﬁge?%WP&l?’mfébl e nmonomers havi ng net al - at om cont ai ni ng
groups)y epr esent gge S;Yasﬁ@i%eﬁ@?%f@xlablfy% Bk the (M) seRfbd(Enh the drddp consisting
Silicon-containing polynerizable nmbnoner (a) The silicon-containing

pol ymer i zablo€ apbthelaty estalplastibizer @dre fhosphatdester@ldstidizerd. yzabl e resin (i) is

represented by t eperal formula (1')., a inthe forrmula, a and each
i ndependent |y r egssg*eﬁfouﬁﬂg F?ﬁ@&«&omé?f’“éblf 8{3%’,6 pﬁ?SF%dP‘é?‘élﬂPglagr?oP%{ne g)r of 0
to 50, and nonAREBY &S ofdh ANHISE Rz 28bntPet P0BPartsly hessi3P tiRa6hl aneenefdent |y
represent an al kyl group, an al koxy group, a phenyl group, a substituted

phenyl grouphe kydulzrablyreginoths thermepkatistesinand dhoplesiiger.gr oup, and R31
repr e;]%?t S a hydkggbggfzga;otﬁglﬁggé Bae rlrgsterrftyilllvél‘n§i()a1r ?xg%'sar$§rol¢§de?%ntagt?fouli?%ﬁlm

silic cont ai ni nonoirer e silicon-contalning
pol yner i zablfermBariesie the( atifodling daxehigdondvbitien) &8l dicdnpositd fih hiing@theacr yl i ¢
resin having a silicon-containin%}group represented by the general fornula
(1) in a sid@mehalbe sampssitaiitme! thepressat iguention has @ priries film f9rmediframp agj t h

t he general ( dj it t l.owW : ~t he

aver age pol f/‘L n@xﬁjlg@aat%lub#d engérngfefgtgwgafn rﬁlofpﬁg%ﬁfer&nstﬁ%@? él’fﬂg{g %ﬁgﬁﬁgﬂélt&?‘ but

i s preferabbyerfaid en thagririelfianuskhetdosipesitestilan dfthe presynttimahtibhmay éadati ng
propefrgté)y with an old coating filmis excellent. Further, i s,rgrgtterabl y 50
or | e2d bechavean mierpstiate filayiosmgd er therentirrorqsiaf g urfpseetithe pdmerfilp

excel | ent, j gbfﬂg:,@u i perty with
an ol d coat f%ﬁgv‘gfeﬁlt%ﬁerﬁ%ﬁ@%a@hg eé(fgg ent . fné?ésﬁ%mf)eﬁgagggejk rggglm; in the
range of 3 tmeRxdiaafilnds 4 codtingfilprfefresdaiody anantifoalingogpting fcofmpooti®@0. I n t he
general fornmul aiélgl'%‘, a, isl, preferably 2 or 3, and the one wherein a is 2
and the on&OWAKHNG 4 aptifQulingagente ysed together. b is preferably 2 or 3.
In the general fegmybaaddording B thEPFEERMentiBE, AUEHAES RAbPBEIHARIthon degree
of a silicon-containing structure, and is an integer in the range of 3 to
80. By5set t angfonlibgfiBn or corapgmte, filintis pwvplsdsi Blse prefeded etappplaofthg frewater
antifouling effect. Al so setting n to 80 5or |ess, excellent

conpat i bi |iF§UWha6]%IH€PnB%F HEfi zabl e monomers is exhibited, and

sol ubi ity IADRASEREROUSIIAIECTSOFVYRVMENfIONIEe obt ai ned hydrol yzabl e resin
(i) can be inproved. n is preferably in the range of 5 to 50, and is nore
preferably in théccemie tofthgantouling coating compositront dféhgenesanginveiambeen( | ') ,
Rl to RS are,preferably an alkyl qgroup havi,ng.l .o 18 10carb at , nore
ref erably bR gping e o EhGReT K R hufndie FEAR RS ShelT

nmet hyl group. Concrete exanples of the silicon-containing ’

pol ymeri zabl e nononer (al) represented bé the general formula (1') include
"FM0711", "FM0721", and "FM 0725" (tradé nanes) which are products of

CHI SSO CORPORATI ON, and " X-24- 158201", "X-22-174DX", "X-22-2426" and
"X-22-2475" (trade nanes) which are products of Shin-Etsu Chem cal Co.,

Ltd. as those wherein mis 0. As those wherein mis nore than O,
"F2-254-04" and "F2-254-14" (trade nanes) which are products of N ppon

Uni car Conpany Limted and so on are recited. Wile products of N ppon



15In the general fornmula (I11"), c is preferably 2 or 3, and the one wherein
c is 2 and the one wherein c is 3 may be used together. d is preferably 2
or 3. In the general forrmula (IF), x and y each represent the average
pol yneri zati on degree of a silicon-containing structure or a polyether
structure introduced into a side chain, and is an integer in the range of 0
to 20 and an integer in the range of 1 to 20, 20respectively. By setting X
and y to 20 or less, excellent conmpatibility with other polynerizable
nmononers is exhibited, and solubility of the obtained hydrolyzable resin
(i) in a general organic solvent can be inproved. x and y are preferably in
the range of .10 or. l.ess, and nore preferab in the ran .. 5 or.less. In
t he general hf%xrarﬂ(ﬁifc&lh(ngpegf&*rg@mgﬁa%ﬁiggfertaag{?ﬁlytfﬁég ?Weﬁlgggg{lglgt 443 Rr6 to
R8 25and R23ntiRuRR@filh Mat BXABI it irPerBE RYiktaBEOdHR, bedOrédY IThg atifoulifg
n-propyl group, a n-butyl group and the |like are recited. A nethyl group or
an ethyl gr sopingreemmposition oéthe paergniainmesttiopicary po aitably wisd @s pr antdpp

Ceprescn oo M Flageh s RLELFR AR FUL R RIS R o AR
whi ch iss a npfs@@sedlycfor SinSeQndORRORARIn@SquipHed? harkdf facllitiegddifaces) whi ch

is a product of Shin-Etsu Chem cal Co., Ltd., and "F2-250-01" and
"F2-302- 0l " intakeemainmaens oF ampleelric ererpiienRlantor de Ike prinasiich a8 Welsipany

"E2. 302 04" ‘DR A eRL e IR e R A R Ay

Limted andssitm&inediagest ecited. The hydrol yzable resin (i) may contain two
or nore kinds of constituent units derived fromthe silicon-containing

pol ymer i zabPESHHEREPNQREMBOPIMENTS con- cont ai ni ng pol yneri zabl e mononer
(a). silicon- Al iizahl.e nononmer (a3) that can formthe 10
hydroﬁ&gable resf%g??gh@%%?g%g%se f%% Ey the general forrmula (I11"), and in
the fornmula, e, fThegntifiodlihg esatingiconippsticient thy presprtésemtiompontangger of 2 to
5, g and s each i.ndependent|y represent. an.integer.of..0 to 50,. and r
represents é(%“ﬂ‘ft”é%& 1y agy@%lﬁé. SRR é) g&v?nge% cffffdsélpcé’r’?écé)ﬂfawng EPFBEENt an
al kyl group;ARe abdrbyd GG URd a%pﬁcﬁﬁ@%ior%@b&lpyl oRy&bSyl brdupfhabRafer, group, a

phenoxy group or a substituted phenoxy group, and 1233 and 12.34
15r epr esent refetgditocireplysas @rhydrolgzaivst asin (g} o ujrcoRling b the antifeuling coating

i |'i cqn- cont ai ni i zabl (a3 he silicon- i i
ol yraf zabF G ROGHEY PRpeERam kP oy sit s ppelis { frRimb AR gRE ERa BT, o
resin havi ngs dséllr<ion ab appdbilite p&ddver 4 RREPSESY 6fltily, it keogdblenabbr nul a

(I'1'1) (This si'licon-containing group is a cross-linkin roup that .
cross- | i nks apentjfonlingyfilon thek exarts.an exeellspt mtﬁ@dzngzapwnyrﬁga@bfféradpng PRTiAdl a

(rrrt) (ditto.with the general forpul I I Lyt ] t. fpl ing), ¢
and s reprngHFwéﬁ§f§9§3%&%¥%%F9ﬁ%ﬂ?@g?éé%mé%ﬁﬁ%§1gF&%h%§P€§FﬁgF&§¥%ﬁgture,
and nmay be Qvhdiuhe atefollligd &atibh Yompsostidhiaappliddacashep drike Bkd, Sorcexamptiency
that the recoating property with an old coating filmis excellent. Further,
q and 29 are t@@ﬁl&t&@gﬁ@os’ & bg digpedyacmigdsenuatpedhe Hke)ifet & fwg nsriod A
coating filmte : because
t he recoatiﬁékbggggkgﬁgﬁfggﬁgﬁgg{@QE%%??ﬁgé?gFﬁ?giﬁggg%%ﬁ’g“§§?§? ent. q
and s are manéthenédreledldnd Hencd the anidfogBn®filnd it reqdistedan awer sich flexibdity that
preferably in the range of 5 to 20. X I n thgﬁgﬁneral formul a élh;'), e
and h are picdwrblptysushgconditigng Arerdingfie theiant 8 CRALIELOBPIRHOR Otpy” pe
used togeth e: ool o

Formul a (11 1grreseRl R BRe ué BLETTiofom A aiifouting Tim thPip 168 [BEAR0 B

si | i c®%- conteaickédeyeatbyutipping in watdr fos adong periedef time drivy repeatgd ayflegas 0 80. By

setting r to 3 .or Jarger, it i ossi bl e to devel op a higher tifouljng
effect. Al s&BYO "é‘t%ogﬁ rInttE’Je @10 ng. E}Htlé%gﬁgwgﬁ?g%ngg{}wpﬂ%{ﬁgf Wieﬂl[ ot her
pol ymeri zablie,  ARAOGRI Be sfpcBichiIPuteAbe@nd Ssol ubility in a general organic

sol vent of the obtained hydrolyzable resin (i) can be inproved. r is
preferably in th¢Hydmbeablf r&in G)]50, and is nore preferably in the range of

S 10,10 401 98055kl S T PP SRR 1

an ethyl group, and further 1O0preferably a nethyl group. Concrete
exanpl es of the silicon-containing polynerizable nononmer (a3) represented
by the general formula (111") include "FRF7711", "FM 7721, and "FM 7725"
(trade nanes) which are products of CH SSO CORPORATI ON, "X-22-164",
"X-22-164AS", "X-22-164A", "X-22-164B"', "X-22-164C' and "X-22-164E" (trade
15nanes) which are products of Shin-Etsu Chem cal Co., Ltd., and
"F2-311-02" (trade nane) which is a product of N ppon Unicar Conpany
Limted as those wherein q and s are 0. As those wherein q and s are nore

T PN PN - A



In the general formula (IV), as an al kyl group that can be selected in R13
to R22, 20 for exanple, a nethyl group, an ethyl group, a n-propyl group, a
n-butyl group and the like are recited. A nethyl group or an ethyl group
are preferred, and a nethyl group is nore preferred. Concrete
exanpl es of the silicon-containing polynerizable nononmer (a4) represented
by the general formula (1V') include "F2-312-01" (trade nane) which is a
25product of N ppon Unicar Conpany Limted, for exanple, as those wherein t
and u are 0. As those whereint and u are nore than 0, "F2-312-04" (trade
nane) which is a product of N ppon Unicar Conpany Limted and so on are
recited. The, hydrol yzabl.e resi [ contain two.or nore kin of

consti t uent WmPEEECHEPEEen has ela%té}@irﬂﬁ/dc‘gr%ﬂ%’ﬁf@f‘ﬁ?m@g ) ﬁ%lF?t%gﬁP@ Hononer
(ad4) as the gshid &Rt o] ' il@waalf%ulaI: The
hydrolyzabléﬁégtﬁﬁngggﬁgiéggh?%?ﬁﬁg%gggP%ﬁgnt units derived %%on1tmo or
nore kinds of gjlicon-containing ﬁgl neri zabl e nononers sel ected fromthe
silicon-containing pol ynegi zabl TON ner§4%?I), (a2), (a3) and (a4). Anmong
these, as one—S8prefified i TERT O BSRIF R usi ng bdPh a pol yneri zabl e
nononer cont ai ni ng (neth)é%ryl- i fi/gd silicon at one term nal
[silicon-containing polynerizable nononer (al) and/or (a2)] and a

pol yreri zabl e nononer containing (nmeth)acrylnodified silicon at both
termnals [silicéeredntearasened poherfelevias censralfsrerla(HY) and/or (a4)] can
be recited. 10When a pol yneri zabl e nononmer contai ning (neth)acryl-nodified
silicon at one®term nal and a pol yneri zabl e nononer cont ai ni ng

(et h)acryl - g, Ud-%@:ﬁ-‘,iccb' HAL-S bbiR’ﬁpeVRPr) nal s are ¢Bed together as
mononers that form‘thRe hydrolyzable resini), the ratio between the
contentd of the constituent unit derived fromthe pol yneri zabl e nononer
containing (neth)acryl - nodi fi ildgcon at on erm .and the content of
the 15constituent® %%'Rfeaéeﬁ?‘%}%‘ggﬁf ﬁgrﬂoﬁ%‘@m&gwﬂglﬁo%@?gﬁmnomr cont ai ni ng
(meth)acryl- nodified silicon at both termnals in the hydrol yzable resin
(i) is preferablz in the range ofR90/\L0R'o 50/50 (mass ratio), and nore
preferably in g64,05 480/ tio- B—Agss ratio). By adjusting the
ratio of contents within thits ra g n|gptifouling filmexerting an
excellent antifouling property f a1'oRg perjod of tine and having
excel | ent 20crack—Teststance and adherence with a bas8t ends to be easily
obt ai ned even|when ng or a snall anmount of antifouling agent is contained.
[ 2] Triorgart%sfpybfgﬁﬁhﬁy ¢ (b) The triorganosilyl
(meth)acrylate (b) represented By the general fornmula (V') is a nononer
used for introducing a triorganosilyl oxycarbonyl group reprggented by the
25general formula (V) into the hydrolyzable resin (i). By introduction of
the triorganosi| plgroxycardsentgd by thedpllowinggdigralolormulat(Re): si | i con- cont ai ni ng
group, an excellent self-polishing property of a coating filmis obtained,

and a coating film having an excell tvkg g-termantifouling property can
be obtained. In the general formlg (Vi), Fmohogy ,and n42 tc. are the
sanme or different and represent a U§ @8R &S 1”ue having 1 to 20 carbon
atons. The hydrol yzable resin (i) hawe ot wo or nofe kinds of the

triorganosilyl oxycarbonyl groups presented by t general formula (V).
Concrete exanﬁﬁes of hydrocarbon residues having 1 o 20 5 carbon atons
include |inearc.ony @g@lgt}edkg]ugwo-gmomk%m, 0-oc—+ess {{drbon at ons such
as a nethyl group, *an ethyi goup, a n-propyl GgYoup, an isopropyl group, a
n-butyl group, an isobutyl graup; gyssec-butyl grloup, a tert-butyl group, a

pentyl group, a hexyl group, ZPt I gLOMR mﬁg octyl group, a nonyl group,
a decyl group, a undecyl group, 'H% c?? gﬁo p,{ a tridecyl group and a
tetradecyl group; cyclic alkyl oupd/ such as a jB0cycl ohexyl group and a

substituted cycl ohexyl group; aryl groups, substituted aryl groups and so
on. As the substituted aryl groups, aryl groups that are substituted with a
hal ogdi), an and kytiorgpmspyhexpicadponyl gr@umng:pmsenmf butgdpllawiagsenad fagylagr oup,

a nitro group,.or an am no group and so on are recited. Anong these, it is
preferred t } the triorganosilyl (nmeth)acrylate (b) represented by the
general fornmula (V') contains an 15i sopropyl group as a hydrocarbon residue
and it is nore preferred that all of R', R4l and R42 are isopropyl groups
because a coating filmexhibiting a stabl® polishing rate (polishing speed)
i s obtained, and antifouling performance can be kept stably for a | ong
period of time. In the entire constituent units formng the hydrol yzabl e
resin (i), the total 20content of the constituent units derived fromthe
silicon-containing polynerizable nononmer (a) and the triorganosilyl

Y~~~



250ne having a fatty acid organic acid residue is preferred because a
coating filmw thout cracking and peeling tends to be kept for a | ong
period of time. In particular, zinc oleate (neth)acrylate or zinc versatate
(meth)acrylate having high flexibility is preferably used as the

nmet al - at om cont ai ni ng pol yneri zabl e nononer (el). As other preferred
organi ¢ acids, nonobasic cyclic organic acids other than aronmatic organic
acids can be recited. As nonobasic cyclic organic acids, for exanple, those
havi ng a cycl oal kyl group such as naphthenic acid, and resin acids such as
tricyclic resin acids and salts thereof can be recited. As a tricyclic
resin acid, for exanple, a nonobasic acid having a diterpene hydrocarbon
backbone can be recited, 5and as such, for exanple, conpounds havi ng
abi et ane, pi naxane, [} sopi nar ane, | abdane backbones can be recited. Mre
concretely, for exerfpite;siRffReRPc acld, neoabietic acid, dehydroabietic
aci d, hydrogenated abietic acid, palustric acid, pimaric acid, isopinmaric
acid, levopimaric acid, dextropimaric acid, sandaracopinmaric acjd, and

sal ts ther edheaydropwebleaesin fiybang siche spasifie silisorreppiainiigsogRatt 2d abi eti c

acid and 10salts thereof are .prefe I ggﬂi jately
occurs, and%ré?{g%? gﬁl ogﬁrg ari%g%_g{ri&rp n%%lgtﬁsg @%ﬁ?ﬁ?ﬁ%@é‘%@’y}ﬁ € Zglgé 1ne nt crack
resi stance ofaté (p@athlady f devaia) ol @ithehlydralydatiliy dchdsioagaposihdi |y

avai |l abl e. The nonobasi c cyclic organi¢c acid does not have toq, be

hi ghl y Bpur i PrEeRrbaligroupy  Sherefre Whsnee apaiulng hgiformed forg thepnfifouling so on
may be used, ) £ j ghat i :
disproportiS%aIgﬂgﬁggﬁkggﬁgéﬁggggﬁ%ﬁg%ggggge%%ﬂ{gg re6?9§é$§¥ éﬂﬁgsin
referred towaereitysurfact isdeF-mlishadosindas aveoadt, tiesdaating il soifhceripsinawadd so

on. Rosin, hydrogenated rqiu? ?nd gésgro orﬁ%gnate. rosin are preferred in
that they as@ thahaesnispg asadifficrlto aiheprycn PTe 2BAHSAY eability

and exert acb@ﬁ&é&,%ﬁ‘aﬂﬁfduﬁiﬁ% bbﬂ&&h}g@@%}iwu@%ﬂ@ Be gc_l%tmglﬂ;ﬁ i9torhPRtely

nonobasi c cyclic organic acid 1s preferably 1 ny g or nore and 220 ny

KOH g Idr | esshausede preferably 120 ng KOH g or nore and 190 ng KOH g or

| ess, and further prefera 140 K or .nor d 185 Kl | ess.
When the one hav#% eéﬁ?g@?%%@ﬁpdggaf¥%F%g#h@dﬂﬁﬂgg%ggﬁgﬁﬁFggﬁE§%§%89%
monobasi ¢ cYehi f r88fftsandileder A0, £Rh rephRedty i el 8F SRe8l OR' fohe
hydrol yzabl e 25 resin (i) is appropriate, so that the self-paqglishing

property of R’lseckciodenandertlyl tepreaent bl alkahgrosp i akaxor graum Grihepd &P 8f ti ne,

and thus the antifouling effect. can be k o] # An

organi ¢ aci dul?sgil’tﬁfgﬁhe&y pgrf?gp’nae?%el“?)éx %rr%u8§g%5liflbr§lhﬂgedp@py§%¥ %‘?gg} e nononer

(cl) ney be made [@theQithyraPRgmkiand)of ardr Dédeh éndeperticntly kopdesent aminghi ofds of

organic acids. As a production nethod of the netalzatom containing

pol yner i zablteS5 randanispres¢nds an ingsgenef Gie Yk gdhi R ard B paskiipdrpendeni®o, f or

exanpl e, a nethod. of ciingad . poly i zabl e unsaturated organi c acid such

as (neth) acrrg}:]r?sgnta%} %}{(ﬁgr%’g} %&I;Rrrpogﬁ{c?, and a nonobasic organic acid

form ng the organi g.acid residue, or a nmethod of reacting a polymerizable
;Ei

unsaturated organit &cid with a metal salt of a npnobasic organic acid can
be recited. ~gitg-@¥RERI*RTlent unit derived fromthe

met al - at om contai 10pol ymeri zabl e nmononer (cl) may be fornmed by a

nmet hod of reacting a resin that is obtained by polynerization of a nononer
m xture containing a polynerizabl e unsaturated orggnicﬂacid such as

(met h) acryl i ¢ aci(dherainmetepresctapoimeger afidl ta2tnd RastocR o rrgathe éarae P f or mi ng

t he organic id residye, or met. hod of . reacki.ng the foregoing resin with
a nmet # sal ld?f%qrexg 8e) @P@S&fﬁ&&ﬁ;@?ﬁa‘w aT@%hés net al - at om cont ai ni ng

pol ynmeri zabl e nononer (c2) that can formthe hydrolyzable resin (i) is
represented by the general forrmula (VII'), and in the formula, R R39
represent a hyB8fogek:ta Br a nethyl group, and Mrepresents a dival ent
nmetal atom By using tHe netal -atom containing polynerizable nmononmer (c2)
as the netal -atom containing polynerizabl e nononer, (c).,the hydrol yzabl e
resin (i) which i(Wherebyy serssenis ap éxeger RAY ihel:anddt afdRoMcBataNAPhg group
(this netal - t.aln j oss-1linking group that cross-Ilinks
pol ymer naiﬁﬂ%%gﬁ%g e%g%%g%g%@%§%g§ﬁgﬁ%@éeneraI formula (VII) is obtained.
Concrete exanpl es of the netal -atom contai ning pol yneri zabl e nononmer (c2)

i ncl ude magnesi um acryl ate [(CH2=CHC00)2My}, magnesi um net hacryl ate

25[ (CH2=C( CH3) C00) 2My] , zinc acrylate [ (CH2=CHCOO) 2Zn], zinc nethacryl ate
[ (CH2=C( CH3) C00) 2Zn], copper acrylate RC112=CHC00) 2Cut and copper

met hacryl ate [ (CH2=C( CH3) C00) 2Cu]. These may be used al one or in

conbi nation of two or nore kinds that are appropriately selected as
necessary. As a production nethod of the netal-atom containing




(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, benzyl
(meth)acryl ate, phenyl (neth)acrylate, isobonyl (neth)acrylate, cycl ohexyl
(meth)acrylate and gl ycidyl (neth)acrylate; hydroxy group-containing
nononers such as 2-hydroxyethyl (neth)acrylate, 2-hydroxypropyl
(meth)acryl ate, 3-hydroxypropyl (nmeth)acrylate, 2- 10hydroxybutyl

(met h)acryl ate and 4-hydroxybutyl (neth)acrylate; adducts of 2-

hydr oxyet hyl (net h)acryl ate, with ethyl ene oxi de, propyl ene oxide,

y- but yrol act one, acaprol actone or the like; dinmers or triners such as

2- hydr oxyet hyl (neth)acrylate and 2- hydroxypropyl (neth)acrylate nononer s

havi ng pl ural hydroxy g | at e; rlna and
secondary anino g qg EUPU ﬁ%ﬂ@- ﬁn STeRfE hyI
(met h) acryl aje 38d h o0 25O el Qérﬂ!Q Wi nyl
Tononer s Such ag mﬁﬁ?ﬁf}g@ﬂ%&ﬁy féﬁ%% i A Sk %Set i
(met h) acryl amtegerablf fed I891 aRt toRF @pg/h 1n@n1ﬁnﬂ¢rab'r1yplasmt anla}ka't gphpranedinxyy |
(meth)acryl ate, | am noet Iat dlnet | am noet

(met h) acryl %‘@eaﬁﬁﬁ‘ ﬁﬁ??h@?%#hﬁ%@&l g 2‘8’?%}’6&{? or azﬁ*rl?éttlté‘%cycl ic
basi c qpnongh§u§5g90ﬂ§ vinyl pyrrolidone, V|nyI pyri di ne and vi nyl
carbazol e; and vinyl ‘nononers such as styrene, vinyltoluene,

a- met hyl st yr ene, I tretdeheet fdronla @V).e, ], lvami/l cagh éndependenty mec;sbntmnopieeerat e
can be recit n_nmeth of, the r reS|n (1)
is not parti° gglt%ﬁ anil‘}ﬁafgg“d%g?ﬂfe?& reé’)‘ieﬁﬁ%t a, m“sg?%ie‘%fw ng ea rf W
MONOMer M XfdHe ?emenﬂpeepa&%@ﬂﬁmd gBNeh BIMNRIBHSRY Ard the sifesedigereaf ardl
radical initiator at a reaction tenperature of 60 to 180C for 5 to 14
hours As t leechriggitesent apallod atowp; for exanpl e, 2, 2-azobi si sobutyronitrile,

G0 s(2. 4- G TRl e L@» 00 i) 'g%avgm% &%ﬁgﬂe%%dsga%mew.%eﬁsﬁamgt rile),

benzo perOX|de rope auryl pero

di -t - butyl pgrewpk d€lecttd huhyﬂhegfmpmamstetgrwﬂhtegmnp@tepmamed betheigegeralr e
recited. As a polynerization ne an emnul sjon _ polynerizati on nmethod, a

suspensi on pommpes Dz &), 6AD ad Iﬁb\@ aﬁ‘éltbﬂ%@S%|tk¢eh¥fgﬁlyl§%bleel¥ﬁ1“c>(§l)e‘ﬁa¥ v&d¥Pt i on
t | ut

however . o Soiefs MBS LEAE oOpTRiaAtaRRIY (R el il (01 BB LF B MER L o
such as tol uéte,groysapgresaneddiyy the geeralybrokds die fwoor motmltlydis afabe¢ groaps s

v ollpzabl ErpesPRIEDYS FATERADPIUS 0TS FAst hoaREFSR HrGSonEr BErRi 1))

hydr oly’zabl ) i1)]

The antlfouké &wﬁ@ggk %nggqb 1HQIQ§|the present invention may contain
€,

t he thernop tlc r zer (||) together with the
hydrol yzabl e resilmthei g)enexayfomuiar@); RE, RHend®p! asthosamesirditferaitand

| ble to.f 10 f
Poating 111 Awrikitd buldeRiotiseiohs iRang ! 1LRheERR Ao o The MrubERade ABES, bf
to control {heraRalakve BhdEr mdkSkin@Ob tBibtdABosINESScaony G osRa fgx@ganiddlwth@ an

approprlate Speéd, it is advantageous also’in the point of the |ong-term
antif & ing gpman@lefpnyulaf(Vb heCowragtte ngamplbmf hysiradaebontresidugs havingd tp Qi n, for

I hi ted I 5
chi o1 nat ed BB AFTIARBAT HEFEAT POV AAE R A ORE 6 PrsoeBET YBPSpy! ene:
pol yvinyl  ekh&fas anﬁ!aﬂa [ M ametsaRaa n- éﬂé}f}ﬂlg?ddp)(aﬁlbédpﬁg?l@b@;d atrebaieny| ;
pol yvi nyl acet at e; y(nmeth)acrylic aci esters such as nethy

(et E) acry: ar®pc@iptslbbw} groumargﬂc bugsd grovRct (et %’@y cgrpen. ywrisaty] growpps/exyl |
t t 1t t
(et by acr | o BB Bh i Rt TR hAGT il SPRRLIRL £ A el e

resi ngs vi nybdeehl gxroluﬁea frmcﬂ%rswihd@steaadacgalygroomIo@clucdzekw gwtkpsa;ud‘t ate
copol yner, a viny | ori de- V|ny Eroplonate copoly a_vin

chl ori de- i s6peleRexyl eropp aad Bspbyidyed gyrehexyl g;pﬁguar)clrgrfe}msd@bﬁ@aéfl@@gh vi nyl

et her copol yin I con
oil; fats aﬁgﬁ%)l ?{sﬁisg pu)f(lL h%@g%ttcgtg?gﬁ@étou %fe%élcé 5"\%1‘ thzﬁ%ﬁéééu%?@cﬁtedih{ﬂ
paraffin; rashalvgehwraige padigoha¥iieos 10,abowtii8t daehvncat@ns, dn atﬂtgwupaamdm and

di val ent netal salts thereof; and so on gﬁn be recjted. Exqu gg}of t he
fats and oi BEOUR 2B@RiRG gPURGRY £ AR & Tefiisde o PAmang these, it ixrrelgHad thaf thet hat
are solid at normal tenperature, such as, for exanple, wax (including

ani mal -deri ved wax such as bees wax, plant derived wax and so on) and fats

and oils that are liquid at normnal tenpek%iure such as castor oil. These
t hermopl astic resins may be wused alone or in conbination of two or nore
ki nds. Anmong the above, chlorinated paraffin, polyvinyl ether,

pol yet her polyols, rosin, and a vinyl chloride-isobutyl vinyl ether
copolymer are particularly preferred, and in particular, chlorinated
paraffin, polyvinyl ether, rosin and a vinyl chloride-isobutyl 5vinyl ether



[ Antifouling agent] While an antifouling filmobtained fromthe
antifouling coating conposition of the present invention exerts excellent
antifouling performance owing to the antifouling 20effect based on the
sel f-polishing property exhibited by the hydrolyzable resin (i), the
antifouling coating conposition may be m xed with an antifouling agent as
necessary for further inproving the antifouling performance or further
improving long-termcontinuity of the antifouling property. As the
antifouling agent, those known in the art may be used w thout particul ar
limtation, and for exanple, inorganic conpounds, 25organic conpounds

containing a.netal .and organi.c conpounds nhot _containing a tal .can be
foci ted.  HiorEpMsiy e Cubany s EPRRaed ey wearrsty gane (VR erHES it al

sal ts such ag.ZiRfoRbdSa h?&'ﬂ%%én 4] € andRRPRRESHreferred that all of R*, RY!
ethylene-bls-glgylocarbana e, zinc dinethyldithiocarbamate;
2- met hyl t hi endR{ - draispprpyhgrospseshensracioptingrfiive exhibiting 2istable polishing rate

2,4,5,6-tet h ' ht hal.onjtrile:. N.N-di pethyl di chl h . ZI
ci iyl enebi s (EREQR Bt Bo T habAN Hoppbe P FrpPitre b SeS iy or 16 =1 "¢
4,5-dithorgegowop@&al-4- i sot hi azol i ne- 3-on

(4,5, -dichloro-2-n-octyl-3(2H)i sothi azol one) ; o
N( f | uor odi chl or oitcayharaisa) ishddnsy ofbeiag able e kesipribe pelf-palishingryopqriy.of the

1 uor odi chl hyl thi o) SUl f ami de: 2-pyri dinet hi ol 1 oxide 7
(zinc. pyr it APERGT b B o b P ELosSiRy b HRE 1o R DR AT R0 L am

disul fide; 2 tRatti§ moh exceldie iy lonpBdred aftid&uling property and more excellent in
2,3,5,6-tetrachl oro-4-(nmethyl sul fonyppyri di ne; 3-iodo-2-_rop¥I tﬁl
carbamat e; @rackarsitaney pngadherence syitbaobrse, thhbYArplysrllp jasiny) 118 eg@%cf rther

di chl gry de; 2-.(4- I 1)4- i daz g L di salt;
steary(%rniﬁém%é?6%%%@?&%%%ﬁfgigﬁggﬁgﬁgﬁéﬁg¥%%?gﬁ§%§kg%¥gg?M%%ghﬂ?nethyI

di t hi ocar bagosistitight agidup repekirset hhiho dalidveing eneral formula (VI):

1, 1-dichl oro- N-[ (di net hyl am no) sul fony1] - 1- f | uor o- Nphenyl nmet hanesul f enam de
; 1,1-dich|oro-¥%[(dinethylarnino)sulfonyl]-l-fluoro-N—(4-

nmet hyl phenypnet hanesul f engam de; - (3, 4-di chl orophenyl)-N, N -di net hyl

urea; N - ""'C"”C""""*VI"'R%61 )

tert-butyl-N-cycl opropyl-6-(nethylthio)-1,3,5-triazine-2,4-diamne; and

4- br ono- 2- (4- 15chl orophenyl) - 5-(;t rif l-yor l.):- H@l.e- 3-carbonitrile
and so on can be? 8igfoglg.re}¥rﬁ%e§lged§i ttlh?(goﬂﬁ ﬁrgggggﬁ%lsf&%a@é([)\é ised alone or in
conbi nati on of two or nore kinds. The content of the antifouling
agent may be 20Qparts by ss or less per 100 parts by mass of the total
anount of the_h gthy abl epresin (Kyuynd the thernoplastic resin and/or

pl asticizer (11) (that i's, the hydrolyzable resin (i), the thernoplastic
resin 20and the plasticizer). Wen the content of the antifouling agent is
nore tifan 20 thargeserblfonmslas (ABfand (¥130Md emrssentsaokivalgntametalpgehj angl Ran ari se

Composi £ onTFesEHE LT Rl O halso Rl AT add (PRSP IURGR R those

menti oned agﬁy%av@‘ﬁotﬂttﬁ\éaéerﬁgﬂ I i (VITPAndevanP! Qs tRe di9alRhQiBIAL atod MOfoyent ,
a water binder, an anti-Sagging agent, an ant’i-flooding agent, an

anti-sett! i axamaglenig, 4n ded Carambe sagéed, and Zooa Gurig pfafémedex haust i on
conditioner, a absor be a surface conditi.oner, ..a.vi.scosity.conditioner,
a |l eveling agent, Rﬁ%@ﬁ&ﬁ?“ﬁ?@%é?ﬁ%ﬁ)Eﬁﬁgg%h‘ﬂm% H#B@dﬁ%?ﬁ¥§%#_ﬂ§ﬂFhe

pi gnenfy, f OkjlREARBAEIniBEENS8Hd Pl BRBhfosHYICIkyoabsRHigh®Y, afi McrbBE tegi  tal c,

clay, chalk, silica white, alum na wihite, bentonite, calcium carbonate,
magnesi um capiaiminges canstijuenicundicderived fromes deast ongl kimd plilsilieurpatFige at es and

cal ciumsul fate: .and col aoring.pi such i.t-ani ' L ncon

oxi de, basi Eoﬁtyé%?&zélﬂf’ frgpgmet ™ S%%%&eﬁ(ﬁ;?r%%latﬁg%%&%lCg’}é%%,?‘m&%agﬁﬁ’@g“&r%%l?aphi te,
zi nc sul fi desprédened O¥itkefolloMinidheX Fatuly @) omohoinek@D) feptaadritedby #el | ow
chromumtitanium yellow iron oxide, red iron oxide, black iron oxide,
azoic red afllopeng sonasaldrmpula (hr omonemgieiap birpreserterhbn gl onsing eersyal

pht halsgcyani:n o MLty ' I j ' } .
TheseQ%ignegygnﬁgeﬁﬂgﬁﬁégggg%%ﬂgwgfgﬁﬁg%@%@ﬂhg?ﬁgkgﬁggg§ggg?&gégghéfgds. As
the solvent, for exanple, hydrocarbons such as toluene, xylene,

10et hyl benzene, cycl opentane, octane, heptane, cycl ohexane and white
spirit; ethers such as dioxane, tetrahydtdfuran, ethylene glycol nononethyl
et her, ethylene glycol nonoethyl ether, ethylene glycol nonobutyl ether,

et hyl ene glycol dibutyl ether, diethylene glycol nononethyl ether and

di et hyl ene gl ycol nonoet hyl ether; esters such as butyl acetate, propyl
acetate, benzyl acetate, ethylene glycol nononethyl ether 15acetate and

et hyl ene gl ycol nonoethyl ether acetate; ketones such as ethylisobutyl



antifouling coating conposition on a surface of an object to be coated
according to a routine nethod, and then renoving a sol vent by
volatilization at roomtenperature or under heating as necessary. The
application nethod is not particularly limted, and for exanple,
conventional |l y known net hods such as a di pping nethod, a spray nethod,
brush application, a roller, electrostatic coating, and el ectrodeposition
coating can be recited. Exanples of the object to be coated include, but
are not limted to, ships; fish nets typically for farm ng and ot her
fishing equi pnent; harbor facilities; oil fences; intake equi pnent of an

el ectric generation plant, or.t Ilke S ter 5c 1S for
cool i ng: br AAYREONSHIRsH LIt 8??1"(5’83‘5@?5 or g‘hng%#‘gﬁﬁ@ epEE %fﬂféy%
subnari ne basRSyind Béneditbindth (19 chh bokditbirgedy using the antifouling
coating conposition of the present invention has an excellent |ong-term

antifoul i ng propergy and excel lent cr ck resi stance. Al so adherence with a
base is excellentl éﬁ ap Ilcatlon sur f th Lobj ect ta be coated may be
pretreated asHﬂBcesaaF¢ amt Caty ﬁﬁﬁ%ﬁ anot her %aint such as an
antirust paint (anticorrosion pfint) on an object to be coated, an
antifouling filmfornmed fromthe antlfoullng coati ng conp05|t|on of the
present invention nay be fornF

1& @e a conp ?flte fil h_{b as
descri bed above, H§Ee 8t g5n%18 ﬁ‘@u}érq P= ufSPREeRIS At yﬁﬁ)gé’&ﬁtﬁ%?rtat‘?}ﬁt ¥ the
present inv 0 nce hydgro Cinind L S&hhtichel ¥bAA@, as a
vehlclg exhggh% 8%%%?Cﬁ¥P%§§Raﬁ?lf%%%%ggﬁ%%$§%$ﬁ%%égg thetgntlfoullng agent
that is separatelénbbended can be elinmnated, or the blending anount

t hereof can be redquced. Theref by t nf.+Js9ul i ng coa g conposi tion
of the pr esenHzGﬁﬁentJ Qct’chg“rﬁﬁy”ﬁl"g'qsga %cg{gma cl ear % ghly

t ransparent) antlfoullng film An antifouling filmformed froma

conventional antifouling coating conp03| |on mai nly containing a | arge
amount of cupr ou$lerx rrdélegsn@ehf@rranltal(ﬂo)a& rigp@g@m a é)édt@g%l gtgmuoaRaectlon a

ddi sh I ha t t d I h
hereof 15 IR BH.c ADBEULR. (SReOPUCHY Do P RerRputti e PRt e Var ohe

applications utilizing the transparen of, t obtained antifouling film
are possible. In Ror ﬂlng cle antlﬁ%ull gifilm it is preferred that the
antifouling cpgatﬂg-c@nm cdH Hir ip‘ $ir—TTventi on does not contain a
col oring 25pi gnent . For eXanpl Rmn hgizconposite fil mhaving a
primer filmformed froman antirust palnt or the llike and g A antifoul i ng
filmof the prese Imvention Touned on the primer film & using a clear
antifouling filmgs the a t|f %_Bg_élln1 nd those having various col or
phases as the antlT“%ﬁupa possi e to provide a coated object
such as an in-water structure haV|ng &%“onposite filmformed surface
having a color phase that is not conventionally realized, while having an
antifqgling prop@fete in e$Rndi¥l foph@latUryR? %@RMF@E&t fa'h'yﬂi‘dgi:n atofPordt

havi ng vari ous col of phases between th m of an antirust paint or
the |ike anchetlydgoiupasndamtfj §,dukj mg afid Ritfo Rl represens ielshme MeaBiveasi de a
coated object having a color phase that is not conventionally realized. As
the paint fB¥H WE§Q$k??nternedlate film for exanple, various paints such
as an antifouling paint, an epoxy resin paint, a urethane resin paint, an
acrylic resin paint, a chlorinated rub r pﬁ nt, an alkyd resin paint, a
silicon resin paint, and a fluorine r RH#EYRDE used. The
antifouling paint formng the intermnedj eRﬁ wm may be,the 10antifoul ing
coati ng conp05|t|oE EL the present invention, or a dpffgrent antifouling
coating conpositi of h,as conventi bnal antjf I ngggpnposi tion
containing a reizafpv-éi-yo-leﬁﬁ & of ~ Gt %1085"1' tnég gg@%f%lrhe |’r)1t ernedi at e
filmmay be forned on the entlre sju agéggf the pjinmer film or may be

formed on part of the surface. The j/nter &% Fifl mand the prinmer film
may be a used old coating film In Re 15antifouling filmof the
present invention may be used for rgpaiRf ng the old coating film

Also by formng the internmediate filmbetween the prinmer filmof an
antirust paint or the like and the clear antifouling filminto the form of,
for exanple, a character, pattern, design, or picture having various color
phases, various design features can be 1Hbarted to the coated object, Al so
by interposing a filmor a seal nenber in the form20 of a character,
pattern, design, or picture having various col or phases, in place of the
internediate filminterposed between the priner filmand the clear
antifouling film various design features can be inparted to the coated

obj ect. Exanples In the follow ng, the present invention will be



C, 12.9 parts by nmass of copper acetate, 21.9 parts by mass of hydrogenated
rosin (HYPALE CH, acid value 160 ng KOH g, product of Arakawa Chem cal

I ndustries, Ltd.) and 60 parts by mass of xylene, and the tenperature was
raised to a reflux tenperature, and the reaction was continued for 18 hours
while a distilling mxed |liquid 150f acetic acid, water and a sol vent was
renoved, and an equi val ent anount of xylol was suppl enented. The end point
of the reaction was determ ned by quantifying the amount of acetic acid in
the distilling solvent. After cooling the reaction |liquid, nbutanol and

xyl ene were added, to obtain a hydrol yzable resin conposition S3 having a
solid content of 50.6%.by nas 20( Pr oducts on Exanpl e . Preparation of
hydr ol yzabl e resiHFr%dﬁﬂt?sgePFréﬁfoﬁ)lfa (5\9% ﬁ%\ @Hﬂﬁ I %FE’PQSE‘E(‘?@WSFP&? oty t hat
of Producti : | 140, par f l,cand 20
parts by rrag%ﬂgz‘i n- ﬂ?%\%ﬁ%ﬁg&ﬁgwﬁg[klg%% rE g%ﬁéfﬂ&?ﬁgﬁm&%ﬂa@ﬁed

dropwi se w miendionedkambvei qui d of a nononmer according to the fornul ation of
Table 1 (part by nmass) and 1 part by nass of t-butyl peroxy-2-

25et hyl hexanoate at a ganstant velocity over 3 hours, and the m xture was
kept at this tenperature for 30, m nyt es(va)fter end of the dropping. Then, a
m xed |iquid of 30MH¥aT€s ByOn#BSRoR xyl'ere, 10 parts by mass of n-butanol

and 0.2 parts by mass of tbutyl peroxy-2-ethyl hexanoate was added dropw se
at a cdnstant velHecd,tiy thevgener@Dfoninnlat(§73), R’i%néptdsmtsriahydmgemasm«amme}hylt hi s

tenperature for 1 wr afider end of the dropping,. to obtain .a varnish D.
The var ni shng’utphGr_é‘hgbttﬁgﬁeﬁpﬁéﬂltéh%mednﬁmi%tprg‘fm%s& g%lg?/ner‘?"ass and a
viscosity of 7 pq1h§%nomgilgg%ige&%ﬁ%&@ﬁ‘éjgéﬂ%raqmm&%?‘)goe%&@ﬂle@(éﬂ)”ber

aver age nol ecul ar wei ght o and an acid value o KOH g. Then, a
reacti on wasemresedied tbydhe gerierad forynuda(IP).chieisronomead speesgged Ry Bistgentrat 5100

parts by mass_of varnish D 12, art ss_of, g0 r tate, 21.9
parts by naz%mﬁllla {}\&/e)r%@itﬁe WWS%‘%%?R@&S&“ Sﬁg{u Q%lgéﬁerﬁb OR%E%Q(,I@@?%%UM of
Arakawg ChemdspadtiveyOiBEdn @ntaiihg pdlyaitsizSfle RRnbmeRyhaiBgSilonxypheftenyer e used

in asimlar reaction vessel, to obtain a h drgﬂﬂﬁzable resin conposjtion $4
havi ng a solgra¥pe spressntedfoysire gmerm) foramdas (DG)%/HD)(’ &nd gi) ex dhpfriorgmosilyl

Preparati on, of i i{4 N i tion
vestel “to 1 ARPIUFRREXEERPEAER B FRRRSL LARNRIY | 5 ppofnaicibie HodoBRE ! OF
xyl ol and 2Qayiag bsribrganssls] Ofycarbotiylanelp repredekepby dic gbAdel fofihelag®.ut i on was
added dropwi se with a m xed |iquid of a nononer according to the .

fornul ation of T&Eerably; ther dffgyzf@?sl)%laﬁ’d forthes contaigs acgastitygnt unit derived

t - but ylzper oxy.-2- : € ) i I s, and
the" mgtur o fgcay/GnFbEY KAEKERRRI SR B aRl AmUS B hendE o) e oY

droppi ng. Thi@em tht@rqardamsiyngressmofionsgt (ol ) mpsesadetkll; the dolbbriag igeseralar ni sh E.

Th ish E th bt aj ned had lid t ent 49. 8% b ,
T1'scont Ly oforerle; Wakantmponaiaim{Ceorph e by e oarseciers haata Glber
average nol gcul,ar th\é’%leglsbgfig}gg%{?%genﬁeﬁa BontAE fimV@h Be kbt BRI KB 20Next,

a simlar reaction ves ded with 100 parts by mass of the varnish
E, 5.9 part petiod ofttsne,cind tience acetiag €lm haBingamsresycaliestslong-tarsnpdntifieding aci d

(NA-20Q, acid val ue,200 OH/ g, , product of mat o _Yyshj Kogyo nd 60
parts 4y ma@WOPGTY 2 BrpLe %ﬁﬁeﬁtﬁg@(&ﬁ%@}ﬁe&ﬁé%ﬁ &g t’%geg‘%aé%? %(
tenperat ures,apd the reaction was continued for 18 hours while a distilling
m xed liquid of acetic acid, water and a 25sol vent was renoved, and an

equi val ent anourgs’a@d@ a xyl ol /n-butanol m xed |iquid was suppl enmented. The
end poi nt Osz'tgh-e' réhc@i__g,p_ deMEy mi ned by quantifying the anount of
acetic acid T3 the H SiT 1T g solvent. After cooling the reaction |iquid,
nbut anol and xyl ene were added, to obtain,.a hydrolyzable resin conposition

S5 having a sol i dlecwnn thetgeoerabRrovdadyaR s represmniscisidresen BiQInpr & msghyl
P t] f hyd ' RaP . i mil t]
Vesoal 't o 1 AEPoP AT S eihitnf SR RIMRE aSenoned bV by hmss of

xylol and 40 parts by mass of n-butanol, and kept at 110C. The sol ution was
added dropwi se with a mxed liquid of a nmonomer according to the

5formul ation of Table 1 (part by mass) and 2 parts by mass of

t - butyl peroxy-2- ethyl hexanoate at a constant velocity over 3 hours, and
the m xture was kept at this tenperature for 1 hour after end of the
droppi ng. Then, a mixed liquid of 10 parlXs-by mass of xylene, 10 parts by
mass of n-butanol and 0.2 parts by nmass of t-butyl peroxy-2- ethyl hexanoate
was added dropw se at a constant velocity over 30 mnutes, and the 10

m xture was kept at this tenperature for 1 hour after end of the dropping,
to obtain a varnish F. The varnish F thus obtained had a solid content of
50. 0% by mass, and a viscosity of 11 poises. The resin contained in the
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A simlar reaction vessel to that of Production Exanple S1 was added with
64 parts by mass of xylol and 16 parts by mass of n-butanol, and kept at
115C. The solution was added dropwi se with a mxed |liquid of a nonomner
according to the formulation of Table 1 (part by nass) and 2 parts by nass
of t-butyl peroxy-2- ethyl hexanoate at a constant velocity over 3 hours,
and the m xture was kept at this tenperature for 1 hour after end of the
dropping. Then, a mxed liquid of 16 parts by mass of xylene, 4 parts by
mass of n-butanol and 0.2 parts by nmass of t-butyl peroxy-2- ethyl hexanoate
was added dropw se at a constant velocity over 30 mnutes, and the 5

m xture was kept at this tenperature for 1 hour after end of the dropping,
to obtain a varnighgd . The vargi $§¥® 1 thus obtained had a solid content of
49. 5% by mass, and 4 viscosityHofL;% poi g4y The resin contained in the
varni sh | had8=meroadrigec miAectirar wei ght of 10000, and an acid val ue
of 110 ng KOH g. Then, a reaction was conducted simlarly to Production
Exanpl e 55 exceptHeid)an tHEQEAGapfrmalayIIRss® aid RHeepraseni shydrog@ilatbmpamt s by
mass of zinc acetate, 33.3 parts &% mass of naphthenic acid (NA-165, acid
val ue 165 mieReylyegoun, prshifciePspenis s same aaning sy sntionsd 86Vparts by mass of
xyl ene were used i [y i I | e
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mass of xyl| 8PIYEEZREp MoRemEsIREVIngReab O ORTALEE SHYBHTRITHNCE Y Hi% h a

m xed |i qui {ng to the fornulation of Table |I (part by
mass) and 2g8§%??b%€mgg§§)g§&??%htyIperoxy-2-ethy|hexanoate at a constant
vel ocity over 3 hbliiigomaemhtaihagpokimarizablagndoepter &) this tenperature for 1

hour after end of.the dropping. 20Then mxed liguid of .20 parts by mass
of xyl ene and O.Qhﬁéﬁngﬁ qﬁﬁhgQébq@n%ﬁﬁvpﬁgyg§§?9&@%ﬁ?ﬁﬁg§5%8ate was
added 1¢r OpWh§@oBlzaBle GOIS i M reM@beEdd By BY BEnch)l fBiniuh €S), addith th €orffiutd, Wr e was

kept at this ternperature for 1.5 hours after _end of the dropping, to obtain
a varni sh Jandheachaindensndenttyrgpresdst an irseRen 862 &0 Sonirepressptsa@ntinigecrsd 069 by

mass, and a.¥i scosity. of IS he, hygir ol ' [ in the
25varni sh 3N iserisdls B BRBESTA IR Y SRR BetERh BB RhRAT

fol | owi ng canphg@up Vi AXMVPEeup,laheldrdrowd) adubdisuted pleeiyl group.edplesory
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hydr ol yzabl &rquggir @ sebisess Phenexy Brour, 8ndR| depreseats g Biireasaaim op a ekl of
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of xylol and 16 parts by mass of n-butanol, and kept at 115C. The sol ution
was added dexgelieste wi issmerermirsferkbly iguheiragge af hndmend sdudkaipseferagl indhe
formul ati on_of B?gke % (part by mass) and 2 parts by mass of
t-butylpero§§g§- t%% ‘hexanoate at a constant velocity over 3 hours, and
the mxture was kefe geherahfosmuRIIDYY Bis pefeiably B8t randittRnafiereieat Dind he
dropping. Then, a m xture of 16 parts by 20mass of xylene, 4 parts by nass
of n-butanol and 0.2 parts by mass of t-butyl peroxy-2- ethyl hexanoate was
added dropwi se at a constant velocity over 30 mnutes, and the m xture was
kept at this tenperature for 1 hour aftelbend of the dropping, to obtain a
varni sh L. The varnish L thus obtained had a solid content of 49.7% by
mass, and a viscosity of 5 poises. The resin contained in the varnish L had
a nunber average 25nol ecul ar wei ght of 6000, and an acid value of 70 ny

KCH g. Then, a reaction was conducted simlarly to Production Exanple
S3 except that 100 parts by mass of the varnish L, 12.9 parts by mass of
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the one wherein a is 3 may be used together. b is preferably 2 or 3.
In the general formula (I), n represents the average polymerization degree of a
silicon-containing structure, and is an integer in the range of 3 to 80. By settingnto 3
or larger, it is possible to develop a higher antifouling effect. Also by setting n to 80
5 or less, excellent compatibility with other polymerizable monomers is exhibited, and
solubility in a general organic solvent of the obtained hydrolyzable resin (i) can be
improved. n is preferably in the range of 5 to 50, and is more preferably in the range
of 8 to 40.
In the general formula (I”), R! to R’ are preferably an alkyl group having 1 to 18
10 carbon atoms, more preferably a methyl group or an ethyl group, and further preferably
a methyl group.
Concrete examples of the silicon-containing polymerizable monomer (al)
represented by the general formula (I”) include “FM-07117, “FM-0721”, and “FM-
0725” (trade names) which are products of CHISSO CORPORATION, and “X-24-
15 82017, “X-22-174DX”, “X-22-2426” and “X-22-2475” (trade names) which are
products of Shin-Etsu Chemical Co., Ltd. as those whereinm is 0.  As those wherein
m is more than 0, “F2-254-04" and “F2-254-14” (trade names) which are products of
Nippon Unicar Company Limited and so on are recited. 'While products of Nippon
Unicar Company Limited as the concrete examples of the silicon-containing
20 polymerizable monomer (al) are described by their trade names, silicone business in
Nippon Unicar Company Limited was assigned to Dow Corning Toray Co., Ltd. in
2004, and corresponding products are now available from the assignee. This also
applies to the products of Nippon Unicar Company Limited as will be described below.
The hydrolyzable resin (i) may contain two or more kinds of constituent units
25 derived from the silicon-containing polymerizable monomer (al) as the silicon-
containing polymerizable monomer (a).
The silicon-containing polymerizable monomer (a2) that can form the
hydrolyzable resin (i) is represented by the general formula (II’), and in the formula, ¢

and d each independently represent an integer of 2 to 5, and p represents an integer of 0
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to 50. R®, R’ and R® each independently represent an alkyl group, R® or R®, and R*
represents a hydrogen atom or a methyl group. R®and R are as described above.

By using the silicon-containing polymerizable monomer (a2) as the silicon-containing
polymerizable monomer (a), the hydrolyzable resin (i) which is an acrylic resin having
a silicon-containing group represented by the general formula (II) in a side chain is
obtained.

In the general formula (II") (ditto with the general formula (II), ditto with the
following), p represents the average polymerization degree of a polyether structure, and
may be 0, but is preferably more than 0 because there is a tendency that the recoating
property with an old coating film is excellent. Further, p is preferably 50 or less
because the water resistance of the coating film tends to be excellent, and is preferably
30 or less because the recoating property with an old coating film tends to be excellent.
p is more preferably in the range of 3 to 25, and is further preferably in the range of 5 to
20.

In the general formula (II"), ¢ is preferably 2 or 3, and the one wherein ¢ is 2
and the one wherein ¢ is 3 may be used together. d is preferably 2 or 3.

In the general formula (II’), x and y each represent the average polymerization
degree of a silicon-containing structure or a polyether structure introduced into a side
chain, and is an integer in the range of 0 to 20 and an integer in the range of 1 to 20,
respectively. By setting x and y to 20 or less, excellent compatibility with other
polymerizable monomers is exhibited, and solubility of the obtained hydrolyzable resin
(i) in a general organic solvent can be improved. x and y are preferably in the range
of 10 or less, and more preferably in the range of 5 or less.

In the general formula (IT’), as an alkyl group that can be selected in R®to R®
and R% to R, for example, a methyl group, an ethyl group, a n-propyl group, a n-butyl
group and the like are recited. A methyl group or an ethyl group are preferred, and a
methyl group is more preferred.

Concrete examples of the silicon-containing polymerizable monomer (a2)

represented by the general formula (II’) include “TM-0701” (trade name) which is a

-18 -
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product of CHISSO CORPORATION, “X-22-2404” (trade name) which is a product of
Shin-Etsu Chemical Co., Ltd., and “F2-250-01" and “F2-302-01” (trade names) which
are products of Nippon Unicar Company Limited as those wherein pis 0.  As those
wherein p is more than 0, “F2-302-04” (trade name) which is a product of Nippon

5 Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain two or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (a2) as the silicon-
containing polymerizable monomer (a).

The silicon-containing polymerizable monomer (a3) that can form the

10 hydrolyzable resin (i) is represented by the general formula (III’), and in the formula, e,
f, g and h each independently represent an integer of 2 to 5, q and s each independently
represent an integer of 0 to 50, and r represents an integer of 3 to 80. R’ to R" each
independently represent an alkyl group, an alkoxy group, a phenyl group, a substituted
phenyl group, a phenoxy group or a substituted phenoxy group, and R*? and R*

15 represent a hydrogen atom or a methyl group. By using the silicon-containing
polymerizable monomer (a3) as the silicon-containing polymerizable monomer (a), the
hydrolyzable resin (i) which is an acrylic resin having a silicon-containing group
represented by the general formula (IIT) (This silicon-containing group is a cross-
linking group that cross-links polymer main chains.) is obtained.

20 In the general formula (III") (ditto with the general formula (III), ditto with the
following), q and s represent the average polymerization degree of a polyether structure,
and may be 0, but are preferably more than 0 because there is a tendency that the
recoating property with an old coating film is excellent. Further, q and s are
preferably 50 or less because the water resistance of the coating film tends to be

25 excellent, and are preferably 30 or less because the recoating property with an old
coating film tends to be excellent. q and s are more preferably in the range of 3 to 25,
and are further preferably in the range of 5 to 20.

In the general formula (II1"), e and h are preferably 2 or 3, and those wherein e

and h are 2 and 3 may be used together. fand g are preferably 2 or 3.
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In the general formula (III"), r represents the average polymerization degree of a
silicon-containing structure, and is an integer in the range of 3 to 80. By setting rto 3
or larger, it is possible to develop a higher antifouling effect. Also by setting r to 80
or less, excellent compatibility with other polymerizable monomers is exhibited, and
solubility in a general organic solvent of the obtained hydrolyzable resin (i) can be
improved. r is preferably in the range of 5 to 50, and is more preferably in the range
of 8 to 40.

In the general formula (1II"), R’ to R" are preferably an alkyl group having 1 to
18 carbon atoms, more preferably a methyl group or an ethyl group, and further
preferably a methyl group.

Concrete examples of the silicon-containing polymerizable monomer (a3)
represented by the general formula (III”) include “FM-77117, “FM-7721”, and “FM-
7725 (trade names) which are products of CHISSO CORPORATION, "X-22-164",
"X-22-164AS", "X-22-164A", "X-22-164B", "X-22-164C" and "X-22-164E" (trade
names) which are products of Shin-Etsu Chemical Co., Ltd., and “F2-311-02” (trade
name) which is a product of Nippon Unicar Company Limited aé those wherein q and s
are 0. As those wherein q and s are more than 0, “F2-354-04” (trade name) which is a
product of Nippon Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain two or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (a3) as the silicon-
containing polymerizable monomer (a).

The silicon-containing polymerizable monomer (a4) that can form the
hydrolyzable resin (i) is represented by the general formula (IV*), and in the formula, i,
j, k and 1 each independently represent an integer of 2 to 5, t and u each independently
represent an integer of 0 to 50, and v and w each independently represent an integer of
01t020. R to R? are the same or different and each represent an alkyl group, and
R and R*® represent a hydrogen atom or a methyl group. By using the silicon-
containing polymerizable monomer (a4) as the silicon-containing polymerizable

monomer (a), the hydrolyzable resin (i) which is an acrylic resin having a silicon-
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containing group represented by the general formula (IV) (This silicon-containing
group is a cross-linking group that cross-links polymer main chains.) is obtained.

In the general formula (IV*) (ditto with the general formula (IV), ditto with the
following), t and u each represent the average polymerization degree of a polyether
structure, and may be 0, but is preferably more than 0 because there is a tendency that
the recoating property with an old coating film is excellent. Further, t and u are
preferably 50 or less because the water resistance of the coating film tends to be
excellent, and are preferably 30 or less because the recoating property with an old
coating film tends to be excellent. tand u are more preferably in the range of 3 to 25,
and are further preferably in the range of 5 to 20.

In the general formula (IV’), i and 1 are preferably 2 or 3, and those wherein i
and 1 are 2 and 3 may be used together. j and k are preferably 2 or 3.

In the general formula (IV”), v and w each represent the average polymerization
degree of a silicon-containing structure introduced into a side chain, and are an integer
in the range of 0 to 20. By setting v and w to 20 or less, excellent compatibility with
other polymerizable monomers is exhibited, and solubility of the obtained hydrolyzable
resin (i) in a general organic solvent can be improved. v and w are preferably in the
range of 10 or less, and more preferably in the range of 5 or less. ’

In the general formula (IV”), as an alkyl group that can be selected in R" to R%,
for example, a methyl group, an ethyl group, a n-propyl group, a n-butyl group and the
like are recited. A methyl group or an ethyl group are preferred, and a methyl group is
more preferred.

Concrete examples of the silicon-containing polymerizable monomer (a4)
represented by the general formula (IV’) include “F2-312-01” (trade name) which is a
product of Nippon Unicar Company Limited, for example, as those wherein t and u are
0. As those wherein t and u are more than 0, “F2-312-04” (trade name) which is a
product of Nippon Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain two or more kinds of constituent units

derived from the silicon-containing polymerizable monomer (a4) as the silicon-
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containing polymerizable monomer (a).

The hydrolyzable resin (i) may contain constituent units derived from two or
more kinds of silicon-containing polymerizable monomers selected from the silicon-
containing polymerizable monomers (al), (a2), (a3) and (a4). Among these, as one

5 preferred embodiment, a form using both a polymerizable monomer containing
(meth)acryl-modified silicon at one terminal [silicon-containing polymerizable
monomer (al) and/or (a2)] and a polymerizable monomer containing (meth)acryl-
modified silicon at both terminals [silicon-containing polymerizable monomer (a3)
and/or (a4)] can be recited.

10 When a polymerizable monomer containing (meth)acryl-modified silicon at one
terminal and a polymerizable monomer containing (meth)acryl-modified silicon at both
terminals are used together as monomers that form the hydrolyzable resin (i), the ratio
between the content of the constituent unit derived from the polymerizable monomer
containing (meth)acryl-modified silicon at one terminal and the content of the

15 constituent unit derived from the polymerizable monomer containing (meth)acryl-
modified silicon at both terminals in the hydrolyzable resin (i) is preferably in the range
of 90/10 to 50/50 (mass ratio), and more preferably in the range of 80/20 to 60/40
(mass ratio). By adjusting the ratio of contents within this range, an antifouling film
exerting an excellent antifouling property for a long period of time and having excellent

20 crack resistance and adherence with a base tends to be easily obtained even when no or
a small amount of antifouling agent is contained.

[2] Triorganosilyl (meth)acrylate (b)

The triorganosilyl (meth)acrylate (b) represenfed by the general formula (V’) is
a monomer used for introducing a triorganosilyl oxycarbonyl group represented by the

25 general formula (V) into the hydrolyzable resin (i). By introduction of the
triorganosilyl oxycarbonyl group in addition to the silicon-containing group, an
excellent self-polishing property of a coating film is obtained, and a coating film

having an excellent long-term antifouling property can be obtained.

-22.



Trade nanes and abbrevi ati ons shown in Table 1 are as follows. (c') in
Tabl e 1 neans a nononer form ng the netal -atom containing polynerizable
nononer (c). (1) FM 0711 (trade nanme, product of CH SSO CORPORATI ON) :
Silicon-containing polynerizabl e nononer wherein m=0, b =3, n =10, and
Rl to R5 and R31 are nethyl 5groups in the general formula (P). (2)

FM 0721 (trade name, product of CHI SSO CORPORATION): Silicon-contai ning
pol ymeri zabl e nononer wherein m= 0, b =3, n =65 and Rl to R5 and R31
are nmethyl groups in the general for rruI a (F. (3) X-22-174DX (trade
nanme, product of Shin- Etsu Chem cal Co., Ltd.): Silicon- 10 contai ning
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| f | X-22-2404 duct of . S
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nmet hyl groups in the general fornula (I (6) FM 7711 (trade nane,
product of GCHISER OIRPGRATY, @Q)e’fhﬂtgrqu@oﬁ namnyégmu@gam@pmpﬂmrom@lrebwlnoner

wher ei n and s = R12 d are
et hyl g ot P HabweFEPu sf A et BRI sBul HertT P

product of SHh I tyl gtdupCoA Feriph A iRy 1 @mer
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general forrrula (ri (9) X-22-164C (trade nane, product of Shin-Etsu
Cheni cal Co?haloggn.an %911 IBEHR- f@dﬁ’tga‘ipﬁPﬁBO‘B&%fﬁﬁ%"Pf&B?g EEUPe R OHER i onal

group equi Vg}c% Af)r%?iégmgc{ g@hb S & Qreqetﬁxﬂaq S ATndh tfles@ni@llsg)re‘fel%ec% e to
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TIPSA: triisopropylsi P acry ate 10(12) AA: acrylic acid (1 et hyl

3) ;
met hacr yl at éqlithing Epcedétsmhtala@d yhdeetifouliyg merfanmancesgan pe kertystabipfaiadend at e
(16) CHwWA: cg %ﬁohfeg%( nmet hacryl ate 15(17) M 90G net hoxypol yet hyl enegl ycol
met hacryl at B{MKCEE & M 90G ~product of Shi n- Nakamura Chemical  Co., Ltd.)

<Exanples 1 to 2i,tHcRARAY %hﬂt@exﬁ@ﬁpf&&lﬂg {he hdrolyzable ré¥ie @y, dhe1@tdi 0 t he
formul ation (part by nmass) of Tables 2 and 3, antifouling coatin

conpogi0t i onsontente! Hregsasidgentyunits detied fiem Mhedlatopcaptaining 8ol MEBAYFYS ti ons or
20 t S9 . T 4 |
255 1 oMo g T AL S PEE By o

a hi gh- speedndlinspeprefiably EZ 86TRO% by mabs. | BO8Gjusting the total donddht to 5% by Baass W2
oL Vwor more, excellent hydrolyzability of resin tends to be ensured, and by adjusting the
total content to 90% by mass or less, sufficient hardness of a coating film tends to be
25 ensured.
The ratio between the content of the constituent unit derived from the silicon-

containing polymerizable monomer (a) and the content of the constituent unit derived

from the triorganosilyl (meth)acrylate (b) in the hydrolyzable resin (i) is preferably in
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the range of 20/80 to 80/20 (mass ratio) and more preferably in the range of 30/70 to
70/30 (mass ratio).

[3] Metal-atom-containing polymerizable monomer (c)

The metal-atom-containing polymerizable monomer (c) is a monomer for
introducing a metal-atom-containing group containing a divalent metal atom M into the
hydrolyzable resin (i). By using the metal-atom-containing polymerizable monomer
(c) together, a coating film having an excellent long-term antifouling property, crack
resistance and adherence with a base tends to be formed.  As the divalent metal atom
M, Mg, Zn, Cu and so on can be recited, and Zn or Cu is preferable.

The metal-atom-containing polymerizable monomer (c1) that can form the
hydrolyzable resin (i) is represented by the general formula (VI’), and in the formula,
R represents a hydrogen atom or a methyl group, M represents a divalent metal atom,
and R3® represents an organic acid residue or an alcohol residue. By using the metal-
atom-containing polymerizable monomer (c1) as the metal-atom-containing
polymerizable monomer (c), the hydrolyzable resin (i) which is an acrylic resin haﬁng
a metal-atom-containing group represented by the general formula (VI) is obtained.

In R? 0, as an organic acid forming an organic acid residue, for example,
monobasic organic acids such as acetic acid, monochloroacetic acid, monofluoroacetic
acid, propionic acid, caproic acid, caprylic acid, 2-ethylhexyl acid, capric acid, versatic
acid, isostearic acid, palmitic acid, cresotinic acid, oleic acid, elaidic acid, linoleic acid,
linolenic acid, stearolic acid, ricinoleic acid, ricinoelaidic acid, brassidic acid, erucic
acid, o-naphthoic acid, B-naphthoic acid, benzoic acid, 2,4,5-trichlorophenoxyacetic
acid, 2,4-dichlorophenoxyacetic acid, quinoline carboxylic acid, nitrobenzoic acid,
nitronaphthalenecarboxylic acid, and pyruvic acid are recited. Among these, using the
one having a fatty acid organic acid residue is preferred because a coating film without
cracking and peeling tends to be kept for a long period of time. In particular, zinc
oleate (meth)acrylate or zinc versatate (meth)acrylate having high flexibility is
preferably used as the metal-atom-containing polymerizable monomer (c1).

As other preferred organic acids, monobasic cyclic organic acids other than
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aromatic organic acids can be recited. As monobasic cyclic organic acids, for
example, those having a cycloalkyl group such as naphthenic acid, and resin acids such
as tricyclic resin acids and salts thereof can be recited. As a tricyclic resin acid, for
example, a monobasic acid having a diterpene hydrocarbon backbone can be recited,
and as such, for example, compounds having abietane, pimarane, isopimarane, and
labdane backbones can be recited. More concretely, for example, abietic acid,
neoabietic acid, dehydroabietic acid, hydrogenated abietic acid, palustric acid, pimaric
acid, isopimaric acid, levopimaric acid, dextropimaric acid, sandaracopimaric acid, and
salts thereof are recited. Among these, abietic acid, hydrogenated abietic acid and
salts thereof are preferred because hydrolysis appropriately occurs, and an excellent
long-term antifouling property and excellent crack resistance of a coating film are
obtained, and the acids are easily available.

The monobasic cyclic organic acid does not have to be highly purified, and, for
example, pine resin, resin acid of pine and so on may be used. As such, for example,
rosin, hydrogenated rosin, disproportionated rosin and naphthenic acid can be recited.
The rosin referred to herein includes gum rosin, wood rosin, tall oil rosin and so on.
Rosin, hydrogenated rosin and disproportionated rosin are preferred in that they are
cheap and easily available, and excellent in handleability and exert a long-term
antifouling property.

The acid value of the monobasic cyclic organic acid is preferably 100 mg
KOH/g or more and 220 mg KOH/g or less, more preferably 120 mg KOH/g or more
and 190 mg KOH/g or less, and further preferably 140 mg KOH/g or more and 185 mg
KOH/g or less. When the one having an acid value within the above range is used as
a monobasic cyclic organic acid forming R*, the hydrolysis speed of the hydrolyzable
resin (i) is appropriate, so that the self-polishing property of the coating film can be
kept stably for a long period of time, and thus the antifouling effect can be kept for a

longer term.
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- An organic acid residue of the metal-atom-containing polymerizable monomer
(c1) may be made of only one kind of organic acid or two or more kinds of organic
acids.

As a production method of the metal-atom-containing polymerizable monomer
(c1) having an organic acid residue as R*, for example, a method of reacting a
polymerizable unsaturated organic acid such as (meth)acrylic acid, a metal compound,
and a monobasic organic acid forming the organic acid residue, or a method of reacting
a polymerizable unsaturated organic acid with a metal salt of a monobasic organic acid
can be recited.  Also, the constituent unit derived from the metal-atom-containing
polymerizable monomer (c1) may be formed by a method of reacting a resin that is
obtained by polymerization of a monomer mixture containing a polymerizable
unsaturated organic acid such as (meth)acrylic acid, a metal compound, and a
monobasic organic acid forming the organic acid residue, or a method of reacting the
foregoing resin with a metal salt of a monobasic organic acid.

The metal-atom-containing polymerizable monomer (c2) that can form the
hydrolyzable resin (i) is represented by the general formula (VII’), and in the formula,
R*® and R* represent a hydrogen atom or a methyl group, and M represents a divalent
metal atom. By using the metal-atom-containing polymerizable monomer (c2) as the
metal-atom-containing polymerizable monomer (c), the hydrolyzable resin (i) which is
an acrylic resin having a metal-atom-containing group (this metal-atom-containing
group is a cross-linking group that cross-links polymer main chains) represented by the
general formula (VII) is obtained.

Concrete examples of the metal-atom-containing polymerizable monomer (c2)
include magnesium acrylate [(CH,=CHCOO),Mg], magnesium methacrylate
[(CH,=C(CH3)COO0);Mg], zinc acrylate [(CH;=CHCOO),Zn], zinc methacrylate
[(CH,=C(CH3)COO),Zn], copper acrylate [(CH,=CHCOO),Cu], and copper
methacrylate [(CH,=C(CH;)COO),Cu]. These may be used alone or in combination
of two or more kinds that are appropriately selected as necessary.

As a production method of the metal-atom-containing polymerizable monomer
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(c2), for example, a method of reacting a polymerizable unsaturated organic acid such
as (meth)acrylic acid with a metal compound in an organic solvent containing an
alcoholic compound together with water can be recited. In this case, it is preferred to
adjust the content of water in the reactant within the range of 0.01 to 30% by mass.

The hydrolyzable resin (i) may contain both a constituent unit derived from the
metal-atom-containing polymerizable monomer (c1) and a constituent unit derived
from the metal-atom-containing polymerizable monomer (c2).

The content of the constituent unit derived from the metal-atom-containing
polymerizable monomer (c) in the entire constituent units forming the hydrolyzable
resin (i) is preferably 10 to 60% by mass, and more preferably 15 to 50% by mass. By
setting the content to 10% by mass or more, excellent hydrolyzability of resin tends to
be ensured, and by setting the content to 60% by mass or less, excellent flexibility of a
coating film tends to be ensured. '

The ratio between the total content of the constituent units derived from the
silicon-containing polymerizable monomer (a) and the triorganosilyl (meth)acrylate (b),
and the content of the constituent unit derived from the metal-atom-containing
polymerizable monomer (c) in the hydrolyzable resin (i) is preferably in the range of
10/90 to 90/10 (mass ratio).

[4] Different monomer component (d)

The hydrolyzable resin (i) may contain a constituent unit derived from a
monomer component (d) other than the silicon-containing polymerizable monomer (a),
the triorganosilyl (meth)acrylate (b) and the metal-atom-containing polymerizable
monomer (c).

The different monomer component (d) is not particularly limited insofar as it is
an unsaturated monomer capable of copolymerizing with the silicon-containing
polymerizable monomer (a) and the triorganosilyl (meth)acrylate (b), and for example,
(meth)acrylic acid ester monomers such as methyl (meth)acrylate, ethyl (meth)acrylate,
2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate, phenoxyethyl
(meth)acrylate, 2-(2-ethylhexaoxy)ethyl (meth)acrylate, 1-methyl-2-methoxyethyl
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(meth)acrylate, 3-methoxybutyl (meth)acrylate, 3-methyl-3-methoxybutyl
(meth)acrylate, m-methoxyphenyl (meth)acrylate, p-methoxyphenyl (meth)acrylate, o-
methoxyphenylethyl (meth)acrylate, m-methoxyphenylethyl (meth)acrylate, p-
methoxyphenylethyl (meth)acrylate, n-propyl (meth)acrylate, i-propyl (meth)acrylate,
n-butyl (meth)acrylate, i-butyl (meth)acrylate, t-butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, benzyl (meth)acrylate,
phenyl (meth)acrylate, isobornyl (meth)acrylate, cyclohexyl (meth)acrylate and
glycidyl (meth)acrylate; hydroxy group-containing monomers such as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropy! (meth)acrylate, 2-
hydroxybutyl (meth)acrylate and 4-hydroxybutyl (meth)acrylate; adducts of 2-
hydroxyethyl(meth)acrylate, with ethylene oxide, propylene oxide, y-butyrolactone, ¢-
caprolactone or the like; dimers or trimers such as 2-hydroxyethyl (meth)acrylate and
2-hydroxypropyl (meth)acrylate; monomers having plural hydroxy groups such as
glycerol (meth)acrylate; primary and secondary amino group-containing vinyl
monomers such as butylaminoethyl (meth)acrylate and (meth)acrylamide; tertiary
amino group-containing vinyl monomers such as dimethylaminoethyl (meth)acrylate,
diethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate,
dimethylaminobutyl (meth)acrylate, dibutylaminoethyl (meth)acrylate,
dimethylaminoethyl (meth)acrylamide and dimethylaminopropyl (meth)acrylamide;
heterocyclic basic monomers such as vinyl pyrrolidone, vinyl pyridine and vinyl
carbazole; and vinyl monomers such as styrene, vinyltoluene, a—methylstyrené,
(meth)acrylonitrile, vinyl acetate and vinyl propionate can be recited.

The production method of the hydrolyzable resin (i) is not particularly limited,
and for example, a method of reacting a monomer mixture of the aforementioned
monomers in the presence of a radical initiator at a reaction temperature of 60 to 180°C
for 5 to 14 hours. As the radical initiator, for example, 2,2-azobisisobutyronitrile, 2,2-
azobis(2,4-dimethylvaleronitrile), 2,2-azobis(2-methylbutyronitrile), benzoyl peroxide,
cumene hydroperoxide, lauryl peroxide, di-t-butylperoxide, t-butylperoxy-2-

ethylhexanoate and the like are recited. As a polymerization method, an emulsion
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polymerization method, a suspension polymerization method and the like can be
employed in addition to a solution polymerization method carried out in an organic
solvent, however, a solution polymerization method using a general organic solvent
such as toluene, xylene, methyl isobutyl ketone, or n-butyl acetate is advantageous
from the view point of productivity and performance of the hydrolyzable resin (i).

[Thermoplastic resin and/or plasticizer (ii)]

The antifouling coating composition of the present invention may contain the
thermoplastic resin and/or plasticizer (ii) together with the hydrolyzable resin (i). By
adding the thermoplastic resin and/or plasticizer (ii), it is possible to further improve
crack resistance of a coating film, particularly during long-term use. Since it becomes
possible to control the polishing rate (polishing speed) of the coating film to an
appropriate speed, it is advantageous also in the point of the long-term antifouling
property of the coating film.

As the thermoplastic resin, for example, chlorinated paraffin; chlorinated
polyolefins such as chlorinated rubber, chlorinated polyethylene and chlorinated
polypropylene; polyvinyl ether; polypropylene sebacate; partially hydrogenated
terphenyl; polyvinyl acetate; poly(meth)acrylic acid alkyl esters such as methyl
(meth)acrylate copolymers, ethyl (meth)acrylate copolymers, propyl (meth)acrylate
copolymers, butyl (meth)acrylate copolymers and cyclohexyl (meth)acrylate
copolymers; polyether polyols; alkyd resins; polyester resins; vinyl chloride resins such
as a vinyl chloride-vinyl acetate copolymer, a vinyl chloride-vinyl propionate
copolymer, a vinyl chloride-isobutyl vinyl ether copolymer, a vinyl chloride-isopropyl
vinyl ether copolymer and a vinyl chloride-ethyl vinyl ether copolymer; silicon oil; fats
and oils and purified substances thereof; vaseline; liquid paraffin; rosin, hydrogenated
rosin, naphthenic acid, fatty acids and divalent metal salts thereof;, and so on can be
recited. Examples of the fats and oils and purified substances thereof include fats and
oils that are solid at normal temperature, such as, for example, wax (including animal-
derived wax such as bees wax, plant-derived wax and so on) and fats and oils that are

liquid at normal temperature such as castor oil. These thermoplastic resins may be
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used alone or in combination of two or more kinds.

Among the above, chlorinated paraffin, polyvinyl ether, polyether polyols, rosin,
and a vinyl chloride-isobutyl vinyl ether copolymer are particularly preferred, and in
particular, chlorinated paraffin, polyvinyl ether, rosin and a vinyl chloride-isobutyl
vinyl ether copolymer can be more preferably used because they are suited for
adjusting plasticity of a coating film and an exhausted amount of a coating film.

As the plasticizer, for example, phthalate ester plasticizers such as dioctyl
phthalate (DOP), dimethyl phthalate, dicyclohexyl phthalate and diisodecyl phthalate
(DIDP); aliphatic dibasic acid ester plasticizers such as isobutyl adipate and dibutyl
sebacate; glycol ester plasticizers such as diethyleneglycol dibenzoate and
pentaerythritol alkyl ester; phosphate ester plasticizers such as tricresyl phosphoric acid
(tricresyl phosphate), triaryl phosphoric acid (triaryl phosphate) and trichloroethyl
phosphoric acid; epoxy plasticizers such as epoxy soybean oil and octyl epoxystearate;
organotin plasticizers such as dioctyl tin laurate and dibutyl tin laurate; trioctyl
trimellitate, triacetylene and the like can be recited. These plasticizers may be used
alone or in combination of two or more kinds.

Among these, phthalate ester plasticizers such as dioctyl phthalate (DOP),
dimethyl phthalate, dicyclohexyl phthalate and diisodecyl phthalate (DIDP), and
phosphate ester plasticizers such as tricresyl phosphoric acid (tricresyl phosphate),
triaryl phosphoric acid (triaryl phosphate) and trichloroethyl phosphoric acid are
particularly excellent in compatibility with the hydrolyzable resin and the thermoplastic
resin, and are able to improve crack resistance uniformly over the entire coating film,
and hence can be preferably used.

The antifouling coating composition of the present invention may contain only a
thermoplastic resin, or only a plasticizer, or contain both of a thermoplastic resin and a
plasticizer. Using both a thermoplastic resin and a plasticizer is preferred because a

coating film having excellent toughness and plasticity is obtained.
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While the contents of the thermoplastic resin and the plasticizer are not
particularly limited, they are respectively, for example, 0 to 100 parts by mass, and
preferably 5 to 50 parts by mass per 100 parts by mass of the hydrolyzable resin (i).

The total content of the thermoplastic resin and/or plasticizer (ii) is preferably

5 within the range of 3 to 100 parts by mass, and more preferably 5 to 50 parts by mass
per 100 parts by mass of the hydrolyzable resin (i). When the total content of the
thermoplastic resin and/or plasticizer (ii) is less than 3 parts by mass per 100 parts by
mass of the hydrolyzable resin (i), the effect of improving the crack resistance by
addition of the thermoplastic resin and/or plasticizer (ii) tends not to be recognized, and

10 when the content of the thermoplastic resin and/or plasticizer (ii) is extremely small or
the thermoplastic resin and/or plasticizer (ii) is not contained, an appropriate polishing
rate (polishing speed) is not obtained, and a long-term antifouling property may not be
imparted. Further, when the total content of the thermoplastic resin and/or plasticizer
(ii) exceeds 100 parts by mass per 100 parts by mass of the hydrolyzable resin (i),

15 adherence of the coating film with a base deteriorates, and the antifouling property
tends to deteriorate.

[Antifouling agent]

While an antifouling film obtained from the antifouling coating composition of
the present invention exerts excellent antifouling performance owing to the antifouling

20 effect based on the self-polishing property exhibited by the hydrolyzable resin (i), the
antifouling coating composition may be mixed with an antifouling agent as necessary
for further improving the antifouling performance or further improving long-term
continuity of the antifouling property. As the antifouling agent, those known in the art
may be used without particular limitation, and for example, inorganic compounds,

25 organic compounds containing a metal and organic compounds not containing a metal
can be recited.

Concrete examples of the antifouling agent include metal salts such as zinc
oxide; cuprous oxide; manganese ethylene-bis-dithiocarbamate; zinc

dimethyldithiocarbamate; 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine;
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2,4,5,6-tetrachloroisophthalonitrile; N,N-dimethyldichlorophenyl urea; zinc ethylene-
bis-dithiocarbamate; rhodan copper (cuprous thiocyanate); 4,5-dichloro-2-n-octyl-4-
isothiazoline-3-on (4,5,-dichloro-2-n-octyl-3(2H)isothiazolone); N-
(fluorodichloromethylthio)phthalimide; N,N’-dimethyl-N’-phenyl-(N-
fluorodichloromethylthio)sulfamide; 2-pyridinethiol-1-oxide zinc salt (zinc pyrithione)
and copper salt (copper pyrithione); tetramethylthiuram disulfide; 2,4,6-trichlorophenyl
maleimide; 2,3,5,6-tetrachloro-4-(methylsulfonyl)pyridine; 3-iodo-2-propylbutyl
carbamate; diiodomethyl-para-trisulfone; phenyl(bispyridyl)bismuth dichloride; 2-(4-
thiazolyl)-benzimidazole; triphenylboronpyridine salt; stearylamine-triphenylboron;
laurylamine-triphenylboron; bis dimethyl dithiocarbamoyl zinc
ethylenebisdithiocarbamate; 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-
phenylmethanesulfenamide; 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-(4-
methylphenyl)methanesulfeneamide; N’-(3,4-dichlorophenyl)-N,N’-dimethyl urea; N’-
tert-butyl-N-cyclopropyl-6-(methylthio)-1,3,5-triazine-2,4-diamine; and 4-bromo-2-(4-
chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-carbonitrile and so on can be recited.
These antifouling agents may be used alone or in combination of two or more kinds.

The content of the antifouling agent may be 20 parts by mass or less per 100
parts by mass of the total amount of the hydrolyzable resin (i) and the thermoplastic
resin and/or plasticizer (ii) (that is, the hydrolyzable resin (i), the thermoplastic resin
and the plasticizer). When the content of the antifouling agent is more than 20 parts
by mass, defects such as cracking and peeling can arise in the coating film.

[Other additives]

The antifouling coating composition of the present invention may contain
additives other than those mentioned above. As other additives, for example, a
pigment, a solvent, a water binder, an anti-sagging agent, an anti-flooding agent, an
anti-settling agent, a defoaming agent, a coating film exhaustion conditioner, a UV
absorber, a surface conditioner, a viscosity conditioner, a leveling agent, a pigment
disperser and so on can be recited.

As the pigment, for example, extender pigments such as sedimentary barium,
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talc, clay, chalk, silica white, alumina white, bentonite, calcium carbonate, magnesium
carbonate, silicic acid, silicates, aluminum oxide hydrates and calcium sulfate; and
coloring pigments such as titanium oxide, zircon oxide, basic lead sulfate, tin oxide,
carbon black, white lead, graphite, zinc sulfide, zinc oxide, chromic oxide, yellow
nickel titanium, yellow chromium titanium, yellow iron oxide, red iron oxide, black
iron oxide, azoic red and yellow pigment, chromium yellow, phthalocyanine green,
phthalocyanine blue, ultramarine blue and quinacridone can be recited. These
pigments may be used alone or in combination of two or more kinds.

As the solvent, for example, hydrocarbons such as toluene, xyleﬁe,
ethylbenzene, cyclopentane, octane, heptane, cyclohexane and white spirit; ethers such
as dioxane, tetrahydrofuran, ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether,
diethylene glycol monomethyl ether and diethylene glycol monoethyl ether; esters such
as butyl acetate, propyl acetate, benzyl acetate, ethylene glycol monomethyl ether
acetate and ethylene glycol monoethyl ether acetate; ketones such as ethylisobutyl
ketone and methylisobutyl ketone; alcohols such as n-butanol and propyl alcohol; and
the like can be recited. These solvents may be used alone or in combination of two or
more kinds.

The antifouling coating composition of the present invention may be prepared,
for example, by adding, to the hydrolyzable resin (i) or a resin composition containing
the same, the thermoplastic resin and/or plasticizer (ii), an antifouling agent, and other
additives such as a pigment and a solvent as necessary, and mixing them by using a
mixing machine such as a ball mill, a pebble mill, a roll mill, a sand grinding mill, or a
high-speed disperser.

As described above, according to the antifouling coating composition of the
present invention, since the hydrolyzable resin (i) itself serving as a vehicle exhibits
excellent antifouling performance, it is possible to eliminate the antifouling agent that
is separately blended, or to reduce the blending amount thereof. As a result, it is

possible to achieve reduction in specific gravity of the antifouling coating composition
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(paint specific gravity). The reduced paint specific gravity allows reduction in weight
of the antifouling coating composition required for forming a coating film of a certain
volume, and this allows reduction in the number of paint cans required for applying a
certain volume when the paint is sold by weight, and is advantageous in effective
utilization of resources and improvement in transportation efficiency.

More concretely, while conventional mainstreams were antifouling coating
compositions mainly containing a large amount of cuprous oxide as an antifouling
agent, the paint specific gravity was as high as about 1.5 to 1.8 because the specific
gravity of cuprous oxide was as high as about 5.9. According to the present invention,
by not blending an antifouling agent having high specific gravity such as cuprous oxide,
or reducing the blending amount thereof, it is possible to reduce the paint specific
gravity to about 1.1 to 1.2.  Assuming the dry film thickness of the coating film be
100 pum, the theoretical application amount (kg) of a paint per 1 m* of application area
is represented by the following formula;

Theoretical application amount (kg) = 10 x paint specific gravity/nonvolatile
content volume ratio (%)

Here, the nonvolatile content volume ratio (%) means a solid content in terms of
volume of the paint. According to the above formula, assuming the nonvolatile
content volume ratio be 50%, the theoretical application amount of the paint having a
paint specific gravity of 1.0 is 0.2 kg, and the theoretical application amount of the
paint having a paint specific gravity of 1.6 is 0.32 kg. In this manner, according to the
present invention, it is possible to reduce the use weight of the paint required for
coating an object to be coated.

<Antifouling film and composite film>

The antifouling film of the present invention can be formed by applying the
antifouling coating composition on a surface of an object to be coated according to a
routine method, and then removing a solvent by volatilization at room temperature or
under heating as necessary. The application method is not particularly limited, and for

example, conventionally known methods such as a dipping method, a spray method,
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brush application, a roller, electrostatic coating, and electrodeposition coating can be
recited. Examples of the object to be coated include, but are not limited to, ships; fish
nets typically for farming and other fishing equipment; harbor facilities; oilfences;
intake equipment of an electric generation plant or the like; piping such as water
5 conduits for cooling; bridges, buoyage; industrial water system facilities; and

submarine bases. The antifouling film formed by using the antifouling coating
composition of the present invention has an excellent long-term antifouling property
and excellent crack resistance. Also adherence with a base is excellent. An
application surface of the object to be coated may be pretreated as necessary, or on a

10 primer film of another paint such as an antirust paint (anticorrosion paint) formed on an
object to be coated, an antifouling film formed from the antifouling coating
composition of the present invention may be formed to produce a composite film.

Here, as described above, according to the antifouling coating composition of

the present invention, since the hydrolyzable resin (i) itself serving as a vehicle exhibits

15 excellent antifouling performance, the antifouling agent that is separately blended can
be eliminated, or the blending amount thereof can be reduced. Therefore, by the
antifouling coating composition of the present invention, it is possible to form a clear
(highly transparent) antifouling film. An antifouling film formed from a conventional
antifouling coating composition mainly containing a large amount of cuprous oxide as

20 an antifouling agent generally takes on a reddish color phase due to the contained
cuprous oxide, and the color phase thereof is limited, however, according to the present
invention, various applications utilizing the transparency of the obtained antifouling
film are possible. In forming a clear antifouling film, it is preferred that the
antifouling coating composition of the present invention does not contain a coloring

25 pigment.

For example, in the composite film having a primer film formed from an

antirust paint or the like and an antifouling film of the present invention formed on the
primer film, by using a clear antifouling film as the antifouling film and those having

various color phases as the antirust paint, it is possible to provide a coated object such
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as an in-water structure having a composite film-formed surface having a color phase
that is not conventionally realized, while having an antifouling property. Also by
forming an intermediate film of a paint having various color phases between the primer
film of an antirust paint or the like and the clear antifouling film, it is possible to
provide a coated object having a color phase that is not conventionally realized. As
the paint forming the intermediate film, for example, various paints such as an
antifouling paint, an epoxy resin paint, a urethane resin paint, an acrylic resin paint, a
chlorinated rubber paint, an alkyd resin paint, a silicon resin paint, and a fluorine resin
paint may be used. The antifouling paint forming the intermediate film may be the

antifouling coating composition of the present invention, or a different antifouling

- coating composition such as a conventional antifouling coating composition containing

a relatively large amount of antifouling agent. The intermediate film may be formed
on the entire surface of the primer film, or may be formed on part of the surface. The
intermediate film and the primer film may be a used old coating film. In this case, the
antifouling film of the present invention may be used for repairing the old coating film.

Also by forming the intermediate film between the primer film of an antirust
paint or the like and the clear antifouling film into the form of, for example, a character,
pattern, design, or picture having various color phases, various design features can be
imparted to the coated object. Also by interposing a film or a seal member in the form
of a character, pattern, design, or picture having various color phases, in place of the
intermediate film interposed between the primer film and the clear antifouling film,
various design features can be imparted to the coated object.
Examples

In the following, the present invention will be described more specifically by
way of examples and comparative examples, however, it is to be noted that the present
invention will not be limited to these.

(Production Example S1: Preparation of hydrolyzable resin composition S1)

A four-neck flask equipped with a stirrer, a condenser, a temperature controller,

a nitrogen introducing tube, and a dropping funnel was charged with 70 parts by mass.
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of xylene, and kept at 100°C. The solution was added dropwise with a mixed liquid
of a monomer according to the formulation of Table 1 (part by mass) and 2 parts by
mass of t-butylperoxy-2-ethylhexanoate at a constant velocity over 3 hours, and the
mixture was kept at this temperature for 30 minutes after end of the dropping. Then, a
mixed liquid of 30 parts by mass of xylene and 0.2 parts by mass of t-butylperoxy-2-
ethylhexanoate was added dropwise at a constant velocity over 30 minutes, and the
mixture was kept at this temperature for 1.5 hours after end of the dropping, to obtain a
varnish A. The varnish A thus obtained had a solid content of 50.1% by mass, and a
viscosity of 27 poises. The hydrolyzable resin contained in the varnish A had a
number average molecular weight (GPC, in terms of polystyrene, ditto below) of 15000.
In the following example, the varnish A was directly used as a hydrolyzable resin
composition S1.

(Production Example S2: Preparation of hydrolyzable resin composition S2)

A similar reaction vessel to that of Production Example S1 was added with 80
parts by mass of xylol, and kept at 100°C. The solution was added dropwise with a
mixed liquid of a monomer according to the formulation of Table 1 (part by mass) and
1 part by mass of t-butylperoxy-2-ethylhexanoate at a constant velocity over 3 hours,
and the mixture was kept at this temperature for 30 minutes after end of the dropping.
Then, a mixed liquid of 20 parts by mass of xylene and 0.2 parts by mass of t-
butylperoxy-2-ethylhexanoate was added dropwise at a constant velocity over 30
minutes, and the mixture was kept at this temperature for 1.5 hours after end of the
dropping, to obtain a varnish B. The varnish B thus obtained had a solid content of
49.7% by mass, and a viscosity of 15 poises. The hydrolyzable resin contained in the
varnish B had a number average molecular weight of 10000. In the following
example, the varnish B was directly used as a hydrolyzable resin composition S2.

(Production Example S3: Preparation of hydrolyzable resin composition S3)

A similar reaction vessel to that of Production Example S1 was added with 64
parts by mass of xylol and 16 parts by mass of n-butanol, and kept at 100°C. The

solution was added dropwise with a mixed liquid of a monomer according to the

-37-




REIF 0.001 on 4 1 ri Unit: part by mass is | is ESVSss 9S | 8S ! 1-6T-
Euprous oxide I AnSgl agent 1 | Antifouling agent 2 | Antifouling agent 3
Antifouling agent 4 Antifouling agent 5 Titaniumoxide Yellow iron oxide
Azoi c red pignment Phthal ocyani ne blue Thernoplastic resin 1

Thernopl astic resin 2 Thernoplastic resin 3 Thernoplastic resin 4
Plasticizer | Plasticizer 2 Plasticizer 3 Plasticizer 4 Bariumsulfate
Antisettling agent 9 91 X Total Total anmount of thernoplastic resin and
pl asticizer per 100 parts by nmass of resin (solid content) art by mass) |
Specific gravity (W) 1... alo .n=0el0'4.=NC ""'"'G eld4',7,"FA8 2 2 0

0 a
formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-

ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 30 minutes after end of the dropping. Then, a mixed liquid of 16 parts
by mass of xylene, 4 parts by mass of n-butanol and 0.2 parts by mass of t-butylperoxy-

5 2-ethylhexanoate was added dropwise at a constant velocity over 30 minutes, and the
mixture was kept at this temperature for 1.5 hours after end of the dropping, to obtain a
varnish C. The varnish C thus obtained had a solid content of 51.2% by mass, and a
viscosity of 10 poises. The resin contained in the varnish C had a number average
molecular weight of 10000, and an acid value of 70 mg KOH/g.

10 Next, a similar reaction vessel was added with 100 parts by mass of the varnish
C, 12.9 parts by mass of copper acetate, 21.9 parts by mass of hydrogenated rosin
(HYPALE CH, acid value 160 mg KOH/g, product of Arakawa Chemical Industries,
Ltd.) and 60 parts by mass of xylene, and the temperature was raised to a reflux
temperature, and the reaction was continued for 18 hours while a distilling mixed liquid

15 of acetic acid, water and a solvent was removed, and an equivalent amount of xylol was
supplemented. The end point of the reaction was determined by quantifying the
amount of acetic acid in the distilling solvent. After cooling the reaction liquid, n-
butanol and xylene were added, to obtain a hydrolyzable resin composition S3 having a
solid content of 50.6% by mass.

20 (Production Example S4: Preparation of hydrolyzable resin composition S4)

A similar reaction vessel to that of Production Example S1 was added with 40
parts by mass of xylol and 20 parts by mass of n-butanol, and kept at 105°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 1 part by mass of t-butylperoxy-2-

25 ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 30 minutes after end of the dropping. Then, a mixed liquid of 30 parts
by mass of xylene, 10 parts by mass of n-butanol and 0.2 parts by mass of t-
butylperoxy-2-ethylhexanoate waé added dropwise at a constant velocity over 30

minutes, and the mixture was kept at this temperature for 1 hour after end of the
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dropping, to obtain a varnish D. The varnish D thus obtained had a solid content of
50.5% by mass, and a viscosity of 7 poises. The resin contained in the varnish D had
a number average molecular weight of 8000, and an acid value of 70 mg KOH/g.

Then, a reaction was conducted similarly to Production Example S3 except that
100 parts by mass of the varnish D, 12.9 parts by mass of copper acetate, 21.9 parts by
mass of WW rosin (WW rosin, acid value 160 mg KOH/g, product of Arakawa
Chemical Industries, Ltd.) and 60 parts by mass of xylene were used in a similar
reaction vessel, to obtain a hydrolyzable resin composition S4 having a solid content of
52.5% by mass.

(Production Example S5: Preparation of hydrolyzable resin composition S5)

A similar reaction vessel to that of Production Example St was added with 70
parts by mass of xylol and 20 parts by mass of n-butanol, and kept at 110°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 1 hour after end of the dropping. Then, 10 parts by mass of xylol was
added, to obtain a varnish E.  The varnish E thus obtained had a solid content of
49.8% by mass, and a viscosity of 6 poises. The resin contained in the varnish E had a
number average molecular weight of 8000, and an acid value of 30 mg KOH/g.

Next, a similar reaction vessel was added with 100 parts by mass of the varnish
E, 5.9 parts by mass of zinc acetate, 7.5 parts by mass of naphthenic acid (NA-200, acid
value 200 mg KOH/g, product of Yamato Yushi Kogyo) and 60 parts by mass of
xylene, and the temperature was raised to a reflux temperature, and the reaction was
continued for 18 hours while a distilling mixed liquid of acetic acid, water and a
solvent was removed, and an equivalent amount of a xylol/n-butanol mixed liquid was
supplemented. The end point of the reaction was determined by quantifying the
amount of acetic acid in the distilling solvent. After cooling the reaction liquid, n-
butanol and xylene were added, to obtain a hydrolyzable resin composition S5 having a

solid content of 53.8% by mass.
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3.0 2.0 Antifouling agent 1 2.0 Antifouling agent 2

(Production Example S6: Preparation of hydrolyzable resin composition S6)

A similar reaction vessel to that of Production Example S1 was added with 40
parts by mass of xylol and 40 parts by mass of n-butanol, and kept at 110°C. The
solution was added dropwise with a mixed liquid of a monomer according to the

5 formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 1 hour after end of the dropping. Then, a mixed liquid of 10 parts by
mass of xylene, 10 parts by mass of n-butanol and 0.2 parts by mass of t-butylperoxy-2-
ethylhexanoate was added dropwise at a constant velocity over 30 minutes, and the

10 mixture was kept at this temperature for 1 hour after end of the dropping, to obtain a
varnish F.  The varnish F thus obtained had a solid content of 50.0% by mass, and a
viscosity of 11 poises. The resin contained in the varnish F had a number average
molecular weight of 8000, and an acid value of 130 mg KOH/g.

Then, a reaction was conducted similarly to Production Example S5 except that

15 100 parts by mass of the varnish F, 23.1 parts by mass of zinc acetate, 39.4 parts by
mass of naphthenic acid (NA-165, acid value 165 mg KOH/g, product of Yamato
Yushi Kogyo) and 60 parts by mass of xylene were used in a similar reaction vessel, to
obtain a hydrolyzable resin composition S6 having a solid content of 47.3% by mass.

(Production Example S7: Preparation of hydrolyzable resin composition S7)

20 A similar reaction vessel to that of Production Example S1 was added with 70
parts by mass of xylol and 30 parts by mass of n-butanol, and kept at 105°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 2 parts by mass of azobisisobutyronitrile at a
constant velocity over 3 hours, and the mixture was kept at this temperature for 1 hour

25 after end of the dropping, to obtain a varnish G. The varnish G thus obtained had a
solid content of 50.0% by mass, and a viscosity of 18 poises. The resin contained in
the varnish G had a number average molecular weight of 15000, and an acid value of

50 mg KOH/g.
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Then, a reaction was conducted similarly to Production Example S3 except that
100 parts by mass of the varnish G, 9.3 parts by mass of copper acetate, 12.5 parts by
mass of naphthenic acid (NA-200, acid value 200 mg KOH/g, product of Yamato
Yushi Kogyo) and 60 parts by mass of xylene were used in a similar reaction vessel, to
5 obtain a hydrolyzable resin composition S7 having a solid content of 51.8% by mass.
(Production Example S8: Preparation of hydrolyzable resin composition S8)
A similar reaction vessel to that of Production Example S1 was added with 90
parts by mass of xylol, and kept at 105°C. The solution was added dropwise with a
mixed liquid of a monomer according to the formulation of Table 1 (part by mass) and
10 3 parts by mass of t-butylperoxy-2-ethylhexanoate at a constant velocity over 3 hours,
and the mixture was kept at this temperature for 30 minutes after end of the dropping.
Then, a mixed liquid of 10 parts by mass of xylene, 10 parts by mass of n-butanol and
0.2 parts by mass of t-butylperoxy-2-ethylhexanoate was added dropwise at a constant
velocity over 30 minutes, and the mixture was kept at this temperature for 1.5 hours
15 after end of the dropping, to obtain a varnish H.  The varnish H thus obtained had a
solid content of 50.8% by mass, and a viscosity of 10 poises. The resin contained in
the varnish H had a number average molecular weight of 12000, and an acid value of
30 mg KOH/g.
Then, a reaction was conducted similarly to Production Example S3 except that
20 100 parts by mass of the varnish H, 5.6 parts by mass of copper acetate, 9.4 parts by
mass of hydrogenated rosin (HYPALE CH, acid value 160 mg KOH/g, product of
Arakawa Chemical Industries, Ltd.) and 60 parts by mass of xylene were used in a
similar reaction vessel, to obtain a hydrolyzable resin composition S8 having a solid
content of 55.1% by mass.
25 (Production Example S9: Preparation of hydrolyzable resin composition S9)
A similar reaction vessel to that of Production Example S1 was added with 64
parts by mass of xylol and 16 parts by mass of n-butanol, and kept at 115°C. The
solution was added dropwise with a mixed liquid of a monomer according to the

formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
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ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 1 hour after end of the dropping. Then, a mixed liquid of 16 parts by
mass of xylene, 4 parts by mass of n-butanol and 0.2 parts by mass of t-butylperoxy-2-
ethylhexanoate was added dropwise at a constant velocity over 30 minutes, and the
mixture was kept at this temperature for 1 hour after end of the dropping, to obtain a
varnish I.  The varnish I thus obtained had a solid content of 49.5% by mass, and a
viscosity of 12 poises. The resin contained in the varnish I had a number average
molecular weight of 10000, and an acid value of 110 mg KOH/g.

Then, a reaction was conducted similarly to Production Example S5 except that
100 parts by mass of the varnish I, 21.5 parts by mass of zinc acetate, 33.3 parts by
mass of naphthenic acid (NA-165, acid value 165 mg KOH/g, product of Yamato
Yushi Kogyo) and 60 parts by mass of xylene were used in a similar reaction vessel, to
obtain a hydrolyzable resin composition S9 having a solid content of 45.6% by mass.

(Production Example T1: Preparation of hydrolyzable resin composition T1)

A similar reaction vessel to that of Production Example S1 was added with 80
parts by mass of xylol and kept at 100°C.  The solution was added dropwise with a
mixed liquid of a monomer according to the formulation of Table 1 (part by mass) and
2 parts by mass of t-butylperoxy-2-ethylhexanoate at a constant velocity over 3 hours,
and the mixture was kept at this temperature for 1 hour after end of the dropping.
Then, a mixed liquid of 20 parts by mass of xylene and 0.2 parts by mass of t-
butylperoxy-2-ethylhexanoate was added dropwise at a constant velocity over 30
minutes, and the mixture was kept at this temperature for 1.5 hours after end of the
dropping, to obtain a varnish J. The varnish J thus obtained had a solid content of
50.0% by mass, and a viscosity of 8 poises. The hydrolyzable resin contained in the
varnish J had a number average molecular weight of 10000. In the following
comparative example, the varnish J was directly used as a hydrolyzable resin
composition T1.

(Production Example T2: Preparation of hydrolyzable resin composition T2)

A similar reaction vessel to that of Production Example S1 was added with 50
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parts by mass of xylol and 40 parts by mass of n-butanol and kept at 110°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 30 minutes after end of the dropping. Then, a mixture of 10 parts by
mass of xylene and 0.2 parts by mass of t-butylperoxy-2-ethylhexanoate was added
dropwise at a constant velocity over 30 minutes, and the mixture was kept at this
temperature for 1 hour after end of the dropping, to obtain a varnish K.  The varnish K
thus obtained had a solid content of 50.5% by mass, and a viscosity of 11 poises. The
resin contained in the varnish K had a number average molecular weight of 13000. In
the following comparative example, the varnish K was directly used as a resin
composition T2.

(Production Example T3: Preparation of hydrolyzable resin composition T3)

A similar reaction vessel to that of Production Example S1 was added with 64
parts by mass of xylol and 16 parts by mass of n-butanol, and kept at 115°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 30 minutes after end of the dropping. Then, a mixture of 16 parts by
mass of xylene, 4 parts by mass of n-butanol and 0.2 parts by mass of t-butylperoxy-2-
ethylhexanoate was added dropwise at a constant velocity over 30 minutes, and the
mixture was kept at this temperature for 1 hour after end of the dropping, to obtain a
varnish L. The varnish L thus obtained had a solid content of 49.7% by mass, and a
viscosity of 5 poises. The resin contained in the varnish L had a number average
molecular weight of 6000, and an acid value of 70 mg KOH/g.

Then, a reaction was conducted similarly to Production Example S3 except that
100 parts by mass of the varnish L, 12.9 parts by mass of copper acetate, 21.9 parts by
mass of hydrogenated rosin (HYPALE CH, acid value 160 mg KOH/g, product of

Arakawa Chemical Industries, Ltd.) and 60 parts by mass of xylene were used in a
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2.0 2.0 Xylene 10.0 10.0 10.0 10.0 10.0 10.0 11.0 10.0 Total 100.0 100.0
100.0 100.0 100.0 100.0 100.0 100.0 Total amount of thernoplastic resin and
pl asticizer per 100 parts by nass of resin (solid content) (part by nass)

.. 11.8 11.6 124.0 26.9 13.9 25.1 22.6 25.4 Specific gravity (g/m) - - -
- 1.29 1.33 The details of the ingredients described in Tables 2 and 3 are
as follows. [1l] cuprous oxide: product of NC Tech Co., Ltd. "NGC 301" 5[ 2]
antifouling agent 1: ZPT (zinc pyrithione) ("Zinc Oradi ne" product of Arch
Chem cals) [3] antifouling agent 2: CuPT (copper pyrithione) ("Copper

Omadi ne" product of Arch Chenicals) [4] antifouling agent 3:

1, 1-di chl or os N- no sul fo -1-fluoro-N-(4- ) .
ot ] oheny GRUHIRRT O EHAN G 8 el kel abloieia orpatiden 47 hexigeselid

content of 51.3% by mass.
(Production Example T4: Preparation of hydrolyzable resin composition T4)
A similar reaction vessel to that of Production Example S1 was added with 35
5 parts by mass of xylol and 35 parts by mass of n-butanol, and kept at 100°C. The
solution was added dropwise with a mixed liquid of a monomer according to the
formulation of Table 1 (part by mass) and 2 parts by mass of t-butylperoxy-2-
ethylhexanoate at a constant velocity over 3 hours, and the mixture was kept at this
temperature for 30 minutes after end of the dropping. Then, a mixed liquid of 15 parts
10 by mass of xylene, 15 parts by mass of n-butanol and 0.2 parts by mass of t-
butylperoxy-2-ethylhexanoate was added dropwise at a constant velocity over 30
minutes, and the mixture was kept at this temperature for 1.5 hours after end of the
dropping, to obtain a varnish M. The varnish M thus obtained had a solid content of
50.2% by mass, and a viscosity of 9 poises. The resin contained in the varnish M had
15 a number average molecular weight of 9000, and an acid value of 110 mg KOH/g.
Then, a reaction was conducted similarly to Production Example S3 except that
100 parts by mass of the varnish M, 19.6 parts by mass of copper acetate, 27.5 parts by
mass of naphthenic acid (NA-200, acid value 200 mg KOH/g, product of Yamato
Yushi Kogyo) and 60 parts by mass of xylene were used in a similar reaction vessel, to
20 obtain a hydrolyzable resin composition T4 having a solid content of 46.4% by mass.
In Table 1, use amounts (charged amounts) of monomers used in preparation of
the varnishes A to M, solid contents and viscosities of the varnishes are collectively

shown.
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[5] antifouling agent 4: 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one

(4, 5-dichloro-2-noctyl-3(2H)i sot hi azol one) ("Sea-Ni ne 211" product of Rohm
and Haas Conpany) [6] antifouling agent 5:

4- br ono- 2- (4- chl orophenyl) -5-(trifluoronethyl)-1H pyrrol e-3- 5carbonitrile
(" Econea" product of Janssen PMP) [7] titaniumoxide: "Tl-PURE R 900"
product of Du Pont Kabushi ki Kaisha [8] yellow iron oxide: "TAROX
synthetic iron oxide LL-XLO' product of Titan Kogyo , Ltd. [ 9]
azoic red pignment: "FUJlI FAST RED 2305A" product of Fuji Pignment CO, Ltd.
10[ 10] pht hal ocyani ne bl ue: "CYANINE BLUE G 105" product of Sanyo Col or

Wrks [11] regromrpoxtoer—-Togda—ColorTKNRTpt ugt of Toda Kogyo Cor p.

[ 12] ther nopl astiﬁq esi|n |1} cchl or| nat ed: peziaf|f i nj (4TOYOPARAX A50" product

of TOSOH CORPORATI|EN) [13] t hermopflast i | r|&in 2: pol yvinyl ether
("Lut onal A25"| prgductof—BASF Japan 45t t) it hernmopl astic resin 3:
rosin ("WVros|n',iptodyct pf| ARAKAVWAIHEM ZALZI MDUSTRIES, LTD.) [ 15]

t her mopl astic [esiin| 4 |vinyl| ¢hlofi deE[soptit yryThyF|et her copol ymer
("Larof | ex MP2p"[produat ol [BASF Jap o 20[ G | pl astici zer 1. DOP
(dioctyl phthal ate) |E'DOP" | proguct of M EZRBIISH [-G8% CHEM CAL COMPANY | NC.)
[17] plasticizer] 2: O DP|(dili sodecyl | phtfigl|at e "IDIDP" product of CHI SSO
CORPORATI ON) [18] prasticizer |37 TQP[(tirydresyl phosphate) ("TCP"
product of DAI HAGH | 25CHEM GAL | NDUSTRY [EO.|, |LTO<9|S|[19] pl asticizer 4:
triaryl phosphptle|(] Reaf ¢s| 65" product| of | AJINOMOTO|CO., INC.) [20] barium
sul fate: "Barile powder] FBA"l product| gf [Naijgai | Talic{Co., Ltd. [21]
anti-settling pdent [S/" DI SPARLQR| ABOOrIAGXS | pr 9duEl= & KUSUMOTO CHEM CALS,
Ltd. Far janti floul jng [fil s fespect|i vel yj flojmed fromthe
antifouling cogt|i ng \(I:\Lorrpog tions thus jobtained| theflong-termantifouling
property, adheren¢e with|dl base cra@irgsi stlapcig|gpol i shing property and

t ranspar ency eleval Uat ed laccoridi ng |t elfolll owjng eval uati on net hods.
The eval uationdiesyldis jare| shown, i n Tabl ex, |4, and 5,15(1) Long-term

antifoul i ng prd@MEeNe An |obElai nigg Sadtd [Eoul & fgS¢oat i ng conposition was
applied on a bl"dst llatle | praviously lcgated lwith fan antirust paint so that
the dry filmthilckness |was| 300 [sm j@and|drdied by lleaving it still in a room
for two days and®pi ght 3S|to |obt &i n al«t|&sE| Pl at e2)ma&ing an antifouling film
The obt ai ned tlest{plate—pas—istbiectedt-6—pR—orgapisi adhesi on 10t est wsi ng
an experi nment ragl linstal lled at| a pdeiAe || abpriatjety of N PPON PAI N&

MARI NE COATI N . |&/d| | n Tameno, | <Kayana |Pfefe&ure, Japan, and the
anti foul i ng priopefty—wasevattuat-ee—ta—the—tabtress;—{ he nunber of nonths

i ndi cates the eEvqu: n which |t he|riatt|d|s|di pped|=[Thefnunerical values in the
tabl es represent {Re prioportli on| (P4 (ﬁ“(wgani’é’macﬁesion area in the
coating film ar ga(yrsyalty determmed) Tiganad—1i5pso1 | ess was determ ned as
acceptable. (2) |Adhezlence wiith a base\eORiZ agdigs On test) Using a
test plate A tjhat jig'lobt ai ned|by appl®Vrng|an|optjaijfigd antifoul ing coating
conposition on| g piraSt [plare previ ou1tsiy cogtrediw fhjan antirust paint so
that the dry fji l|g|thiGkness was| 150 2|t n®|2nd dr|Rg by leaving it still in
a room for two days| and nights; | 20and a|t €S ¥B that is obtained by
appl yi ng the sjarfelant|i ffoul'j ng|chatt ng [conpg a$ used in formation of
the coating fi|l me¢B|l & surfade|of ja c@ting =@ substrate obtai ned by
di pping the test platle |Alin |steri] izéd and d|sea water for 3 nonths
and leaving it[ st [in & rgomfor, ong nigh ay so that the dry film
t hi ckness was |150( pm xtnjﬁdryiggul;g/ﬁ:léa ing i itk in a roomfor two days
and nights, a |gri & gelRes| Bt Feg §@b§% n g|mm cell nunber 25) was
conducted in conf QZIBMGE Wid|E|d|S 3¢ gﬁ girerical values in the

t abl es represgnt }usvec;je o= | & Ea}sté Eé‘sult e g/in accordance with the
follow ng critleria.| Score [1Q: |Eacly sicriat ch ieand snooth in both

si des, and has| nofpesHmgjat—ant+ntersecttd €| scratch and in each
square. Scorle 8] i ght peeFing Esgl@serv%d at{>af| i ntersection of
scratch, noﬁ)eeli g i s obseved in eagh|square dithe area of a defected
part is witin 5%of the . @B kT Ra)SHYRARS ) €d. SCO 6: Peeling is observed

on bot h si dés ‘andat—an—tntersectt+on—of oulat\,n, arrtl t he area of a defected
part is 5 to 15% of the entire square area. 5Score 4: The wi dth of peeling
due to scratch is large, and the area of a defected part is 15 to 35% of
the entire square area. Score 2: The width of peeling due to scratch is

| arger than that of score 4, and the area of a defected part is 35 to 65%
of the entire square area. Score 0: The area of peeling is 65% or nore of
the entire square area. 10(3) Crack resistance (a) Crack resistance
agai nst dipping in sea water (Evaluation of condition of coating filmafter



anount of the test plate was neasured every 3 nonths (accunul ated reduction
amount [gm of coating filmthickness). (5) Transparency of coating film An
obtai ned antifouling coating conmposition was applied on a glass plate of
130 10nun wide x 100 nmlong x 2.0 nmthick so that the dry filmthickness
was 150 pm by using an applicator, and dried by leaving it still in a room
for one night and day, to obtain a test plate having an antifouling film
The test plate was put on newspaper, and transparency of the coating film
was visually evaluated in accordance with the followng criteria. 15A

Compl etely transparent, and characters on the newspaper can be easily

BEE Lot e A e
(]:_gn n?t gEe r quH%s %?Honon@f%&ﬁ% tﬂoezrhétal atox%l éojl?{a(i)r%ng Pglf%rlz{bﬁpgélghamllﬂt %58\9/8
1701 1111 GE]L)?EM 071 1@trade name, product of CHISSO CORPORATION): Silicon-containing

polymerizable monomer whereinm =0, b= 3, n= 10, and R'to R® and R*' are methy]l

5 groups in the general formula (I”).

(2) FM-0721 (trade name, product of CHISSO CORPORATION): Silicon-containing

polymerizable monomer wherein m =0, b =3, n = 65, and R!to R® and R*! are methyl

groups in the general formula (I°).

(3) X-22-174DX (trade name, product of Shin-Etsu Chemical Co., Ltd.): Silicon-

10 containing polymerizable monomer (functional group equivalent 4600 g/mol) wherein
m =0, b=3, R! to R* and R*! are methyl groups, and R’ is a methyl group or a n-butyl
group in the general formula (I").

(4) TM-0701 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer wherein p = 0, d =3, and R® to R® and R* are methyl groups

15 in the general formula (II”).

(5) X-22-2404 (trade name, product of Shin-Etsu Chemical Co., Ltd.): Silicon-
containing polymerizable monomer (functional group equivalent 420 g/mol) wherein p
=0, d =3, and R° to R® and R*? are methyl groups in the general formula (IT).

(6) FM-7711 (trade name, product of CHISSO CORPORATION): Silicon-containing

20 polymerizable monomer wherein q and s =0, fand g =3, r = 10, and R’ to Rlz, R* and
R* are methyl groups in the general formula (I1T°).

(7) FM-7721 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerlzable monomer wherein g and s =0, fand g=3,r=65, and R’ to R"%, R* and
R* are methyl groups in the general formula (II’).

25 (8) X-22-164A (trade name, product of Shin-Etsu Chemical Co., Ltd.): Silicon-
containing polymerizable monomer (functional group equivalent 860 g/mol) wherein q
and s =0, fand g = 3, and R’ to R'2, R?® and R* are methyl groups in the general
formula (I11").
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(9) X-22-164C (trade name, product of Shin-Etsu Chemical Co., Ltd.): Silicon-
containing polymerizable monomer (functional group equivalent 2370 g/mol) wherein
gand s =0, fand g =3, and R’ to R*?, R*® and R* are methyl groups in the general
formula (III°).
(10) Silicon-containing monomer A: Silicon-containing polymerizable monomer
whereintand u =0, jand k =3, vand w= 3, and R" to R, R* and R*® are methyl
groups in the general formula (IV’). (This monomer was sold by Nippon Unicar
Company Limited under the trade name “F2-312-01".)
(11) TIPSA: triisopropylsilyl acrylate
(12) AA: acrylic acid
(13) MMA: methyl methacrylate
(14) EA: ethyl acrylate
(15) EHMA: 2-ethylhexyl methacrylate
(16) CHMA: cyclohexyl methacrylate
(17) M-90G: methoxypolyethyleneglycol methacrylate (NK ester M-90G, product of
Shin-Nakamura Chemical Co., Ltd.)

<Examples 1 to 21, Comparative Examples 1 to 8>

According to the formulation (part by mass) of Tables 2 and 3, antifouling
coating compositions were prepared by mixing the hydrolyzable resin compositions or
resin compositions S1 to S9 and T1 to T4 obtained in Production Examples S1 to S9
and T1 to T4, and other ingredients shown in Tables 2 and 3 using a high-speed

disperser.
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Unit: part by mass

Comparative example

3

4

5

6

TI

85.0

72.0

Hydrolyzable resin )

85.0

78.1

composition or resin T

55.0

69.0

composition
T4

80.0

68.0

Cuprous oxide

3.0

2.0

Antifouling agent 1

2.0

Antifouling agent 2

2.0

2.0

Antifouling agent 3

2.0

Antifouling agent 4

2.0

Antifouling agent 5

2.0

Titanium oxide

2.0

2.0

Azoic red pigment

Phthalocyanine blue

1.0

1.0

Red iron oxide

6.0

3.0

3.0

Thermoplastic resin 1

15.0

5.3

5.0

Thermoplastic resin 2

10.0

5.0

Thermoplastic resin 3

3.0

3.0

Thermoplastic resin 4

5.0

Plasticizer 1

5.0

Plasticizer 2

20.0

4.6

Plasticizer 3

Plasticizer 4

5.0

Barium sulfate

Antisettling agent

2.0

2.0

2.0

Xylene

10.0

10.0

10.0

10.0

10.0

10.0

11.0

10.0

Total

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

Total amount of thermoplastic
resin and plasticizer per 100 parts
by mass of resin (solid content)
(part by mass)

11.8

11.6

124.0

26.9

13.9

25.1

22.6

254

Specific gravity (g/ml)

1.29

1.33

The details of the ingredients described in Tables 2 and 3 are as follows.

[1] cuprous oxide: product of NC Tech Co., Ltd. “NC-301”
[2] antifouling agent 1: ZPT (zinc pyrithione) (“Zinc Omadine” product of Arch

Chemicals)

[3] antifouling agent 2: CuPT (copper pyrithione) (“Copper Omadine” product of Arch

Chemicals)

[4] antifouling agent 3: 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-(4-
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methylphenyl)methanesulfenamide (“Preventol A5S” product of LANXESS)

[5] antifouling agent 4: 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one (4,5-dichloro-2-n-
octyl-3(2H)isothiazolone) (“Sea-Nine 211” product of Rohm and Haas Company)

[6] antifouling agent 5: 4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-
carbonitrile (“Econea” product of Janssen PMP)

[7] titanium oxide: “TI-PURE R-900” product of Du Pont Kabushiki Kaisha

[8] yellow iron oxide: “TAROX synthetic iron oxide LL-XLO” product of Titan
Kogyo , Ltd.

[9] azoic red pigment: “FUJI FAST RED 2305A” product of Fuji Pigment CO., Ltd.
[10] phthalocyanine blue: “CYANINE BLUE G-105” product of Sanyo Color Works
[11] red iron oxide: “Toda Color KN-R” product of Toda Kogyo Corp.

[12] thermoplastic resin 1: chlorinated paraffin ("TOYOPARAX A50” product of
TOSOH CORPORATION)

[13] thermoplastic resin 2: polyvinyl ether (“Lutonal A25” product of BASF Japan
Ltd.)

[14] thermoplastic resin 3: rosin (“WW rosin” product of ARAKAWA CHEMICAL
INDUSTRIES, LTD.)

[15] thermoplastic resin 4: vinyl chloride-isobutylvinyl ether copolymer (“Laroflex
MP25” product of BASF Japan Ltd.)

[16] plasticizer 1: DOP (dioctyl phthalate) (“DOP” product of MITSUBISHI GAS
CHEMICAL COMPANY INC.)

[17] plasticizer 2: DIDP (diisodecyl phthalate) (“DIDP” product of CHISSO
CORPORATION)

[18] plasticizer 3: TCP (tricresyl phosphate) (“TCP” product of DAIHACHI
CHEMICAL INDUSTRY CO., LTD.)

[19] plasticizer 4: triary]l phosphate ("Reofos 65” product of AIINOMOTO CO., INC.)
[20] barium sulfate: “Barite powder FBA” product of Naigai Talc Co., Ltd.

[21] anti-settling agent: “DISPARLON A600-20X” product of KUSUMOTO
CHEMICALS, Ltd.
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For antifouling films respectively formed from the antifouling coating
compositions thus obtained, the long-term antifouling property, adherence with a base,
crack resistance, polishing property and transparency were evaluated according to the
following evaluation methods. The evaluation results are shown in Tables 4 and 5.

(1) Long-term antifouling property

An obtained antifouling coating composition was applied on a blast plate
previously coated with an antirust paint so that the dry film thickness was 300 um, and
dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The obtained test plate was subjected to an organism adhesion
test using an experimental raft installed at a marine laboratory of NIPPON PAINT
MARINE COATINGS CO., Ltd. in Tamano, Okayama Prefecture, Japan, and the
antifouling property was evaluated. In the tables, the number of months indicates the
term in which the raft is dipped. The numerical values in the tables represent the
proportion (%) of organism adhesion area in the coating film area (visually determined)
and 15% or less was determined as acceptable.

(2) Adherence with a base (grid adhesion test)

Using a test plate A that is obtained by applying an obtained antifouling coating
composition on a blast plate previously coated with an antirust paint so that the dry film
thickness was 150 pm, and drying by leaving it still in a room for two days and nights;
and a test plate B that is obtained by applying the same antifouling coating composition
as used in formation of the coating film on a surface of a coating film of a substrate
obtained by dipping the test plate A in sterilized and filtered sea water for 3 months and
leaving it still in a room for one night and day so that the dry film thickness was 150
um, and drying by leaving it still in a room for two days and nights, a grid adhesion test
(gap interval 2 mm, cell number 25) was conducted in conformance with JIS K
5600.5.6. The numerical values in the tables represent a score of a test result
evaluated in accordance with the following criteria.

Score 10: Each scratch is thin and smooth in both sides, and has no peeling at an

intersection of the scratch and in each square.
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Score 8: Slight peeling is observed at an intersection of scratch, no peeling is observed
in each square, and the area of a defected part is within 5% of the entire square area.
Score 6: Peeling is observed on both sides and at an intersection of scratch, and the area
of a defected part is 5 to 15% of the entire square area.

Score 4: The width of peeling due to scratch is large, and the area of a defected part is
15 to 35% of the entire square area.

Score 2: The width of peeling due to scratch is larger than that of score 4, and the area
of a defected part is 35 to 65% of the entire square area.

Score 0: The area of peeling is 65% or more of the entire square area.

(3) Crack resistance

(a) Crack resistance against dipping in sea water (Evaluation of condition of
coating film after dipping in sea water)

The state of a coating film of the test plate after dipping the raft for 6 months in
the long-term antifouling property test was observed by visual check and rubbing, and
evaluated. The state where no crack was observed was evaluated as A, and the state
where a crack was observed was evaluated as B.

(b) Crack resistance against repeated drying and wetting (drying and wetting
alternating test)

An obtained antifouling coating composition was applied on a blast plate
previously coated with an antirust paint so that the dry film thickness was 300 pm, and
dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The obtained test plate was dipped in sea water of 40°C for 1
week, and dried in a room for 1 week, and a drying and wetting alternating test
including the above operations as one cycle was repeated up to the 20th cycle. When
a crack occurred in the coating film during the test, the test ended at the point of time
when the crack occurred, and the cycle number at that point was recorded in the table.
The sample where no crack occurred even after 20 cycles was evaluated as A.

(4) Polishing property (Coating film exhausted amount (polishing speed) test)

An obtained antifouling coating composition was applied on a blast plate

-52 -
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previously coated with an antirust paint so that the dry film thickness was 300 um, and
dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The test plate was pasted on a lateral face of a cylinder having a
diameter of 750 mm and a length of 1200 mm, and continuously rotated in sea water at
a circumferential velocity of 15 knots for 24 months, and the coating film exhausted
amount of the test plate was measured every 3 months (accumulated reduction amount
[um] of coating film thickness).

(5) Transparency of coating film

An obtained antifouling coating composition was applied on a glass plate of 130
mm wide x 100 mm long x 2.0 mm thick so that the dry film thickness was 150 pm by
using an applicator, and dried by leaving it still in a room for one night and day, to
obtain a test plate having an antifouling film. The test plate was put on newspaper,
and transparency of the coating film was visually evaluated in accordance with the
following criteria.
A: Completely transparent, and characters on the newspaper can be easily recognized.
B: Slightly transparent, and characters on the newspaper can be slightly recognized.

C: Completely masked, and characters on the newspaper cannot be recognized.
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[ Tabl e 5] Conparative exanple 1 2 3456 7 8 Long-termantifouling
property [organi sm adhesion area (%] 3 nonths 40 10 30 0 0 0 0 O 6 nonths
80 10 70 0 0 10 10 O 12 nobnths 100 20 90 10 50 20 30 10 18 months 100 30

100

[Table 5]
Comparative example
1 2 3 4 5 6 7 8
3 months 40 10 30 0 0 0 0
Long-term
antifouling 6 months 80 10 70 0 0 10 10
property 12 months 100 | 20 90 10 50 20 30 10
[(?rgan1sm 18 months 100 | 30 | 100 | 20 | 80 30 50 | 20
adhesion area (%)]
24 months 100 | 40 | 100 | 20 | 100 | 40 70 | 40
Adherence with Test plate A 8 4 4 4 8 4 10 | 4
base (Grid
adhesion test) Test plate B 8 4 4 4 8 4 10 4
) Dipping in sea water B A A A B A A A
Crack resistance - -
Repeated drying and wetting] 16 A A A 16 A A A
3 months 32 0 8 13 | 20 0 19 10
6 months 57 0 20 | 26 | 45 0 35 1 21
Polishing property 9 months 79 0 31 39 | 67 0 51 31
[coating film 12 months 101 0 40 | 53 89 0 71 42
exhausted amount 15 months 1271 0 | 50 | 66 | 115] 0 | 89 | 53
(k)] 18 months 168 0 | 58 | 77 | 156 | 0 | 107 | 61
21 months 222 | 0 67 89 | 210 | O 127 | 70
24 months 272 | 0 75 ] 103 | 260 | O 144 | 80
Transparency of coating film A A A A C - C C

As shown in Tables 4 and 5, antifouling films obtained from the antifouling
coating compositions of examples are excellent in long-term antifouling property,

5 adherence with a base, and crack resistance. On the other hand, many of antifouling
films obtained from antifouling coating compositions of comparative examples were
insufficient in long-term antifouling property, or lacked adherence with a base.
Further, coating films of Comparative Examples 1 and 5 using the hydrolyzable resin
composition T1 were poor in crack resistance. Also, it was found that a coating film

10 having a sufficient self-polishing property is difficult to be obtained when a resin not
having a triorganosilyl oxycarbonyl group is used as a vehicle (Comparative Examples

2,4, 6 and 8).
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20 80 30 50 20 24 nonths 100 40 100 20 100 40 70 40 Adherence with base
(Gid adhesion test) Test plate A8 4 4 48 4 10 4 Test plate B8 4 4 4 8
4 10 4 Crack resistance D pping in sea water B AAAB A A A Repeated
drying and wetting 16 A A

CLAIMS

1. An antifouling coating composition comprising:
a hydrolyzable resin having at least one kind of silicon-containing group
5 selected from the group consisting of the groups represented by the following general
formulas (), (I), (IIT) and (IV) and a triorganosilyl oxycarbonyl group represented by

the following general formula (V):

O =1l
] { 3m4pS
—_—C— fomme R4R |
c 0—6 CaHgao%'n—’leHZb S(| O SR 0
R? n

[wherein a and b each independently represent an integer of 2 to 5, m represents
10 an integer of 0 to 50, and n represents an integer of 3 to 80; and R' to R® each
independently represent an alkyl group, an alkoxy group, a phenyl group, a substituted
phenyl group, a phenoxy group or a substituted phenoxy group];

o]
Il . a)
-———c-—-o—(ccHzco%p—cdHZd-si-{- OSIR°R'R 3 n

[wherein ¢ and d each independently represent an integer of 2 to 5, and p
15 represents an integer of 0 to 50; R, R” and R® each independently represent an alkyl
group, R* or R”;

wherein R” represents

RZG
oO~— S[l 08si R25R25R27

.

(wherein x represents an integer of 0 to 20; and R* to R* are the same or

20 different and each represent an alkyl group), and

R® represents
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A 16 AAA 3 nonths 32 0 8 13 20 0 19 10 6 nonths 57 0 20 26 45 0 35 21
9 nonths 79 0 31 39 67 0 51 31 Polishing property [coating film exhausted
anount (111n)] 12 nonths 101 0 40 53 89 0 71 42 15 nonths 127 0

—R= —éoczm}— ORZ®
Y

(wherein y represents an integer of 1 to 20; and R?® and R¥ are the same or

different and each represent an alkyl group)];

0 RH
i
s CH;GO—)—Cer Sl—O s

(1

“'—'CgHZQ_;éOChHZh o (‘:‘0""

5 [wherein e, f, g and h each independently represent an integer of 2 to 5, q and s
each independently represent an integer of 0 to 50, and r represents an integer of 3 to
80; and R’ to R'? each independently represent an alkyl group, an alkoxy group, a
phenyl group, a substituted phenyl group, a phenoxy group or a substituted phenoxy

8
R19 w 2
o
: I
(V)

—-»C—-O—{-Cle,O-)—C,Hz,-SI ~O—8§I— CkHZk—{-OC,Hz,-}-u-O—C—-—

R13
]

o—-sll OSIRISR1ERY
RM v 2

[wherein 1, j, k and 1 each independently represent an integer of 2 to 5, t and u

group};

10

each independently represent an integer of 0 to 50, and v and w each independently
represent an integer of 0 to 20; and R" to R? are the same or different and each

represent an alkyl group]; and

-57-



50 66 115 0 89 53 18 nonths 168 0 58 77 156 0 107 61 21 nonths 24 nonths
222 0 67 89 210 0 127 70 272 0 75 103 260 O 144 80 Transparency of
coating filmA A AAC - CC As shown in Tables 4 and 5,
antifouling filnms obtained fromthe antifouling coating conpositions of
exanpl es are excellent in long-termantifouling property, 5adherence with a
base, and crack resistance. On the other hand, many of antifouling filns
obtained fromantifouling coating conpositions of conparative exanples were
insufficient in long-termantifouling property, or |acked adherence with a

base. Furt her,

coating filnms of Conparative Exanples 1 and 5 using the

hydr ol yzabl e resin conposition Tl were poor in crack resistance. Al so, it

was found that

coating film 10having a sufficient self-polishing property

is difficult tojbe obtained n a resin not
N P S‘RAORM R42

[wherein R® R* and R* are the same or different and represent a hydrocarbon

residue having 1 to 20 carbon atoms].

2. The antifouling coating composition according to claim 1, wherein said

hydrolyzable resin further has at least one kind of metal-atom-containing group

selected from the group consisting of the groups represented by the following general
formulas (VI) and (VII):

o VD

10

[wherein M represents a divalent metal atom, and R*® represents an organic acid

residue or an alcohol residue]; and

15

0

—O—M=—0~—C— M)

[wherein M represents a divalent metal atom].

3. The antifouling coating composition according to claim 1, wherein said

hydrolyzable resin contains a constituent unit derived from at least one kind of silicon-

containing polymerizable monomer (a) selected from the group consisting of a

monomer (al) represented by the following general formula (I’), a monomer (a2)

represented by the following general formula (II’), a monomer (a3) represented by the

20 following general formula (III") and a monomer (a4) represented by the following

general formula (IV’), and a constituent unit derived from triorganosilyl (meth)acrylate

(b) represented by the following general formula (V’):
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having a triorganosilyl oxycarbonyl group is used as a vehicle (Conparative
Exanples 2, 4, 6 and 8). CLAIMS 1. An antifouling coating conposition
conprising: a hydrolyzable resin having at | east one kind of
silicon-containing group 5selected fromthe group consisting of the groups
represented by the follow ng general formulas (1), (Il), (Ill) and (1V) and
a triorganosilyl oxycarbonyl group represented by the foll ow ng general
formula (V): 11 RI1\ Sli- 0 R2/ SIRBR4 R5 (1) - C- 04 CH2,0 ;Ha

[wherein a and b each independently represent an integer of 2 to 5 m
represents 10an integer of 0 to 50, and n represents an integer of 3 to 80;
and R1L to R5 each independently represent an al kyl group, an alkoxy group,
a phenyl group, gesgbsti tuted phenyl gﬁou , a phenoxy group or

substituted noky"gr 8 R SRR - CSIRGBZR8) 3 [mhereln c
and d each i péﬁagnﬂggg%eﬁ ﬁt”a ||nt ger of 2 to 5, and p 15represents
an integer of 0 to 50; R6, R2 and | e h/nndependently represent an al kyl
group, R' or RI% wherein Ra represents / R23 \C 'l R24 osi RR5R26R27
(wherein x represaiésindR’ irgiregars adfydtbde a?in opncheBRB gicap RAW abemt hanganme or
20di f f er ent ?nd gach represent an al kyl group), and RE represents - R28

(. 002H4) - ORR{ 30 R’ represemhibe s4me jepripg aspisvoualy memtieged; of 1 to 20: and R28

and R29 are the sanme or different and each represent an al kyl group)]; 0
-G 04C 1-12,0-) - QaaHzﬁS |l \ Ro\ 0 R11 Si 1
H,C= cI:——-c—-o-{c H2°o+cdH2d—sr{-os|RsR7RB) ()
5 [wherein R* represents a hydrogen atom or a methyl group, and ¢, d, p and R®

to R® represent the same meaning as previously mentioned];

R33 OI Ra RI‘H
L |
e (e —~0 st
HC=C — C—0~{ CHzo 0}~ Cart-S) r
;

R10 ri2

(v

G gt OChH2h+O —G=CH,
R34

[wherein R* and R** represent a hydrogen atom or a methyl group, and e, f, g, h,

q, 1, s and R to R™ represent the same meaning as previously mentioned];

RiB
o—-s',r OSIRPRIR?
1
R1®/ w 2

R:!S O o Rsﬁ

ool
HeC=G— c_o.éc,r-r,,o}—c,Hz,—sr—-o si- cksz-(-OCers%—O c—c=cr; (V)

OS‘R15R15R17
R14 v

10
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rR12 Lc H g 2g 40ChH2h--)-- 0 -C SIlI O 5[wherein e, f, g and beach

i ndependently represent an integer of 2 to 5, g and s each independently
represent an integer of 0 to 50, and r represents an integer of 3 to 80;
and RO to R12 each independently represent an al kyl group, an al koxy group,
a phenyl group, a substituted phenyl group, a phenoxy group or a

substituted phenoxy group]; ( 716) o 081R20R21R22 00 lii11
---0-04-C H210.)-GC H2J- SI-0-51-CkH2k-t-0OC#121-)-0-C 1u 7 R13 O
di OSI RI3RIER17 \RI i4 v 10 [wherein i, j, k and 1 each independently

represent an integer of 2 to 5, t and u each independently represent an

integer of 0 to 50. and, ¥ ands;y each independently represent an.i.nteger of
0"t 0%50; “and Ria BB &R RrteB oA YGORP LA S B P LaLHOPR AP Eddnt. 1an

al kyl groupl:y NG andR'01SRReERELRABe Isa&é/)neéhingraglpge@?oukwiﬁgr@ﬂoﬂeﬂf@nd Rare the
sanme or different and represent a hydrocarbon residue having 1 to 20 carbon
atons]. 52. The antj.f guling coating conposition according to claiml,
wherein said hydrolyyz#bl e r%sidr ‘J_ urg@?r has at | east one kind of

net al - at om contaf TGty CgPodR Selfect ed from the group consisting of the

groups represented by the follow ng general fornmulas (VI) and (VII): 0 - C

0 -AA -Eta(Vl) 1 ereid M represents a dival ent tal at 40 2R3
represents an org‘%{%} 1 iaegrgsgﬁé&}ygpggﬂa %8‘?1%1116};}&@?@38’]@% d;Fl

- C- 0- M50- C- rdpAIRAEhB sithé BRAGAEAS Frediciblyah@ftions@t al aton]. 153. The
antifouling coating conposition according to claim1, wherein said
hydr ol yzabl e resin contains a constituent unit derived fromat |east one
kind of silicon- ,co i k- Ngy: PO i . g ) I . t he
ar oup consi st i ngor 11 ROMORIRE (HTRE b PLSu AP RRERlnd Rleidfy £ SBth ST

formula (1" hydalyrabieesin (iadkr c@mdiaseodmsdtdeyt htieddrivel dohng lganeiedtind of nul a
(Ir"), a nmononer (a3) represented bi«lpertnhe 20fol l owi ng. general formula (111")
and a nononBietalRAOMCepEELRPAYNBZaDHINPRIMERChi GsédFom thegp eonsIsUng | and

a consty tue ' j i i i
Fepr oadnt eddpg HHRDmRE 1S bresEE by i 8RB0%}S depelo RIMAVED B p otromer
C=C- C- c- ECE(dR ré&pr&kntddlby-(RIDP' ) SIRBR4R5 |1 \R2 [ wherein R31

represents a hydrogen atomor a nmethyl group, and a, b, m n and Rl to R5
represent the samgs’meani ng as previously nmentioned]; R32 01 H2C=CI C -

0 4 CcHe0 Gdiedl gHE | RBRER5) 3M) wher ei n R32 represents a hydrogen atom

s {} e (] w—

or a methyl group, andc, d, p and R6 to R8 represent the sane neani ng as
previ ously nentioned];
[wherein R*" represents a hydrogen atom or a methyl group, and M and R

represent the same meaning as previously mentioned]; and

I Wl I
H20=cl;——CmO—M-O-—C-—C=CH2 (M)

15
[wherein R*® and R represent a hydrogen atom or a methyl group, and M

represents the same meaning as previously mentioned].

5. The antifouling coating composition according to claim 3, wherein the total
20 content percentage of constituent units derived from said silicon-containing
polymerizable monomer (a) and said triorganosilyl (meth)acrylate (b) in the entire

constituent units of said hydrolyzable resin is within the range of 5 to 90% by mass.
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R33 0 1Il H2 C C Cc9K200+-c,H, RsR11 I Si 0SI Il R'r R12

c. H2940chFi 2h4-c-c-c.cH2 s 0 1: 04 [wherein R33 and R24 represent a
hydrogen atom or a methyl group, and e, f, g, h, q, r, s and RO to Rl12
represent the sane neaning as previously nentioned]; Rl B\

0-si-0si RROR21R22 2 Ras 00 R" IIII1Il 1-12C=- 0-- ¢ - 0 4 G F1210)-CG H 4 -
0 -SI- CkH2t,-E 001H213-u O- C- c=tH2t /R13 O0-S, \ R10O Osip215R16r217
Vv [ wherein R35 and R36 represent a hydrogen atom or a net hyl
group, and i, j. k, I, t, u, v, wand R3 to R22 represent the sane nmeani ng
as previously nentioned]; and R43 0 |1l 1-120=c -C-0-81R40Rm R42

[wherein R43 represents drogen atom ar., a net gr.ou nd R49 tq R42
5represent the sa‘ﬁe%éﬁﬁ?@‘xﬁ%c DgicOHPPS AR AT9H Cﬂé%]to Claint 3, ‘Slﬁrel?ﬁlee ratio

ant i foul i ng HeRMdnABe s&ﬁe&%f%ﬁe%nﬁﬁ@&ﬁ dhit e PodCtréth hid siWORICEhHinH d

hydrol yzabl e resin further contains a constituent unit derived from at

:ceast ﬁne km&ylmrlmbheamor@nm@@nﬂdmnomgmpgf {hepnstidirng unib derinesd fﬁm) selé: ect ed
t
general f or MIPSEC0T Yffna%%)agry?%%@ VA e Epke SERD BRRDTER Mlaai8l | O 19

H207---C-C0-MR3D R37 O 11 (M ") [wherein R ? represents a hydrogen

atomor a nethyl group, and M and R39 represent the same neani ng as
previ ousl y nenti dnedjhe aah@uiBgcaninggomppsition acepciing toelgm Aivtheio de ratio

between the total content of the constituent units derived from said silicon-containing
polymerizable monomer (a) and said triorganosilyl (meth)acrylate (b), and the content
of the constituent unit derived from said metal-atom-containing polymerizable

10 monomer (c) is within the range of 10/90 to 90/10 by mass ratio.

8. The antifouling coating composition according to claim 1, further

comprising a thermoplastic resin and/or a plasticizer.

15 9. The antifouling coating composition according to claim 8, wherein the total
content of said thermoplastic resin and/or plasticizer per 100 parts by mass of said

hydrolyzable resin is 3 to 100 parts by mass.

10.  The antifouling coating composition according to claim 8, wherein said
20 thermoplastic resin is at least one kind selected from the group consisting of chlorinated

paraffin, polyvinyl ether, rosin and a vinyl chloride-isobutyl vinyl ether copolymer.

11. The antifouling coating composition according to claim 8, wherein said
plasticizer is at least one kind selected from the group consisting of a phthalate ester

25 plasticizer and a phosphate ester plasticizer.

12.  The antifouling coating composition according to claim 1, containing 0 to
20 parts by mass of an antifouling agent per 100 parts by mass of the total amount of

said hydrolyzable resin, said thermoplastic resin and said plasticizer.
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M 15 [wherein RR39 represent a hydrogen atomor a nethyl group, and M
represents the sanme neaning as previously nentioned]. 5. The antifouling
coating conposition according to claim3, wherein the total 20content
percentage of constituent units derived fromsaid silicon-containing

pol ymeri zabl e nononer (a) and said triorganosilyl (neth)acrylate (b) in the
entire constituent units of said hydrolyzable resinis within the range of
5 to 90% by nass. 6. The antifouling coating conposition
according to claim3, wherein the ratio between the content of the
constituent unit derived fromsaid silicon-containing polynerizable nononer
(a) and the content of the constituent unit derived fromsaid
triorganosilyl (meth)acrylate (b) is within the range of 20/80 to 80/20 by
mass ratio. 5 = 13, A?x-anﬁhﬁlliﬁgtﬁ'lﬁl%é@l%&ﬁ@ﬁé ﬁﬁif&ﬂﬂi@%hﬁdgﬁd@)n@}ﬁ)@@iﬁyﬁl ng to
claim4, wherein the ratio between the total content of the constituent

uni ts deri vecordingiselatndi | i con- cont ai ni ng pol yneri zabl e nononer (a) and
said triorganosilyl (neth)acrylate (b), and the content of the constituent
unit derived from said netal -atom contai ni ng pol yrneri zabl e 10nononer (c)
is within the range afcobodfle fibn 88idPa BYimBEEM Fétined from an antir8st pAli®, and
antifouling coating conposition according to claim1, further conprising a
t her nopl ast iag apiéonhng fith dermedjiae thecinyiéyuling Soatinprempasitipn a¢dordng Enelpiny
conpositionlag&pfgi&gﬁﬁ? ﬁ%@iﬁ}8, wherein the total content of said

t her nopl asti't e arNdT BY BTas‘icizer per 100 parts by mass of said

hydrol yzable resin is 3 to 100 parts by nass. 10. The antifouling
coating conposition according to claim8, wherein said 20thernoplastic
resin is at |eastldonéhkrefapeste démagcqriingte iy liuiraenaving aggnigmediate

chl or it ed fi rfalltr&édnon RN ¥ Ipal‘% %fjg Elerﬁd’cg Jf Qai?g)qiln‘?er YR Bhtvlh Qkik Yfinies OPUL VI
vi nyl “et her “copol ymer. . e antifouling coating conposition
accor di ng t dilmlaad s2i8 antifoatieg filmai d pl asticizer is at | east one kind
selected fromthe group consisting of a phthal ate ester 25plasticizer and a
phosphat e ester plasticizer. 12. The antifouling coating conposition
according to claig 1gh€ 9&%@65&? ‘ﬁ%ﬁ%cé&di%g D efalm 18y WSS s&ld iARrAeiAt Pl N9
agent per 100 parts by nass of the total anmount of said hydrol yzable resin,
sai d t her nopd astatiog fidmifornamidremiad aplifesting ceating composition cab@iniag aant i f oul i ng
filn1f%rned fagn}the antifouling coating conposition according to claim 1.
514. Aconp8YHPBIRg #8fthaving a primer filmforned froman antirust paint,
and an antifouling filmfornmed fromthe antifouling coating conposition
according to claim1, overlaid on said priner film ) 15. The
conposi te fil m adZor dnng-waterstra¢tmelayingithe hrtifonlang hlgn aasordngtiorabalinal3e0r10f i | m
formed on tg% entirﬁaﬁk?gart.of a surfa%elof zgug rimer film between said
primer filmand gsf FELTPR Y $P1 90 of Slaims, 50Hgosite filmaccording to
claim15, wherein said internediate film is a coating filmforned
froman antifouling coating conposition containing an 15antifouling agent.

17. AR0i n-wat er $8r ubtshinchdving the antifeubing fiko acqorging 19 ¢eige Eoeidhagompogieai m 13
or the conmpgsite film.accordi t. e of clainms 14 to 16. 2018. A ship
havi ng t he ﬁﬁ?ﬁ%%ﬁ??ﬁéOP?X%?%@3%?§¥§§¥?g&c|ain113 or the conposite film
according to any one of clainms 14 to 16.
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