SF- 2303 1 DESCRI PTI ON METAL- CROSSLI NKED ORGANOPOLYSI LOXANE- THI O BLOCK

VI NYL COPOLYMER AND ANTI FOULI NG COATI NG COVPCSI TI ON CONTAI NI NG THE
COPOLYRER“5YFechni cal Fiel d [ 0001] The present invention relates
to a netal -crosslinked copol yner havﬂﬂg a hydrophi lic/ hydrophobic
structure and an antifouling coating 10 conposition containing the

nmet al - crossl i nked copol yner. Background Art [0002] If various aquatic
organi sns, e.g., animals such as oysters, 15 nussels and barnacl es, and
pl ants such as |aver, adhere and’ Jat¥ on the surfaces of

wat er - contact portions of ships, fishing nets, marine structures such as
supply and drain pipes for seawater, etc., appearances of the ships, etc.
are marred and functions thereof are sonetines inpaired. Especially when

such aqu@tAic-cHganiTRRe padhergoROr end gxrepagate Bno@k shiNyts doebtepkrsur f ace
roughness of the ship's bottomis increased to sonetines induce | owering

of vel oci : [ j . Iﬁﬁ@%T 0003] - 2

In orderh$§ %&E@gﬁqﬁgﬁgﬁﬁggﬁggggﬁﬁﬁﬁéfiﬁéygé%s 0 IP%egggogg§§ﬁ strates are
coated with various antifouling coating materials. For the exhibition of
ant?fouling effects, physiologically active substances (e.g., organotin
conpound) have been added to the 5 antifouling coating nmaterials in the
past. Hewbuecal prighlcens on the safety in the coating working and the
environmental safety have been recogni zed, and devel opnent of antifouling
coatingouomierial s capabl e of preventing adhesi on of aquatic organi sns

wi t hout using such physiologically active substances has been pronoted.

10[ 0004] ForFgéSH@EQRFEQEEQEEBBJEQ%%%%t g%@%a?ngrgss?$hkedcopolymer

or ganopol ysi [ oxane-t I'ock vi'nyl copol yner forned om a

pol yoxyal kyl enegr oup- cont ai ni ngvi nyl copol yner bl ockandaspecjfic .

or ganoPoT 5T FORRTEROAT o CHh SROPBIE G- T A THG" COAL TG CORPH ¢ on
cont ai ning the copol yner and silicone oil are described. [0005] In a
pat@nt chinpes at ipe Entadndhgi £bal hagaLoardgry imeesr cabobpraf ned by addi ng
pol yet her nodified silicone oil having HLB of 3 to 12 to a non-silicone
based filmfoimng resin is described. 20[0006] In a patent
literature 4, a copol yner containing both-end (nmeth)acrylic nodified
siIicogégggtgﬁﬂﬁqgﬁpolynerizable nmononmer units and netal atom containing
pol yne ' r units containing a divalent netal atom and a
coatin?088gPosition containing SF-2303 3 the copolyner are descri bed.

[ 0007] In patent literatures 5 and 6, a polysiloxane/acrylic resin
bl ock copol yner having a crosslinked structure due to a given netal 5 and
an antifoul i A CUEIGUSg2EBAPHS | AU ICHET af ¥ ng ANRBAEEpBIGINES ayetelesceri bed.
[0008] In patent literatures 7 and 8, a graft copol ynmer conprising

(et h) massyl § angriouhaorisgi adglpat y etdadr 2 srodive i e hdbielreconepamsh df-anot her
pol ynmeri zabl e nononer, and a coating conposition containing the copol yner
are deggrifeds,,Fild 8# LhBbr—contact portions of ships, fishing nets,

marine structures such as supply and drain pipes for seawater, etc.,

appearances of the ships, etc. are marred and functions therecf are

sometimes impaired. Especially when such aquatic organisms adhere
20 and propagate on a ship’s bottom, surface roughness of the ship’s

bottom is increased to sometimes induce lowering of velocity of the

ship and increase of fuel cost.

10003]

In order to prevent such damages, the surfaces of the above



Patent Literature 15[0009] Patent literature 1: Patent literature 2: JP
2002- 3270643 A3 JP 2008-1896 A Patent literature 3: JP 1994-104793 B2
Patent literature 4: JP 4, 154, 345 B22 20 Patent literature 5. JP

2001- 72869 A Patent literature 6: JP 2006-77095 A Patent literature
7 JP 1996-134153 Patent literature 8: JP 1995-305001 SF-2303 4

Summary of I nvention Techni cal Problem
: In order to prevent such damages, the surfaces of the above

substrates are coated with various antifouling coating materials.
For the exhibition of antifouling effects, physiologically active
substances (e.g., organotin compound) have been added to the

5 antifouling coating materials in the past. However, problems on the
safety in the coating working and the environmental safety have been
recognized, and development of antifouling coatingmaterials capable
of preventing adhesion of aguatic organisms without using such
physioclogically active substances hasrbeen promoted.

10 [0004]

For example, in patent literatures 1 and 2, an
organopolysiloxane~thio block vinyl copolymer formed from a
polyoxyalkylene group—containing vinyl copolymer block and a specific
organopolysiloxane-thic block, and an antifouling coating

15 composition containing the copolymer and silicone oil are described.
[0005]

In a patent literature 3, an antifouling coating material
obtained by adding polyether modified silicone oil having HLB of 3
to 12 to a non-silicone based film-forming resin is described.

290 [0006]

In a patent literature 4, a copolymer containing both-end
(meth)acrylic modified silicon-containing polymerizable monomer
units and metal atom—containing polymerizable monomer units

containing adivalentmetal atom, and a coating composition containing



[00101 In the_conventional silicon-based antifouling coating 5 materials,
vari ous BT%%@%nB have been left. In particular, antifouling coating filns
formed fromthe antifouling coating cénpositions described in the above
patent literatures 1 to 3 are inferior in long-termantifouling property
in dry-wet alternate portions of ships or the |like and portions thereof
near the surface 10 of water though they exhibit certain antifouling

per f or B €ORPLIEEE /6 HRacriped-al ways subnerged, so that an antifouling
action over a long period of tinme cannot be expected. In the antifouling
coat i ngl@@hplosi ti on described in the patent literature 3, conpatibility of
the non-silicone based filmformng resin with the 15 pol yether nodified
silicone oil 15 hadntandoratbredi pganer ke yaGeUkSne AR ANAl LB n
antifouling property cannot be maintained over "a | ongperiod of time. The

antifoul i itLon contaknin ol ysi,l oxane/ acrylic. resin
bl ock g%%%%i%@??hgﬁ?gﬁﬂ¥§§ﬁ%éé?%ﬁ%gagnephgt%% éH%EPP?éFh?JPéM%lg?t%f does
not exert satisfactary antifouling 20 effect unless an antifouling agent

i s PurtEt 2BREEEAHINDRR P TIRPPE Bl P GOpEapRERY thEnFRIC e RE ai ned.
Al so the antifouling coating conposition containing a graft copol yner,

whi ch idesdesdeidbed in the patent literature 7 or 8, is insufficient in the
| ong-term antifouling property, and the conposition is insufficient also
in SF-280%3%]5 physical properties such as crack resistance and strength of
its coating film [0011] It is an object of the present invention to
provide a 5 si|i b GopQly j C o] as
above, has eé%é %§%§t|%ﬁgg?ernm5n??%%%ﬁ%hgig@%égr%§S%E§%§Pﬁgégg#§£§%t
alternage @&é%iog,of a Shkf or the like and a portion thereof near the

sur f ace'"5it &Y PsIERWRTTUHE 3188 PRIFREREh AL derfeAgt Hodhf and
recoatability, and exhibits high antifouling performance even if an 10
antPf odnotgezgert vier g lgduenimemdand sanest bud icogresaticmycoohpbsing on
contai ning the copolymer as a vehicle. Solution to Problem[0012] 15There
i S prowihgedobyliherpseseddsgdiveati on a netal -crosslinked

or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [D having a structure in
whi ch an or ganopol ysi | oxane-thi o bl ock vinyl copolyner [C] having a

car boxylic acid-containing vinyl copolynmer block [A] foijited from
constitl%i%nal ﬂni s derived froma pol yneri zabl e unsaturated 20
carbox§£%8—é@ﬂd~%§i) and constitutional units derived fromat |east one

ot her pol yneri zabl e unsat ur at ednononer (a2) copolynerizable with the

pol yneriez8bFeluR85B2 U ER ed carboxylic acid, and an organopol ysil oxane-thio
bl ock [B] represented by the following fornmula [I] is crosslinked with a
di val edtbogéfal [M, SF-2303 6 [0013] R'RI1 R" R12 1113 R-Si0-(Si O
t-(810),-Si-R)iil111 14111 [0014] wherein each Rl11l is independently a

hydrocarbon greuRt0f i deftrelQ Cabbopoat 99PpeRue, RI3 and R14 are each
i ndependently R or a divalent thio organic group of 1 to 20 carbon atons

(with the prqviso that at |east e 3 and R14 is a divalent thio
organic grou%g%?ni i%?%ﬁfgﬁﬁ' %ﬁ g 0%§§§f?§?% n integer of not |ess than
0, and u is an integer of not less than 1. 10[0015] The

pol yneri zabl BabRREt tH & 0@ BoxyFi 98¢0 Y& BZ preferably at | east one
selected from (neth) acrylic acid, maleic acid, fumaric acid, itaconic
acid, citracbatenaclitaratunsddcylJEend cla4)3M5 [F016] 15The pol yneri zabl e
unsaturated nononer (a2) is preferably a polynerizabl e unsaturated
cagdoxylic aphdegstBitd@dlne G: @prCoOtinpidan of apol ynerizable

unsat ur at edcar boxyl i ¢ aci dester (a2l) and pol yneri zabl e group-cont ai ni ng
pol yet her nogdifj il i (a2 )( The pol yneri zabl e unsat ur at ed
car boxylic ag%%éggtégé%ééﬁﬁiﬁ g' é&-%@%@oéﬁi%ag%nes, vi nyl esters,

(neth)acryl am des and vinyl ethers. [0018
Patent literature 7: JP 1986-134153

‘Patent literature 8: JP 1995-305001



The HLB of the pol ynerizabl e group-containing polyether nodified silicone
(a22) i%Fpfeférably not nore than 18. 5[ 0019] The acid val ue of the
or ganopol ysi | oxane-thi o bl ock vinyl cépolyner [C] is preferably in the
range of 1 to 200. [0020] The glass transition tenperature (Tg) of the 10
or ganopol ysi | oxane-thi o bl ock vinyl copolymer [C] is preferably in the

range of -50C to 60C. [0021] The wei ght - aver age nol ecul ar wei ght
(Mw) of§3@ﬂ£§ﬂ4ﬁﬁm&ﬁaE&ngbxane-thio bl ock vinyl copolyner [C] is
preferably in 15 the range of 1,000 to 200, 000. [0022] The di val ent

nmet al [Mchrsiqalefrerhbey at | east one selected from zinc, copper, cobalt,

ni ckel , manganese, magnesi um and cal cium [0023] 20The netal -crosslinked
or ganop@ad sl oxane-thio bl.ock vinyl copolynmer [D] ispreferablya

copol yrmer wher ei nt hepr oporti onoccupi ed by the carboxylic acid-containing
vinyl copolyner block [Al.is in the range _of 5 to0 98 5%Db ight, the
proportion oggh5?EH%B9L?%51§%626%Q6F§?i-8§S%e??ﬁﬁ§9 %ﬂ%(cF§¥?? in the
range of 1 to _80% by weight, = SF-2303 8 and_the proportion occupied by the
di val e GRS s VRRIPHE RERRYE™T DoVs Peenedeby- wenghertiGiiEgn% by wei ght
of the solids content. [0024] The netal -crosslinked

or ganopulbididudiagecvat ondl Dcknsy iffioyimedopobynehne [ Dt ificefléngbtya tiasy a
viscosity of 50 to 100,000 nmPa-s/25C in the case of a nonvolatile content
of 50%durpeRiighbns[ 8825 ibed in thBeiBo¥S &R P1OYEISE A48t 8b- §ross! i nked
or ganopol ysi | oxane-thi o bl ock vinyl copolymnmer conposition 10 characterized

by conmprj.si the | - ssld: . il oxane-thi |.ock vinyl
copol YRS Tan oha S S ot LA aEnt Chrt o va RodF BT
conponent. .The ter-repell ent conmponent i s preferably at |east one

Sel oot SPTFERF Y mSEHPE BF | THEORA 461910 REThy PABHAIIC NPehibeoir faze
fluorine-containing silicone oil, fluorine oil and paraffins. The

hydf oplifl weteonpoaesit ileprathdilodlyl gepbh et delrifmdiifigegesféimome 6inl havi ng
HLB of not nore than 12. [0026] Mreover, there is also provided an

ant i f ogloirftg oagathag 2 ARSI bubhe €dd@l,acie tha@da®yartOrmesilshydsdteon

nmet al - crossl i nked organopol ysi | oxane-thi o bl ock vinyl copolyner [D] or the
nmet al - iﬂ&ﬁﬂ opel ysi thL o plack i n :
conpos%%%%ﬁ% Tot F%%%?pfggl?ﬁ%%%é?@%&e%%ﬁ% |t|o€fan%%t| o%#?gg&%ggﬁ{ may
be further ,added. SF-2303 9 [0027], - There.are al so provided by the
o esonE o Bt FOIPURL S FISAATAGEtoR | HiE 9T totad CF RGN b

met al - crossl i nked organopol ysi | oxane-thi o bl ock vinyl copolymer
conposiceppatdpilhey Diaklne Mewishdicont bagpecofpbeifdmrndaretbsiabechbi th a
coating film having a substrate whose surface is coated with a coating
fi15n opvayeedebynedifiirgl tshéinehal oLk GssS bakk ednar §an eelews hy onarie=dini 0

bl ock vinyl copol yner conposition or the antifouling coating conposition;

an underpwats! ¢ RUGEUESe AW YA 1SHDSEE A YRRSE S ULE 368 k81 RORLRL M th 10

the antifouling coating film and a ship having a ship substrate whose

surface i s coat.ed, with the _antifaouli coating film [0028 .. n
anotheﬁ%ﬁﬁﬂﬁﬁr%%j¥%él%ﬁésen %n§&§ﬁFEgﬂ9CpﬁgFggF?mBPE%FH%Hé%PFﬁﬁqﬁﬁ?f(n
preventing fouling of a substrate, conprising coating 15 a surface of a
subst r 8tRCWH PR edACT YV SLEi 1Rpicoht ¢ @l COPPAYTEDO29Tich 1s desprbedrirher
aspect of the present invention, there is provided a process for preparing

t he netak-matess] 1iked nngah opod y sbksxatestdio sbt beka vt ovyl acopidyinerg [ DI
conpri singm xi ng 20 the organopol ysi | oxane-thi o bl ock vinyl copolynmer [(

with atrkeastudne £anPonde Sl et gggﬁf o1 %r@iﬁiegead@ecﬂygﬁexiﬂﬁ%—ﬁéxﬁhl oride
and an organi c carboxylate of the divalent netal [M to subject themto

met al Sﬁ%%%glﬁli:&%ip%pre%%%t icgpmotsxl):é 2Ir%aoisnt:lz'ac:)Lned. Also the antifouling

coating composition containing a graft copolymer, which is described
in the patent literature 7 or 8, is insufficient in the long-term

antifouling property, and the composition is insufficient also in



Advant ageous Effects of Invention [0030] The antifouling coating

conposi tFoA3@dnt ai ning the metal -c osslinked organopol ysi | oxane-thi o bl ock
vinyl copolynmer [D] 5 of the present Pnvention can forman antifouling
coating filmhaving excellent long-teini antifouling property even in a
dry-wet portion of a ship or the like and a portion thereof near the
surface of water where characteristic |owering of performance of
conventPlorRicadi Mreprst basesuantd S culdickg repastagcersret isdirsnga beelrts
observed. 10 Since it is unnecessary to add poi sons such as an organotin
conpounchdtoirsudilan antifoul ing coating conposition, the coating working
envi ronnent can be inproved, and this conposition is excellent also in

envi ronfmntgl safety. 15 Brief Description of Draw ngs [0031] Fig.
1 is a chart of an IR spectrum of a netal -crosslinked copolyner A-1
(Exanple 1).

. . Flg. is a chart,of . IR spectrumof a
met al - cr ossl i'Mkeéd 38 88%%?€H%F%£¥?PF§f§ﬁ%lénﬁﬁgklon'Uygﬁpﬁ?gé s a chart
of an IR spectrum of a netal-crosslinked copolyner A-3 (Exanple 3).
Fi g2 4 Fisliggkaresef eePeRpestich bes Shetcsl Surbseroblass espabyver A- 4
(Exanple 4). SF-2303 11 Fig. 5is a chart of an IR spectrumof a
met al - dvags Slxicek édnt opohyresriA-cht(iFvaiphe Broperty eveh gn 8 dsy-avethart of
an IR spectrum of a netal -crosslinked copolymer A-6 (Exanple 6). 5Fig. 7

is a charler@hranpd R e gmsgi;f) rehal 1 KOS 'akggr@&@'tw&%oé-ﬂe_a(ﬁxaﬁp' e
7) Fig. 8 is a chart of an IR spectrumof a netal -crosslinked

- copol yngr., A: le.8). . ig..91is . achart of an IR

spect r lﬁeo%gf%%gé?&%&%r i ﬁieedicf&lggﬁo?{;%‘grmﬂ@cfl@éﬁ% e";t_féc)e.nggh and pjg.
10 is a chart of an IR spectrumof a netal -crosslinked copolynmer A-10
( Exanpl¥&cpgfability, amdgexhibits fighantidruddnpreyermanseotven 1f an
net al - crossl i nked copol yner A-11 (Exanple 11). 15Fig. 12 is a chart of an
| Rl8pectydioof ing metal icmusshdakddacdpolaymef oAl 12g CEraimy ech@dsition
Fig. 13 is a chart of an IR spectrum of a netal -crosslinked copol yner A-13
(Exanpl®ntd)ining the copolynfdrdasld ¥8hacthart of an IR spectrum of a

net al - crossl i nked 20 copol yner A-14 (Exanple 14). Fig. 15 is a
chart of an IR spectrum of a netal-crosslinked copolynmer A-15 (Exanple
15) . Fig. 16 is a chart of -an IR spectrum of a netal -crosslinked

copolyner A-16 (Exanmple 16). SF-2303 12 Description of Enbodi nments
[0032]SH%F5F98ré% rEﬁ?&éﬁ“organopolysionane-thio bl ock vinyl copol ymer 5
The netal -crosslinked organopol ysi | oxane-thio bl ock vinyl copolynmer [D] of
the prdf€atlinvention is a conpound having a structure in which an

or ganopol ysi | oxane-thi o bl ock vinyl copolymer [C] that is faulted froma

catboxyl i ¢ achédredrtmidiing:d/bayheccondamel nddack ] Anefan medof$ Difked
constitutional units derived froma polynerizable 10 unsaturated

car bOX})SEPSn@ﬁ&ﬂy%ﬂc)X%d—tﬁ‘ig%%éérgo bana cggégf%%gm%gvﬁhgbfq 8lrlaagh, one

ot her polyneri zabl e unsaturate neriz w th the

polyneri zahl e unsaturated carboxylic acid, and specific ,

D anonBi T FoRa e SR HEBS Y S kT T it i P RRaiL SPER ST S v iBgt al [ M
15[ 0033] In 100% by wei ght of the netal -crosslinked

or ganopof3shrdaxdire achfoconlorkniviin ying é peinmemerDpl¢shl iAds foome@direm, t he
proportion occupied by the carboxylic acid-containing vinyl copol yner
bl ock [éhststyprefreriahing tsndebéveangeomnfa pdigm@8i Yo by weighirated
20 carboxylic acid (a3l) and constitutional units derived from at least
one other polymerizable unsaturatedmeonomer (a2) copolymerizablewith
the polymerizable unsaturated carboxylic acid, and an

organopolysiloxahewthio block {B] iepresented by'the:following

formula [I] is crosslinked with a divalent metal [M],



20 nore preferably 10 to 94% by wei ght, the proportion occupied by the
organod%f?%?@%xane-thio block [B] is preferably in the range of 1 to 80%
by weight, nore preferably 5 to 50@6b§ wei ght, and the proportion occupied
by the divalent netal is preferably in the range of 0.5 to 16% by wei ght,
nore preferably 1 to 10% by wei ght. SF-2303 13 [0034] The
proportion of the carboxylic acid-containing vinyl copolynmer block [A],

t he proHHpﬁﬂon of the organopol ysil oxane-thio block [B] and the proportion
of the divalent nmetal [M are based on 5 the weights of the polynerizable
unsat urated carboxylicacid {4al) and thg pol ynerizabl e unsaturated nononer
(a2), the weight of tie nmerRBapt oRrodi fRed pol yorganosil oxane [B], and the
wei ght of the divah@ﬂ%&gLakSi __é&%h 13 conpound, respectively,

sai dconponents (al), (a2) a Eﬁhgﬁd [,he nmetal conpound being used as raw
materials 10 for prep&ing Rhe m& al - dtossl it nked erganopol ysi | oxane-thio

bl ock vinyl copolyner [D] or the organopol ysil oxane-thio bl ock vinyl
copolyqﬁ{ [C] that is a precursor of the copolyner [M [0035] Fromthe

Vi ewpoi O 4d% coating filmstrength, -1ong-1asting 15 antifouling
performance and handling of copolyner solution, the viscosity of the

met al - cr oss| whiesdinrepariopol yisi insependditd ybh duidndarpboopobymerf Lo i s
preferably in the range of 50 to 100, 000 nPa. s/ 25C, nore preferably 100 to
50, 800 1mRee Shctb&komd), RHe REseidot™ areanws] abddereRareftr'0b 2080 byt sl ght .

If the viscosity is less 20 than 50 nPa-s/25C, coating filmstrength is

| ower e d bl ti of ng-| ast i L | fo S

i Tl PEoThe iamsarty T Soray P rsn E0 D00 orb-rrs) JoRy - 23 Gt on
fluidit €cores in fJd cLent, so..that handling becones difficult and
antifoﬁ%igﬁaﬁggﬁg?t end tSngegdefﬁr?6%&?@89ghﬁ?%%0%ﬁqaﬁ&clﬁFﬁgpéHBunt of
a SF-2303 14 solvent is necessary in the preparation of a coating

mat er i d toTHe carbepobBen$le doAteal "Liteaeoprreatedesisnivest ibnandferis to a
heating residue after drying for 3 hours in a hot airdryer at 108C, as
descri badinhegbe d@trert deser ithad exanples, and the "solids content” can
have 5 the sane neaning as this. [0036] As the divalent netal N to
crpgslirpls1the organopol ysil oxane-thio bl ock vinyl copolymer [C], zinc,
copper, cobalt, nickel, manganese, magnesium or calciumis preferable, and

10 zinc or c er Jjs particul arl referabl e. 037] [ C] .

Or ganopol ysi §§ %i*@#%}%ﬁb §ku§Fé§ r@%%%l%ﬁé@pxgaéco%ﬁgﬁgﬁ%}&éVﬁoxane-thio
bl ock vinyl copolynmer [C] forned froma carboxylic acid-containing -
vi nyl Eé‘ﬁ%??%fyﬁ é@ﬁs[:ﬂﬂeﬁﬂl%eféfm%mﬁﬁéﬁﬂléﬁmhﬁadeliIC@&dC{rB] is a
conpound whi ch should be called a precursor of the netal-crosslinked

or ganopuoingsi ¢ eaEnk- thaocoh] odcivi, nylit capativmaci f0ind [W@dd8)lenic acid. From
t he vi ewpoi nts of consunption of coating filmand water 20 resistance of
coatingobhiém the acid value of the organopol ysil oxane-thio block vinyl
copolynmer [C] is preferably in the range of 1 to 200, nore preferably 10

to,120. [ 003 SF- hysical _properties, the glass transition
tgﬁ%erature ?%%)pé}§%%%§Zé%&%né%%%?%? %?gﬁ%¥¥ﬁ?5 B?g&kl%igﬁﬁféﬁﬁé&Vyﬁer [ C
is preferably in the range of -50C to 60C, nore Ereferably -30C to 40C
[ 0040] P@hﬁe%%@- é@éﬁé@éaﬁﬁﬁeﬁﬁ%xmcgﬁtclém oF fawel), or a
or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [C] is preferably in the
range ofmidiggoidrooR800080er pelel pneseratd yed2;000xtyd i 6GAA@&stetri (d2 1nor e
preferably 3,000 to 20, 000. When the organopol ysil oxane-thi o bl ock vinyl
copol yaed p&lyiaviagla Webaptcanes adedlacutasr Web@hti L0 afi is4gh a range
is used as a precursor, a netal-crosslinked copolyner [ID] having a
viscosigyzﬁpitable for handling in the case of a proper concentration of a
solutién or an antifouling coating conposition can be prepared, and a
cg&%inggéi%f1faulted froman antifouling coating conposition containing
S a tal -crosslinked copolyner [D] has 15 a proper strength and tends
to exhibit excellent |long-lasting antifouling performance.

The polymerizable unsaturated carboxylic acid ester (a2l) is

preferably at least one selected from (meth)acrylic acid estérs,



[0041] [A] Carboxylic acid-containing vinyl copolymnmer block The carboxylic
aci d- confafaPAg vinyl copol ymer block [A] is 20 constituted of
constitutional units derived froma pdlynerizabl e unsaturated carboxylic
acid nononmer (al) and constitutional units derived fromat |east one other
pol ymeri zabl e unsat urated nononer (a2) copolynerizable with the

pol ynmeri zabl e unsaturated carboxylic acid. SF-2303 16 [0042] (al)

Pol yner FzeBt eSSty ateHeEar bosgi ) acilanides ang vinylpeltyeesi zabl e

unsat urated carboxylic acid (al), any of hitherto publicly known vari ous
nmononer §00B&F ng a carboxyl group and 5 a pol yneri zabl e doubl e bond can be
used. Exanpl es of such nononmers include (nmeth) acrylicacid, dibasicacids,
such asnal ei orracighp HMRRLCpATH 4 [ Ldoand; Ci ' id,
nonobasi ¢ aci ds of nnnoeste?s of %%%%ggﬂﬁggs?cg%idsfﬁﬂ%%gggggﬁ?%gacid, and

| yrer i zabl { boxyld.c_aci d btained b
i o~ DRBNTTE 0 HaarPlen 612 ot ek RRRYOY! BEC LB RaPr 2abl & hydr oxy!

group-cont ai_.ni ng conpound. In the present invention, the "(nmeth)acrylic
aci @ iE'® Yeneric nane of "acrylic acid" and "nmethacrylic acid", and the
sanme shall apply to the term"(nmeth)acrylate” derived fromit. 15[ 0043]
(a2) Pol yner iZeblaeidnsal ue abdchmromemopolysildhensttitdio pabyrevimabl e
unsat urat ed nononer (a2) copolynerizable with the polynerizable
unsat ureded wrrbaxy!l i s ged Ly iinckudeszaqPaby Nerizaghe unsaturated
carboxylic acid ester (a2l) 20 and pol yneri zabl e group-cont ai ni ng
polyethﬁﬁ) dified silicone (a22) . As the pol ynerizabl e unsaturated
nononer (a2), the polynerizable unsaturated carboxylic acid ester (a2l)
may be used alone, or the polynerizable unsaturated carboxylic acid ester
(a21) and t he 5oy REri ZEM &l ighBu - EbRratHrag (FH vkt e nodified silicone
(a22) may SF-2303 17 be used in conbination. [0044] (a2l)
Poll§merdragyiopolis al oxanedviar bdrykiciraci dopslgne EX@ipiepmfferhbly in
pol yneri zabl e unsaturated carboxylic acid 5 esters (a2l) include the
fol | owt@g Gefpeunds-50°C to & iphatic, alicyclic or aromatic (nmeth)acrylic
acid esters which have about 1 to 30 carbon atons and may have a hydroxyl
group, Fﬂdﬂl on or fluorine, such as: nethyl (neth)acrylate, ethyl
(neth)acrylate, n-propyl 10(neth)acrylate, isopropyl (neth)acrylate,
n-butyl (neth)acrylate, isobutyl (neth)acrylate, t-butyl (neth)acrylate,
2-ethy|hexylq%ﬁe?ﬁ}%%?@?%ﬁﬁﬁg%é%ﬂ%ﬁﬁi?% W%ﬁ$¢5a@@9l8?e¥h?etrahydrofurfuryl
~(neth)acrylate, stearyl (neth)acrylate, lauryl (neth)acrylate, benzyl
(net h) %WMP@%YaéH@%@ne—(trbé{thpé@ﬁ gyl Reradlgesyt (€5 {merkfacehlatio
oct adecyl (meth)acrylate, nethoxyethyl (neth)acrylate,
2- hydr axyetrhybe (0t h)Gar Weat2@0, 2ohydr oxypropyl (neth)acryl ate,
2- hydroxybutyl (neth)acryl ate, 3-hydroxypropyl (neth)acryl ate,
4- hydr gxybgyyl (neth)acrylate, (poly)caprolatone 20(neth)acrylate,
(neth)acryl oxypropyl polydi net hyl sil oxane,

(et 1) ac. vl atBs he T Hesh bPoLt A RO obch ) abr At
SF-2303 18 styrenes, such as styrene and a-net hyl styrene;
from zirc, copper, cobalt, nickel, manganese, magnesium and calcium.

[0023]

20 The metal-crosslinked organopolysiloxane-thio block vinyl
copolymer [D] ispreferablya copolymerwhereinthe proportionoccupied
by the carboxylic acid-containing vinyl copolymer block [A] is in
the rangé of 5 to 98.5% by'.weight, the propoftion occupied by the

organcpolysiloxane—-thioblock [B] isinthe range of 1 to 80% by weight,



vi nyl esters such as vinyl acetate and vinyl propionate;

(met h) a& g@des, such as N,N—dinethglacrylanide and
dinethylanlnoethylacrylanide; and

5vi nyl et her s, suchaset hyl vi nyl et her andi sobut yl vi nyl et her. [0045]

These conpounds can be used singly or in conbination of two or nore Kinds,
when needed. [0046] 10Wen bot h-end (neth)acryl oxysilicone having S|I|cone
(e.g., dBicspPrererhier rgt@wiscopyl Fhel deiahstiymsthdxbhe)n itseusandgas t he
pol ynmeri zabl e unsaturated carboxylic acid ester (a2l), coating film

dur abi lof 0 .Gamob@6k npy oxeidyHyy ir it 0@% dby iwedighas ef ofthé heIckes sbhakneensi ty.
The exanpl es include "FM 7711", "FM 7721" and "FM 7725" 15 (trade nanes,
avai | abjgAdajom Chi sso Cbrporatlon) "X-22-164",

" X-22-164A5", "X—22 164A" "X-22-164B", " X- 22- 164C" and” X- 22- 164E" (trade

nanmes, avail ahl e and "T 9706"
(avallable f?%’ ?1é%oi%r1%{ﬁgﬁggﬁ€98 ?il%%.f% [Yﬁﬂﬁﬁ
20(322) Polynerlzable %roup cont ai ni.ng pol yet her nDdlfled S|I|cone

he FHYABELZHD BLGEBLRD L RES %.Vﬁ@%étt)étqfe%@ Ui PP P & PPREBARS (B22)
pol yneri zabl e group-containi ng pol yether nodified silicone [A] described
i n the iaf ¢hesabdepaf emtndnud=dtidee cnidPt SF-AB0Dy1¥e26D8- 1896) or the
| i ke can be nore specifically used. [0048] That is to say, as the
pol ynerfigpalshe group-contai ning pol yether nodified silicone (a22), a
silicone conprising constitutional units 5 derived from pol yether nodified

silicone (a2 e e f la [I1] and/or
constltutlongjﬁéum?g %§r|3gﬁﬁ¥¥%ﬁ%px) JE}#Hi %’silicone (a222)
represented by the follow.ng fornula can be used. [0049] R R21
R2121R§f9§§?P§iYﬂlz‘1X%%“t6u€sPé)xk(‘s,ittﬁyh %%?@)Ymes CRUPPIEBLPRR 2223 R 0- (R
0),-(R240) b-CONI - | - X-OCOR25 22 R-0-(R230)a- OR240)b-FI 10 [0050] In the

f ot@ul ghprppterized drid eomprd séaghthe postalvardsstlégéerdi ndi cating the total
nunber of the respective repeating units. These repeating units may

be arr angedopbl yanusmmy-tmy beocakranged cspasmts 10]ferdan bl ocks. [0051]
Each R2l is independently an unsubstituted or substituted nDnovaIent

o oups R aeh Se TRy 1= GRS Te Ryl Coroup o am 20 B AR ButyT gr oup,

pe”ty'w%%OUPrgggthﬁ%”co %8gght 5?%3%%é¥abgro%Pieast one selected from

dimethyl silicone o¢il, methyl phenyl silicone oil,

15 fluorine—containiug silicone o0il, fluorine oil and paraffins. The
hydrophilic component is preferably polyether medified silicone oil
having HLB of not more than 12.

[0026]
Moreover, there is also provided an antifouling coating

20 composition characterized by comprising the metal-crosslinked
organopolysiloxane—thio block vinyl copolymer [D] or the
metal-crosslinked organopolysiloxane-thio block vinyl copolymer
combosition. Tothisahtifoulingcoatingcbmposition,anantifouling

agent may be further added.



SF-2303 20 such as cycl opentyl group and cycl ohexyl group; aryl groups,
such ass%ﬁ%ﬂ%? group and tolyl group; aral kyl groups, such as benzyl group
and 2-phenyl et hyl group; and halogena?ed al kyl groups, such as 3, 3,
3-trifluoropropyl group and 3-chl oropropyl group. O these, 5 nethyl

group, ethyl group, phenyl group, vinyl group and 2-phenyl ethyl group are
preferable, and nmethyl group is particularly preferable. It is
partlcui%¥49 preferable that all of R21 are nethyl groups. [0052] Each R22
i s independently a dival ent hydrocarbon group of 1 10 to 6 carbon atons.
Exanpl es of R22riermtadese GH2CHRed byQHRGHRPEGHN, i nHRAGHRCHR 6121 fouling

- CH2CH2CH2CH2CH2-, - CH2CH2CH2CH2CH2CH2- and - CH2CH2CH (CH3) CHeCH2- . O

t hese, cﬁﬁaﬁazfﬁmdfogwﬂ%zth@r gebreferahliemanrd - CH2CH2CH2- i's
partlcularly preferable. [0053] 15R23 and R24 may be the sane as or

di fferent d.ar nde ndentl an Iene roup of

2 10 4 oLy S B o O o PR g OF te
CH2CH2- - CH2CH (CH3) - CH (CH3 CH2 and - CHRCH2CHRCHR- . O t hese,
CHZEL méwﬁd@atln%ﬁ%ﬂ%m?m r?d’bséﬂa(—@—ﬁ%tmﬂoé%nﬁr@@habl e,

and CH2CH2- is 20 particularly preferable. [0054] That is to say,

- (R23-@viagERadb9)rdi-c wsogm ehefats ys pohyed wet hy ere: igigofiolm obtained

pol yoxypropyl ene group, polyether group having both of them or poly

(oxyet amxyﬂh@méltanehr@égypnkeGSErﬁé%H@p@ 410Q33heathso @ckatalyinumber

of repeating units of (R23-0), b is the tot nunber of repeating unlts of
(R24-0 e d n n_i er..of 1 to 30,
oref er )a(?b';)y grrrlté?n%forgﬁ 1?%?1 é)'} %Hgogﬁp}‘% ulli% clo}étiln%f g?%%fsyltajﬁn'n?eger of
3 to 15. These repeatin ni t.s may be arranged at random or may he
arrang@dd§6W§Ee¥6RFBFﬁPg?gﬁﬁ§ﬂ9U56§§FtﬁE§e OéﬁdﬁyﬁﬁFﬁza%F@aﬁﬁgaﬁﬁ?hted
hydr ocar bon group-contai ning 10 group. Exanples of R25 include
pol§metheaite fimvd dnarestead nlyiirlovanivd n Prigupatiors aishilpgsursiupseiwhoski ch t he
total nunber of carbon atoms is 2 to 15, preferably 2 to 10, and which may
have assulistét tentcatsidviasn CH2=g&t i r&Hi2s Gd3)ing &1+ 8- CH=CH-,

CH3- CH=C( CH3) -, HOCOCH=CHand CH3OCOCH=CH . In ot%er wor ds, -000R25
represq@bggg pol ynmeri zabl e 15 unsaturated carboxylic acid residue

(pol yneri zabl e unsat urated group-containing carbonyl oxy group). As
exanpl es of 000 i.e., R25000-), acrylo roup (CH2=CHCOO- ) and
met hacr yl oyl 6%y néRDrztg]&(ﬁ %@%{%ﬁ?&éﬂ?%ﬁﬁ%’éﬂﬁéﬁgr o‘ﬂ’gedfe {7 RIRYCEEh

pol ymeri zabl e unsaturated carboxylic acid residues in which the t ot al
nunber aofeRE dOFoRr AT oHELNS fPulsnget gr stlbphblie, 3 copprisimmdomttiion nay
have a substituent (e.g., -COOH), for exanple, groups derived from dibasic
paly neri sabfacejrtsfatajrsa:bedreaebmw}h I ttheacinds foalthg asodwmilre) FAyhoXy group

( HOOCCH=CHC00-, cis) and fumaroyl oxy group (HOOOCH=C1-i000-, trans), and
estersphbggeof can be also nentioned. SF-2303 22 [0057] Xis a

di val ent hydrocarbon group or -YNHCOOZ-, Y is a diisocyanate conpound

r esi due, and dlva ent r.ocar bon .gr ou [ 005 5The nunher of
carbon atons 1’?fa f&ll ST ¥dc 58P e ef'la%e%)t]fl}’ éﬁef%ﬁa RR¥1fGAber of
carbon atonms of Zis usuaII 1 to 12, preferably 2 to 6. [0059] The
d||soc?aﬁ%@%ﬁ%%d%dhﬁdeBPIW“ﬁayh%émﬁﬁﬂnﬁépﬁéll%k%%at|c or 10 alicyclic

i socyanate or a both-end reactive isocyanate ol igoner, and exanpl es

t her eobrgandpme dilpkenygtnbibbiecHiviiagt yapatlgme MDD) , cdmplrikene mdiki agcyanat e
(TDI) , xylylene diisocyanate (XDl) , 1,5-naphthal ene diisocyanate (NDI) |,
p-Ehenyheng olinbpety8Nad eand Fdisr Qléc]@%h?'fﬂ%@yﬂie&:s y peyanahed €Ebky . 15

1, 3-bis (isocyanatonethyl-benzene) , 4,4" -dicycl ohexyl net hane
one compound selected from an oxide, a hydroxide, a chloride and an

organic carboxylate of the divalent metal [M] to subject them tometal

esterification reaction.



diisocyanaée gHIZNDI) , 1,3-bis (isocyanatonethyl) -cyclohexane (H6XDI) ,
hexanetﬁ§r A8 di i socyanate (HDI) , is%Phorone dii socyanate (IPDI) ,

net a- t et r amet hyl xyl ene dii socyanate o’ para-tetranethyl xyl ene diisocyanate
(mTMXDI, p-TMXDI) , lysine 20 diisocyanate (LD') , and _
2,2,4-trinmethyl hexanet hyl ene diisocyanate. O these, tolylene diisocyanate
(TDI) and isophorone diisocyanate (IPD) are preferable. [0060] SF-2303
23 R R 347232990853 335 (RE3B)VeRO®) R- (Si 0), - Si - R-0- (R 0) - ( R340)

| - CONH- X- OCOR P 131131 [0061] In the foma [I11], Rn, R32, Rn, Rn and R35
have t heO&Hhe nmeani ngs as those of Rn, Rn, Rn, P?4 and R25 in the formula
[I1], 5 respectively. [0062] p is the total nunber of repeating units of
(R33-0), q I srHheritatralil PHgbesaofnd eRARbNE: 4RI Esntofi {iR3A+AL, and they are
each independently usually an integer of 1 to 30, preferably an integer 10
of 2t .G U r | Nt r.of .3 10 .15. These eating
units qn%lay 18%0%3(%5&%5&%%6@3%@%?@%!@% eettglrg?’abnlgoecd( ‘ézbn%]sc?%o Bih E)]?]gc Ks.

[ 0063] r.and s are each also a positive integer indicating the
total 1% ARRRFESS N FRVEUSIL FRY & T@pRR G TaRIL LRI crRédadrEidenbartiani t s
may be arranged at random or may be arranged so as to form bl ocks. [0064]
The polsgasidentoliphieemi kintofeul 22Q Propeprgsevirednby dihe-wledr pukaidgr I] can
be prepared by, for exanple, reacting a conpound 20 representedbythe

fol | owayafsaip ar[tied 19wkehrad aospauns tppresentad the therfed I g4 onul a

[11Db]. SF-2303 [0065] 24 R21IR21R21R21 21111121
where characteristic lowering of performance of conventional
silicone-based antifouling coating materials has been observed.
10  Since it is unnecessary to add poisons such as an corganotin compound
to such an antifouling coating composition, the coating working

environment can be improved, and this composition is excellent also

in environmental safety.

15 Brief Description of Drawings

{0031]
Fig. 1 is a chart of an IR spectrum of a metal-crosslinked
copolymer A-1 (Example 1).
Fig. 2 1s a chart of an IR spectrum of a metal-crosslinked
20 copolymer A-2 {Example 2).
Fig. 3 is a chart of an IR spectrum of & metal-crosslinked
copolymer A-3 (Example 3).
Fig. 4 is a chart of an IR spectrum of a metal-crosslinked

copolymer A-4 (Example 4).
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Fig. 5 is a chart of an IR spectrum

copolymer A-5 (Example 5).
Fig. 6 is a chart of
copolymer A-6 (Example 6).
Fig. 7 is a chart of
copolymer A-7 (Example 7).
Fig. 8 is a chart of
copolymer A-8 (Example 8).
Fig. 9 is a chart of
copolymer A-9 (Example 9).
Fig. 10 is a chart of
copolymer A;lo
Fig. 11 is a chart of
copolymer A-11
Fig. 12 is a chart of
copolymer A-12
Fig. 13 is a chart of
copolymer A-13
Fig. 14 is a chart of
copolvmer A-14
Fig. 15 is a chart of
copolymer A-15
Fig. 16 is a chart of

copolymer A-16

an IR spectrum

an IR spectrum

an IR spectrum

an

{(Example 10).

an

{(Example 11).

an

(Example 12).

an

{(Exampie 13).

an

(Example 14}.

an

(Example 15).

arn

(Example 16}.

IR spectrum

iR

IR

IR

IR

IR

IR

IR

spectrum

spectrum

spectrum

spectrum

spectrum

spectrum

spectrum

0=C=N- X- OCOR
R21, R22, R23, R4, R25, a, b,

of

of

of

of

of

of

of

of

of

of

of

of

222324
n] 5 [0067]

RR R
[l

metal—-crosslinked

metal—-crosslinked

metal—-crosslinked

metal~crosslinked

metal—-crosslinked

metal-crosslinked

metal-crosslinked

metal—crosslinked

metal-crosslinked

metal-crosslinked

metal~crosslinked

metal—crosslihked



[0068] 10Th
[111] ca3h B
(6]
[

[

ol yether nodified silicone (a222) represented by the fornul a
Srepared by, for exanple, reacting a conpound represented by
I gf otula|[ ] with a corffound represented by the foll owi ng
formul a IIb] . [0069] R31 R31 34[ 32 1.13234 HO (R330)2-(R 0),/ R
(S10),-Si -R0- (RO)p-(R1 311 31 [Ma] 15 [0070] 35 0=C=N- X- OCOR
[1 I'l)] [0071] SF-2303 25 In the fornmula [I1la] and the fornul a
[ M], R31, R32, R33, R34, R35, p, g, r and s have the same neani ngs as
meani ngs of those in the fornula [II1] (therefore, the formula [II11b] has
t he sanBeseamnigrasft Babodfmédites forrmula [Iib]) . 5[ 0072] Exanpl es
of commercially avail able products of the nodified silicones represented
by the fogs a [ha] include "FZ-2191" (trade nanme, available from Dow
Corning Toray Co., Ltd. ) , "SH 3771" (trade name, available from Dow
ot NI AR 1 3 ikl dor danadids 1M 3R3A L (4 1011810 Aypllable from
progucts of the nDdiﬁIed silicones represented by the forrmula [I11a]
i ncPude " SF- metel 00 HERhE ke AUIRBCe LY o PR Td PN gl Pekayimel | Lt d.
) [0073] 150f the conpounds represented by the fornula [IiDb] or the
f or mul acopolymer [DlcofpbaprdssaheriaivenXips iz atvab@ntd hydirecasbhencgnoep
i ncl ude 2-net hacryl oyl oxyet hyl isocyanate, 2-acryl oyl oxyethyl isocyanate,
2- met hait wihayhoxy redidaylopb s 96 ¥ Bbad e —t2rial by bey [ vryTe sy 1 yriac anat Bat
2- met hacryl oyl oxybutyl 1socyanate and 2-acryl oyl oxybutyl™ i socyanate . 20
O the - h I i yﬁggg i:S _p - . Exa es_ of
conner§§3F%§E%§a??gﬁfg%%%§§%%?éko%é§€c c5%€6§ﬁdgf$ﬁ%?%%%lyﬁgFgﬁ%Oik]"
(regist re% tradepar k, avai.l abl e inﬁ]ShOWﬁ Denko K. K. ) and "Karenz AQ "
(regi st ¥ted EFGadernbr R, CRFAH TR 8NR 1 S SRS TBERRoTICM R Pplymeppzalple
SF- 2303 26 On the other hand, conpounds wherein X is -YNHCOOZ-, Y
i s18 diunsedyanaed camouid o esiduéalamhd dopsgitnvadrent unydsodarboed gr oup
may be reaction products of the above diisocyante conmpounds w th hydroxyl
gr oup- conmimiani dgastesdy @t polgnbdieshes sundtarpkes wbndmdhedpidr oxyl
group-containing (nmeth) acrylic acid esters include 2-hydroxyethyl (neth)

acryl a 3 ; 2 = b ryl ate,
A b e o e s e

reactiqn of the.diisocyanate conpound w.th th r.oxyl gr.qup-cont ai ni ng
(neth)a&@?@ﬁ'€C52I8‘°é%%PPTSY?%f%¥%R%F@%PgﬂéﬁﬁiP%ﬂlé f%ﬁ%lﬁpgﬁéﬂﬁgithese
conpounds, _ so_that the isocyanate group/hydroxyl group equivalent ratio
beconmes #igAdeBtimetal/ 317 and reacting them  The reaction tenperature is
usually in the range of 0 to 150C, preferably 40 to 100C. In the reaction,
a Upet HA@83deacti on catal yst such as dibutyltin dilaurate may be used, 15
and i f necessary, a polynerization inhibitor such as p-nmethoxyqui none or

hydr oqui none rBYobe B hawemhtt 8rexhst metdn 1he,dBaGkLEN, further, an organic
sol vent, such as nethyl ethyl ketone, nethyl isobutyl ketone, ethyl

t at I, | I t b :
207 0076 o HbBbL PR At B0 R F hv 2t v, Pbpt staneet iy e
formul a %Ila] with the conpound represented by the fo mula [IIb] , it is
pr ef er &BPePFHRPT t UL ©CHRpBaNEE Bhe 1 &mied isoachdrceme indgey anaye

group/ hydroxyl group equivalent ratio becones 0.01/1.0 to 0.5/1.0 and then
react egppolymer block [A} is preferably in the range of 5 to 98.5% by weight,

e
é
the follow n
I

20  more preferably 10 to 94% by weight, the proportion occupied by the
organopolysiloxane-thio block [B] is preferably in the range of 1
to 80% by weight, more preferably 5 to 50% by weight, and the proportion
oécupied by the divalent metal is prefeiably in the range of 0.5 to

16% by weight, more preferably 1 to 10% by weight.



SF-2303 27 though the ratio depends upon the nol ecul ar wei ght and the
nunber %E“%%%?oxyl groups of the former conpound. It is particularly
preferabl e that the conpound represendtied by the fotrmula Ella] is bl ended
with the conpound represented by the forrmula [lib] so that the amounts of
t hem becones the sane noles as each other and then reacted. [0076]

On the other hand, in the reaction of the conpound represented by the
fornuIaIQQ%ﬂ]\M th the conmpound represented by the foirmula 10 [IIIb], it is
preferable that these conmpounds are bl ended so that the isocyanate

gr oup/ hydr oxyithegpawpoegidn abenthe atirbolgtdoesc03-4dnt@inong. 61dy0 and t hen
reacted. It is particularly preferable that the conpound represent edbyt he
foi mul acdddihaler 516¢eNdgdW LAt eRRReHNGE FeRr 858 §sh1R 1t BeahoTinul a
[111b] so that the anmounts of them becones 15 the same nol es as each ot her
and th 7 . Th bove reactions .c be carried out at
a tenpggé%%iiﬁggﬁF{gggt r?@@it%ﬂ? ?ﬁé@?%égfﬁgﬁnofnqﬁg'Egﬂ§3§§§ﬁ§?' %%npound
mﬁtg tﬁglhggnox%l group-contai ning (neth)acrylic acid ester. Further, a
ur ePhare*20erg5EFi Oh [t AYSPeEi it Wrathgeted Sarkpsddet readndyl be
used, and a polynerization inhibitor simlar to that in said reaction may
be al | amedt-beerdymesivdan conganturaiotd eminagiem |(ak) t otlimatveighsadcrtgdact i on
may be used. [0078] SF-2303 28 If the anobunt of the conpound represented

by the rfeoidaptbl nblii ofed o Fyyrgahasf1bkikdt [ ! oS #RE! we Ry Ihennodi fi ed
silicone containing no polynerizable group is fornmed, and because of the

presen f ther i.fie i1 i ch s.ho ihute 5 to
The et o A T st e e S
or ganopol,ysi | oxane-thi.o bl.ock vi nyl] copol yner tends to becone opaque or
tends t& 1& nd 8?%0 aEQpQBr]a”_f‘P‘a er%eGB‘?ﬁ%/JaFW‘BB‘J%ﬂ P& INOFUIShag FEUNR T Jtaﬂlreg
conpound represented by the fo.cuula [lib] or the formula [IIINis too

| atge, fg&l Breparing [thebineted-eoreialinkecherpreppekysidmxeiieithio block

.or ganopol ysi | oxane-thi o bl ock vinyl copolyner. [0079] The

wei ght vaveilagepobymet! @] wei ght 6MMdnefolfe lRelayeethzabdmr edpyaont ai ni ng
pol yether nodified silicone (a22) or the weight-average nol ecul ar wei ght

(Mv) o y ifi.e
si|ic0%8%§§§§§%n§§gﬁ?§§2§fh§eg %?%%%%%f?%d?ﬁ%ﬁgpﬁéyﬂ%¥nggrfied silicone
(a22),[$§ giﬁsured by GPO is preferably in the range of 300 to 100, 000.

[ 0080] é LB of the polynerizabl e group-containing polyether 20 nodified
silicone (a22) is usually in the range of 0 to 18 (not nore than 18),
preferably OFfgmibhe WiehbHateonst ceatinmaliilanistreagel, derigrdastiom t he
pol ymeri zabl e group-containi ng polyether nodified silicone is contained in
t heb comstifotl omalpandficdrmba?y, afhd exabilirtg of cohbelomat i sug Jtilom,i shenproved
by the polyether nodified silicone SF-2303 29 oil introduced, and

t her ef i 8cos1Bgkse angd Hé%a'l'—lf@o§§ﬁir9€ed)r&?@%{%&%@if%}ﬂ%iﬁ@'ﬂhﬁﬁt bRgcx

antifouling perfonnance can be enhanced.

Or ganop % i% e-t hi Q.- bl.ock 5The .or ganopol ysi | oxan -%ﬂio gl c§ %B] i's
represe% é% @g E?bﬂ?ﬁmﬂﬁgp¥%£%ﬁﬁé}$ﬂﬁn‘&%FO6§§?8RT§ & Oai I R12
Si0-(Si O (-£c98 ,---Si-R13 F11litl 141R11
mPa-s/25°C, more preferably 100 to 50,000 mPa-s/25°C, in the case
of a nonvolatile content of 50% by weight. If the viscosity is less
20 than 50 mPa-rs/25°C, coating film strength is lowered and exhibition
of long~lasting antifouling performance becomes difficult. If the
viscosity is more than 100,000 mPa-s/25°C, solution fluidity becomes

insufficient, so that handling becomes difficult and antifouling

property tends tc be detericrated. Moreover, a large amount of a



RR [0083] 10In the forrmula [I] , plural R11 are each independently a
monoval @ht28&Y3r ocar bon group of 1 to 10 carbon atoms. Exanples of the
monoval ent hydrocarbon groups of 1 td40 carbon atons include al kyl groups
of 1 to 10 carbon atonms, preferably 1 to 8 carbon atons, particularly
preferably 1 to 3 carbon atons, such as nethyl group, ethyl group, 15
propyl group and isobutyl group, phenyl group, 2-phenylethyl group and

f | uor oafyeryr agpRemmFagivabnehi erenerabove odl Rydoaprioypsatamidlpar theul arly
preferable is nmethyl group. [0084] R12,13 R-- and Rl14 are each

i ndepentiemdol aRlil eotoatdlitvalient h es20itol gashti@f aefc0b to oh28t Lag bon
atons. However, at |east one of R12, RI3 and R1-4 is a divalent thio

Or gani Cr&lQHR: Hftelr &0y 140y £ bapuak QH%'hC[tOQ%Jir%I%Eé%%@@ ,Oas descrits

di valent thio organic group is represented by ormula -S-X- erein X

is a diyalent anic gr.oup of 1 1o 20 _carbpon, at.a nd exanpl es of -X-
i ncl ude™t ﬁ:zlef %ﬁ%ﬁ%@s%ﬁ%gﬁ% Exﬁﬁu%%%ss’: a&ldvéﬁgntsoagljir%ilg?ﬁ)%e%dlcggal%‘b%
groups which may be branched, 5 such as nethylene group (-CH2-), ethylene
grotdp (& - Feapiapyrendigi-oup (- CH2Ch2CH2-, - CHCH3CH2-, - CH2CHCH3-),
di et hyl net hyl ene group (-0(CH3)2-), butylene group (-CH2CH(CH3) CH2-),

di met hyl®1394l ene group (-OH20(CH3)2-), and octanet hyl ene group (-(CH2)8-);
and di val ent aromati c hydrocarbon groups, such as phenyl ene

group 10(- CoH4- k-nandiphesyt epaehihyivene gk oyes {18 CH2) 2-) . [0086]
O these divalent thio organic groups, thio hydrocarbon groups having a

chai n dj.val qr .0f.-1 to carbon atons, such_as
hi ot ri Bk P eadtar S A AdPel ki 81 1o 18T, "0 (S o
[1], t and_u are each an integer indicating the total nunber of the

r espect§PeHepBhtFply MaNFeNesnd tagresisfabt °a v ithels sgdesrbdet ind 500,
and u is usually in the range of 1 to 100. These repeating units may be
ar tengedrat orandppedriseatid calrahygedrefesablas. t o folm bl ocks. [ 0088]
Such an organopol ysil oxane-thio block [S] is derived from nercapto

nmodi f i gdopaliyor ganosi | oxane represented blithe following formula [la].
SF-2303 31 [0089] R110R110R110R110 1201, 111130 RIO(LO c() u-si-RI R

nRol R i[id?' O}égﬁoﬂyé_@ysﬁoialnea*]thio block vinyl copolymer

The organopolysiloxane-thio block vinyl copolymer [C] formed
from a carboxylic acid-containing vinyl copolymer block [A] and an
15 organopolysiloxane-thioblock [B] is a compound which shouldbe called
a precursor of the metal-crosslinked organopolysiloxane—-thio block
vinyl copolymer [D].
[0038]
From the viewpoints of consumption of coating film and water
20 resistance of coating film, the acid value of the
organopolysiloxane-thio block vinyl copolymer {[C] is preferably in
the range of 1 to 200, more preferably 10 to 120.
[0039]

From the viewpoints of coating film hardness and coating film



[0090] In the fomula [la], Rfl has the same neaning as that of Rfl , -140
5 in theFréefdla [1], and R120, H130 and x have the same meanings as those
of R12, AnandR. 14, respectively, except that the "divalent thio organic
group” (-S-X-) is replaced with a "nmonoval ent thio organic group” (HS X-).
[ 0091] 10The wei ght-average nol ecul ar weight (Myv) of the nercapto nodified
pol yorganosi | oxane [l a] used for deriving the organopol ysil oxane-thio

bl ock [BRysH® h@asurel ey, GPE dlesgstishnylitiien hempgngeunt GO ©é 109, 000,
preferably 500 to 50,000. [0092] 15As the organopol ysil oxane-thi o bl ock
[B], thergumerml4stiypesnettiohetdrdkt ypeyT eppesented dly isherd lda@Myngn
formula [I-1], both-end type represented by the following formula [I-2],

si de-chahd £3RR ePregented fy°d hadr@l Lowkag.dof myed k:3hg°@nd si de-chain
bot h-end type Tepresented by the followng forrmula [I1-4], sald types being
20 detef¥}¥ﬁd dependi ng upon which group anong R12, R13 and R14 in the

formul a the divalent thio organic group of 1 to 20 carbon atons
SF-2303 32 [0093] R11 R11R11 IIl _ -S-X-Si0-(SiO t+-Si-R11 kiiR 1 iil
ii RR [ 0094]The weight-average moleculapyefgght RMw) of the 111
-S-X-Si0-(SiO t.,,--Si -XS

organopolysiloxane-thio block vinyl copolymer [C] is preferably in
the range of 1,000 to 200, 000, more preferably 2,000 to 50,000, stj;ll
more preferably 3,000 to 20,000. When the organopolysiloxane~thio
block vinyl copolymer [C] having a weight-average molecular weight
10 of such a range is used as a precursor, a metal—-crosslinked copolymer
[D} having a viscosity suitable for handliﬁg in the case of a proper
concentration of a solution or an antifouling coating composition
can be prepared, and a coating film formed from an antifouling coating
composition‘containing such a metal-crosslinked copolymer [D] has
15 a proper strength and tends to exhibit excellent long-lasting
antifouling performance.
[0041]
[A] Carboxylic acid-containing vinyl copolymer block
The carboxylic acid;containing vinyl copolymer block [A] is
20 constituted of constitutional units derived from a polymerizable
unsaturated carboxylic acid monomer (al) and constitutional units
derived from at least one other polymerizable unsaturated monomer
(a2‘1) copolymerizable with the polymerizable unsaturated carboxylic

acid.



R 111R 1 1R 1I 11 [1 - 2] 5[0095] R11 RI1 RI1 R* 1 1 1Silll11
RO-(Si&F £3WSi0 wwSi-R1 1 11111111 RRXR 1 S [0096] R11 R11 R11 R11
111l -S-X-Si0-(SIO t+W(SiO u WSi--2S- liilii Il 11 RXRI S| [1-4]
[0097] 10In the foinmulas [1-1], [1-2], [1-3] and [1-4], RH, R12, RH, R14
and X have the sanme neani ngs as neanings of those in the fornmula [I]. In
the fornulas [1-3] and [1-4], wis an integer satisfying the condition of
O<w<u. [0042]

(al} Polymerizable unsaturated carboxylic acid
As the polymerizable unsaturated carboxylic acid (al), any of
hitherto publicly known various monomers having a carboxyl group and
5 a polymerizable double bond can be used. Examples of such monomers
include (meth)acrylicacid, dibasicacids, suchasmaleicacid, fumaric
acid, itaconicacidand citraconicacid, monobasic acids of monoesters
of these dibasicacids, undecylenic aéid, and a polymerizable
unsaturated carboxylic acid compound obtained by ring-opening
10 addition of an acid anhydride to a polymerizable hydroxyl
group-containing compound. In the present invention, the
“{meth)acrylic acid” is a generic n;‘;lme of “acrylic acid” and
“methacrylic acid”, and the same shall apply to the term
“(meth)acrylate” derived from it.
15 [0043]
(a2) Polymerizable unsaturated monomer
The other polymerizable unsaturated monomer (a2)
copolymerizable with the polymerizable unsaturated carboxylic acid
(al) includes a polymerizable unsaturated carboxylicacidester (a21)
20 andpolymerizable group—containingpolyethermodifiedsilicone (222).
As the polymerizable unsaturated monomer (a2), the polymerizable
unsaturated carboxylic acid ester (a2l) may be used alone, or the
polymerizable unsaturated carboxylic acid ester (a21) and the

polymerizable group-containing polyether modified silicone (a22) may



[0098] SF-2303 33 It is presuned that: when the

or ganop6Fy$tPexane-thio block [B] is that of one-end type represented by
the formula [1-1] , this block [B] unbiérgoes addition to (undergoes end
capping at ) one end or both ends of the 5 carboxylic acid-containing
vinyl copol ynmer block [A] , and the organopol ysil oxane-thio bl ock vinyl
copol ynmer [C] becones a bl ock copol ymer having a structure of [A] - [B] or
[B] - [Rf us¢@)in combinatighen the organopol ysil oxane-thio block [B] is
that of both-end type represented by the fornmula [1-2], the carboxylic

aci d- con®@asf] ng 10 vinyl copolymer block [A] undergoes addition to both
ends of this block [B] , and the organopol ysil oxane-thi o bl ock vinyl

copol ymer [ C] (Mecomms yaehk 06K1 Vi ; Al - [B -
[Al ; (whe}n thg?ﬂor ganop%ﬁgg%él{%%rggt Iﬁiagbg}lqgiciy[%g dieggizﬁgt of
side-chain ty presen by,the foi.mula [1-3], the carboxylic ,

aci d- cont ai ni%ga@e\ﬁ r%%l %ggp%%!%‘?mbﬁa@% flﬂ%aﬁﬁld@%%ecsar}c?&iyﬁﬁna?ﬁdt he
side chain of this block [B] , and the organopol ysil oxane-thi o bl ock vinyl
copol ynett§%] eddnd8chuge afite dopdigEy KawPaERdsS conb-1i ke structure; and
when the organopol ysil oxane-thio block [B] is that of side-chain both-end
type represemkipharicheal deywl Bo [de 4dronte cc danboxyddry12@ aeiid- sordad ni ng
vi nyl copol ynmer bl ock [A] undergoes addition to both ends and the side
chai n ofhidh $iakkagkoBl to BUch REoRGBRAPHY Hak OXARE 1t 1@ B ACK ¥l HY!
copolynmer [C] becomes a copolyner having a star-like structure. However, a

bl ock g U r e Ootch L han qQve structures can SF-2303 34 exi st
becauszglo#q%cﬁ{e%go%ﬁ%%?%ﬁ %:Jg;gls:at%'on reaction of radicals. [0099]

Exanpl es of thener.capt oppdi fiedpol yorganosi| oxanes to derive the

or ganopol ysi M5AYe- 35?5%?‘6’6@5‘”{98] Stéyle dBRtRIPERY k€ aBoRECBY * espect i ve
foiniulas include the follow ng products and nerchandi se: nmer capt o
modPf i edgidl)pergandsi | Bsepreryll- Thetbhecsnidhtteype)ybut FB- @egh05Erahate,
"F3-076-06" avail able from Dow Corning Toray Co., Ltd., nercapto nodified

pol yor ganosithoxameth) aal}yl(abﬁrh‘t@@dtﬁiyp%ﬂlétﬂfhc"ﬁ&l%%elGZBétlgy’ﬁ{éﬂm e from
Shin-Etsu Chem cal Co., Ltd., and mercapto nodifie

pol yor N | - i chalj e KE- e KE=2004" and
PRt T R e A L G E i
<Preparati on_process> The tal - crosslinked organopol ysil oxane-thio
bl ock VT G5BSIoRer TE9°0An BELR) 8par bty AASH SPERAHHY e

or ganopol ysi | oxane-thi o bl ock vinyl copolymer [C] having the carboxylic
aci d- cHFEYR NHevh hFreleyd y sedebl bc kme ) ) amny liatve, 2Dexadecyl

or ganopol ysi | oxane-thi o bl ock [B] by radical polynerization and then subj
eclbng (reehonganbdpod y sidimdmaglt inath) acky ity meepokysery] C] and a
conpound of the divalent netal [M to netal esterification reaction.
[0101] (Reeparatipg-of copolymer [C] SF-2303 35 The

or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [C] can be typically

prepared by subjecting: he | yneri zabl e unsaturated carboxylic
acid (al) (e?gg?gﬁ%’f-‘ﬁ%%}%%ﬁ  @eghy a?rg"c’?%ﬂ ci%biid&)o,xyf’ﬁe%in yreri zabl e
unsaturated 5 carboxylic acid ester gfgegl) (e.%., met hyl (meth)acryl ate,
butyl (Reth)acFylate, 2hetrprrbulYL (mee)aamytlate, Byblrdncpamrpbyl
(nmeth)acrylate, trade nanme "FM 7711") that is other polynerizable

unsat urlaeed) aonphetre ( @ hydopelpoeyi z ahten )\widdy1bbe, popyierdazablietone
unsaturated carboxylic acid (al), and if necessary, the polynerizable 10
greep- gaBta) akpg ol yether nodified silicone (a22), which will constitute
t he carboxylic acid-containing vinyl copolyner block [A], and t he

mer capt o nodi f ] 0 ilLo e.represented by the formula [Ia]
(e.g., trade (Iﬁr}%ﬁ@ Q%ﬁé%‘g‘%ggﬁ&gdég%%%m%-ﬁfdéfxén%S avail abl e from
Shin-E{su Chemi cal Co., Ltd., nercapto nodified silicone), which wl]l
const i But BT LRE ORISRV bR hhel Pyl &Rt AgrvEaisol ymer [B], to
.thermal polynerization or photopol ynerizati on under the ' ,
2,2,2-trifluoroethyl (meth)acrylate, and '

1H, 1H, 2H, ZH-heptadecafluorodecyl (meth)acrylate;



usual reaction conditions, and if necessary, in the presence of a 20

radi calSeh#dati on source such as a radical polymerization initiator. The
bl ending ratio of the nmononers, the d®ount of the polynerization
initiator, the heating conditions, the reaction tine, etc. can be
controlled so that the organopol ysil oxane-thi o bl ock vinyl copolynmer [C]
may have the aforesaid acid value, glass transition tenperature SF-2303
36 (Tg), wei ghitrapesageuddl 2T itairens ghe ¢vigthwlatvdsaeli ke. [0102]
Preparation of netal -crosslinked copolymer [D] The netal -crosslinked

or ganopol ysi lvaxarieeshieos bl ©oodh \HAanylingicapetyrerardliviesl peobydmiad;l y
prepared by m xi ng the organopol ysi | oxane-thi o bl ock vinyl copolynmer [(
prepared as ahye,) a2r¢OAROMN Qfuidrne sdhVALeNhe IR AMini QL &ipss! i nki ng
the copolyner [C] , and if necessary, water wth one”another to subject
them to,.netal .esterification reaction, 10[0103] As the netal
conpouﬁiﬁmﬁ%'l&?&ﬁﬁ?é#yéﬁFﬁg%%ﬁgaea ﬁ?groxide, a chloride or an organic
carboxyl ate of the divalent netal [M, such as zinc oxide (zinc white),

zi né hydr oxi deRYiidedrl Ghichdea Sty nel et Bier ardhs puiisledinlst 01%4] The
m xing rati o of the organopol ysil oxane-thi o bl ock vinyl copolynmer [C], the
met al dé&¥Eadnd and water, the reaction conditions (tenperature, tine and
the like), etc. can be properly controlled according to the

net al - crossl itiked ergsHeRM Ysinl BXangad miqadqgoek 20 Mriha9pR! ymar,d D to
be prepared. In usual, the netal -crosslinked organopol ysil oxane-thio bl ock
Vi nyl 9%99&%%9&'L5l qﬁﬂﬂpqmggggared by m xing the copolynmer [C, the netal
conmpound, ~an ha netessary, Wwatér with one another in a copolyner [(C
/metal caonpound/water m xing ratio of 1 - 3 acid equivalent/1 nmol/0 - 5
mol and %ORéA stirring them SF-2303 37 or by honpbgeneously m xing themin
the same mxing ratio and then allowing themto stand still, to thereby
redet them aWhant eaperendir@ethhgingldrnoml2@one 200 erilicboe 56 .kipurs.
[0105] 5 <Uses> The netal -crosslinked organopol ysi |l oxane-thi o bl ock
vinyl eQpebyBRN(mEDh) £fr & Rreson] pbINE@Hd 101y 1isS 1BaEhE F W Akls¥dps e frereabl y
used as a resin conponent (vehicle conponent) of antifouling coating

mat er| !oigmlegiégﬂié . %athE?Eéc@ c%%ti%ﬁ%ié'a%‘ldf%té}a%é% ;[Ic%iéltj[]ﬂc[;]fﬁIm .
preventive coating nmaterirals, staining preveniive coatihgmaterrals, ice
accretion/gn?m/accre i on EreventiveJcoating materials, npld releas

mat er | SHEAPELEEY GHY HohdFBEPYSHPY geditiee OF | M T35 O5n e sCIRIK! 0106
15 Copol yner conposition, (antifouling) coating conposition By
usi ng treskbval -Jossemakes DrgardspoEY s’V dxAne-BMi7d 2Bl oskAviT¥H 7 /@680l yner
[D] of the present invention as a resin conponent (vehicle conponent), an
anthf oukiradecnahéng enpediltl dRodnthddercqapapasi bhpnscar-e4pr epar ed.

20[ 0107] Whent henret al - cr ossl i nkedor ganopol ysi | oxane-t hi obl ockvi nyl
copol yﬁrgtz[e!Dleu;@s'a,ddgdzéﬂlmra,nﬁxi@zﬂie’@f@@ymlr@teu@ “ﬁlzﬂm{h"coat i ng

materials, it becones possible to enhance performance of the antifouling

coating, naer)al.of QN8LpI23E00 SO L! AR DYDY 3593030
"TSLS9706" (available fromMomentive Performance Materials Japan LLC) .
[0047]

20 (a22) Polymerizable group-containing polyether modified
gilicone
As the polymerizable group-containing polyether modified

silicone (a22), polymerizable group—contaihing polyether modified

silicone {[A] described in the aforesaid patent literature 2 (JP



38 a water-repellent substance and/or a hydrophilic substance in
conbina$F0%30§hat is to say, a netal-crosslinked organopol ysil oxane-thio
bl ock vinyl copolyner conposition cort9ining the netal -crosslinked

or ganopol ysi | oxane-thi o bl ock vinyl copolymer 5 [D] and the

wat er -repel | ent substance and/ or the hydrophilic substance is formned.
[0108] (Water-repellent conponent) Exanples of the water-repellent
componefl & il¥dbdderpahaf 1ks, car0 bsushrasspetiDlelly usedaf fin wax and

liquid paraffin; silicone oils, such as dinethyl silicone oil, methyl
phenyl Bid4sjone oil, alkyl nodified silicone oil, fluorine-containing
silicone oil ( fluorosilicone oil) and functional end group-containing

silicone oil ;pfdups i i 1.5y ] | i) - in fatty
15 aci de, suchte Canestt S e PR 2B Qbind BBERR P
stearic,_agi nd, pl ei c aci and, their esters;. and natural, oils and fats,
such agncbelefﬁe% 7t glvﬁoqea?ﬁég todf PEHFAIE CRBRBHR D FPRaHH P 12 i
these, dinmethyl silicone oil, nethyl phenyl silicone oil,

f1 udri MeEoRCaf BPRPIivatbsneneii fia spaiapre ne23le pretereaties b2ofiB109]
When .t he wat er-repel |l ent conponent is used, the anount thereof is not
speci f ifcdlllowingsforotues, [t andgprt henyt ewpaidias ohitkl g fokad mgopr operty,
drying property and adhesion property of a coating filth forned fromthe
(anti f gidlive@heeOabl g SRS i@lonet NB28PPULy Qfsdted BT 230339 owing

wat er -repel | ent conponent is usually in the range of "0 to 100 parts by

wei ght , r 1 50 parts by weight, based on 100 parts by wei ght
of thej%%%gégciggzii%%g&x%ﬁgﬁﬁ%polysionane-thio bl ock vinyl copol yner [D
(solids content). 5[0110] (Hydrophilic conponent) The hydrophilic
conponéﬁp49§, for exanple, polyether nodified silicone oil (other than the
pol yneri zabl e group-contai ni ng pol yethernodified silicone (a22)). HLB of

t he pol yether nodified silicone 10 oil is usually in the range of 0 to 12
(not nor e ®han #2) , ﬁpefe$ﬁbly§6 to 7. The type of the polyether nodified
f;L;?o %TL‘Eg%%gﬁ_§8¥»gﬁs£gggsﬂ£Rﬁype, bot h-end nodi fi ed type and bl ock
of t hependait t ym@ol yét her fodi f R€dsi | i coneoi | si ncl ude” ST-114PA" (avail abl e
from Dow Corni ng Toray Co Ltd,), &%Z-ZlBO" (avail a Le 15 from Dow
Corning Toray Co., Lid.) ,RgEEE(B 0L.-(R{ @gr¢@i-eXHagarfbow Cor ni ng Toray Co.,
Ltd.) and "KF-6016" (availabl e ffom Shin-Etsu Chem cal Co. , Ltd. ) .

Exampl es_of t hebot h-e Aty P8 Py & HAwhddi fi ed silicone ok l-s-i-nel-udel]
"X=22-4272" (available from Shin-Etsu Chem cal Co., Ltd.) and "SLJ1623/3"
(avai |l abl e fromMcker Asahi kasei Silicone 20 Co., Ltd.). Exanples of the

bl ock t[gpeopol yet her nodified silicone oils include "FzZ-2203" (avail able
from Dow Corning Toray Co., Ltd.) and "FZ-2207" (avail able from Dow

Corni ng Tor ayn Gohe #dhha [[Q%ﬂ,l]c, L =2303 40 r@chsg\egbéiff’\;é yinrt%étegfl cted,
but fromthe viewpoints of filmformng property, drying property,
adhesi on .property. and_ .l ong-l asti , ) ,

ant i £ otl PhGPerTDE RENCAGRANBLER Gt | PRESFREGH BHERREARIRY BBLFAg) T65EI ng
material, the anmount of the hydrophilic conponent is usually 5 in the
range &FP22EHNY 0T34 F3Y e eirghuedprefargsinyob nay 58 parasgdy sserght ,
based on 100 parts by weight of the netal -crosslinked
organopol §sith dxXardes.hi o bl ock vinyl copolynmer [D (solids content)
[0112] The antifouling coating material containing the 10

met al - ¢gness] i nked or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [D] as a
resin conponent (vehicle conponent) sufficiently exhibits antifouling
performance gven d:k an antifoul i agent i qt added, differently from

t he conventﬂ%ﬁ% ant}?cﬁﬂ#ﬁ%fngggggﬁggﬁéf%§$§5£§.u%ﬁgo?ﬁe§uQ§¥Hﬁﬂﬁ?ﬂer
enhance antifouling perfoLmance, however, an 15 antifouling agent may be
added, "ARETR D EYAPeRIBPT (RFRUYE Gl iln§oaBeprybon atomsEx dingimes esf of he
antifouling agents include netallic copper, ' _ '

copper Bitboxi Hede apiegi r hodams,depbasic aepperisutdas e ciasl cgapper p2patet at e,
basi ¢ copper carbonate, copper oxyquinol ate, copper naphthenate, copper

I 38 NagLous,0BREY1 R Sd8s v1Z hRSuP Yaldt Hd Qe ! '
disuI??te}§2,4,g,g¥{é%fachl6%0?30p thaﬁ%ﬁgg}gfgﬁé UELOML R YBlbs,

N, N- di met hyl di chl or ophenyl urea, SF-2303 41

2-met hyl t hi o-4-tert-butyl am no-6-cycl opropyl am no-s-tri azi ne,

4,5-di chl oro-2-n-octyl-4-isothiazolin-3-one,

2,4,6-trichl orophenyl mal ei m de, pyridi ne-triphenyl borane, and

am ne-tri phenyl borane. 5[0114] Mor eover, various conponents added to
publicly known antifouling coating conmpositions, such as solvent, elution



10 filmform ng conponent (vehicle) other than the netal -crosslinked

or ganopdFy4PPéxane-t hi o bl ock vinyl ;ﬁﬁolyner [D], leveling agent and
ultraviolet |ight absorber, can be u , When needed. Unl ess ot herw se

not ed, the conponents given bel ow may be used singly or in conbination of
two or nore kinds. The anpbunts of the conponents 15 added can be properly
controlled in consideration of the anmounts thereof added to the publicly
known affFh ctft iYGleBahrhy Eerposing eHslopeuibloresel veny} dupke Sotvent, a
sol vent having proper volatility at ordinary 20 tenperature and capabl e of
di ssol vasgphrogdneraipused tiody 1 prepar;i suplihe gevabs Cxasildsnketzyl group

or ganopol ysi | oxane-thi o bl ock vinyl copolyner [D], the synthesized

or ganopghy si-! =lhiye BEoGk; Uity haaeBehyes ;mlyﬁrqqo%%ﬁw&bea% zed

met al - crossl i nked or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [D] can be

used w L.CLion, F- 2303 42. Exanpl es of such l,yent s

i ncl ude§’?’?m@?lﬁﬁg%%gé%on%r,w u@ﬁ%ag’_ %}ﬂﬁ%%ng?%@yl%ﬁél?‘ 017 chdle;

al i phati chydr ocar bons, suchashexaneandhept ane; ethers, such as di et hyl

et her, TR IR SHREF STebuPHEnet HEPUD t BiRgh PP @Psr~phenyl ok
esters, such as ethyl acetate and butyl 5 acetate; ketones, such as nethyl
et hyl ketone aaadpnetdndblis obnd ytetkatlopeeur hl oparat edlayly pearbosisle such as
di chl oronet hane and chl orof o; al cohols, such as net hanol,

i sopr openal ARpdbit aqok 1 ansr Sfere®li cdenkvaliVves Haged, SOINARL S, gSYGhs as

et hyl ene gl ycol nononethyl ether and propyl ene glycol nnnone?hyl et her.
10[011.@iﬁ# | ution assisting agent) As the elution assisting agent,
a comnpoun aving such a surfactant-1like function as to assist the
-water-repell ent _agent, that. i s added when needed with surface mgration or
as to effici %ﬁﬂf’y%m dil yRESPRRIRISY ehE YAl PRBURYHEP GRge BRAEP | *f ddded
when needed can be used, and exanpl es of such conpounds include rosin and
napft héifl & sairBon| atems. ( Bxawples zef R°Asindiods astHhCizer -CH@0aBound whi ch
inparts flexibility to 20 a coating filmand has a function to inprove
crack resi,SHanGEeHaNd -auhesi@nCpiorpe] t yCan, &g cused,crandexanpl es of such
conpounds include chlorinated paraffin, orthophosphoric acid ester and

pht hal i@}g@ﬁg}p{a@mg@%@] 0rSER2303 43y cHhL XHd QRiCAgeNL)

Ast het hi xot ropi cagent t1-sagagent, anti-sett |ngagént ) a.%%%pound havi ng

a function to. enhance thi ating_property or anti-sag property during

t he coéFF#&rng?at?%ﬁ'3$£ﬁ§4%%§ ésfEékﬁ#%ﬂ%%%%ﬁ)pﬁ?é@éﬁ?g%edinentation of a
pignent that is added to a coating conposition when needed can be used.
Exanpl d90sflsuch conmpounds i ncl udeor gani ccl ay- basedwaxes (anine salt,
stearate salt, lecithin salt, alkylsulfonic acid salt of A, Ca or Zn,
ett5), organkf wade® (neot pet tyd enmevax orpdl yes turteieonxd e weker peldyani de
wax, am de wax, 10 hydrogenated castor oil wax, etc.) , mxtures of the

or gani el aychasse V@S taRA shhe1 R &N GRXESs andosyntNigld C aftbﬁggy

divided silica. O these, polyam de wax,” polyethyl ene oxide wax an

synt het. i nel i1 ded sdal i ca are preferabl 9] 15(Pi )
As the%ggﬁkgﬁg %%ﬂ%era?ﬁd%ja?%%%%eﬁﬁggﬂégﬁd 5§Hé%%éﬁ?Tﬁdgﬁgh%ﬂ§géﬁf), any
of hitherto publicly known various color or extender pignents of organic
or inorGAAFE X se 88A pelaisled=ChranpCés tBeSe he GH§HrT ¢ TifgRRs—i ncl ude
carbon bl ock, phthal ocyani ne blue and 20 Prussi an bl ue. Exanples of the
i nor ganC8-@i gitaht sandclCHIECH:) CB tmeopirdéetiblani amd WIb@),~ ted iron
oxi de, silica, calciumcarbonate, talc, bariumsulfate, zinc oxide (zinc
whe ¢ €) pawhi te1dend, praddgpiand zi nc dust. [0120] SF-2303 44 (Q her
resinsf Exanpl es of the resins (coating filmform ng conponents)
ot her t-Rg he netal - crosslinked organopol ysi | oxane-thi o bl ock vi nyl
copoly rFEﬁincludeacrylicresin,acrylicsiIiconeresin,polyester 5 resin,
fruororesin,golgbuteneresin »~Si | i coperubber, uret haneresin (rubber),
pol yani de r eSPRAC 1§ ¥y FAENI R 08! bE edP ropbt PrBECF R hPOEYPBRTHAEaSr ubber
(resin), chlorinated olefin resin, styrene/butadiene copolyner resin, |
et hyl egepvp nydo lyostyatrepydpod prerpr esdivethenygroly drivdeg resihng £ chengr one
resin, trialkylsilylacrylate 10(co)polynmer (silyl-based resin), petroleum
{esinjokep@nﬁ(@gygﬁhyﬂ@ﬁé@&bggbyyméﬂéxng}o@@d pol yvi nyl al kyl ether resin.
0121



(Leveling agent) As the leveling agent (anti-foam ng agent), a substance
whi ch 18FfdfPRer enhances coating property of a resin conposition to

| nprove fini shed appearance of a coatdlng filmand can be uniformy applied
to forma thin film such as a fluorine-based |eveling agent, a
silicone-based |l eveling agent, or an ether-based or ester-based |eveling
agent, can be nentioned. 20[0122] (U traviolet |ight absorber)

Exanpl e§0@¥theul traviol et |ight absorbers (light stabilizers) include
subst ances having an ultraviolet |ight absorption function and/or a |ight
st abi | i zat i ora fiunthé omtathinuhbbaver hegrahi hheairtia used (RBFo 2303 145ty
adding themto coating conpositions, e.g. , organic ultraviolet |ight
absor befsga SURIRS Bxakiseanihd dgritased, walbeyl Ly agidr hasedacn
benzophenone- based, triazi ne-based, benzotriazol e-based, and

cyanoac - | travial et light orb ;_inarganjc 5 ultraviol et

| i ght d%%%%%%%%%ﬁsgcﬁséﬁ ¥f%hﬁﬂ%$'§? 3?§zﬁ%gﬁ§xPagggﬁgo%%ﬁ¥hﬁF%§9%%; and
i ght stabilizers, such as organic nickel conmpound and hi ndered

am ne- bfsed 19 gRr BRabIFYBFlY FIEFsTakpy eyaridttiessTppbcéss> WpThehese
(antifouling) coating conposition of the present invention can be prepared
by a pubtpadbinknomntpmegeds sirndhged tak trhatdoforr gegebal axfmnigefdonbiang)
coating conpositions, using the netal -crosslinked organopol ysil oxane-thio
bl ock widHoregopabymer solution of the present invention prepared. After
the netal -crosslinked 15 organopol ysil oxane-thi o bl ock vinyl copol yner

sol uti ofyffg it he present invention is prepared, the solutionmay be used as
it is as an antifouling coating conposition. In the case where conponents,
such as water-tepell ent conmponent/ hydrophilic conponent, silane coupling
agent, antifdulft apggémfe,ﬂé bt BHS%%%TF%H%W%@&%{ OBIgSUPcFeREa 1ping
dehydrating agent (stabilizer) , thixotropic agent (anti-sag/anti-settling
agéht) growcgnebrammtdrert Boatnaigpds pobimmizalle ampehentsedhydsotadmn  ar e
bl ended when needed, they are added in a given ratio at once or in an

ar bi t r aynpugr-dentai heng sfiduped ianghitx ethd @ oghYen@nfonegeraersn Selditd on or
di spersion. SF-2303 46 [0124] <Uses> The antifouling coating

conposistd enaf %Pg%fg 1y QVEEH@“ aﬁ-fl'?;gﬁﬁ%ﬂ? rﬁ%}ﬁqia!vgen%ergp%ﬁ%ﬁér&g

coating filns stably exhibit 5 anti I'Tn rnmance dgai nst

aquati c_organi sps, such a | ety uce, barnacl reen | aver, serpula,
oyst er SUris 28I EnG B Béféﬁgfa #gﬁéﬁbggroéxﬁfgﬁ?ﬁéc%Véh HACHIH=CSh y
constant-subner%ed ortions but al so dry-m%t alternate portions and
por t i oS CORE=GRT er IoupthrRIeWOFd?, cRBART ecerifesgatiscupotubstizakds or
surfaces of under coatings of 10 ships, fishery materials (e.g., rope,
fi38i ngnseturhtedt cativoywli curdenwat et csd r getlyfnes;i zabCd @ssavairerted
supply/drain ports of theLnol electricpower/atom cpowerpl ants, bay coast

r oads, _gtfe%tgsat&% ?arﬂ@ﬁ?@équg‘iiolﬁﬁl? nt,pL ag%gig@webggﬁgfg@ e

di ffusi'on prevent | ms of ocean civil engineering wor

coat edwed e antifouling 15 coatin sition,  ships, underwater
struct§$é2¥£$rsﬁ8F I?éﬁ%ﬁéﬁ%E?Ppe?éhf%%gggg?W?W%H@%@@FngPygﬂfoQﬁﬂqpng
coating filnms capable of preventing adhesion of aquatic organisns for a

| ong pefFfett ditist PRE=t afpbememitiededey di wHEATtL PR, e lemiadizeblehe
substrate is steel, FRP, wood, alumnumalloy or the |like, the antifouling
coat i ngn26tupapesiddmmxfydveor ablig sshieches t.o wihicls uheateraantuntben o
surface of an undercoating filmor an existing antifouling coating filmis
t opg coabeHowi 4 fukde ant khoybl NGrLAAMING SORPOSH iRk whhen CRIPASIL an s
excellent also in adhesion property (réecoatability). SF-23 47 Exanpl es

[0125] .< : ial s> Raw Jypt e i al in the exanpl and,.t he.

conparngggﬁggéﬁéﬁgé 5’ (see db%ggeéﬁ#%%g) %ﬁ%§p§§%?ﬁg&ﬁf?EOWﬁE&PﬁﬁFomAng

tabl e. E0126]_Table 1Raw materials Synbols in Tables 2 to 5 Raw materials
polymerizable unsaturated carboxylic acids, such as maleinoyloxy

group (HOOCCH=CHCOO—, cis) and fumaroyloxy éroup (HOOCCH=CHCOOM,

trans), and esters thereof can be also menticned.



PGM propyl ene gl ycol nononethyl ether MVA net hyl nethacryl ate BMA n-butyl
met hacr §Fa€é0BA n-butyl acryl ate 2EHA 2-ethyl hexyl acrylate CHA cycl ohexyl
acryl ate CHVA cycl ohexyl nethacryl at &N 230G net hoxypol yet hyl ene gl yco

met hacryl at e avail abl e from Shi n- Nakanura Chem cal Co., Ltd. (trade nane
"NK Ester M 230G', nunber of -C2H4-0- units- 23 (nmean value), solids
content: 100% 2HEMA 2-hydroxyetyl nethacrylate F4-7711 bot h-end

met hacr yPoXY] group silicone available from Chisso Corporation (trade namne
"Silapl ane FM 7711", nunber-average nol ecul ar wei ght Wh: 1,000) FM 7721

bot h-end net haciyloxyvaledp Bidicenbhayajrloabl erframdhizsso yCogpgr ati on
(trade nanme "Sil apl ane FM 7721", nunber-average nol ecul ar wei ght Mh:

5,000) &1 o ERAL L ARINE 1Ol £ 2091 KK enalDh L0012 T, (MaL OB

rati o)) (equi val ent ratio: 1.0/0.2) '5-2 reactionproduc

(100/6.@ é, ight ratio))(equivalent ratio:1.0/0.5) Karenz MJ

2- met ha Q %%bloxyethylisocyanateavaiIabIefron1Showa Denko K K. (trade nane
"Karenz MOT") MAA nethacrylic acid AA acrylic acid Undecylenic acid

unsat ur at ed f&a puabed qICeayrbavaitiamt eff ¥ om reedlly |1 Cheti cakfeCablyLtd. ,
CH2=CH(CH2) 8COOH (trade nanme "Undecyl enic acid") SF-2303 48 Table 1
(cont i nued), Synbohs nimbdablF es P ohe torfRavf pakarsuallsy 1 to 12, preferably

2 to 6.
[0C59]
The diisocyanate compound of Y may be aliphatic, aromatic or

10 alicyclic isocyanate or a both-end reactive isocyanate oligomer, and
examples thereof include diphenylmethane diisocyanate. (MDI},
tolylene diisocyanate (TDI), xylylene diisocyanate (XDI),

1, 5-naphthalene diisccyanate (NDI), p-phenylene diisocyanate,
trans-1, 4-cyclchexane diisocyanate {CHDI),

15 1,3-bis(isocyanatomethyl-benzene), 4,4’-dicyclohexylmethane
diisocyanate (H12MDI), 1, 3-bis{isocyanatomethyl)-cyclohexane
(H6XDI), hexamethylene diisocyanate (HDI), isophorone diisocyanate
(IPDI), meta-tetramethylxylene diisocyanate or
para-tetramethylxylene diisocyanate (m-TMXDI, p-TMXDI), lysine

20 diisocyanate (LDI), and 2,2, 4-trimethylhexamethylene diisocyanate.
Of these, tolylene diisocyanate (TDI) and isophorone diisocyanate
(IPDI) are preferable.

[0060]



Kayaester 0O t-butyl peroxy-2-ethyl hexanoate avail abl e from Kayaku Akzo

Cor por atfoa3Q3rade name " Kayaester 0", polymerization initiator) Kayabutyl
B t-butyl peroxybenzoate avail able fFZ@HKayakuAkzo Cor poration (trade nane
"Kayabutyl B", polynerization initiator) KP-358 nercapto nodified silicone
avai |l abl e from Shi n- Et suChem cal Co., Ltd. (tradenane"KP-358",

wei ght - aver age nol ecul arwei ght My 4,400, solids content: 100% SH group:
si de chai n) KF- 2001 mercapte nodefi ed silicone avail able from Shin-Etsu
Chemi cal Ltd (tr me "KF-2001", weight- rage nol ecul ar wei ght
M. 9, 290 R0y, 48’ og%ﬁ(sm%.sﬁwm o),4€" )%*-ObNABN—EOCOR
2,2'-azobis(2- et hyl'bbt yrohistri llg) avail abl e fromddapan Hydrazi ne Conpany
Inc. (trade nane "ABN-E", p Iymaﬁl zation initiator) ABN-R 2,2

-azobi si sobutyronitrile avail abl e fromlapan Hydrazi ne Conpany Inc. (trade
nane "ABN-R', polynerization initiator) Nofnmer MSD a- rret,hyl,sty,lrvggﬁ]di mer
available from N ppon Ol & Fats Co., Ltd.(trade nanme " Nof ner

pol ymer i zatl on nodifier) Fuji First Red 2305W organic red pigment

avai | abl®&ldom Fuji Pignent Co.,Ltd. R-5N titani um oxi de available from
Sakai Chem cal |ndustry Co. Ltd. KF-96-1000 di met hyl silicone oil

avail abl e fram Shienf&mmﬂa(:h[eﬂ”mqal rEQ, rREY,dR*,virdtesidt R%° £A08 €5t 4dmdH0- 3000
met hyl phenyl silicone oil avail able from Shin-Etsu Chem cal Co. , Ltd. ,

vi SCOS'r&éénl%@QOaESEh&e Soa @t hyd22 phemylpzsili gqpe jqf lté]% 25&@:@
Shin-Etsu Chém cal Co., Ltd., viscosity: 400 cSt KF 1 e-c a| n type
pol yet q_%rs ecgl ]:rle d sil | cone oil available from Shin-Etsu Chem cal Co.,
Ltd?, Vi SESSIty 470 cSt, HLB: 3.5 ST-114PA si de-chain type pol yet her
modi fied sili cone oil available from Dow Corning Toray Co., Ltd.,

vi scosiltyPf275 cSt, HLB: 4.3 Fz-2191 side-chain type pol yether nodified
silicone oil available from Dow Corning Toray Co., Ltd., viscosity: 900
cSt, HLB: 5 X 22-#2720hel hrercert yiferpodytethennibdi 61 g®*Sid)i,cqnes abe

avai | abl e from Shin-Etsu Chem cal Co., Ltd., viscosity: 300 cSt, HLB: 7
SF- 23030491 Tabked &€ORIHAMAAY units of (R*-0), and they are each

independently usually an integer of 1 to 30, breferably an integer
10 of 2 to 20, particularly preferably an integer of 3 to 15. These
repeating units may be arranged at random or may be arranged so as
to form blocks.
[0063]
r and s are each also a positive integer indicating the total
15 number of the respective repeating units. These repeating units may
be arranged at random or may be arranged so as to form blocks.
[0064]
The polyether modified silicone (a221) represented by the
formula [II] can be prepared by, for example, reacting a compound
20 representedby the following formulé [ITa] witha compouhd represented

by the following formula [TIb}.



Synbols in Tables 2 to 5 Raw nmaterials FZ-2203 bl ock type pol yet her

modi fi edE's2$9Zone oil available from Dow Corning Toray Co., Ltd.,
viscosity: 4500 cSt, HLB: 1 KF-6028 ¢i4 oxane branched type pol yet her
nodified silicone oil available from Shin-Etsu Chem cal Co., Ltd.,HLB: 4

D s. 6900- 10X trade nane "Di speron 6900-10X" avail abl e from Kusunoto

Chem cals, Ltd., fatty acid am de wax, 10% xyl ene paste [0127] <Measuring
condi ti b¥&EE>]5Measuring conditions of GPC and IR are as follows. [GPC
measuring conditions] Apparatus: HLC 8120GPC manuf actured by Tosoh

Cor poration Colum: Super 112000 + H4000 nmanuf actured by Tosoh
Corporation, 6 mMmA?'D., gl5 cm?0El ! ng solution: THE Flowrate: 0.5
m/mn Detector:Rl _Temperature of [col ym constant tenperature bath: 40C
[ R neasuring c%ﬁcﬁ‘@ﬁ%@ﬁ reatlisR Spectrum One FT-1R nmanuf actured by
Perkin El mer, |nc.gdVeasgfi ng Inet hoqL'_21 KBr cell, coating method SF-2303 50
<Synt hesi s of polynerizable group-cgnt aiR?J ng pol yether nodified silicone
(a22)> [Synthesis Exanple 1] RbtifRe@sH 1@prte.S-1 . Ln. afmgaction

cont ai ner equi pped with a stirring device, a 5 thernoneter and a ref | ux
condenser, 1,150 parts by weight of FzZ-2191 (trade name "FZ-2191",

avai | abje@dalom Dow Corni ng Toray Co., Ltd., side-chain OH group-containing
ED nodified silicone, solids content: 100% OH equivalents : 1150) were
pl aced, and the tenperature was raised up to 60C. Subsequently, a m xed
solution of 31 parts by 1ght, 1Q of -2-ret hacr | oxyet hyl isocyanate
(trade name "Karenz MO "B%gar a% eBPr%(IJQm SHO\'NaHISgiko | LK. ), 0.59 part by
wei ght of p-met hoxyphenol and 93 parts by wei ght of butyl acetate was
dropwi se added over a period of 30 m nutes, and then 38 parts by wei ght of
butyl atdtewere further introduced, followedbyperfoimng reaction 15 at
60C for 1 hour. The reaction product was subjected to IR analysis, and as
a result, thé@ni sbeyznatdag]diip] absbripei Sormeak [dabp| er’) R sapp@at,ed.
[0128] Thereafter, 93 parts by weight of butyl acetate were added to 20
obt ai n @ megi b} ed, Y hha @ aSelth8l O Rheathhss MAMELEIN G4 IdCOABsSih
solution had a transparent appearance, and had NV (heating residue after
dryi ng .f.ar s+, a hot air dryer at 108C) of 88. 1% by wei ght and a
Vi scositth% gﬁ@gggn{:’%ﬁﬂ 25C. The wei ght-average nol ecul ar wei ght (M) of
the nodifi %ﬁj silicone 5-1, as neasured by SF-2303 51 GPC, was 10, 540.
[0120] (006

10 The polyether modified silicone {(a222) represented by the
formula [III] can be prepared by, for example, reacting a compound
representedbythe following formula [IT1Ia] witha compoundrepresented

by the following formula [IIIb].

[0069]
‘ T3T [?31 .
HO—(RSBO)p—(RMO)q{Rgz—(&lkiO)r—-—Si—RsiO—(R330)p-(R340)q}H
3 31 s
S
- [111s]

[0070]

O:C:NH-“X—;—O(.‘.OR35 - [IIIb]V

[0071]



[ Synthesis Exanple 2] Modified silicone S-2 In a reaction container

equi ppedFwEh3a stirring device, a 5 thernometer and a ref |ux condenser,
1,122 parts by weight of X-22-4272 (t4%ade name "X-22-4272", avail able

f r onBhi n- Et suChem cal Co., Ltd., both-end OH group-containing ED nodified
silicone, solids content: 100% OH equivalents: 1122), 77.5 parts by

wei ght of 2-nethacryl oyl oxyethyl isocyanate (trade nane  "Karenz MJ", 10
avai | abl e fr o Shevrmeikol KIIa) andd1e: 6opavta Hy Iwki gt oR*p- REt Hoxyphenol
were placed, and the tenperature was raised up to 95C, followed by

per f or g peact + emd orhakle hbdrsamd @:30indbeny ashinms protusic Wasthe
subjected to IR analysis, and as a 15 result, the isocyanate group

absor pt ¢ iSappea d di.f L id_ico. -
R e i -

transparent pear anc a h (heating residue after drying for 3
hour s iaf'isgcrf%tpogﬁﬁﬁrggjfm%pa 1@%%\{)& 90. 2% and a viscosity of 248
nPa- s/ 25C. The wei ght - average nol ecul ar 20 wei ght (Ms) of the nodified
sil PconP®2A  as neasured by GPC, was 4,890. [0131] <Syntheses of

or ganopol ysi | oxane-thi o bl ock vinyl copolynmer [C] and netal -crosslinked
copol yner [ DlExarpHEe2368 GZmjdrxdnfile dvaildigapapdliyss | o ahe- hbdOF bdadck
vi nyl copol yner B-1) In a reaction container equipped with a

stirring devnee, r@pfése@dmmwh@faﬁﬁp@q@zggaﬁcﬂ%@ep%ﬂ%z 13107 PRI
device and a reflux 5 condenser, 32.1 parts by weight of butyl acetate and

29.2 parts. b | f_pr l.ene. gl ycal nonmet hyl ether,.(PGM, were
pl acedf%{aénr?d %ﬁ%iajfaggn%eer%gfj ﬁr]gg‘%//vacgrpég ég)rl%n?%“l 'i)h aﬂ%?{/ﬁ&%t%%ée

at nosphere. Subsequently, dropping of a m xture A consisting of 57.5 parts
by wei giCofa Rt efgtRd G/ F At s Iy 2y C8. phFd ) b§delgnd>dt” tmds| 10
nmet hacrylate (BMA) , 5 parts by weight of 2-ethyl hexyl acrylate (2EHA) |

2. 50 panrtagnehy aweil gablof et RiXypaltyget BéehealylGocol Livet hacBraapéebt oAide nane
"MC Ester M 230G', avail able from Shin-Nakanura Chem cal Co., Ltd., nunber

of 'Cz%nﬂre_ﬁéliialﬁ%r a%aiialsﬁélfaxaau@s of $8kin@i¢9BH@NAY i cARAOYa-byraRi gy , 2.5
parts by weight of nethacrylic acid (MAA) , 2.5 parts 15 by wei ght of

acryli i rt. Lght . OXY -2~ I noat e
(tr ade%ﬁg%g" ayaégt ﬁl%ﬁ Hgl\?gl}ﬂfiéﬁl%hfgrdgfr% Ké%a/ué REI%' g@%&%&%oﬁr}%ﬂ?
peroxide) as a.polynerization_ initiator and 3.5 parts by wei ght of

propy| efr& &F’%‘bﬁg MoretdRrlr &ifer -(PGW) as shown in Table 2, and dropping
of a m xture B consisting of 25 parts 20 by wei ght of KP-358 (trade nane

" KP- 358'007@@r capt o nodi fied silicone avail able from Shin-Etsu Cheni cal

Co., Ltd., weight-average nol ecular weight (Mvy) : 4,400, solids content:
100586 by wei gltf, t HeOSdrip ot 33f r Spt<gHeditipd 15} thee Ebaininl 4 Ype) ] arcthb2eSmpard s by
wei ght of butyl acetate as shown in Table 2, into the reaction container
wer e Sstgr R : | i I Lni isnter nal
terrpera{'t% &r&gc}iétaé Olntt OC.nd'%h"éggn?%trg%eJ%%%gb r%%\%tg dgglé%%"rg@? %ggh%félﬁf ours,
and the m xture s_dr.opped over erjod o hours After the dropping
ot he 2L P EE KL A Bt S0P i P GHAY Lo B Sed SSrct o hart by
wei ght 5 of t-butyl peroxy-2-ethylhexanoate and 4.5 parts by wei ght of
butyl &aceeihacwatoyk@pesavidaRaryavaiea radrydoplogoneinut bsocyRrateaf t er
the resulting mxture was stirred for 2 hours wth retaining heat to

obt ai n2ameohganppoy ksditaxanerdduyanatecndd+adrytopdbyvieit B lss®lanaten. This
copolymer B-1 solution had a transparent appearance, 10 and a filmof the

copp! Y@rtH'é%@,aE%{e%B%E%&@B&léﬁf%?d NC&H yHE teOROL YIRS B L sabuliArshad NV

(heating residue after drying hours I n a hot air dryer at "108C) of

52. 4% by wei ght .. Vi scasi of 111 nPas/25C and an .,aci d_val ue, of 19.6
<oy 8° SR N edaY SRR el SRR R OR e R pdrEr B 1,
as nmeasured by GPC, was 6,510. 15[0132] (Metal-crosslinked copolyner A-1)
In an Hppar dragisienactregeppekaboval bele §2om4Shaya sPeikandi-§ht endt he
copolyner B-1 solution and 5.86 parts by weight of zinc white were placed,
and t h&¥awene 261" r iredikorrd0 tmanktmesk atavaQCabhe dramiShogame2GodaX. ) .

at nosphere, followed by raising the tenperature up to 90C. After 3.89
parts byoweight of water were added at 90C, the mixture was stirred for 2
hours with retaining heat. Thereafter, 5.86 parts by weight of zinc white
were further added, and the m xture was stirred for 2 hours with retaining
heat to obtain a nmetal-crosslinked copol ymer SF-2303



54 A-1 solution. This netal -crosslinked copolyner A-1 solution had a

t ranspa?€nt3@&ppear ance, and had NV (heating residue after drying for 3
hours in a hot air dryer at 108C) of 2%82. 7% by wei ght, a viscosity of 4,420
mPa- s/25C and a water content of 0.84% by weight. The film5 transparency
of the metal -crosslinked copolymer A-1 was slightly opaque. [0133]
Preparation conditions (amunts of raw nmaterials, catal yst, solvent and
the like (uniqn ¢ghevathes handheompblads parergig) XojsweV¥HIOOZ-, 18 ieaxti on
tenperature, reaction tine, etc. ) for the netal -crosslinked copolymer A-1
sol ut i ohijasutytahe teopeipaieid Bedidad Ubhary, iproperdlias ni@tds&mm@mm met al
crosslinked copolyner A-1 solution and the resulting copolyner B-1

sol uti gy @S- re@&%lgﬁt%{-&fﬁ&é T8 2B ovdB@N NQS, -0k ot REmSY IR S, g;fhr ade

names) shomn inthet , manufacturers, 15 etc.” are as descrlbe

Tabl e 1. art of an IR s ectru resultln net al -crossl i nked
copol y iV brBipaon e (OB 2l ig L B0 Ee 7, pRbsBEes BF

Or ganopol ysi | oxane-thi o bl ock V|nyI onners B-2 to B-4 20 sol utions

wer @ smééﬁdz@éfYénar@%Tpm%magoéaﬁghkw@a@ lapier ssheps tipoluge
solutions were synthesized in the sane manner as in Exanple 1, except that
t he anﬁaﬂhydn@kyehhylaﬂmeuhkadnykaienhé—hgﬂfdgygnopwne(methﬁamrymaienhe i ke
(unit of values in the table: part (s) by weight) , the reaction tine,

etc. werechangsdras Shown ddryiabke 2-nJLs8AHeN1 (mokn? &eoraaaerti es

of the copolyners were evaluated in the sanmé nanner as In anpl e

Prepar at | fr rlals aly sol ve t and

t he I|%%h$@ﬁ|%99%£$ ﬁggﬁﬂﬁ%gﬁéagabl2M%%§?tc53?nb 3%Pe{ﬁfsocygg%
tenperature, reaction time, etc. ) for the 5 copolyners B-2 to B-4

sol ut | GIPEPLHE S IMetaRYEF %] BRREBE-COPEtHES (TR P RE Al AC SGHiG S TR
properties of the resulting copolyners B-2 to B-4 solutions and the

r el t iisg et akalkt pssinnileed oobpby yinesarsliAg thesé- dorgmhundsors, tleaic tdree set
forth in Table 2. Charts of IR spectra of the netal -crosslinked copol yners
A-2 t 0 iAcéyahetshwip/AyRirgsyl HduOeduit0k3%] rd ExamBkendd 1.0/0.5 to

(Organopol ysi | oxane-thio bl ock vinyl copolymer B-5) In a reaction

cont al et /6941 Apealickling SALAI | BACIPULEE o LR LOSHIAILCL e, & 1Y L0gen

gas feed pipe, a droppin evi ce an ux CBhdenser

wei ght _of but tate angd 29.2 b of propyl ene gl ycol
nmonomne ﬁ?lr@?%%r:§gt%f %§$é:pl hid %% Hbe?atd?b%éﬁsr?%ékﬂﬁT'up to
120C in a nitrogen gas atnosphere. Subsequently dropping of a m xture A
consi s@&iwietdfanesegrnttisnhye il vt s\ 2ch o dituhylt nedhaenyde vay Ap, usksl,part s
by wei ght of n-butyl nethacrylate (BMA), 20 parts by weight of n-butyl
acrtyl ated(iBAeceds41a1,t Spbyymer ghit afn 2nietdidiesiydh a€ pyhatgox2ikHAone 5
parts by wei ght of cyclohexyl acrylate (CHA) , 7.5 parts by weight of
met hac byl gy He 31R8LES 1Y Wekght of racTyd & s861 dry( 12
parts by wei gh SF- 230% 56 of t-butyl peroxy- 2 et hyl hexanobat e trade namne
"Kayaester 0", le from K oratio as a
pol y oSBTy 1%8?0#11& e B oo SRH-Se 1y Cer
nnnonethg et her as shown in Table 2, and dropplng of a mxture B
consi st glﬁﬂ‘éﬁt%rpﬁlﬂtil Brstetght xgleng 21135811-@53%‘@9 FafEatKP-388be
nmercapto nodified silicone avail able from Shin-Etsu Chem cal Co., Ltd.
wei ght vagdr age nol ecul ar weight (My) : 4,400, solids content: 100% by
wei ght, position of SH group: side-chain type) and 12.5 parts by wei ght of
buty! gg@tgye as shown in Table 2, into the reaction container were
started at the 10 sane tinme with nalntalnlng t he internal tenperature at
120C. The m xture A ed over eriod of 4 xture
5 vms df opped oue e Rael i soREteds RabrFe Pracal SHheg e =l Xt ur o
A was conpl eted, an additional m xed catal yst of 1 part by melght of
t - but yFip r%cgm@@tﬁw FEREABERECARY WS teaRSa gy IRdr ght 16iPusifieyiabls
acetate was dropwi se added over a period of 30 mnutes. Thereafter, the
resultthgtthBaKEm@asndsame@ddhdedbdﬁhﬂstheuhocymmatng@pdp%hydM@xgmtaln an
organopoly5|loxane thio bl ock vinyl copolynmer B-5 solution. This copol yner
B-5 solg%uﬁréqlaae}aaehfmarﬁé&oxﬁéboeaoﬁmeo tand, s 1f il Pk hEheLepalymer had
an opaque appearance. The copol ynmer 20 B-5 solution had NV (heating
residue after drying for 3 hours in a hot air dryer at 108C) of 53.6% by
wei ght, a viscosity of 74 nPa s/25C and an acid value of 52.8 KOHm/g. The
wei ght - average nol ecul ar wei ght (Mvy) of the copol yner B-5, as neasured by
GPC, was 5,860. [0136] SF-2303 57 (Metal-crosslinked copol yner A-5)
In an apparatus simlar to the above one, 794.8 parts by wei ght of the
copol yner B-5 sol ution and 15. 22 parts by melght of zinc mhlte wer e



[0137] Preparation conditions (amunts of raw materials, catalyst,
sol ventSEnd3PBe like (unit of values in the table: part (s) by weight)

20 reaction tenperature, reaction tine, etc. ) for the netal -crosslinked
copolymer A-5 solution and the copolynmer B-5 solution, properties of the
resulting netal -crosslinked copolynmer A-5 solution and the resulting
copolyner B-5 solution, etc. are set forth in Table 2. chart of an IR
spect r uph@fgh Hdier gsti¢ i drpansisaluponotse i mklet wepolghent B 2863nG8oe 5 i s
shown in Fig. 5. [0138] [Exanples 6 to 15] Organopol ysil oxane-thi o bl ock
vinyl copdyamis 1Bgbotis B A5 e Sritciroasmpenes Synthesi gee: sand at-hen

net al - crossl i nked copolyners A-6 to A-15 solutions were synthesized in the

sane NBefe a1l tRXaPhe Son aﬁﬁtﬁﬁptrekgé%eflbgdw S (Bbnbhe FAvy mterials,

t he catal yst, the solvent uni t ues in the tabI e: part

(s) by h reactron tinme, et re ch ed_as_shown i TabIe 2.
Ther eaf%ﬁi@%w%% 1grf‘s't ic&gPgpn flh%e F&ﬁ&mgy\,@}@e%gggpﬁgt dhlnsPhe&anme
manner as in Exanple 5. Preparation conditions (amunts of raw materials,
cat al ysthe %W@ﬁﬁ ahdthaie beceaesuphe vine alales Ra edrh ables- apdrthgs) by
wei ght) , reaction tenperature, reaction time, etc. ) for the copolyners
B-6 to malkeshl uti ons and the netal -crosslinked copolyners 15 A-6 to A-15
sol utions, properties of the resulting copolyners B-6 to B-15 sol utions -
and the[{joef:‘g]l ting metal -crosslinked copolynmers A-6 to A-15 solutions, etc.
are set forth in Table 2. Charts of IR spectra of the netal -crosslinked

copol yners A- |n Fi 5. 20[0139 Exanpl ¢ 16]
(Or ganopol ysi noél%; é?ttljﬁffgh %Fe%%b]ocflyﬁ%qd@ _c[%r}‘pcgundg LPL?%eIarEpercgacti on
cont ai ner equr pped with a strrrrng device, a thernmoneter, a nitrogen gas
feed piffeths &rBpbiandlddel célEhdhe FerPownd SEPZeagnEed duh#BASERLM

parts by weight of xylene and 21 parts by wei ght of propyl ene gl ycoI
nohonmetilIbdt, het {PEYefwerblpl dbad, tleewt: doepbenperatalind ewdsdr s Sechtup t o
120C in a nitrogen gas atnosphere. Subsequently, dropping of a m xture A

consi stdhRgi ffc Aha R My dS o \&? u%) dEtalenfBIRaGS B/é&:tnﬁes(ML ol0
parts by weight of n-butyl acrylate (BA), 12.5 parts by Werg ht of

2- et hyl bexy t 2 p [, i (I\/AA)
5 part;:%bfyf ST her el RS %rt‘f’ﬂftrfwe SR FRelins,
per oxy- 2- et hyl hexanoate (trade nanme_"Kayaester 0", aval I able from 10
Kayak uREZ8! 5&&3&??%%%1@?6%@@%631 %&rayﬁérhlz%ﬁeeﬁrtwth%erpw 3.5
parts by wei ght of propyl ene glycol nononethyl ether (PGW as shown in
Tabl e Zepardedieppivnthofoanm xtidlébB soibattihegemdur?s partthsmbyeausieght of
KP-358 (trade nane "KP-358", nercapto nodified silicone avail able

f r ofrBhitheEssehesl €dlaCeachl bdherwehghth@y eicageeml ecul ar 15 wei ght (My) :
4,400, solids content: 100% by wei ght, position of SH group: side-chain
type) @gﬂzg 5 parts by weight of butyl acetate as shown in Table 2, into
t he reactron contar ner were started at the sanme time with maintaining the
internal te Lf%?{e at The. m xtur.e A was dropped over g errod of 4
hours, .and t Vﬁrleeaé: %@%PS&?&&We‘?“aab@r? SRtArR Lagf t er
the dr opping of the mxture A was conpl eted, an additional m xed cat al yst
of 1 paptthar Wweitgrtresiotibutad tberdewozyenhw hexadivad wibhdhe §demeyd by

wei ght of butyl acetate was dropw se added over a period of 30 m nutes.
Ther eajrenp-thetaasind i (mgth) xtuyeivascist iggred . f uhkeyr s whéthdret ai ni ng
heat SF-2303 60 to obtain an organopol ysil oxane-thi o bl ock vi nyl

copp! yRBE:B: 48 c%eaqg/eerglﬁma% %epeﬂla/ear §a£§ 28k ttbﬂqngr}fgeauéé@nswem

appearance, and a filnof the copolyner had a transpare appearance. The

copolyner - 16 .sol.ution h heat i ng ue afte ng for hour s
Trs 2B T e s P ES Ph bY iAot T4 FERbE Y B Benpa
3/25 C and an acid value of 36.4 KOHmg/ The wei ght - aver age nDIecuIar
wei-ght 2L MAYSREOEHESE 0 pBR PRSI JBILE SOAFeRE SOV 64T b9 LERC i neRs 08, ep40i0n0140]
(Met al -crosslinked copol yner A-16) 10ln an apparatus simlar to the above
one, 6HdyZbpantssdby wei ght of the Copolyner B-16 solution, 41.73 parts by
wei ght of copper acetate, 142.03 parts by weight of xylene and 0.36 part
by weig bg7QI a 20% KF-96- 1000 xyl ene solution (trade name "KF-96-1000",

di rethyl silicone oil available from Shin-Etsu Chem cal Co., Ltd.
viscosity: 15 1000 cSt) were placed, and they were stirred for 30 m nutes
at 30Cin a nitrogen gas atnosphere, followed by raising the tenperature
up to 90C. The m xture was stirred for -2 hours at 90C with retaining heat,
and then with recovering the solvent by heating, the tenperature was

rai sed up to 150C over a period of 4.5 hours. The anobunt of 20 the sol vent
recovered was 327. 6 parts by wei ght. The resulting |liquid was cool ed, and



61 of 40.2% by weight and a viscosity of 19,610 nPa-s/25C. The film
transpaPEngy0of the netal -crosslinked copolyner A-16 was clear. [0141]
Preparation conditions (ambunts of raf materials, catalyst, 5 solvent and
the like (unit of values in the table: part (s) by weight) , reaction
tenperature, reaction tine, etc.) for the netal -crosslinked copol yner A-16
solution and the copolyner B-16 solution, properties of the resulting

met al - cr ossl i ik &decopoingnef theléormpbwitd oppaasentrd bgdillet fogucigpdLlyiner B- 16
solution, etc. are set forth in Table 2. 10 A chart of an IR spectrum of

the resatting fRtm@llacossh] | ket pRlNNehoydfhd S r@WaciNs Fl Jeorkd.
SF-2303 62 [0142] Table 2-1 Copolyners (Exanples) (the upper |eft section)

0,1 St Rd g SyTReL 8 T 0 e SOROLUIELS el 2

presence of the polyether modified silicone which does not contribute
5 to the reaction, coating film strength tends to be lowered, or the

organopolysiloxane—-thio block vinyl copolymer tends to become opagque

or tends to undergo separation. Contrary tec this, if the amount of

the compound represented by the formula [IIb] or the formula [IIIb]

is too large, gelation is liable to occur in the preparation of

10 organopolysiloxane-thio block vinyl copolymer.

[0079]

The weight-average molecular weight (Mw) of the polymerizable
group-containing polyether modified silicone (a22) or the
welght-average molecular weight (Mw) of the polyether modified

15 silicone (a221) and/or {a222) used forpreparingthepolyethermodified
silicone (a22}, as measured by GPC, is preferably in the range of
300 to 100,000.
[0080]

The HLB of the polymerizable group-containing polyether

20 modified silicone (a22) is usually in the range of 0 to 18 (not more
than 18), preferabiy 0 to 10. When the constitutional unit (a22)
derived from the polymerizable group-containing polyether modified
silicone is contained in the constitutional unit (a2), flexibiiity

of the coating film is improved by the polyether modified silicone



824.8 B-5 B-6 B-7 B-8 Zn0O 5.86 5.33 8.26 11.07 1120
3.89 2.36-490%6 7. 34
29

o0il introduced, and therefore, cracks and the like can be prevented,
and long-lasting antifouling performance can be enhanced.
[0081] |
[B] Organopolysiloxane-thio block
5 The organopolysiloxane—thio block [B] is represented by the

following formula [I].

[0082]
IT" TH TH Tﬂ
RZSi0—(Si0) (—(Si0) ,—Si—R "
S < S - S [1]
[0083]
10 Inthe formula [I], plural R™” areeach independently amonovalent

hydrocarbon group of 1 to 10 carbon atoms. Examples of the monovalent
hydrocarbon groups of 1 te 10 carbon atoms include alkyl groups of
1 to 10 carbon atoms, preferably 1 to 8 carbon atoms, particularly
preferably 1 to 3 carbon atoms, such as methyl group, ethyl group,
15 propyl group and isobutyl group, phenyl group, 2-phenylethyl group
and fluoroalkyl group. Preferable are the above alkyl groups, and
particularly preferable is methyl group.
[00B4]
rRY¥, R and R™ are each independently R™ or a divalent thio
20 organic group of 1 to 20 carbon atoms. However, at least one of R'?,
R and R* is a divalent thio organic group of 1 to 20 carbon atoms.

{6085]



Zn0O 5.86 5.33 8.26 11.07 Butyl acetate PGM Total 840.01 838.72
840. 88 8542333 Bl endi ng rati o Organopol ysi |l oxane-thi o bl ock copol ynmer
(equivalent) 2 2 2 2 H20(nmol) 1.5 1 301.5 ZnO (nol) 0.5+0.5 0.5+0.5
0.5+0.5 0.5+0.5 90C reaction time (H)

The divaleht thio organic group is represented by the formula
—3-X~ (wherein X is a divalent organic group of 1 to 20 carbon atoms),
and examples of -X- include the following organic groups:

divalent aliphatic hydrocarbon groups which may be branched,

5 such as methylene group (-CHy-), ethylene group (-(CH;).~), propylene
group (-CH;Ch,CH,—, —CHCH;CHz-, -CHyCHCHsz~), dimethylmethylene group
(-C(CHz)2-), butylene group (-CHCH(CH3)CH,-), dimethylethylene group
(-CH:C (CH3)»—), and octamethylene group (- (CHz)s~):; and
divalent aromatic hydrocarbon groups, such as phenylene group
10 (-CgHs—) and phenyleneethylene group (-CgHs— (CHy)o-).
10086]

Of these divalent thio organic groups, thio hydrocarbon groups
having a chain divalent hydrocarbon group (X) of 1 £o 5 carbon atoms,
such as thiotrimethylene group, are preferable.

15 [0087]

In the formula [I], t and u are each an integer indicating'the
total number of the respective repeating units, and t is usually in
the range of 0 to 1,500, and u is usually in the range of 1 to 100.
These repeating units may be arranged at random or may be arranged

20 so as to form blocks.
[0088]

Such an organopolysiloxane-thio block [B] is derived from

mercapto modified polyorganosiloxéne represented.by:the following

formula [Ia].



13H 14H 131-1 15H Sol ution properties NV(% 52.7 52.5 55.3 53.3 Viscosity
(nmPas/ 285€5233320 480 1,030 9,790 Water content (% 0.84 not neasured 1.54
1.42 Theoretical water content (% (®177) (0.56) (1.74) (1.44) Film

transparency slightly opaque very opaque clear clear SF-2303 64 Tabl e

2-1 (the upper right section)
| [0089]

110 110 10 10
R R R

R@éio——(éiO) t—(e[:iO) u-——éi—-ﬂ130

R‘I10' R110 R‘I4O R110

[0090]

In the formula [Ia], R’ has the same meaning as that of R
5 in the formula [I], and R**", rR*® and R'*® have the same meanings as
those of R, R'® and RM, respectively, except that the “divalent thio
organic group” {(-S-X-) is replaced with a “monovalent thio organic
group” (HS-X-).
fO0e1]

10 The weight-average molecular weight (Mw) of the mercapto
modified polyorganosiloxane [Ia] used for deriving the
organopolysiloxane-thio bleock [B], as measured by GPC, is usually
in the range of 300 to 100,000, preferably 500 to 50,000.

[0092]

15 As the organopolysiloxane-thio bloc? [Bl, there are 4 types
of one-end type represented by the following formula {I-1], both-end
type represented by the following formula [I-2], side-chain type
represented by the following formula {1_3]f and side-chain both-end
type represented by the following formula [I-4], said types being

20 determined depending upon which group among R%, R and R* in the
formula fI} the divalent thio organic group of 1 to 20 carbon atoms

is.



Ex. 5 Ex.6 Ex.7 Ex.8 Synbols of netal -crosslinked copolyners A-5 A-6 A7

A-8 Bl eRBrA80B- 1 B-2 B-3 B- 4 B-5 794.8
.32
[0093]
RH R11 R11
I [ SRT
—S§——X—-Si0—(Si0) 44,-Si—R
11 11 1
R R R e v m e s - {1—-1]
[0094]
ITH F|€11 I?11
= §—X—SIO——(SiO) 1~ Si- X G
11 11 kR
R R R e e e s s [ [ 2]
5 [0095]
R11 Rﬂ R‘H R11
1 L I. I. I. "
R—SI0——(SIO) (444(SI0) y.Si—R
R11 R11 )l( R11
i
------ [1—3]
[0096]
T” TH Ff11 Fi{ﬁ
—8—X—SI0——(SI0) 1y (SIO) |1y Si—X—S—
11 11 E I 1
R R T R
i
...... [1__4]
[0097]
10 In the formulas [I-1], [1-2], [1-3] and [1-4], R, R¥, R®,

R and X have the same meanings as meanings of those in the formula
[T]. In the formulas [1-3] and [i-4], w is an integer satisfying
the condition of 0<w<u.

[0098]



B-6 798.7 B-7 783.9 B-8 790.8 ZnO 15.22 15.38 19.54 13.02

1120 1GE-2%¥0P1 12.96 8.64 2ZnO 15.22 15.38 19.54 13.02 Butyl

acetate

38.45 36. 74 38. 26 33

10

15

20

It is presumed that:

when thé organopolysiloxane-thio block [B] is that of one-end
type represented by the formula [I-1], this block [B] undergoes
addition to (undergoes end capping at) one end or both ends of the
carboxylic acid-containing vinyl copolymer block [A], and the
organopolysiloxane-thio block vinyl copolymer [C] becomes a block
copolymer having a structure of [A]-[B] or [B]-[A]-[Bl;

when the organopolysiloxane—-thio block [B] is that of both-end
type represented by the formula [I-2], the carboxylic é'ciducontaining
vinyl copolymer block [A] undergoes addition to both ends of this
block [B], and the organopolysiloxane-thio block vinyl copolymer [C]
becomes a block copolymer having a structure of [A]-[B]-[A]:;

whenthe organopolysiloxane—-thioblock [B] isthat of side—-chain
type represented by the formula [I-3], the carboxylicacid-containing
vinyl copolymer block [A] undergoes addition to the side chain of
this block [B] ., and the organopolysiloxane-thioblock vinyl copolymer
[C] becomes a graft copolymer having a comb-like structure; and

when the organopolysiloxane—-thioblock [B] isthat of side-chain
both-end type represented by the formula [I-4], the carboxylic
acid-containing vinyl copeolymer block [A] undergoes addition to both
ends and the side chain of this block [B], and the

organopolysiloxane~-thioblockvinyl copolymer [C] becomes a copolymer

-having a star-like structure.

However, a block structure other than the above structures can



38.66 PGM 25.66 24.49 25.49 25.76 Total 899.45 900.9 899.69 889.9

Bl endi ngEra8P8 O ganopol ysi |l oxane-thi o- bl ock copol yner (equivalent) 2 2 2
2 1120(nol) 1.5 1.5 1.5 1.5 ZnQ(nol ) 3. 5+0.5 0.5+0.5 0.5+0.5 0.5+0.5 90C
reaction time (H 15H 1511 15H 1511 Sol ution properties NV(% 49.5 49.3
49.8 50.2 Viscosity (nPaes/ 250

exist because of the complicated cessation reaction of radicals.
' [0099]
Examples of themercaptomodifiedpolyorganosiloxanestoderive
the organcpelysiloxane~thio blocks [B] represented by the above
5 respective formulas include the following'prdducts and merchandise:
mercapto modified polyorganosiloxane [I-1] {one-end type):
“F3-076-05" and “F3-076-06" available from Dow Corning Toray Co.,
Ltd.,
mercapto modified polyorganosiloxane [I-2] (both-end type):
10 “X-22-167B” available from Shin-Etsu Chemical Co., Ltd., and
mercaptomodified polyorganosiloxane [I-3] (side-chain type) :
“KF-2001", “KF-2004" and “KP-358" available from Shin-Etsu Chemical
Co., Ltd.
[0100]
15 <Preparation process>
The metal-crosslinked organopolysiloxane-thio block vinyl
copolymer [D] can be prepared by first preparing the
organopolysiloxane-thio block vinyl copolymer [C] having the
carboxylic acid-containing vinyl copolymer block [A] and the
20  organopolysiloxane-thioblock [B] by radical polymerization and then
subjecting the organopolysiloxane~thio block vinyl copolymer [C] and
a compound of the divalent metal [M] tometal esterification reaction.
[0101}

Preparation of copolymer [C]



3,980 4,970 1, 140 2,120 Water content (% not neasured not neasured not
measur egFwilheasured Theoretical water content (% (1.87) (1.89) (2.40)
(1.62) Filmtransparency clear clear 38l ear clear SF-2303 66 [0143]

Tabl e 2-2 Copol ynmers (Exanpl es) (the upper left section) Ex.9 Ex.10 Ex.11
Ex. 12 Synbol s of netal -crosslinked copolyners A-9 A-10 A-11 A-12

The organopolysiloxane-thio block vinyl copolymer [C] can be
typically prepared by subjecting:
the polymerizable unsaturated carboxylic acid (al) (e.qg.,
methacrylic acid, acrylic acid), the polymerizable unsaturated
5 carboxylic acid ester {a2l) (e.g., methyl (meth)acrylate, butyl
{meth)acrylate, 2-ethvlhexyl (meth)acrylate, hydroxyethyl
(meth)acrylate, trade name “FM-7711"”) that is other polymerizable
unsaturated moncmer (a2) copolymerizable with the polymerizable
unsaturated carboxylic acid (al), and if necessary, the polymerizable
10 group-containing polyether modified silicone (az22), which will
constitute the carboxylic acid-containing vinyl copolymer block {A],
and
the mercapto modified polyorganosiloxane represented by the
formula [Ial (e.g., trade name “KP-358", trade name “KF-2001",
15 available from Shin-Etsu Chemical Co., Ltd., mercapto modified
silicone), which will constitute the organopolysiloxane—thio block
vinyl copolymer [RB],
to thermal polymerization or photopolymerization under the
usual reaction conditions, and if necessary, in the presence of a
20 radical generation source such as a radical polvmerization initiator.
The blending ratio of the monomers, the amount of the polymerization
initiator, the heating conditions, the reaction time, etc. can be
controlled so that the orgénopolysiloxane—thio block vinyl copolj}mer

[C] may have the aforesaid acid value, glass transition temperature



Bl ending B-9 827.1 B-10 829.3 B-11 766 - B-12 759.9 B-13

B-14 SF-33Q3%
36

(Tg), weight-average molecular weight (Mw), and the like.
{0102]
Preparation of metal-crosslinked copclymer [D]
The metal-crosslinked organopolysiloxane—-thio block vinyl
5 copolymer [D] can be typically prepared by mixing the
organopolysiloxane-thioblock vinyl copolymer [C] prepared as above,
a compound of the divalent metal {M] for crosslinking the copolymer
[C], and if necessary, water with one another to subject them to metal
esterification reaction.
10 [0103]

As the metal compound, for example, an oxide, a hydroxide, a
chloride or an organic carboxylate of the divalent metal [M], such
as zinc oxide (zinc white), zinc hydroxide, zinc chloride or ziqc
acetate, can be used.

i5 [0104]

The mixing ratio of the organopolysiloxane-thio block vinyl
copolymer [C], the metal compound and water, the reaction conditions
{temperature, time and the like), etc. can be properly controlled
according to the metal-crosslinked organopolysiloxane—thio block

20  vinyl copolymer [D] to be prepared. In usual, the metal-crosslinked
organopolysiloxane~thio block vinyl copolymer [D] can be prepared
by mixing the copolymer [C}, the metal compound, and if necessary,
water with one another in a copolymer [C] /metal compound/watér mixing

ratic of 1 ~ 3 acid equivalent/1 mol/0 - 5 mol and then stirring them,



B- 16 ZnO 10.5 10.38 8.67 8.63 1120 6.97 6.89 5.75 5.72 Zn0O 10.5

10. 38 SHBR2BF B3 Copper acetate Butyl acetate 27.66 25.7 66.69 69.83
PGM 37 _
or by homogeneously mixing them in the same mixing ratio and then
allowing them to stand still, to thereby react them at a temperature
ranging from 20 to 120°C for 1 to 50 hours.
[0105]
5 <Uses>

The metal-crosslinked organopolysiloxane-thio block vinyl
copolymer [D] of the present invention is particularly preferably
used as a resin component (vehicle Ccmponent) of antifouling coating
materials. In addition, it can be used also for paper sticking

10 preventive coatingmaterials, stainingpreventive coatingmaterials,
ice accretion/snow accretion preventive coating materials, mold
release materials, etc., and there is no specific limitation on its
uses.

[0106]

15 Copolymer composition, (antifouling) coating composition

By1lsing'theInetal—crosslinked_organopolysiloxane—thioIblock
vinyl copolymer [D] of the present invention as a resin component
(vehicle compenent), an antifouling coating composition and other
compositions can be prepared.

20 [0107]

Whenthemetal~crosslinkedorganopolysiloxane-thioblockvinyl
copolymer [D] is added to an antifouling coating méterial or other
coating materiéls, it becomes possrible to enhance performance of the

antifouling coating material or other coating compositions by using



18.42 17.14 44.45 46.56 Xyl ene 20% KF-96- 1000 Sol vent recovered

Xyl ene SF-23@3al 901. 15 899.79 900. 23 899.27 Blending ratio

Or ganopol ysi | oxane-thi o bl ock copol yis& (equivalent) 2 2 2 2 1120(nDI)_

10

15

20

a water-repellent substance and/or a hydrophilic substance in
combination. That is to say, a metal-crosslinked
organcpolysiloxane~thioblockvinyl copolymer compositioncentaining
the metal-crosslinked organopolysiloxane-thio block vinyl copolymer
[D] and thewater—-repellent substance and/or the hydrophilic substance
is formed.

{0108]

{(Water—-repelient component)'

Examples of the water-repellent components include paraffins,
such as petrolatum, paraffin wax and l1iquid paraffin; silicone oils,
such as dimethyl silicone o0il, methyl phenyl silicone oil, alkyl
modified silicone oil, fluorine—containing silicone oil
(flucrosilicone oil) and functional end group-containing silicone
oil; fluorine oils, such as fluoropolyether oil; long-chain fatty
acids, such as caprylic acid, capric acid, lauric acid, palmitic acid,
stearic acid and oleic acid, and their esters; and natural cils and
fats, such as beef tallow, lard, codfish fat, cccenut coil and palm
oil. Of these, dimethyl siiicone oil, methyl phenyl silicone oil,
fluorine-containing silicone oil and paraffins are preferable.
[0109]

When the water-repellent component is used, the amount thereof
isnotspecificallyréstricted,butfromtheviewpointsoffilmforming
property;.drying property and adhesion properﬁy of a coating £l

formed from the (antifouling) coating material, the amount of the



1.51.5 1.5 1.5 ZnQ(nol) 0.5+0.5 0.5+0.5 0.5+0.5 0.5+0.5 Copper acetate
(rmol) SEF-B®@3Breaction tinme(H) 15H 1511 151-1 1511 Tine for tenperature
el evation up to 150C Sol ution propPerties NV(% 49.7 49.9 49.7 50
Viscosity (mPas/25C) 1,670 870 29,850 18,620 Water content (% not
measured not measured

water-repellent component is usually in the range of 0 to 100 parts
by weight, preferably 1 to 50 parts by weight, based on 100 parts
by weight of the metal-crosslinked organopolysiloxane-thio biqck
vinyl copolymer [D] (solids content).

5 [0110]

{Hydrophilic component)

The hydrophilic component is, for example, polyether modified
siliconecil {other thanthepolymerizable group~containingpolyether
modified silicone (a22)). HLB of the polyether modified silicone

- 10  o0il is usually in the range of 0 to 12 (not more than 12), preferably
0 to 7. The type of the polyether modified silicone oil may be any
of pendant type, both-end modified type and block type. Examples
of thependant typepolyethermodifiedsiliconeoilsinclude “ST-114PA"
(available from Dow Corning Toray Co., Ltd.), “FZ-2130” (available

15 from Dow Corning Toray Co., Ltd.), “FZ-2191" (available from Dow
Corning Toray Co., ILtd. ). and “KF-6016¢" ({(avallable from Shin-Etsu
Chemical Co., Ltd.). Examplesof theboth-endtypepolyethermodified
silicone oils include “X~-22-4272" (available from Shin-Etsu Chemical
Co., Ltd.) and "SLJ1623/3” (available fromWacker Asahikasei Silicone

20 Co., Ltd.). Examples cf the block type polyether modified silicone
oils include “FZ-2203" (available from Dow Corning Toray Co., Ltd.)
and “Fz-2207" (available from Dow Corning Toray Co., Ltd.).
[0111]

When the hydrophilic component is used, the amount thereof is



not measured not neasured Theoretical water content (% (1.29) (1.28)
(1.06) $H-2BY3Fi | mtransparency clear clear clear clear SF- 2303 68
Table 2-2 (the upper right section) 4Ex.13 Ex.14 Ex. 15 Ex.16 Synbol s of
met al - crossl i nked copol yners A-13 A-14 A-15 A-16 Bl ending B-9 B- 10

not specifically restricted, but from the viewpoints of film forming
property, drying property, adhesion property and long-lasting
antifoulingperformancecofacoating filmformedfromthe (antifouling)
coating material, the amount of the hydrophilic component is usually
5 in the range of 1 to 100 parts by weight, preferably 5 to 50 parts
by weight, based on 100 parts by weight of the metal-crosslinked
crganopclysiloxane~thio block vinyl copolymer [D] {solids content) .
[0112]
The antifouling coating material containing the
10 metal-crosslinked organopolysilexane—thioblock vinyl copolymer [D]
as a resin component {(vehicle component) sufficiently exhibits
antifouling performance even if an antifouling agent is not added,
differently fromthe conventional antifouling coatingmaterials. In
order to further enhance antifouling performance, however, an
15 antifouling agent may be added, when needed.
[0113]
(Antifouling agent)
Examples of the antifouling agents include metallic copper,
copper suboxide, copper rhodanide, basic copper sulfate, basic copper
20 acetate, basic copper carbonate, copper oxyguinolate, copper
naphthenate, copper rosinate, copper pyrithione, zinc pyrithione,
tetramethylthiuram disulfite,
2,4,5,6—tetrachléroisophthalonitriie,

N, N-dimethyldichlorophenylurea,



B-11
Zn0O

10

15

20

B-12 B-13 825 B-14 818.2 B- 15 810 B- 16
SF-2303
41

Z-methylthio-4-tert-buiylamino-6é-cyclopropylamino-s—-triazine,
4,5-dichloro-2-n-octyl-4~igothiazolin-3-one,
2,4,6-trichlorophenylmaleimide, pyridine-triphenylborane, and
amine-triphenylborane.

[0114]

Moreover, various components added to publicly known
antifoulingcoatingcompositions,sudnassolvent,élutionassisting
agent, plasticizer, thixotropic agent {anti-sagagent, anti-settling
agent), pigment (cclor pigment, extender pigment), ccating
film-forming component (vehicle) other than the metal-crcsslinked
organopolysiloxane-thio block vinyl copolymer [D], leveling agent
and ultraviolet light absorber, can be used, whén,needed. Unless
otherwise noted, the components given below may be used singly or
in combination of two or more kinds. The amounts of the components
added can be properly controlled in consideration of the amounts
thereof added to the publicly known antifouling coating compositions.
[0115]

{Solvent)

As the solvent, a solvent having proper volatility at ordinary
temperature and capable of dissolving monomers used for preparing
the metal-crosslinked organopelysiloxane-thioc block vinyl copolymer
[D], the synthesized organopolysiloxane-thio block vinyl copolymer
[C] and the-synthesized.metal4érosslinkedAorganobolysiloxanemthio

block vinyl copolymer [D] can be used without any restriction.

644. 2



8.14 8.22 10.99 H20 5.4 5.45 7.92 Zn0O 8. 14 8.22 10.99 Copper acetate
41.73 ButydO3acetate 34.88 34.64 31.16 PGM 23. 24 23.09 20.79 Xyl ene
142. 03 42 -

Examples of such solvents include aromatic hydrocarbons, such as
tolueneandxylene; aliphatichydrocarbons, suchashexane andheptane;
ethers, such as diethyl ether, di-n-propyl ether, dibutyl ether,
tetrahydrofuran and dioxane; esters, such as ethyl acetate and butyl

5 acetate; ketones, such as methyl ethyl ketone and methyl isobutyl
ketone; chlorinated hydrocarbons, such as dichloromethane and
chloroform; alcohols, such as methanol, isopropanol and butanol; and
glycel derivative-based solvents, such as ethylene glycol monomethyl
ether and propylene glycol monomethyl ether.

10 [011e6]

(Elution assisting agent)

As the elution assisting agent, a compound having such a
surfactant-like function as to assist the water-repellent agent that
is added when neededwith surfacemigrationor astoefficiently slowly

15 release the antifouling agent that is added when needéd can be used,
and examples of such compounds include rosin and naphthenic acid.
[0117] |

{Plasticizer)

As the plasticizer, a compound which imparts flexibility to

20 a coating film and has a function te¢ improve crack resistance and
adhesion property can be used, and examples of such compounds include
chlorinated paraffin, orthophosphoric acid ester and phthalic acid
ester.

[0118]



20% KF- 96- 1000 0.36 Sol vent recovered -327.6 Xyl ene 397.5 Tot al
904. 8 89F-820891. 22 898.22 Blending ratio O ganopol ysil oxane-thi o bl ock
copol yner (equivalent) 2 2 2 2 H20(ndl3 1.5 1.5 1.5 0 ZnQ(nol) 0.5+0.5
0.5+0.5 0.5+0.5 Copper acetate (nol)

{(Thixotropic agent)

Asthethixotropicagent (anti-sagagent, anti-settlingagent),
a compound having a function to enhance thick coéting property or
anti-saqg property during the coating operation or having a function

5 to prevent sedimentation of a pigment that is added to a coating
composition when I}eeded can be used. Examples of such compounds
include organic clay-based waxes (amine salt, stearate salt, lecithin
salt, alkylsulfonic acid salt of Al, Ca or Zn, etc.), prganic waxes
(polyethylene wax, polyethylene oxide wax, polyamide wax, amide wax,

10 hydrogenatedcastoroecil wax, etc.), mixtures of the organic clay-based
waxes and the organic waxeé, and synthetic finely divided silica.
Of these, polyamide wax, polyethylene oxide wax and synthetic finely
divided silica are preferable.
f0119]

15 {(Pigment)

As the pigment (other than a substance used as an antifouling
agent), any of hithertc publicly known various color or extender
pigments of organic or inorganic type can be used. Ezxamples of the
organic pigments include carbon block, phthalocyanine blue and

20 Prussian blue. Examples of the inorganic pigments include titanium
oxide (titanium white), red iron oxide, silica, calcium carbonate,
talc, barium sulfate, zinc oxide (zinc white), white lead, minium

and zinc dust.

[0120]



1 90C reaction time (H) 19H 21H 15H 4H Tine fortenperatureel evation up to
150C SB:BBPSol ution properties NV(% 49.8 50.0 49.6 40.2 Viscosity
(nPa. s/ 25C) 940 770 20,170 19,610 Watddr content (% not neasured not
measured not neasured not neasured Theoretical water content (% (0.99)
(1.01) (1.36) (0) Filmtransparency

(Other resins)

Examples of the resins (coating film—forming components) other
than the metal-crosslinked organcpolysiloxane-thio block vinyl
copolymer[D]includeacrylicresin,acrylicsiliconeresin,polyester

5 resin,fluororesin,polybuteneresin;siiiconerubber,urethaneresin
(rubber), polyamide resin, vinyl chloride-based copolymer resin,
chlorinated rubber (resin), chlorinated olefin resin,
styrene/butadienecopolymerresin,ethylene/vinylacetatecqpolymer
resin, vinyl chloride resin, coumarone resin, trialkylsilyl acrylate

10 (co)polymer (silyl-based resin}, petrcleum resin, ketone resin,
formaldehyde resin and polyvinyl alkyl ether resin.
[0121]
{Leveling agent)
As the leveling agent (anti-foaming agent), a substance which
15 further enhances ccating property of a resin composition to improve
finished appearance of a coating film and can be uniformly applied
to form a thin film, such as a fluorine-based leveling agent, a
silicone-based leveling agent, or an ether-based or ester-based
leveling agent, can be mentioned.
20 [0122]

(Ultréviolet light absorber)

Examplesof theultraviclet 1ight absorbers (light stabilizers)
include substances having an ultraviolet light abéorption,function

and/or a light stabilization function, which have been hitherto used



clear clear clear clear SF-2303 70 [0144] [Conparative Exanple 1]

(Copol y#er23£3) In a reaction container equipped with a stirring device, a
5 thernoneter, a nitrogen gas feed pi4e, a dropping device and a refl ux
condenser, 40.5 parts by meight of butyl acetate, 25 parts by wei ght of
KF- 2001 (trade name "KF-2001", nercapto nodified silicone available from
Shin-Etsu Chem cal Co., Ltd. melght average nol ecul ar wei ght

9, 200, lgplddds ngohhentto 1@@%1113@ wegbe 1t iyt el - ofomrglrcouétram@l@é chain
type) and 2.5 parts by wei ght of nethoxypolyethylene glycol nethacryl ate
(trade maff: aNESriRstSr shdR 38 Gxa lavair ialilde -baesd Shiani Mgk asurad Chesegal Co.
Ltd., nunber of -C2H4-0- units: 23 (nean value) , solids content: 100% by
wei ght ), ey e, HRkndfedpagdd, E%A%m%agefie vErzdalsedi1uinhoed 10nd n a

nltrogen gas atnDsp ere. sequent a mxture A consisting of 42.5

parts b ht _of th I t hacr t arts b wei ght of
N-butyl 9%§ Y}FEF i%ﬁ»u V'gﬁﬁg E%gagm%ﬁﬁ é%ex% ‘et-AGT %ﬁ%ﬁ acryl ate
(2EHA) and 2.5 parts by weight of t-butyl peroxy-2-ethyl hexanoate (trade
namé " Kalaeyipdetotighivabpabbers r siirkag@akd LARZEMSFisier atioh OXpEPGHIde) as
a polynerization 20 initiator as shown in Table 3 was dropw se added over
a peri afkrofumdoiabdks S anwdt hi ghad et &bl inge risheshet esnatgaardnpet @dtalr eompodrRDC. One
hour after the conpletion of the dropwi se addition of the mxture A 1

par t byaﬂeﬁlh%tje%daaﬁyﬁé{lbaageﬁ atigngokubion; iy t - butyl

per oxy- 2- et hyl hexanoat e (20% by wei ght) was further added three tines

SF- 2303{7é& every 45 mnutes, and then the resulting m xture was stirred
for Q% Hs with retaining heat to obtain a copolynmer H 1 solution. This
copolymer H 1 solution had a transparent appearance, and a filmof the
copol yIrdirIpadah i PRaREPEREM appear ance. The copol ymer H1 5 sol ution had
NV (heating residue after drying for 3 hours in a hot

ai Ldr yer at 1086eof L4 iFoieigg htcartdagicsogsistiyobs ,o30hdPar s @BCinWdret ion

wei ght - aver age nol ecul ar wei ght (Ms) of the copolyner H 1, as neasured by

GPO, Wasndde $18pal O3 $9]a 208 andi ﬁgowrafat@cé@@rs%ﬂapxow@iaw&r dndhg

conponents, the catalyst, the solvent, the reactlon tenperature, etc. in

(he PreBRiabLan, il {1 anelRC. I fod) WL BEORELAIES:alofg.testl o

[ Conpar ati ve Exanples 2 and 3 ners H-2 to H 3 solutions were
each s;ﬂJthﬁé‘é’PEéHgE%O{‘%e %%‘Fl% “E%%ﬁ FE T HA EEPAY G PERSE Yol ut i on
in Exanple 1, except that the blending ratio was changed as shown in Table
3. Proﬁ@WEhésoafptﬁBamﬁbol9&9&3 Vet enadhadl-gapedlinkedhe sane nanner as in
Exanple 20 1. Blending ratio (part(s) by weight) of the raw materials, the
cat 8l ysirgahbpos 9k ¥etikand-Nh ifogsicdd KOVE riyEN@Pes el e sl i ohib A #1e: |reparat i on
of the copolynmers H2 to H 3 solutions, properties of the resulting

copol yﬁ]rv%flg%gnti% é:’i"eg)a?: hg%@g%ifﬁi?nmﬁg e%%tedfa%r é & JﬁQh@l%ul §F 2303

72 [01 npar yner I'n a reaction contalner
equi pped Wi.th a stirri nDnEter nitrogen gas feed
e P Eoatopg Rgteett tPhnath the fpee ﬁ&éﬁsstp%%e p&PLE B wei ght of
xyl ene were placed, and the tenperature was raised up to 90C in a nitrogen
gas at m@ﬂ@ﬁerépe‘é,h@s*éqwmqrsenta{hw;z@mblw cmriogenhg oflar®e miupPd by wei ght

of nmethyl nethacrylate (MA), 60 parts by weight of N-butyl nethacrylate
(BMA) agent, antifouling agent, elution assisting agent, plasticizer,

20 dehydrating agent (stabilizer), thixotrcpic agent
(anti-sag/anti-settling agent), pigment, other coating film—forming
components and solvent, are blended when needed, they are added in
a giveh ratio at once or in an arbitrary ordef, then stirred and mixed

to give a homogeneocus solution or dispersion.



10 and 3. arts by weight of 2,2' -azobis (2-nethylbutyronitrile) (trade
name A@RF 03 avail abl e fronlJapan Hydrazi ne Conpany Inc., azo conpound)
as a polynerlzatlon initiator as shof in Table 3 was dropmnse added over
a period of 2 hours with naintaining the internal tenperature at 90C. One
hour after the conpletion of the dropwi se addition of 15 the m xture A
0.05 part by weight of 2,2' -azobisisobutyronitrile (trade nanme "ABN- R',
avallab[%u¥]on1Japan Hydr azi ne Conpany Inc., azo compound) was added, and
the tenperature was raised up to 95C over a period of 4 hours. Then, 0.1
part by<@wEght of 2,2 -azobisisobutyronitrile was added tw ce every 30
m nutes. 20 Thereafter, the tenperature was raised up to 105C, and the

resul ting m xijy ﬁn\ﬂ@§0§1iﬂ<§1_%aft%g3&n{ﬂd§itﬁ%n%f hcl{eefaﬁéélér&g iheahtio, obtain
a copolynmer H 4 solution his copol ymer H 4 solution had a transparent

appear ance,. and a f polyner had tran p nce. The
copolyﬁ%?lﬁrﬁnéoﬁu?#%%n dﬁﬁ% Fﬁegglﬁﬁa éﬂﬁfvﬁga%fﬁfﬁgyp8§h - 2303
73 3 hours in a _hot air dryer at 108C) of 59.5% by wejght and a viscosity
of 3, 640-9fPantsfosting RErhRrGARCYPIRAGEL ATERHCAP TIRI S  ( MAGh 66 $970
copolymer H 4, as nmeasured by GPO, was 14,816. [0148] 5Blending ratio
(part (Jsa)ttmpe\mb@ma)c]m‘, gimemdapenempuﬁae wyettalry stysstiearsbByentoa,t he
reaction tenperature, etc. in the preparation of the copolynmer H4

sol uti ombr PrICRSG féﬁ%c@&f thierss 14 Aot 2R ddf%rtaﬁt4s§9ﬂné'£t%&!ﬂpo§€£on@r e set
forth in Table 3. SF-2303 75 [0150] <Preparation of antifouling coating

conposi.t .o T 0 L of

t he met6 g cr%ig-ﬁ?n{%teagt&na# Ig(?l%lné}ﬁ\f%ﬁ %@%‘ﬁtggﬁ% S by
wei ght of KF-54 silicone 0|I trade nane "KF-54", avail able from Shin-Etsu
Cheni cal®TCE*amMp4g, | %Pﬁﬁ?u%ﬁéﬁWFréFPFé&wéu&fP?e%ﬁlf #pdpR e tpP9Reiight of
KF- 6016 (trade nanme "KF-6016", avail able from Shin-Etsu Chem cal Co.,

Lt do, ﬁfd@schaaﬁheypem@mmher engdi f repe si fidomg ok, ELGt3.Bovas a 10
mater-repellent conponent and a hydrophilic conponent, respectively, 0.5
part byunaeirghtcef sm@@;rgmosﬁ&madewaaae Sugp18HkR68" po it abh Eraiom
Shin-Etsu Chemical Co., Ltd., dinethyl silicone oil) as an anti-foam ng

S W%ggﬁﬁ?% ?E’%‘gﬁ%a?% 3a0860%= R Trom

Fuji Pi nt Co., Ltd., or g: red arts by weight of
tltan|6%$E?Fd§ﬁ?fW§ﬁ' g ag£E %dFFg Fefﬁé ‘E%? ustry
Co.,. Ltd ) as pignents, and 6 parts by wei ght of D speron 6900-10X (trade
name fscmﬁaémﬂagdeerl@wemq ks fotom  kusueer e e sntifehlinaat ty
acid am de wax, 10% xyl ene paste) 20 as an additive (thixotropic agent)
wet® ploaaeedn ra:omp@aiimﬁ ocshakepse antaknbbgr glkasst heads £ ashamdnat e aid <, hey
wer e shaken for 2 hours and then filtered through a filter of 20 meshes to
Prepar @af éBBtéQU&iﬂg é&%ﬂl’é&tcgﬁﬁ?%ﬁi% o(ajé_%k £ Prng 30348  B¥anpl es
F-2 F-24, Conparative Exanp es H-1t ntlfoullng coati ng
conp05|t|ons were prepared_in the same_nanner_as i .except
Chat ¢ REergpE 8 PR P i PR LS £ o hemh R of e
conponents were changed as shown in Table 4 %éexanples) and Table 5
(conparcabi he laysicss) Evemprben Wmpaeitagiall ﬁ@ﬁf@lﬁkh%ﬁ#@éeewalﬁiaﬁlon t est >
Eval uation of antifouling performance of the antifouling coati ng
conpositfRPengowds shummiredn @ifloyThe tlesulils ardesantidsothing tiabhl e 4

- (exanples) and Table 5 (conparative exanples) . The eval uation test

rrf:@dtaloiﬂ%oap@s%l&@Iﬁaqaeﬁcabhgrlé&de]{e%ntbfpéﬂ ngrhest ddx fRESt-ARLsybBRIged
state

an undercoating film or an existing antifouling coating film is

top-coated with the antifouling coating composition, the composition

is excellent also in adhesion properfy {recoatability)



To a sandbl asted steel plate of 100 nmx 300 mmx 2.3 mm an 15

epoxy- BESet &3 nc-rich primer ("Epicon Zinc Rich Priner B-2" available from
Chugoku Marine Paints, Ltd.), an epo®y-based anticorrosive coating

mat eri al (" Bannoh 500" avai |l abl e from Chugoku Marine Paints, Ltd. ) and an
epoxy-based anticorrosive coatingmaterial ("Bannoh 500R' available from
Chugoku Marine Paints, Ltd.) were applied by neans 20 of an air spray so
that tHeiampdieg fil mthi cknesses woul d beconme 20 pm 150 pm and 100 pm
respectively. To the surface of the epoxy-based binder coating film
formed,[dlee]1anti foul i ng coating conposition was applied so that the dry
filmthi ckness woul d beconme 150 pm whereby a test plate was prepared. The
test platg Wasedthed>indoors for 1 SF-2303 77 week, then froma raft
placed in Hroshima Bay, it was hung and inmrersed in seawater in such a
manner t hat t was SItIOI’l bel ow.t he face of the seawater and
adhesi on o e Rt i HeS GREPor Lty S o by e

5[ 0154] EvaI uation was carried out by visually obserV| ng the area
(%5of (E@FeSRBASET 2 kR ro- (ﬂ@aﬁissﬁﬁow{lo&%@}he followingst@leits: The area of
adhesion of marine organisns is 0% 104 points: The area of adhesion of
mar i ne [Orlg&ni sns is not nore than 5% 3 points: The area of

adhesi on of marine organisns is nore than 5% but not nore than 10%

2 points: The area of adheghpa pf margfe «y@a3RLEses is nore than 15 10% but
not nmore than 25% 1 point: The area of adhesion of marine

or gani| Siygbiod smbn eTalilars P& budtedtalsore than 50% 0 point: The area pf
adhesi|@ntaf 5marine orgahi sns is nore than 50'75- 20 [Antifouling test in
hal f - sugser ged st at e] propyldi® @lysandhbashethst Qﬁ;lheﬁﬂ ate of 100 nm x
300 ! MviypX Z.3 MM an epeXyn PASRA naldig15Len priner ("Epicon Zinc RiC
Pri merghpn2” avart aol e T UM e % Ve !Y@gtgal ns, Lt ), an EPOXY- ased

ant i corrostve—coating gt { Ton 500"—avai r-onmChugoku—MVar i ne
Pai nt 422 oF 2303 79 ftd chlh\m actylate oo iy i
al Nt 9 p Cr—7 Tt Iu A G

5 Fa

mat er i ' , s wer e
applin@Hﬁy means of an ?Yclﬁﬂ@ﬁylu§cﬁﬁgﬁt?hplr dry fl|ﬁ]ThIPknPQQPQ wul d

become CP¥Apm 150 pm andeyebehsrvl aeBacryedye To the surface of the
epoxy{bag888G5 bi nder cojphérgofidahvethyednet hbyemt ifadblcicnygladat i ng
conposition was appli ed seailsile fecurShin-Nakbhucknessmiwell dobedame 150
pm and then dried i ndOLOK‘SreidH namaeakk Eotpr epR3Ocd, tiesibepl afeCBr-am @ raft
placed in Hroshi ma Bay, uifiess @ (pkeahevidse NUnglanth iconeesed 100seawat er
I n su¢hpavganner that a faljqaRfxjdc yWamePELOW, Itg Surface of The Seawater,

10 an( —é:h\ﬂshe%hgeli:yi)gxf 135{1 H@Eoﬂ@sax}’d,ﬁ%ﬂey _
obseryed. 56] | £ dﬁaités%nc\‘y?%ofé’{ &f }ﬁafﬂés‘“‘ﬁléb Qbser vi ng
the area (% of adhesi onETgl) +BGs 05 0r gan r}g mo AR @1 r’i}P_j The
area of adhesion of mar| gari STE |s PN The" dhesi on

of nal area
of ad 1§§{F8Fﬂzgf nari ne or]i’g%ﬁ'ﬁﬁ?éj F@tﬁﬁ%y%ﬂ’é&ﬁ PPVt CABE ?’Fﬁarjelatbﬂﬁn 10%
2 points: The area of a| dRe) s isEorRPrReT aF Hoihi Cdes naBe e T HaEPLE0% but

not npre than 25% M-I QS nnuniphs-averadd nedivesileon oeighly iMie
organisns is nore than 259%8HuUt not nore than 50% SF-2303 79 0 point: The
area o¢of-adhesi on of nar| neecriganpsogducs g Ee-2hanh/B8n 4 Ret oatHbi2.iftly
eval uation] To a curved sandptasizedost eebqgplailer ra@isgm x. A0 2ym x 2.3 5
MM afigEpoXy- based ZT NCF a4kt 1 PRSaUCERE ROP2 ZA 2 RnB ol 1 08 /2. 9

(weight ratio)) ({(equivalent ratio: 1.0/0.5)
Karenz MOT 2-methacryloyloxyethyl isocyanate available from
" Showa Denko K.X. (trade name “Karenz MOI”)
MAR methacrylic acid
BA : acrylic acid

Undecylenic acid | unsaturated fatty acid {Cll) available from Itoch
' 0il Chemicals Co., Ltd., CHy=CH(CH;)gCOCH (trade
name “Undecylenic acid”)
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coating filmremins. 1OUKHoIGRL" Myet gbt- @Wéfm |H@@I0Pﬂ|@rc‘®%wfﬁgm | Im
peel s| SF-2303 81 [01593, a%hbl schids Copotynet CedonfBsirtiupnsidecimiires) (the
| eft s&d8NH8n) Exanpl €s2, Zorgamrest (2 -RethF IR =rBEt41 Vet ahvailssld n || ced
copol ynmer solution A-1 (1060 Qpan AyArazl® Company Inc. (trade name
“ABN-E”, polymerization initiator)
ABN-R 2,2"—azobisisobutyronitrileavailable £romJapan
Hydrazine Company Inc. (trade name “ABN-R”,
_ polymerization initiator)
Nofmer MSD o-methylstyrene dimer available from Nippon 0il

& Fats Co., Ltd. (trade name “Nofmer MSD”,
polymerization modifier)

Fuji First Red
2305w

organic red pigment available from Fuji Pigment
Co., Ltd.

R-5N titanium oxide available from Sakai Chemical
Industry Co., Ltd.

KF-%6-1000 dimethyl silicone ¢il available from Shin-Etsu
Chemical Co., Ltd., viscosity: 1000 cSt

KF-50-3000 methyl phenyl silicone o0il available from
Shin-Etsu Chemical Co., Ltd., viscosity: 3000 c3t

KF-54 methyl phenyl silicone oil available from
Shin-Etsu Chemical Co., Ltd., viscosity: 400 c8t

KF-601l6 side~chain type polyether modified silicone oil
avallable from Shin-Etsu Chemical Ce., Ltd.,
viscosity: 170 c8t, HLB: 3.5

ST-114PA side-chain type polyether modified silicone oil

| available from Dow Corning Toray Co., Ltd.,
viscosity: 75 cSt, HiB: 4.3

Fz-2191 side-chain type polyether modified silicone oil
available from Dow Corning Toray Co., Ltd.,

: viscosity: 900 cSt, HLB: 5
K-22-4272 both-end type polyether modified silicone oil

available from Shin-Etsu Chemical Co., Ltd.

4

viscosity: 300 ¢St, HLB: 7
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Table 1 {(continued)

Symbols in Tables | Raw materials
2 to 5
FZ~-2203 block type polyether modified silicone oil
available from Dow Corning Toray Ceo., Ltd.,

: viscosity: 4500 cSt, HLB: 1
KF-6028 siloxane branched type polyether modified
silicone oil available from Shin-Etsu Chemical
Co., Ltd., HLB: 4
Dis. 6500-10X trade name “Disperon 6900-10X"” available from
Kusumoto Chemicals, Ltd., fatty acid amide wax,
10% xzylene paste

[0127]
<Measuring conditions>
5 Measuring conditions of GPC and IR are as follows.
[GPC measuring conditions]
Apparatus: HLC-8120GPC manufactured by Tosch Corporation
Column: Super HZ2000 + H4000 manufactured by Tosoh Corporation,
6mm I.D., 15 cm
10 Eluting solution: THF
flow rate: 0.5 ml/min
Detecter: RI
Temperature of column constant temperature bath: 40°C
[IR measuring conditions]
15 Apparatus: Spectrum Cne FT-IR manufactured by Perkin Elmer,
Inc.

Measuring method: KBr cell, coating method
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<Synthesis of polymerizable group-containing polyether modified
silicone (a22)>

ISynthesis Example 1] Modified silicone S5-1

In a reaction container equipped with a stirring device, a
5 thermometer and a reflux condenser, 1,150 parts by weight of FZ—2191
(trade name “FZ-2191”, available from Dow Corning Toray Co., Ltd.,
side—chain OH group—containing ECmodified silicone, solids content:
100%, OHeguivalents: 1150) wereplaced, and the temperature was raised
up to 60°C. Subsequently, a mixed solution of 31 parts by weight
10  of Z-methacryloyloxyethyl isocyanate (trade name “Karenz MOI”,
available from Showa Denko K.K.), 0.59 part by weight of
p-methoxyphenol and 93 parts by weight of butyl acetate was dropwise
added over a period of 30 minutes, and then 38 parts by weight of
butylacetatewerefurtherintroduced,followedbyperformingreaction
15 at 60°C for 1 hour. The reactionproduct was subjected to IRanalysis,
and as a result, the isocyanate group absorption peak completely
disappeared.
[0128]
Thereafter, 93 parts by weight of butyl acetate were added to
20 obtain amodified silicone S-1 sclution. This modified silicone S-1
solutibn.had.a transparent appearance, and had NV (heating residue
after drying for 3 hours in a hot air dryer at 108°C) of 88.1% by
weight and a viscosity'of 296 mPa-s/25°C. The wei@ht—average

molecular weight (Mw) of the modified silicone S-1, as measured by
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GPC, was 10,540.
[0129]

[Synthesis Example 2] Modified silicone S-2

In a reaction container equipped with a stirring device, a
5 thermometer and a reflux condenser, 1,122 parts by weight of X-22-4272
(tradename“x—22—4272”,availableframShin—EtsuCﬁemicalCo.,Ltd.,
both~end CH group-—containing EO modified silicone, solids content:
100%, CH equivalents: 1122), 77.5 parts by weight of
2-methacryloyloxyethyl isocyanate (trade name “Karenz MOI”,

10 available from Showa Denko K.K.) and 0.6 part by weight of
p-methoxyphenol were placed, and the temperature was raised up to
95°C, followed by performing reaction for 16 hours.

[0130]
The reaction product was subjected to IR analysis, and as a

15 result, the isoccyanate group absorption peak completely disappearead,
and a medified silicone S-2 solution was obtained. This modified
silicone 8~2 sclutionhada transparent appearance, and hadNV (heating
residue after drying for 3 hours in a hot air drYer'at 108°C) of 90.2%
and a viscosity of 248 mPa-s/25°C. The weight-average molecular

20 weight (Mw) of the modified silicone $-2, as measured by GPC, was
4,890.

[0131]
<Syntheées of'organopolysiioxane—thic>block‘vinyl copolymer [C] and

metal-crosslinked copolymer [D]>



4,5-Di chloro-2-Noctyl-4 -isothiazolin-3-one Addi tive Dis.6900-10X 6 6
6 6 Sol VENE3%§l ene 10 15 5 5 Butyl acetate Total 136 139 129 126
Results of coating film performance éfal uati on Recoatability 60 crosscut
test 55 5 5 Antifouling test in constant-subme rged state 3 nonths

[Example 1]

(Organopolysiloxane—-thio block vinyl -copolymer B-1)

In a reaction container equipped witlh a stirring device, a
thermometer, a nitrogen gas feed pipe, a dropping device and a reflux
5 condenser, 32.1 parts by weight of butyl acetate and 29.2 parts by
welght of propylene glycol monomethyl ether (PGM) were placed, and
the temperature was raised up to 120°C in a nitrogen gas atmosphere.
Subsequently, dropping of a mixture A consisting of 57.5 parts by
weight of methyl methacrylate (MMA), 5 parts by weight of n-butyl
10 methacrylate (BMA), 5 partsbyweight of 2~ethylhexyl acrylate (2EHA),
2.5 parts by weight of methoxypolyethylene glycol methacrylate (trade
name “NK Ester M~230G”, available from Shin-Nakamura Cﬁemical Co.,
Ltd., nmumber of ~C,Hs—0— units: 23 {mean value)_, solids content: 100%
by weight), 2.5 parts by weight of methacrylic acid (MAA), 2.5 parts

15 by weight of acrylic acid (AA), 12 parts by weight of t-butyl
peroxy—-Z-ethylhexancate (trade name “Kayaester 07, available from
Kayaku Akzo Corﬁoration, peroxide) as a polymerization initiator and
3.5 parts by weight of propylene glycol monomethyl ether (PGM) as
shown in Table 2, and dropping of a mixture B consisting of 25 parts
20 by weight of KP-358 (trade name “KP-358", mercapto modified silicone
available from Shin—Etsu_ Chemical Co., Ltd., weight-averagemolecular
weight (Mw): 4,400, solids content: 100% by weight, position of SH
gfoup: side—chain tjpe) and 12.5 parts'bylweight of butyi acetate

as shown in Table 72, into the reaction container were started at the
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same time with maintaining the internal temperature at 120°C. The
mixture A was dropped over a period of 4 hours, and the mixture B
was dropped over aperiodof 2 hours. After the dropping of the mixture
A was completed, an additional mixed catalyst of 1 part by weight
of t-butyl peroxy-Z-ethylhexanocate and 4.5 parts by weight of butyl
acetate was dropwise added over a pericd of 30 minutes. Thereafter,
the resulting mixture was stirred for 2 hours with retaining heat
to obtain an organopolysiloxane-thioc block vinyl copolymer B-1
solution. This copolymer B~1 solution had a transparent appearance,
anda filmof thecopolymerhadatransparent appearance. Thecopolymer
B-1 solution had NV (heating residue after drying for 3 hours in a
hot airdryerat 108°C) of 52.4% byweight, aviscosityof 111 mPa-s/25°C
andanacidvalueof 19. 6 KOHmg/g. Theweight-averagemolecularweight
(Mw) of the copolymer B-1, as measured by GPC, was 6,510.

[0132]

(Metal-crossiinked copolymer A-1)

In an apparatus similar to the above one, 824.4 parts by weight
of the copolymer B-1 sclution and 5.86 parts by weight of zinc white
were placed, and they were stirred for 30 minutes at 30°C in anitrogen
gas atmosphere, followedby raising the temperature up to 90°C. After
3.89 parts by weight of water were added at 90°C, the mixture was
stirred for 2 hours with retaining heat. Thereafter, 5.86 parts by
‘weight of zinc white were further édded, and the mixture was stirred

for Zhourswithretainingheat toobtainametai-~crosslinked copolymer
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A-1 solution. This metal-crosslinked copolymer A-1 solution had a
transparent appearance, and had NV (heating residue after drying for
3 hours in & hot air dryer at 108°C) of 52.7% by weight, a viscosity
of 4,420 mPa-s/25°C and a water content of 0.84% by weight. The film
5 transparency of the metal-crosslinked copolymer A-1 was slightly
opagque.
[0133]
Preparation conditions (amounts of raw materials, catalyst,
solvent and the Iike (unit of values in the table: part(s) by weight}),
10 reaction temperature, reaction time, etc.) for the metal-crosslinked
copolymer A-1 solution and the copolymer B-1 solution, properties
of the resulting metal crosslinked copolymer A-1 solution and the
resulting copolymer B-1 solution, etc. are set forth in Table 2.
Meanings of the symbols {(tradenames) shown in the tablie, manufacturers,
15 etc. are as described in Table 1. A chart of an IR spectrum of the
resulting metal-crosslinked copolymer A-1 is shown in Fig. 1.
[0134]

[Examples 2 to 4]

Organopolysiloxane—thio biock vinyl copolymers B-2 to B-4
20 solutions were synthesized and then metal-crosslinked copolymers A~2
to A-4 solutions were synthesized in the same manner as in Example
1, except that the amounts of the raw materials, the catalyst, the
solvent and the like (unit of values in the table: part(s) by weight) ,

the reaction time, etc. were changed as shown in Table 2. Thereafter,
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properties of the copolymers were evaluated in the same manner as
in Example 1. Preparation conditicns (amcunts of raw materials,
catalyst, solvent and the like (unit of values in the table: part(s)
by weight), reaction temperature, reaction time, etc.) for the

5 copolymers B-2 to B-4 solutions and the metal-crosslinked copolymers
A-2 to A-4 solutions, properties of the resulting copolymers B-2 to
B-4 solutions and the resulting metal-crosslinked copolymers A-2 to
A-4 solutions, etc. are set forth in Table 2. Charts of IR spectra
of the metal-crosslinked copolymers A-2 to A-4 are shown in Figs.

10 2 to 4.

[0135]

[Example 5]

(Organopolysiloxane—-thio block vinyl copolymer B-5)
In a reaction container equipped with a stirring device, a
15 thermometer, a nitrogen gas feed pipe, a dropping device and a reflux
condenser, 32.1 parts by weight of butyl acetate and 29.2 partsA by
weight of propylene glycol monomethyl ether (PGM) were placed, and
the temperature was raised.up to 120°C in a nitrogen gas atmosphere.
Subsequently, dropping of amixture A consisting of 15 parts by weight
20 of methyl methacrylate -(MMA) , 1b parts by weight of n-butyl
methacrylate (BMA), 20 parts by weight of n-butyl acrylate (BA), 5
parts by weight of 2-ethylhexyl acrylate (2EHA), 5 parts by weight
of dyclohexyl acrylate "(CHA) , 1.5 parts by Weight of methacrylic acid

(MAA}, 7.5 parts by weight of acrylic acid (RA), 12 parts by weight
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of t-butyl peroxy-2-ethylhexanocate (trade name “Kayaester 0”7,
available from Kayaku Akzo Corporation, peroxide) as apolymerization
initiator and 3.5 parts by weight of propylene glycol monomethyl ether
(PGM} as shown in Table 2, and dropping of a mixture B consisting
of 25 parts by weight of KP-358 (trade name “KP-358", mercaptomodified
silicone available from Shin-Etsu Chemical Co., Ltd., weight-average
molecularweight (Mw) : 4,400, solids content: 100% by weight, position
of SHgroup: side-chain type) and 12.5 parts by weight of butyl acetate
as shown in Table 2, into the reaction container were started at the
same time with maintaining the internal temperature at 120°C. The
mixture A was dropped over a period of 4 hours, and the mixture B
was dropped over a periodof 2 hours. Afterthedroppingof themixture
A was completed, an additional mixed cataiys’t of 1 part by weight
of t-butyl peroxy-2-ethylhexanocate and 4.5 parts by weight of butyl
acetate was dropwise added over a period of 30 minutes. Thereafter,
the resulting mixzture was stirred for 2 hours‘ with retaining heat
to obtain an organopclysiloxane-thio block vinyl copolymer B-5
soluticn. This copolymer B~5 solution had a transparent appearance,
and a film of the copolymer had an opaque appearance. The copolymer
B-5 solution had NV (heating residue after drying for 3 hours in a
hot airdryer at 108°C} of 53. 6% by weight, a viscosity of 74 mPa-s/25°C
and aﬁ acidvalueof 52.8 KOHmg/g. Theweight-averagemolecularweight
{(Mw) of the coPélymer B-5, as meaéured by GPC, was 5, 860.

[0136]
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(Metal-crosslinked copclymer A-5)

In an apparatus similar to the above one, 794.8 parts by weight
of the copolymer B~5 solution and 15.22 parts by weight of zinc white
were placed, and they were stirred for 30 minutes at 30°C in a nitrogen

5 gas atmosphere, followed by raising the temperature up to 830°C. After
10.1 parts by weight of water were added at 90°C, the mixture was
stirred for 2 hours with retaining heat. Thereafter, 15.22 parts
by weight of zinc white were further added, and the mixture was stirred
for 13 hours with retaining heat. Thereafter, 38.45 parts by weight

10 of butyl acetate and 25.66 parts by weight of propylene glycol
monomethyl ether {PGM) were added to obtain a metal-crosslinked

copolymer A-5 solution. This metal-crosslinked copolymer A-5

solution had a transparent appearance, and had NV (heélting residue

after drying for 3 hours in a hot air dryer at 108°C) of 49.5% by
15 weight and a viscosity of 3,980 mPa-s/25°C. The film transparency

of the metal-crosslinked copolymer A-5 was clear.

[6137]

Preparation conditions (amounts of raw materials, catalyst,

solvent and the like (unit of values in the table: part(s) by weight),
20 reaction temperature, reaction time, etc.) for the metal-crossiinked

copolymer A-5 solution and the copolymer B-5 solution, properties

of the resulting metal-crossiinked copolymer A-5 solution and the

resulting" copolymer B-5 solution, etc. are set forth in Table 2. A

chart of an IR spectrum of the resulting metal-crosslinked copolymer
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A-5 is shown in Fig. 5.
[0138]

[Examples & to 15]

Organopolysiloxane-thio block vinyl .copolymers B-6 to B-15
solutions were synthesized and then metal-crosslinked copolymers A-6
to A-15 solutions were synthesized in the same manner as in Example
5, except that the amounts of the raw materials, the catalyst, the
solvent and the like (unit of values in the table: part{s) by weight),
the reaction time, etc. were changed as shown in Table 2. Thereafter,
properties of the copolymers were evaluated in the same manner as
in Example 5. Preparation conditions (amounts of raw materials,
catalyst, solvent and the like (unit of value_s in the table: part(s)
by weight), reaction temperature, reaction time, etc.) forrthe
copolymers B-6 to B-15 solutions and themetal-crosslinked copolymers
A-6 to A-15 solutions, properties of the resulting copolymers B-6
to B-15 solutions and the resulting metal-crosslinked copolymers A-6
to A-15 solutions, etc. are set forth in Table 2. Charts of IR spectra
of the metal-crosslinked copolymers A-6 to A-15 are shown in Figs.
6 to 15.

[0139]

[Example 16]

(Organopolysiloxane—-thio block vinyl copolymer B-16)
In a reaction container equipped with a stirring device, a

thermometer, a nitrogen gas feed pipe, a dropping device and a reflux
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condenser, 40.3 parts by weight of xylene and 21 parts by weight of
propylene glycol monomethyl ether (PGM) were placed, and the
temperature was raised up to 120°C in a nitrogen gas atmosphere.
Subsequently, dropping of a mixture A consisting of 42.5 parts by
5 weight of methyl methacrylate (MMA), 10 parté by weight of n-butyl
acrylate (BA), 12.5‘paftsknrweight.of‘2—ethylhexyl,acrylate {2EHA) ,
5 parts by weight of methacrylic acid (MAA}, 5 parts by weight of
acrylic acid (AA), 12 parts by weight of t-butyl
peroxy-Z2-ethylhexanocate (trade name “Kayaester 0”, available from
10 Kayaku Akzo Corporation, peroxide) as a polymerization initiator and
3.5 parts by weight of propylene glycol monomethyl ether (PGM) as
shown in Table 2, and dropping of a mixture B consisting of 25 parts
by weight of KP~358 (trade name “KP-358", mercapto modified silicone
- avallable fromShin-EtsuChemical Co., Ltd., weight-averagemolecular
15 weight (Mw): 4,400, solids content: 100% by weight, position of SH
group: side-chain type) and 12.5 parts by weight of butyl acetate
as shown in Table 2, into the reaction container were started at the
same time with maintaining the internal temperature at 120°C. The
mixture A was dropped over a period of 4 hours, and the mixture B
20 wasdroppedover aperiodof 2hours. After the droppingof themixture
A was completed, an additional mixed catalyst of 1 part by weight
of t-butyl peroxy-2-ethylhexancate and 4.5 parts by weight of butyl
acetate was dropwise added over a;period.pf 30 minutes. 'Thereafter,

the resulting mixture was stirred for 2 hours with retaining heat
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to obtain an organopclysiloxane-thio block vinyl copolymer B-16

solution. This copolymer B-16 solutionhada transparent appearance,

andafilmof thecopolymerhadatransparent appearance. Thecopolymer

B-16 solution had NV (heating residue after drying for 3 hours in
5 ahotairdryerat108°C) of 53.7%byweight, aviscosityof 90mPa-s/25°C

andanacidvalueof 36.4 KOHmg/g. Theweight-averagemolecular weight

(Mw) of the copolymer B-16, as measured by GPC, was 6,140.

[0140]

(Metal--crosslinked copclymer A-16)

10 In an apparatus similar to the above one, 644.2 parts by weight
of the copolymer B-16 solution, 41. 73 partsbyweight of copper acetate,
142.03 parts by weight of xylene and 0.36 part by weight of a 20%
KF—96—10.00 xylene solution (trade name “KF-396-10007, dimethyl
silicone oil available from Shin-Etsu Chemical Co., Ltd., viscosity:

15 1000 cSt) were placed, and they were stirred for 30 minutes at 30°C
in a nitrogen gas atmosphere, followed by raising the temperature
up to 90°C. The mixture was stirred for 2 hours at 90°C with retaining
heat, and then with recovering the solvent by heating, the temperature
was raised up to 150°C over a period of 4.5 hours. The amount of

20 the solvent recoveredwas 327.6 parts by weight. Theresultingligquid
was ccoled, and 397.5 parts by weight of xylene were added to obtain
ametal-crosslinkedcopolymerA-16solution. Thismetal-crosslinked
copolymer A-16 solution had a"transparent appeafance, and had NV

(heating residue after drying for 3 hours in a hot air dryer at 108°C)
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of 40.2% by weight and a viscosity of 19,610 mPa-s/25°C. The film
transparency of the metal-crosslinked copolymer BA-16 was clear.
[0141]

Preparation conditions {amounts of raw materials, catalyst,
solvent and the like (unit of values in the table: part (s) by weight),
reaction temperature, reaction time, etc.) for themetal-crosslinked
copolymer A-16 solution and the copolymer B-16 solution, properties
of the resulting metal-crosslinked copolymer A~16 solution and the
resulting copolymer B-16 solution, etc. are set forth in Table 2.
Achart of an IR spectrumof the resultingmetal-crosslinked copolymer

A-16 is shown in Fig. 16.
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Table 2-1 Copolymers (Examples) (the upper left section)

Ex: 1 Ex. 2 Ex. 3 Ex. 4

Symbols of metal-crosslinked A1 A-2 A3 A -
copolymers
Blending B-1 824.4

B-2 825.7

B-3 813.4

B-4 824.8

B-5

B-6

B-7

B-8

Zno 5.86 5.33 8.26 11.07

H,0 3.89 2.36 10.96 7.34

Zno 5.86 5.33 8.26 11.07

Butyl acetate

PGM
Total 840.01 | 838.72 840.88 854.28
Blending ratio
Organopolysiloxane-thio block

. 2 2 2 2
copolymer (equivalent)
H,O (mol) 1.5 1 3 1.5
Zn0 {mol) 0.5+0.5 | 0.5+0.5 | 0.5+0.5 | 0.54+0.5
90°C reaction time (H) 134 14H 134 15H
Solution properties
NV (%) 52.7 52.5 55.3 53.3
Viscosity (mPa+s/25°C) 4,420 480 1,030 9,780
Water content (%) 0.84 not 1.54 1.42
measured
Thecoretical water content (%)| (0.77) (0.56) (1.74) (1.44)
Film transparency slightly| wvery clear clear
opague cpague
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Table 2-1 {the lower left section)

Ex. 1 Ex. 2 Ex. 3 Ex. 4
Symbols of organopolysiloxane-
thio block vinyl copolymers B-1 B-2 B-3 B4
Blending
Reaction Butyl 32.1 | 32.1 | 32.1 | 32.1
container, acetate
initial stage PGM 29.2 29.2 29.2 29.2
Solution A droppediMMA 57.5 47.5 45.5 42.5
BMA 5 10 10
BA : 10
2EHA -5 10 10 12.5
CHA
CHMA
M-230G 2.5 2.5 2.5
2HEMA
FM-7711
FM-7721
S~1
5-2
MAA 2.5 5 5
AR 2.5 7 5
Undecylenic
acid
Kayaester O 12 12 12 12
Kayabutyl B
PGM 3.5 3.5 3.5 3.5
Solution B dropped|KP-358 25 25 25 25
Butyl acetate 12.5 12.5 12.5 12.5
Additional Kayaester O 1 1 1 1
catalyst dropped [Kavabutyl B
Butyl acetate 4.5 4.5 4.5 4.5
Total 194.8 194.8 194.8 194.8
Solution properties '
Sclution appearance transpa| transpa | transpa | transpa
rent rent rent rent
Film appearance transpa | transpa |transpa|transpa
rent rent rent rent
NV (%) 52.4 52.1 53.3 53.2
Viscosity (mPa*s/25°C) 111 66 75 87
Acid value 19.6 17.7 28.0 37.2
(Theoretical acid wvalue) (18.4) | (16.7) | (28.0) | {36.7)
Calculated Tg (°C) 29.1 16.1 17.5 12.1
Molecular weight: Mw . 6,510 | 6,610 .| 6,350 | 6,160




Zinc 2-pyridinethiol-1-oxide 4,5-Dichloro-2-Noctyl-4

- i sot hi 3Z0¥3%3 3- one Addi tive Dis.6900-10X 6 6 6 6 Solvent Xylene 10 5
15 10 Butyl acetate Total 136 X3l 137 134 Results of coating film
per f ounance eval uati on Recoatability 60 crosscut test 55

Table 2-1 (the upper right section)

Ex. 5 Ex. 6 Ex. 7 Ex. 8

Symbols of metal-crosslinked A-5 A6 A-7 A_g
copolymers
Blending B-1

B-2

B-3

B-4

B-5 794.8

B-6 798.7

B~7 783.9

B-8 790.8

Zn0 15.22 15.38 19.54 13.02

H,0 10.1 10.21 12.96 8.64

Zn0 15.22 15.38 19.54 13.02

Butyl acetate| 38.45 36.74 38.26 38.66

PGM 25.66 24.49 25.49 25.76
Total 899.45 906.9 899.69 889.9
Blending ratio
Organopolysiloxane~thio block

. 2 2 2 2
copolymer (equivalent)
H,O (mol) 1.5 1.5 1.5 1.5
ZnO. (mol) 0.5+0.5 ] 0.5+0.5 | 0.5+0.5 | 0.5+0.5
90°C reaction time (H) 15H 15H 15H 15H
Solution properties
NV (%) 49,5 49.3 49.8 50.2
Viscosity (mPaes/25°C) 3,980 4,970 1,140 2,120
Water content (%) not net not not
measured|measured |measured |measured

Theoretical water content (%)]| (1.87) (1.89) (2.40) {1.62)
Film transparency clear clear clear clear




55 Antifouling test in constant-subne rged state 3 nonths 55 5 5 6
nonths ¥ ¥ 9 nonths 5555 15 nonths 555 5 18 nonths 55 5 5
Antifouling test in hal f-subnerged sttéte. 3 nonths 555 5 6 nonths
Table 2-1 (the lower right section)
Ex. 5 Ex. 6 Ex. 7 Ex. 8
Symbols of organopolysiloxane-
thio block vinyl copolymers B3 B-6 B-7 B-8
Blending
Reaction Butyl 32.1 | 32.1 | 32.1 | 32.1
contalner, acetate
initial stage PGM 29.2 29.2 29.2 29.2
Soluticn A dropped|MMA 15 10 37.5
BMA 15 15 5 5
BA 20 20 35 12.5
2EHA 5 5 5
CHA 5 5
CHMA 10 10
M-230G
2HEMA
FM-7711
FM-7721
5-1
S~-2
MARA 7.5 7.5 10 5
AR 7.5 7.5 10 5
Undecylenic
. 5
acid
Kayaester O 12 12 12 12
Kayabutyl B 4
PGM 3.5 3.5 3.5 3.5
Solution B dropped|KP-358 25 25 25 25
Butyl acetate 12.5 2.5 12.5 12.5
Additional Kayaester O 1 1 1 1
catalyst dropped |Kayabutyl B 0.5
Butyl acetate 4.5 4.5 4.5 4.5
Total 154.8 194.8 194.8 199.3
Seclution properties
Solution appearance transpa |transpa | transpa | transpa
rent rent rent rent
Film appearance opaque slightl opacue transpa
. y opague rent
NV (%) 53.6 53.4 53.5 53.7
Viscosity (mPaes/25°C) 74 72 63 93
Acid value 52.8 53.1 68.7 45.4
(Theoretical acid value) (55.1) | {55.1) | (73.4) (43.4)
Calculated Tg (°C) -7.5 -6.9 -20.8
Molecular weight: Mw 5,860 6,040 4,930 | 6,140




5555 nmonths 5 555 15 nonths 5 18 months 5 5 5 5 SF-2303 84

[ 0160] ﬁ'%‘b?% 3-2 Copol yner conpositions (Exanples) (the left section)
Exanpl es Conponents F-13 F-14 F-15 Bf16 Metal -crosslin ked copol yner

solution A-9 100 100

[0143]
Table 2-2 Copolymers (Examples) (the upper left section)
Ex. 9 Ex. 10 Ex. 11 Ex. 12
Symbols of metal-crosslinked A-Q A-10 A-11 A-12
copolymers
Blending B-9 827.1
B-10 829.3
B-11 766
B-12 759.9
B-13
B-14
B-15
B-16
Zno 10.5 10.38 8.67 8.63
H,0 6.97 6.89 5.75 5.72
Zno 10.5 10.38 8.67 8.63
Copper
acetate
Butyl acetate| 27.66 25.7 66.69 €9.83
PGM 18.42 17.14 44 .45 46.56
Xylene
20%
KF-96-1000
Solvent
recovered
Xylene
Total 901.15 899.79 900.23 899_27
Blending ratio
Organopolysiloxane—-thio block
. 2 2 2 2
copolymer (eguivalent)
H,O (mol) 1.5 1.5 1.5 1.5
Zn0 {mol) 0.5+0.5 ] 0.5+0.5 | 0.5+0.5 | 0.5+0.5
Copper acetate (mol)
90°C reaction time (H) 15H 15H 15H 154
Time for temperature elevation
up to 150°C
Solution properties
NV (%) 49.7 49.9 49.7 50
Viscosity (mPa<s/25°C) 1,670 870 29,850 18,620
Water content (%) not not not not
measured |measured|measured |measured
Theoretlcal water content (%) (1.29) (1.28) (1.06) (1.006)
Film transparency clear clear clear clear




A-10 100 100 A-11 A-12 A-13 A-14 A- 15 A-16
SF~2303
67

Table 2-2 {(the lower left section)

Ex. 9 1 Ex. 10 | Ex. 11 | Ex. 12
Symbols of organopolysiloxane-
thio block wvinyl copolymers B3 B-10 B-11 B-12
Blending
Reaction Butyl acetate 33.4 33.4 32.1 32.1
container, PGM 30.1 30.1 29.2 29.2
initial stage Xylene
Solution A dropped |MMA 36.5 30.5 39 39
BMA 17.5 17.5
BA 10 10
2EHA 12.5 12.5 3.5 3.5
CEA 5
CHMA B 5
M-230G
2HEMA
FM-7711 6
FM-7721 ' 12 ,
5-1 33.33
S5-2 33.33
MARA 5 5 5 5
AA 5 5 5 5
Undecylenic
acid
Kayaester 0O 15 15 12 12
Kayabutyl B
PGM 3.5 3.5 5.72 5.72
Solution B dropped|KP-358 25 25 25 25
Butyl acetate 12.5 12.5 12.5 12.5
Additional Kayaester O 1 1 1 1
catalyst dropped |Kayabutyl B
Butyl acetate 4.5 4.5 4.5 4.5
Total 200 200 230.35 | 230.35
Solution properties
Solution appearance transpa | transpa | transpa| transpa
rent rent rent rent
Fiim appearance transpa|transpa |transpa | transpa
rent rent rent rent
NV (%) ' 53.7 53.3 57 57.4
Viscosity ({(mPa=s/25°C) 93 102 180 172
Acid value 45 .4 37 31.2 31.3
(Theoretical acid value) (43.4) (36.7) (31.0) (31.0)
Calculated Tg (°C)
IMolecular weight: Mw . 7,100 7,080 | 11,550 9,490




Pigment Fuji First Red 2305W1.5 0.5 1.5 1.5 R5 3 5 3 3 Anti-foam ng
agent KFE9830800 0.5 0.5 0.5 0.5 Water-repellen t conponent KF-50-3000
KF-54 3 Hydr ophi l i ¢ conponent KF-6®16 10 5

Table 2-2 (the upper right section)
Ex. 13 Ex. 14 Ex. 15 Ex. 16
Symbols of metal-crosslinked A-13 A-14 A-15 A-16
copolymers
Blending B-9
B-10
B-11
B-12
B-13 825
B-14 818.2
B-15 810
B-16 644.2
Zno 8.14 8.22 10.99
HO 5.4 5.45 7.92
ZnO 8.14 8.22 10.9¢9
Copper
acetate 41.73
Butyl acetate| 34.88 34.64 31.16
PGM 23.24 23.09 20.79
Xylene 142.03
20%
KF-96-1000 0.36
Solvent _327 .6
recovered
Xylene _ 397.5
Total 904.8 887.82 891.22 898.22
Blending ratio
Organopclysiloxane-thio block
. 2 2 2 2
copolymer {(equivalent)
H20O (mol) 1.5 1.5 1.5 0
Zn0 (mol) 0.5+0.5 ] 0.5+0.5 | 0.5+0.5
Copper- acetate (mol) , 1
90°C reaction time (H) 19H 21H 15H 4H
Time for temperature elevation ' 4. 5H
up to 150°C ’
Solution properties
NV (%) 49,8 50.0 49.6 40.2
Viscosity (mPas*s/25°C) 940 770 20,170 19,610
Water content (%) not not not not
measured|measured |measured [measured
Theoretical water content (%)| (0.99) (1.01) {1.36) (0)
Film transparency clear clear clear clear




ST-114PA 10 Fz-2191 X-22-4272

15

FZ-2203

5 KF-6028

Ant i f ouPFng38gent Copper suboxi de Pyri di ne-tri phenyl borane 3
Table 2-2 (the lower right section)
Ex. 13 | Ex. 14 | Ex. 15 | Ex. 16
Symbols of organopolysiloxane-
thioc block vinyl copolymers B-13 B-14 B=15 B-16
Blending
‘Reaction Butyl acetate 43.1 43.1 32.1
container, PGM 38.79 | 38.79 29.2 21
initial stage Xylene 40.3
Solution A dropped{MMA 32.5 37.5 40 42.5
BMA
BA 10 10 15 10
2EHA 12.5 12.5 12.5
CHA '
CHMA
M-230G
2HEMA
FM-7711 5
FM-7721 10
S-1 33.33
S-2 33.33
MAA 5 5 5 5
AR 5 5 5 5
Undecylenic
acid
Kayaester O 15 15 10.4 12
Kayabutyl B
PGM 3.5 3.5 3.5 3.5
Solution B dropped|KP-358 25 25 35 25
Butyl acetate i2.5 12.5 12.5 12.5
Additional Kayaester O 1 1 1 1
catalyst dropped jKayabutyl B
Butyl acetate 4.5 4.5 4.5 4.5
| Total 251.72 | 251.72 | 193.2 194.8
Solution properties
Solution appearance transpa|transpa |transpa|transpa
rent rent rent rent
Fiim appearance transpa | transpa | transpa | transpa
rent rent rent rent
NV (%) 53.3 53.3 52.9 53.7
Viscosity (mPa*s/25°C) 55 54 99 90
Acid wvalue 27.2 27.7 37.4 36.4
(Theoretical acid value) (28.4) | (28.4) | (36.7) | (36.7)
Calculated Tg (°C) 12.1
Molecular weight: Mw -11,560 | 8,690 7,630 6,140




2 Zinc 2-pyridinethiol-1-oxide 3 4,5-Dichloro-2-Noctyl-4

-i sot hiaZo?3®3 3- one - Addi tive Dis.6900-10X 6 6 6 6 Solvent Xylene 5 15
5 15 Butyl acetate Total 129 140 131 141 Results of coating film
perfolLl ance eval uati on Recoatability

[0144]

[Comparative Example 1]

(Copolymer E-1)
In a reaction container equipped with a stirring device, a
5 thermometer, a nitrogen gas feed pipe, a dropping device and a reflux
condenser, 40.5 parts by weight of butyl acetate, 25 parts by weight
of KF-2001 (t.rade name “"KF-2001", mercaptomedifiedsiliconeavailable
from Shin-Etsu Chemical Co., Ltd., weight-average molecular weight
(Mw): 9,200, solids content: 100% by weight, position of SH group:
10 side-chaintype) and2.5partsbyweight of methoxypolyethylene glycol
methacrylate (trade name “NK Ester M-230G”, available from
Shin-Nakamura Chemical Co., Ltd., number of -CpHs~0O- units: 23 (mean
value), solids content: 100% by weight) were placed, and the
temperature was raised up to 110°C in a nitrogen gas atmosphere.
15 Subsequently, amixture A consisting of 42.5 parts by weight of methyl
methacrylate (MMA), 20 parts by weight of N~butyl methacrylate (BMA},
10 parts by weight of 2-ethylhexyl acrylate (2EHA) and 2.5 parts by
weight of t-butyl peroxy-2-ethylhexanocate (trade name “Kayaester 0”,
available from Kayaku Akzo Corporaticn, peroxide) as a polymerization
20 ° initiator és shown in Table 3 was dropwise added over a period of
3 hours with maintaining the internal temperature at 120°C. One hour
after the_ completion of the dropwise addition of the mixture A, 1
part by 'weight of a butyl acetate solution of t-butyl

peroxy-2-ethylhexanocate (20% by weight) was further added three times



60 crosscut test 55 5 5 Antifouling test in constant-subnme rged state 3
nont hs 8552808 6 nonths 5555 9 nmonths 5555 15 nonths 55 5 5
i 8months 5 5 5 5 Antifouling test in MHalf-submerged state 3 nonths 55 5

every 45 minutes, and then the resulting mixture was stirred for 1.5
hours with retaining heat to obtain a copolymer H-1 sclution. This
copolymer H-1 solution had a transparent appearance, and a film of
the copolymer had a transparent appearance. The copolymer H-1

5 solution had NV (heating residue after dryingifor 3 hours in a hot
airdryerat 108°C) of 64.3%byweight andaviscosityof 6,800mPa-s/25°C.
The weight-average molecular weight (Mw) of the copolymer H-1, as
meéasured by GPC, was 31,710.
[0145]

10 Blending ratio (part(s) by weight) of the components, the
catalyst, the solvent, the reaction temperature, etc. in the
preparation of the copolymer H-1 solution, properties of the resulting
copolymer H-1 solution, etc. are set forth in Table 3.

[0146]

15 [Comparative Examples 2 and 3]

Copolymers H-2 to H-3 sclutions were each synthesized in the
same manner as that for the copolymer B-1 solution in Example 1, except
that the blending ratio was changed as shown in Table 3. Properties
of the copolymers were evaluated in the same manner as in Example

20 1. Blending ratio {part(s) by weight) of the raw materials, the
catalyst, the solvent, the reaction temperature, etc. in the
preparation of the copolymers H-Z2 to H-3 solutions, properties of
the resulting copolfmers H-2 to H-3 soiutions, etc. are set forth

in Table 3.



5 6 nmonths 55 5 9 nmonths 5555 15 nonths 555 5 18 nonths 55 5 5
SF-230358B5238bl e 4-2 (the nmiddl e section) Exanpl es Conponents F-17 F-18
F-19 F-20 Metal -crosslin ked copol ymetZ sol ution A-9

[0147]

[Comparative Example 4]

(Copolymer H-4)
In a reaction container equipped with a stirring device, a
5 thermometer, a nitrogen gas feed pipe, a dropping device and a reflux
condenser, 66.66 parts by weight of xylene were placed, and the
temperature was raised up to 90°C in a nitrogen gas atmosphere.
Subsequently, a mixture A consisting of 40 parts by weight of methyl
methacrylate (MMA), 60 parts by weight of N-butyl methacrylate (BMA)

10 and 3.2 parts by weight of 2, 2" ~azobis {2-methylbutyronitrile) (trade
name “ABN-E”, available from Japan Hydrazine Company Inc., azé
compound) asapolymerizationinitiator as showninTable 3wasdropwise
addedoveraperiodof 2 hourswithmaintainingthe internal temperature
at 90°C. One hour after the completion of the dropwise addition of

15 the mixture A, 0.05 part by weight of 2,2’—azdbisisobutyronitrile
(trade name “ABN-R”, available from Japan Hydrazine Company Inc.,
azo compound) was added, and the temperature was raised up to 95°C
over a period of 4 hours. Then, 0.1 part by weight of
2,2 —azobisisobutyronitrile was added twice every 30 minutes.

20 Thereafter, the temperature was raised up to 105°C, and the resulting
mixture was stirred for 30 minutes with retaining heat to cbtain a
copblymerH~4solution. This copolymer H-4 sociutionhada transparent
appearance, and a film of the copoiymer had a transpai:ent appearance.

The copolymer H-4 solution had NV (heating residue after drying for



A-10

A-11 100 100 A-12 100 100 A-13 A-14 A-15
SF~2303
73

3 hours in a hot air dryer at 108°C) of 59.5% by weight and a viscosity
of 5,640 mPa-s/25°C. The weight-average molecular weight (Mw) of
the copolymer H-4, as measured by GPC, was 14,816.
[0148]

Blending ratio (part{(s) by weight) of the components, the
catalyst, the soivent, the reaction temperature, etc. in the
preparation of the copolymer H-4 solution, preoperties of the resulting

copolymer H-4 solution, etc. are set forth in Table 3.



Anti - f o3t hg0agent KF-96-1000 0.5 0.5 0.5 0.5 Water-repellen t conponent

A-16 Pigment Fuji
KF- 50- 3000 5 KF- 54
[0149]

Table 3 Copolymers

First Red 2305W1.5 1.5 1.5 1.5 R5 3 3 3 3

5 Hydrophi lVilc conponent KF-6016

{Comparative Examples)

Comnp . Comp . Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4
‘|Symbols of organopolysiloxane-
thio block vinyl copolymers -1 H-2 H-3 H-d
Blending
Reaction Butyl acetate 40.5 32.1 32.1
container, PGM 29.2 29.2
initial stage Xylene 66.66
KF-2001 25
M-230G 2.5
Solution A dropped|MMA 42.5 42.5 12.5 40
BMA 20 60
BA 10 30
2EHA 10 10 10
M-230G ' 2.5 2.5
MARA 5 10
AA 5 10
Kayaester O 2.5 12 12
PGM 3.5 3.5
ABN-E 3.2
Solution B dropped|KP-358 25 25
Butyl acetate 12.5 12.5
Additional Kayaester O 1 1
catalyst dropped |Butyl acetate 4.5 4.5
Additional 20% KayaesterO 3
catalyst ABN-R 0.3
Dilution solvent |[Butyl acetate 8
Total 154.0 194.8 1%4.8 | 170.16
Solution properties
Solution appearance transpa | transpa | transpa| transpa
rent rent rent rent
Film appearance slightl transpa
opague opague
Y opague rent
NV (%) 64.3 53.5 53.8 59.5
Viscosity (mPas*s/25°C) 6,800 90.0 86.0 5,640
Acid wvalue - 36.7 68.9 -
(Theoretical acid value) (36.7) {(73.4)
Calculated Tg (°C) i2.5 10 -18.2 50
Molecular weight: Mw 31,710 | 6,580 5,560 | 14,816




ST-114PA FZ- 2191 X-22-4272 FZ- 2203 KF-6028
Ant i f oubF g3 @&gent Copper suboxide 10 Pyri di ne-tri phenyl borane
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15

20
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[0150]
<Preparation of antifouling coating composition>

[Example F-1]

As showﬁ inTable 4, 100 parts by weight of themetal~crosslinked
copolymer A-1 solution {(NV: 52.7%), 5parts by weight of KF-54 silicone
oil (trade name “KF-54", available from Shin-Etsu Chemical Co., Ltd.,
methyl phenyl silicone oil) and 10 parts by weight of KF-6016 (trade
name “KF-6016", available from $hin-Etsu Chemical Co., Ltd.,
side—chaq’.n type polyether modified silicone oil, HLB: 3.5) as a
water-repellent component and a hydrophilic component, respectively,
0.5 part by weight of KF-96-1000 {trade name “KF-96-10007, available
from Shin-Etsu Chemical Co., Ltd., dimethyl silicone oil) as an
anti-foaming agent, 10 parts by weight of xylene as a solvent, 1.5
parts by weight of Fuji First Red 2365W (trade name “Fuji First Red
2305W”, available from Fuji Pigment Co.f Ltd., organic red pigment) -
and 3 parts by weight of titanium oxide (trade name “R-5N”, available
from Sakai Chemical Industry Co., Ltd.) as pigments, and 6 parts by
weight of Disperon 6300~10X (trade name “Disperon 6900-10X, available
from Kusumoto Chemicals, Ltd., fatty acid amide wax, 10% xylene paste)
as an additive {thixotropic agent) were placed in a paint shaker
containing glass beads as media, and they were shaken for 2 hours
andthen filteredthroughafilterof 20meshestoprepareanantifouling
coating composition. |

[0151]



5 Zinc Z-Egridinethiol-l-oxide ‘4, 5-Dichl oro-2-N-octyl-4
-i sot hi 8ZokPH33- one Addi tive Dis.6900-10X 6 6 6 6 Sol vent Xylene 20 20
20 20 Butyl acetate 10 20 5 10 Total® 146 161 141 146

[Examples F-2 to F-24, Comparative Examples HF-1 to HF-4]

Antifouling coating compositions were prepared in the same
manner as in Example F-1, except that the type of the copolymer solution
and the amounts of the coﬁponents were changed as shown in Table 4
5 (examples) and Table 5 (comparative examples).
[0152}
<Coating film performance evaluation test>
Evaluation of antifouling performance of the antifouling
coating compositiohs was carried out. The results are set forth in
10 Table4 (examples) andTable 5 (comparative examples). Theevaluation
test methods are as follows.
[0153] |
[Antifouling test in constant-submerged state]
To a sandblasted steel plate of 100 mm x 300 mm x 2.3 mm, an
15 epoxy-based zinc-richprimer (“Epicon Zinc Rich Primer B-2” available
from Chugoku Marine Paints, Ltd.), an epoxy-based anticorrosive
coating&natérial (“Bannoh 5600” available from Chugoku Marine Paints,
Ltd.)andanepoxy-basedanticorrosivecoatingnmterialf“BannohSOOR”
available from Chugoku Marine Paints, Ltd.) were applied by means
20 of an air spray so that their dry film thicknesses would become 20
um, 150 umand 100 um, respectively. To the surface of the epoxy-based
binder coating f£film formed, the antifculing coating composition was
applied so that the dry film thickness would become 150 pm, whereby

a test plate was prepared. The test plate was dried indoors for 1



Results of coating filmperfoi mance eval uati on Recoatability 60 crosscut
test 5 SF5250Antifouling test in constant-subne rged state 3 nonths 5 5 5
5 6 nmonths 5555 9 nonths 555 57 15 nonths 5555 18 nonths 55 5
5 Antifouling test in half-subnerged state 3 nonths 5

week, then froma raft placed in Hiroshima Bay, it was hung and immersed
in seawater in such a manner that it was positioned 1 m below the
surface of the seawater, and adhesicn of organisms over a period of
18 months was visually observed.
5 [0154]
Evaluation was carried cut by visually observing the area (%)
of adhesion of macro~organisms.

[0155]

5 points: The area of adhesion of marine organisms is 0%.
10 4 points: The area of adhesion of marine organisms is not more
than 5%.
3 points: The area of adhesion of marine organisms is more than
5% but not more than 10%.
2 points: The area of adhesion of marine organisms is more than
’ 15 10% but not more than 25%.
1 point: The area of adhesion of marine crganisms.is more than
25% but not more than 50%.

0 point: The area of adhesion of marine organisms is more than

20 [Antifouling test in half-submerged state]
To a sandblasted steel plate of 100 mm x 300 mm x 2.3 mm, an
epoxy~based zinc-rich primer (“Epicon Ziné Rich Primer B-2” available
from ChugokurMarine Péints, itd.}, an e@oxy—based anticorrosive

coating material (“Bannoh 5007 available from Chugoku Marine Paints,



555 6 nmnths 555 9 nmonths 5555 15 nonths 5 5 18 nonths 55 5
5 SF-23032863Table 4-2 (the right section) Exanples Conponents F-21
F-22 F-23 F-24 78
Ltd.) andanepoxy-basedanticorrosive coatingmaterial (“Bannoh 500R”
available from Chugoku Marine Paints, Ltd.) were applied by means
cf an air spray so that their dry film thicknesses would become 20
pm, 150 pmand 100 pm, respectively. Tothe surface of the epoxy-based
5 binder coating film formed, the antifouling coating composition was
applied so that the dry film thickness would become 150 pym, and then
dried indoors for 1 wéek to prepare a test plate. From a raft placed
in Hiroshima Bay, the test plate was hung and immersed in seawater
in such amanner that 2 half of it was below the surface of the seawater,
10 and adhesion of organisms over a period of 18 months was visually
observed.
[0156]

Evaluation was carried out by visually.cbserving the area (%)

of adhesion of macro-organisms.

15 [0157]
5 points: The area of adhesion of marine organisms is 0%.
4 points: The area of’adhesion.éflnarine organisms is not more
than 5%.

3 points: The area of adhesion of marine ocrganisms is more than
20 5% but not more than 10%.
2 points: The area of adhesion of marine organ_isms is more than
10% but not more than 25%.
i point: The area of adhesion of marine organisms'- is more than

25% but not more than 50%.



Met al -crosslin ked copol yner solution A-9 A- 10 A-11 A-12

A-13 109F-23CA-14 100 A-15
79

0 peoint: The area of adhesion of marine crganisms is more than
50%.
{Recoatability evaluation]
To a curved sandblasted steel plate of 70 mm x i50 mm x 2.3
5 mm, an epoxy-based zinc~rich primer (“Epicon Zinc Rich Primer B-2”
available from Chugoku Marine Paints, Ltd.), an epoxy-based
anticorrosive coating material (“Bannoh 5007 available from Chugoku
Marine Paints, Ltd.) andanepoxy~basedanticorrosive coatingmaterial
(“Bannoh 500R” available fromChugokuMarine Paints, 1.td.) wereapplied
10 by means of an air spray so that their dry f£ilm thicknesses would
become 20 pm, 150 pm and 100 pm, respectively. After drying, the
antifouling coating composition was applied by means of an applicator
so that the dry f£ilm thickness would become 150 pm, and then dried
indoors for 1 week to prepare a test specimen. The specimen was fixead
15 to a marine rotating device placed in Hiroshima Bay and rotated at
15 Kn for 6 months. The specimen was recovered, washed with fresh
water, dried for 1 day and then top-ccated with the same antifouling
coating composition as above so that the dry film thickness would
become 150 uym. At the center of the specimen, a cut of 60° reaching
20 the undercoating material was made, and the specimep: was fixed to
the rotating device and rotated tc perform a test of adhesion of the
antifouling coating films to each other.
{0158]

Crosscut test evaluation criteria



100 A- 16 100 Pignent Fuji First Red 2305W1.5 0.5 1.5 1.5 R5 353
3 Anti-$Banddg agent KF-96-1000 0.5 0.5 0.5 0.5 Water-repellen t conponent
KF- 50- 3000 KF-54 2.5 Hydrophi8d ¢ conponent KF-6016

5 points: The antifouling coating f£ilm does not peel.

4 points: The antifouling coating film partially peels in dots
along the cut line.

3 points: The antifouling coating films partizlly peels with

5 a width of about 1 mm along the cut line.

2 points: Most of the antifouling coating film peels with a
width of about 2 mm along the cut line.

1 point: The antifouling coating film considerably peels at
the crosscut portion, and a part of the céating film remains.

10 0 point: Most of the antifouling coating film peels.



10 ST-114PA Fz-2191 5 X-22-4272 10 Fz- 2203 KF- 6028
Ant i f oub¥ng3@gent Copper suboxi de o1
[0159]
Table 4-1 Copolymer compositions (Examples) (the left section)
Examples
Components 71 -2 -3 F-4
Metal-crossliniA-1 100 100
ked copolymer [A-2 100
solution A-3 100
A-4
A-5
A-6
A-7
A-8
Pigment Fuji First Red 2305W 1.5 1.5 1.5 1.5
R-5 3 3 3 3
Anti-LOAming lyp g6 1000 0.5 | 0.5 { 0.5 | 0.5
agent
Water-repellen|KF-50-3000 2.5 | 2.5
t component KF-54 5
Hydrophilic KF-6016 10 10
component ST-114PA 7.5 '
Fz—-2191
X-22-4272 10
Fz-2203
KF-6028
Antifouling Copper suboxide
agent Pyridine—triphenylborane 3
Zinc
Z-pyridinethiocl-1-oxide
4,5-Dichloro-2-N-octyl-4
—isothiazoliin-3-one
Additive Dis.6900-10X 6 6 6 6
Solvent Xylene 10 15 5 5
Butyl acetate
Total 136 139 129 126
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months ) 5 5 5
test in 6 months 5 5 5 5
constant—-subme !9 months 5 5 5 5
rged state 15 months 5 5 5 5
18 months 5 5 5 5
Antifouling 3 months 5 h 5 5
test in 6 months 5 5 5 5
half-submerged|9 months 5 5 5 5
state 15 months 5 5 5 5
18 months 5 5 5 5




Pyri di ne-triphenyl bo ane Zinc 2-pyridinethiol-1-oxide
4,5-D c3H-a23632-N-octyl-4 -isothiazolin-3-one Additive Dis.6900-10X 6 6
6 6 Solvent Xylene 55 20 20 Butyl &Cetate 15 15 Total 121 117

Table 4-1 {the middle section)

Examples
Components F-5 F-6 -7 F-8
Metal-crosslin|A-1
ked copolymer |A-2
solution A-3
A-4 100 100
A-5 100 100
A-6
AT
A-8
Pigment Fuji First Red 2305W 1.5 3 1.5 1.5
R-5 3 3 3
Anti-foaming yp_g6-1000 0.5 | 0.5 | 0.5 | 0.5
agent
Water-repellen|KF-50-3000
t component KF-54 10
Hydrophilic KF-6016
component ST-114PA :
Fz-2191 5
X-22-4272 5
FZ-2203 7
KF-6028 10
Antifouling Copper suboxide 7.5
agent Pyridine—triphenylborane 5
Zinc 5 5
2-pyridinethiol-l-oxide ' :
4,5-Dichloro-2-N-octyl-4 5 5
-isothiazolin-3-one ’
Additive Dis.6900-10X 6 6 6 6
Solvent Xylene 20 20 20 20
Butyl acetate 5 10
Total 146 157 144 146
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months 5 5 5 5
test in 6 months 5 5 5 5
constant-subme|9 months 5 5 5 5
rged state 15 months 5 5 5 5
18 months 5 5 5 5
Antifouling 3 months 5 5 5 5
test in © months 5 5 5 5
half-submerged|{9 months 5 5 5 5
state - |15 months 5 5 5 5
18 months 5 5 > 5




159 156 Results of coating filmperformance eval uati on Recoatability 60
crosscutrte3i35 5 5 5 Antifouling test in constant-subne rged state 3
months 5555 6 nonths 5555 9 fgnths 5555 15 nonths 5555 18
nonths 5 55 5 Antifouling test in half-subnmerged state

Table 4-1 {the right section)

Examples

Components F-9 | F~10 | F~11 | F-12
Metal-crossiin{A-1
ked copolymer |A-2
solution A~-3

A-4

A-5H

A-6 100

A7 100 100

A-8 100
Pigment Fuji First Red 2305W 1.5 1.5 0.5 1.5

R-5 3 3 5 3
Anti-foaming lpr_96-1000 0.5 | 0.5 | 0.5 | 0.5
agent
Water—-repellen|KF-50-3000 5 2.5
t component K54
Hydrophilic KF-6016 _ 15
component ST-114PA

FzZ-2191 i0

X-22-4272

FZ-2203 10

KF-6028
Antifouling Copper suboxide _ 5
agent Pyridine~triphenylborane 5

Zinc

2-pyridinethiol-i-oxide

4,5-Dichloro~2-~N-octyl-4

~isothiazolin-3-one
2dditive Dis.6900-10X 6 6 6 6
Solvent Xylene 190 5 15 i0

|Butyl acetate

Total 136 131 137 134
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months 5 5 5 5
test in €& months 5 5 5 5
constant-subme |9 months 5 5 5 5
rged state 15 months 5 5 5 5

' 18 months 5 5 5 5

Antifouling 3 months 5 5 5 5
test in 6 months 5 5 5 5
half-submerged|9 months 5 5 5 5
state. 15 months 5 5 5 -5

18 months 5 5 5 5




3 months 555 6 nonths 5555 9 nonths 5555 15 nonths 5 55 18
nont hs &52F3% SF-2303 87 [0161] Table 5 Copol yner conpositions
(Conpar ati ve Exanpl es) Conpar at i ve 8Exanpl es Conponents H 1

[0160]

Table 4-2 Copolymer compositions (Examples) (the left section)

Examples
Components F-13 | F-14 | F~15 | F-16
Metal-crosslin|A-9 100 100
ked copolymer |A-10 100 | 100
solution A-11
A-12
A-13
A-14
A-15
A-16
Pigment Fuji First Red 2305W 1.5 0.5 1.5 1.5
R-5 3 5 3 3
Anti-foaming |pp g6 1000 0.5 | 0.5 | 0.5 { 0.5
agent
Water-repellen|KF-50-3000
t component KF-54 3
Hydrophilic KF-6016 ' 10 5
component ST-114PA 10
F2-2191
X=-22-4272 15
FZ-2203 5
KF-6028
Antifouling Copper suboxide
agent Pyridine-triphenylborane | 3 2
Zinc 3
2-pyridinethiol-1-oxide
4,5-Dichloro-2-N-octyl-4
—-isothiazolin-3-one
Additive Dis.6900-10X 6 6 6 6
Solvent Xylene ’ 5 15 5 15
Butyl acetate
Total 129 140 131 141
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months 5 5 5 5
test in 6 months 5 5 5 5
constant-subme|9 months 5 5 5 5
rged state 15 months 5 5 5 5
18 months 5 | 5 5 5
Antifouling 3 months 5 5 5 5
test in & months 5 5 5 5
haif-submerged|9 months 5 5 5 5
state 15 months 5 5 5 5
18 months 5 5 5 5




H2 H3 H4 Copolyner solution H1 100

100 Pi g®@md30=ji First Red 2305W1.5 1.5 1.5 1.5 R5 3 3 3 3 Anti-foam ng

agent

85

Table 4-2 {the middle section)

H 2

100

H3

100

H 4

Examples
Compeonents F-17 | F-18 | F-19 | F-20
Metal-crosslin|A-9
ked copolymer |A-10
solution A-11 100 100
A-12 ' - 100 | 100
A-13
A-14
A-15
A-16
Pigment Fuji First Red 2305W 1.5 1.5 1.5 1.5
R-5 3 3 3 3
Anti-foaming lyp 961000 0.5 | 0.5 | 0.5 | 0.5
agent .
Water-repellen|KF-50~-3000 5
t component KF-54 5
Hydrophilic Ki-6016
component ST-114PA
F7Z-2191
|X-22-4272
FZ-2203
KF-6028
Antifouling Cepper suboxide 10
agent Pyridine-triphenylborane 5
Zinc
2-pyridinethiol-l-oxide
4,5-Dichloro-2-N-octyl-4
—isothiazolin-3-one
Additive Dis.6900-10X 6 6 6 6
Scolvent Xylene 20 20 20 20
Butyl acetate 10 20 5 10
Total 146 161 141 146
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months 5 5 5 5
test in 6 months 5 5 5 5
constant-subme |9 months 5 5 5 5
rged state 15 months 5 5 5 5
18 months 5 5 5 5
Antifouling 3 months 5 5 5 5
test in & months 5 5 3 5
half-submerged|9 months 5 5 5 5
state 15 months 5 5 5 5
18 months 5 5 5 5




KF-96- 1000 0.5 0.5 0.5 0.5 Water-repellen t conponent KF-50-3000 2.5

KF-54 SEF-Hy@dsophilic conponent KF-6016 10 5 ST-114PA Fz-2191
X-22-4272 10 86
Table 4-2 (the right section)
Examples

Components F-21 | P22 | F-23 | F-24
Metal-crossiin|A-9
ked copolymer |A-10
solution A-11

A-12

A-13 100

A-14 100

A-15 100

A-16 100
Pigment Fuji First Red 2305W 1.5 0.5 1.5 1.5

R-5 3 5 3 3
Anti-foaming lyp 961000 0.5 | 0.5 { 0.5 | 0.5
agent
Water-repellen |KF-50-3000
t component KF-54 2.5
Hydrophilic KF-6016 10
component ST-114PA

Fz-2191 5

X-22-42772 i0

F7-2203

KF-6028
Antifouling Copper subeoxide
agent Pyridine-triphenylborane

Zinc

2-pyridinethiol-l-oxide

4,5-Dichloro-2-N-octyl-4

—isothiazolin-3-one
Additive Dis.6900-10X 6 6 6 &
Solvent Xylene 5 5 20 20

Butyl acetate 15 15

Total 121 117 159 156
Results of coating film performance evaluation
Recoatability |60° crosscut test 5 5 5 5
Antifouling 3 months 5 5 5 5
test in & months 5 5 5 5
constant-subme |9 months 5 5 5 5
rged state 15 months 5 5 5 5

18 months 5 5 5 5
Antifouling 3 months 5 5 5 5
test in 6 months 5 5 5 5
hal f-submerged|9 months 5 5 5 5
state. 15 months -5 5 5 -5

18 months 5 5 5 5




Fz- 2203 5 KF-6028
Pyri di neFt23@henyl bor ane

Antifoul i ng agent Copper suboxide 10
2 Zinc 2-pyridinethiol-1-oxide 3

4,5-Di chloro-2-N-octyl-4 -isothiazol iBA- 3- one

[0161]

Table 5 Copolymer compositions

Addi tive D s.6900-10X 6

{Comparative Examples)

Comparative Examples
Components H-1 H-2 H-3 H-4
Copolymer H-1 100
solution H-2 100
H-3 100
H-4 100
Pigment Fuji First Red 2305W 1.5 | 1.5 | 1.5 | 1.5
R-5 3 3 3 3
Anti-foaming yp 961000 0.5 | 0.5 | 0.5 | 0.5
agent
Water-repellen|KF-50-3000 2.5
t component KF-54
Hydrophilic KF-6016 10 5
component ST-114PA
Fz-2191
X—-22-4272 10
Fz-2203 5
KF-6028
Antifouling Copper suboxide 10
agent Pyridine—-triphenyliborane 2
Zinc 3
2-pyridinethiol-l-oxide
4,5-Dichlorc-2-N-octyl-4
—-isothiazolin-3-one :
Additive Dis.6900-10X 6 6 6 6
|Solvent Xylene 20 5 5 20
Butyl acetate 5 10
Total 149 126 126 156
Results of coating film performance evaluation
Recoatability |60° crosscut test 2 1 1 1
Antifouling 3 months 5 4 a 5
test in & months 5 1 1 1
constant-subme |9 months S 1 1 1
rged state 15 months 5 1 1 1
18 months 5 1 i 1
Antifouling 3 moenths 4 4 3 3
test in 6 months 2 1 i 1
half-submerged|{9 months 1 1 1 1
state 15 months 1 1 1 1
18 months 1 1 1 1




6 6 6 Solvent Xylene 20 5 5 20 Butyl acetate 5 10 Total 149 126 126
156 Resid-t33@F coating filmperfornmance eval uati on Recoatability 60
crosscut test 2 1 1 1 Antifouling te§88 in constant-subne rged state 3
nmonths 54 45 6 nonths 5 1. Jr 1

CLATIMS

1. Ametal-crosslinkedorganopolysiloxane~thioblockvinyl

copelymer [D] having a structure in which an organopolysiloxane-thio

5 Dblock vinyl copolymer [C] having a carboxylic acid-~containing vinyl
copolymer block [A] formed from constituticnal units derived from

a polymerizable unsaturated carboxylic acid (al) and constitutional
unitsderived fromat least oneotherpolymerizable unsaturatedmonomer

(aZ) copolymerizable with the polymerizéble unsaturated carboxylic

10 acid, and an organcpolysiloxane-thio block [B] represented by the

following formula [I] is crosslinked with a divalent metal [M],

1 11 1 11

D
RZ-8i0—(Si0) —(Si0) ,—Si—R "~
R1 1 R1 1 R14 R1 LA [ I :l

wherein each R* is independently a hydrocarbon group of 1 to 10 carbon
atoms, R*¥, R and R* are each independently R or a divalent thio
15 organic group of 1 to 20 carbon atoms (with the proviso that at least
one of R, R and RY is a divalent thioc organic group of 1 to 20
carbon atoms), € is an integer of not less than 0, and u is an integer

of not less than 1.

20 2. The metal-crosslinked organopolysiloxane-thio block
vinyl copolyrﬁer [D] as claimed in claim 1, wherein the polymerizable

unsaturated carboxylic acid (al) is at least one selected from



9 nonths 511 15 nonths 51 1 1 18 nonths 5
hal f - sublnezged state 3 nonths 4 4 3 3 6 nonths

111 Antifouling test in
2111 9 mnths 111

15 nonths 1 1 : 89

10

15

20

(meth)acrylic acid, maleic acid, fumaric acid, itaconic acid,

citraconic acid and undecylenic acid.

3. The metal-crosslinked organopolysiloxane-thio block
vinyl copolymer [D] asclaimedinclaiml or 2, whereinthepolymerizable
unsaturated monomer (az) is a polymerizable unsaturated carboxylic
acid ester (a2l), cor a combination ¢f a polymerizable unsaturated
carboxylic acid ester (a2l) and polymerizable group-containing

polyether modified silicone (a22).

4. The metal-crosslinked organopolysiloxane-thioc block
vinyl copolymer [D] as claimed in claim 3, wherein the polymerizable
unsaturated carboxylic acid ester (aZl) is at least one selected from
(meth)acrylicacid esters, styrenes, vinyl esters, {meth)acrylamides

and vinyl ethers.

5. The metal-crossiinked organopolysiloxane-thio block
vinyl copolymer [D] as claimed in claim 3, wherein HLB of the
polymerizable group~containing polyether modified silicone (a22) is

not more than 18.

6. The metal-crosslinked organopolysiloxane-thio block
vinyl éopolymer [D] as claimed in any one of claims 1 to 5, wherein

the acid value of the crganopolysiloxane-thio block vinyl copolymer



18 nonths 1 1 1 SF-2303 88 CLAIMS 1. Anet al - crossl i nked

or ganopefysitdxane-t hi o bl ock vinyl copolynmer [D] having a structure in
whi ch an or ganopol ysi | oxane-thio 5 blBé&ck vinyl copolyner [C] having a

car boxylic acid-containing vinyl copolynmer block [A] formed from
constitutional units derived froma polyrnerizabl e unsaturated carboxylic
acid (al) and constitutional units derived fromat |east one other

pol yner [&ablse imnsaturangemndneic €82) copol ynerizable with the

pol yneri zabl e unsaturated carboxylic 10 acid, and an

or ganopol ysi | oxane-thi o bl ock [B] represented by the followng fornmula [I]
is crosslinked wwth a divalent netal [N, Rl1 R11 R11 R11 12 I113

R-Si0-(SIO tr(Si [ 411 h

|ndependently a hygpgcé% %% %%%%Eﬁéﬁ % &i% %§§¥§Ef$ Ses tﬁé%fkﬁﬁ¥§ and
R14 are each independently RL1 or a divalent thiqg 15 or ni_c up, of 1 to
20 car bofYdt GREOY EWGEIE Pﬁegﬁr%ﬁ%dt hatan OP&a’t Drielst L %f? g@%ehldl R14 is
a divalent thio organic group of 1 to 20 carbon atons) , t is an integer
of hot Hlesglagmhronsapidrutésperatiune(by) of tistotemopciynilox20-thio

met al - crossl i nked or ganopol ysi | oxane-thi o bl ock vinyl copolyner [D] as

cl ai megblictkCkahyt leopdefmein e ipolynens zabig wrsatorates amdoxylic acid
(al) is at least one selected from SF-2303 89 (neth)acrylic acid, naleic
acid, fumaric acid, itaconic acid, citraconic acid and undecyl enic acid.

3. The netal -crosslinked organopolysiloxane thio block 5 vinyl copolyner

[D] as clai d|n claim or LN t hepo i zabl e unsat ur nDnoner
(a2) is a polynerlkgﬁl%eﬁﬁgéi 85r85§??%%gi¥ 0§§P§rt?5?f3

conbi nati on of a polynerizable unsaturated carboxylic acid ester (a21) and
pol ynerizaB| eope b d Rl ad HiHGipetydt Fayy apdi 3§ adagimpi kdwe ¢ agpyreir

4. The netal -crosslinked organopol ysil oxane-thi o bl ock vinyl copol ynmer [D

aslel aitiedwetight aave33ge Wedreudat hee pghiy nfi)zatil ehansat ur at ed car boxylic
acid ester (a2l) is at |east one selected from (nmeth) acrylic acid esters,

Styr enesga¥ibpyl v&51 & she-LMRILND 186k WA @S pb PyARE Zd}n}ils ehheks . range S.
The netal crossY|nked or ganopol ysi | oxane- tﬁ bl ock vi nyl copolynmer [D] as

cl ai mred i |n ‘HLB of the pol ynerizabl e group-contai ni ng
polyethgiaﬁghﬁf?] sNI cone (a22) is

9. The metal-crosslinked organopolysiloxane-thio block
15 wvinyl copolymer [D]} as claimed in any one of claims 1 to 8, wherein
the divalent metal [M] is at least one selected from zinc, copper,

ccbhbalt, nickel, manganese, magnesium and calcium.

10. The metal-crosslinked organopolysiloxane-thio block
20 vinyl copolymer [D] as claimed in any one of claims 1 to 9, wherein
the proportion occupied by the carboxylic acid-containing vinyl
copelymerblock [A] isintherangeof 5t098.5%byweight, theproportion
oécupied by the orgahopolysiloxane—thib block [B] is in the range

of 1 to 80% by weight, and the proportion occupied by the divalent



20 not nore than 18. 6. The netal - crosslinked

or ganopdFysBPdxane-thi o bl ock vinyl copolyner [D] as clained in any one of
claims 1 to 5, wherein the acid val ué&lof the organopol ysil oxane-thi o bl ock
vinyl copolynmer SF-2303 90 [C] is in the range of 1 to 200. 7. The
met al - crossl i nked or ganopol ysi | oxane-thi o bl ock vinyl copolyner [D] as
claimed in any one of clains 1 to 6, wherein 5 the glass transition

t enper aneradl (Fginofhd rengegahdpd yei 1ok dyewehglot bliock00% riyy wedgbkymier [ C
is in the range of -50C to 60C. 8. The netal -crosslinked

or ganopghy dd1axenech kg bl ock vinyl copolynmer [D] as clainmed in any one of
clains 1 to 7, wherein 10 the wei ght-average nol ecul ar wei ght (My) of the
or ganopol ysi | oxane-thi o bl ock vinyl copolymer [C] is in the range of 1,000
to 200, 000. 9. The netal -crosslinked organopol ysi |l oxane-thi o bl ock
15 vinyl copaolymer [D] as clained in any one of_clains 1 to 8, wherein the
i val ent. meC AP M ThE BECR SOt e B PO fEerEopper. PLogal t

ni ckel , manganese, magnesi um and cal ci um 10. The netal -crosslinked
or g&nopoisli corahemehi P Ibkecklabmed nyl aogpohy mer cLBimasl diailfedwihictany one
of claimse 1 to 9, wherein the proportion occupied by the carboxylic

aci d- camsi piibgo¥i By broopal yoe| bboskal 425 &t it hae angeaf B4 898v5Yhywwei ght ,
~.theproportion occupi ed by the organopol ysil oxane-thio block [B] is in the
range ofork 4@ 8@% By Meightspand the proportion occupied by the divalent
SF-2303 91 netal 1s in the Tange of 0.5 to 16% by wei ght, in 100% by

wei ght of the solids content. 11. The netal -crosslinked

or ganopol ysi | oxane-thio block 5 vinyl copolynmer [D] as clainmed in any one
of claims 1 to 10, which has a viscosity of 50 to 100, 000 nPa s/25C in
the case of d&Znonvéigtaleceensbitket ospupdpp lysighkang2thioblockvinyl

Anet al - cr ossl i nkedor ganopol ysi | oxane-t hi obl ockvi nyl 10 copol yner
cofrposiddpal yoerprospow tive nethmlri et ogsthe ke adrgapepoliyked oxane-t hi o bl ock
vinyl copolyner [D] as clainmed in any one of clains 1 to 11, and a

vat er - rERRhLEBT v 5 IR AL 95 R vI¥GH ORI d1iymeTOPRPRENE 1 & kB 1 Ny

net al - crossl i nked or ganopol ysi | oxane-thi o bl ock vinyl copol yner

conposi tion_as-clai in.claim12 ereinthe water-repelle conmponent
o B IR ProRaS F bttt W oRE Aot AU S 208 o P TRy 1 By
silicone oil, fluorine-containing silicone oil, fluorine oil and
paraffFﬁ@?oﬁbllHPT?Rmﬁﬁﬁ%ﬂtﬂcrosslinked or ganopol ysi | oxane-thi o bl ock vinyl
copol ymer conposition as clainmed in claim12 or 13, wherein the

hydr ophilic conponent is polyether nodified silicone oil having HLB of not
nore than 12. SF-2303 92 15. An antifouling coating conposition
conpri sing the, met @ahe Ghossl kRt 19h8a80pBGMSId XN okBhe-Hh 05 Ko MRy |
copolymer [D] as clained in any one of clains 1 to 11 or the

met al - ¢f: | ] lysi:l oxane- Pfg l.qc Lyl , copal r
conposﬁ?gg; ggg%ﬁ%ﬁ%gZQﬁﬁggﬁélgﬁeggfc% a|§§1%2%9%£%412’qa“ﬂ¥ﬂﬁﬁéFeThe
antifouling coating conposition as claimed in claim15, which further

conpr i §“€§egﬁr%‘?ﬂ iGHYPRGERT. 10t least ongysehgched | Fout idigeébsti ng
filmformed fromthe netal -crosslinked organopol ysil oxane-thi o bl ock vinyl
copol ymediconpositi aretdylciphenyd shlaryneomd lof ftharimedrttmihdngr t he
antifouling coating conposition as clained in claim15 or 16. 15

18. A substeasecwi t hrlaiccoati Bglf bha phavifigsa substrate whose surface is
coated with a coating film obtained %y curing the metal -crosslinked
organopol ysi | oxane-thi o bl ock vinyl copolynmer conposition as clained in
any one of clains 12 to 14 or the antifouling 20 coating conposition as

claimed in claim or 16. _
53. l%he mé%al—crossllnked organopolysiloxane~thio block
vinyl copolymer composition as claimed in claim 12 or 13, wherein
the hydrophilib component is‘polyétherjnodified,siliéone 0il having

HLB of not more than 12.



19. An underwater structure having a substrate whose surface SF-2303 93
20. A sHFpZR8ving a ship substrate whose surface is coated with the
antifouling coating filmas clained i% claim 17. 21. -

Anmet hodf or preventing foul i ngof a substrate, conprising 5 coating a surface
of a substrate with the antifouling coating filmas clainmed in claim17.
22. A process for preparing the netal -crosslinked organopol ysil oxane-thio
bl ock vinyl copolyner [D] as clainmed in any 10 one of clains 1 to 11,
conprising mxing the organopol ysil oxane-thi o bl ock vinyl copolyner [(
with at |easti®mne cenpowndoselegteshfroMnpeXideon axdipdi@ingernad chloride
and an organi c carboxylate of the divalent netal [11l] to subject themto

metal  g3ield fd.CRlI9AKEERGYaPBpolysiloxane-thio block vinyl copolymer [D]
as claimed in any one of claims 1 to 11 or the metal-crosslinked

5 organopolysiloxane-thioblock vinyl copoiymer compositionas claimed

in any one of claims 12 to 14.

16. The antifouling ccoating composition as claimed in claim

15, which further comprises an antifouling agent.

10
17. An antifouling coating £ilm formed from the
metal-crosslinked organopolysiloxane-thio block vinyl copolymer
composition as claimed in any one of claims 12 to 14 or the antifouling
coating composition as claimed in claim 15 or 16.
15

18. A substratewith a coating film, having a substrate whose
surface is coated with a coating film obtained by curing the
metal-crosslinked orgaﬁopolysiloxane—thio block vinyl copolymer
composition as claimed in any one of claims 12 to 14 or the antifouling

20 coating composition as claimed in claim 15 or 16.

19. An underwater structure having a substrate whose surface

is coated with the antifouling coating film as claimed in claim 17.



10

SF-23G3
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20. A ship having a ship substrate whose surface is coated

with the antifouling coating film as claimed in claim 17.

21. Amethod forpreventing foulingof a substrate, comprising
coating a surface of a substrate with the antifouling coating film

as claimed in claim 17.

22. A process for preparing the metal-crosslinked
organopolysiloxane~thio block vinyl copolymer [D] as claimed in any
one of claims 1 to 11, comprising mixing the organopolysiloxane~thio
block Yinyl copolymer [C] with at least one compound selected from
an oxide, a hydroxide, a chloride and an organic carboxylate of the

divalent metal [M] to subject them to metal esterification reaction.



