1 DESCRI PTI ON CURABLE COWVPOSI TI ON, ANTI FOULI NG PAI NT
COVPOSI TI ON, ANTI FOULI NG COATING FILM 5 BASE
MATERI AL W TH ANTI FOULI NG COATI NG FI LM AND

~ANTI FOULI NG METHOD FOR BASE MATERI AL TECHNI CAL FI ELD
[0001] 10 The present invention relates to a curable
conposition, an antifouling paint conposition, an
antifouling coating fidgpcrITase material with an
antifouling coating filmand an antifouling nethod
for a base material, and nore specifically, it
relates to a curable conposition based on a silicone

15 rubbet,an i Foul ai conposi tion, an
antifoule(ig%g c%ar}#bﬂ*ggﬁfﬂ?ﬁa ﬂéﬂggﬁ‘ EVF aPAWTh an
antifouling coatin filmand an antifouling nethod
for a ba%%‘%’r{%ﬁlé?wga BREKCROUNES AFGAT DG [ DDB2]  Shi p
out si de plates, underwater structures, fishnets and

5 t he |i keB2ffe MISERR 1AL viat B , ANAL FOTLL NG | goATIS@avat er
over a long period of tine, and therefore if many

undeFser hiNveanTswobramchygrneeaner Bugy smhekihina,
sea lettuces, green 2 |avers, serpulas, oysters and

the |like are stuck and grow proliferously on parts
brought into contact with seawater, origina

functions of ships, Eggﬁﬁgater structures, fishnets
and the like are |ik A&eFagﬁQged. 5 [0003] In

{Oog{Fer to solve such problenms as described above,

10 " The present invention relates to a cuﬁable composition,
an antifopling paint composition, an antifouling coating film,
a base materizl with an antifouling coating film and an
antifouling method for a base matérial, anc mere specifically,
it relates to a curable composition based on a silicone

15 rrubber, an antifouling paint composition, an antifouling

coating film, a base material with an antifouling coating

film and an antifouling method for a base material.

BACKGROUND ART
20 [06G2]
Ship outside plates, underwater structures, fishnets
and the like are uéed in water, particularly in seawater over
a long period of time, and therefore if many undersea lives

such as hydrozoans, Bugula neritina, sea lettuces, green
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antifouling paints are applied wdely on the surfaces
of ship outside plates, deermater structures,
fishnets, instruments meking use of seawater and the
i ke for the purpose of 10 preventing undersea |lives
frombeing stuck. [0004] Antifouling paints
conprising an organopol ysil oxane as a principa
laversonperentlado motsteomt aind dmentifowingagentand uctow
as cuprous oxide and the |i ke and are nontoxic, and

prolikerhenef one dhey have M ledan denewnyi £ GROR1a t=or,
exanpl e, JP-B 2522854 (patent -docunent 1) discl oses

o1 giGUIA0LE QLGRORY KSR LONROSLL LANS, GRS ST et s
primary ~ ¢conponent that conprises ( an
r ganopol ysil.oxane in ich 20 both ends of a
and tﬁ‘ﬁl 3 ealar@haﬁlﬁ‘eg'ryet& ?@Kéﬂ“‘lﬁg%ﬁsi | anol group or a
hydrol yzabl e group, (B) an organosil ane represented
100055 a fornula RlaSi X4_a, wherein Rl represents a
non-substituted or substituted nonoval ent
hyedr oecaehon cgrsalyehavichg ptolbd ehsc arsh @z scatiore, a¥ove,
represents a hydrol yzable group and a represents 0 3
antif®u1incOhaarRal tdrdl dpdnely sate thesreafnandi Qe of ship
or ganopol ysi | oxane having at |east one group
.rep ted f.or ' | R3bY. '
ot S S s eGP AR S o ORTRIBG | it
. Substituted dival ent hydrocarbon_ group or 5 a .
meking Wafe Rt MR ECEDHATGrowp ‘hath nP st R R, 0 R3
represents a non-substituted or substituted
prevemyiogalvewte r spadrloc@Esh dragr dup,neY Fepriesents a
hydrol yzabl e group and b is 0, 1 or 2, provided that
rooowhen R2 is the divalent hydrocarbon group having an
et her bond, excluded is an organopol ysil oxane 10 in

. r%hglafbmi% R e ol IRV SO0, FRs g dardede as
a.principal component do not contain an antifouling agent
such as cgprous oxide and the like and are nontoxic, and
therefore they have been widely known.

[0005]

For example, JP-B 2522854 (pateﬁt document 1) discloses
curable organopolysiloxane compositions comprising a primary
component that comprises {(A) an organopblysiloxane in which
both ends ¢f a molecular chain are blocked by a silancl group
cr a hvdrolyzable group,-(B) an o;ganosilane represented by a

formula RY'%.SiXs.., wherein R' represents a non-substituted or

‘substituted monovalent hydrocarbon greoup having 1 to 8 carbon

atoms, X represents a hydrolyzable greoup and a represents 0
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Si atomdirectly linked to a carbon atom of the above
hydr ocar bon group, and cured products of the
conposition. 0006] JP-B 63 2995 (patent document 2)
di scl oses nontoxic 15 antifouling paint conpositions
obtai ned by m xing a chemcal reaction curable
silicone rubber, petrolactamor a petrolactaniliquid-
paraffin m xtuyr nd.a silicone oil vi.n a |l ow
or 151680t B CIPI AL 259632 pAREREdataminT 3
di scl oses underwater antifouling coating agents
orgapeRprivsingxang0hpsaei off deeahl énsi Pireohe repbbeenand by a
a specific copolymer as essential conmponents. JP-A
formO$a2§51@§O$pR£§@% dacanentl e4)iledi sbkeses RONtOXFEsents a
antifouling paint conpositions conprising a reaction

non- %Hb@@h%u%bh'%Qn%ub%%hﬂu%@@p@%h%&@ﬂtaﬂ9d%o%brb%9n%roﬁ or
resin having an al koxy group at a nol ecul ar end -E

a dl%a%%g ﬁ&ér%B%ESBb g98ﬂggﬂhv§ discl PRED B%?éoxk@

ng pain tions conpr
reaction curabl e S|I|cone rubb
rePrRERBI Fefit n6’Pg§H}°€t&6Hf5861n6°raﬁb‘b€E)ltﬁteﬁyE‘PBPﬁ‘éBPé
silyl group-containing acryl copol ynmer obtained 5 by
hydrpeasbibngoacsbl alerepipsand shavibvgralaaakdet gxpugrenp b is
or-a ketoxymgroup as a hydrol yzable group with a
0, lcopobynpioftiHeaf thbi) wacamefh)actydi¢iahkyht esy@€focarbon
with (ii) at |east one nononmer selected from

grouﬁnﬁﬁglﬁ%rﬁh'@tﬁ%kdbgﬂg ae&@@hﬁkﬁcﬁﬁlbﬁ oh-guer, olysiloxane
ydr oxyal kyl ester 07 JP-A 2001-1 9815

ent docunent I curabl e osi ti,ons

i W%Qﬁér?EPnaraﬁog?gg%épo?§ "FoAgh haviRg g-° pondddco 2
condensati on-reactive functional group at both ends

51 aBPmadlﬁﬁFééMIélaﬁadatﬁyérSBHSBPc Pmueg thp. above

2001- 181509 (patent
hydrocarbon group, and cured products of the composition.

[0006]

JP-B 63—2995'(patent,document 2) discloses nontoxi;
antifouling paint compositions obtained by mixing a chemical
reaction curable silicone rubber, petrolactam or a
petrolactam/liquid paraffin mixture and a Silicoﬁe 0il having
a low viscosity. JP-A 01-252677 (patent document 3)
discloses underwater antifouling coating agents comprising a
reaction curable silicone rubber aﬁd a specific copolymer as
essential components. JP-A 03-255169% (patent document 4)
discleses nontoxic antifouling paint compositions comprising
a reaction curable silicone resin composition and a silicone

resin having an alkoxy group at a molecular end. JP-B
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15 docunent 7) discloses curabl e conpositions
conprising an organopol ysil oxane havi ng a
condensation-reactive functional group at both ends
of a nolecule, a hydrophobic silica and a
hydrophilic silica. [0008] 20 However, an
~antifouling property of antifouling coating filns
tai ned fromthe abave antifoulin aints is .exert.ed
2509 Qi SRR 1 GOE TR See N O SoRbHahs fic Sagl 15e
silicone oil and like which are released with the
paintpasmys 1ofl opismeEocmiyd S itter @f)orfe TRFETT 18] €aKiang & Ifdde cone
- conmponents finishes, the 5 antifouling property has

.. rubbdreen(diowemed etro rakd lisnhtdidddanuld. dampcexet tartche(c) a

antifouling property over a long period of tine.

hydrJI&E8H1 HAGURRN G rhuplRedB 12522 ent torZained
g R o e ARG oy taine

Pat.ent document. 4: JP- - Pat n :
oy T R o A b SRE U TB SR A SO0 L T3P T 3
Pat ent docunent 7; JP-A 2001-181509 10 DI SCLOSURE CF
ketoxpHE JIMENFISON hwﬁéalgm&réesgrﬂwmtévarﬁéﬂ%ﬁﬂ Nl oof
[ 0009] The present invention ains to solve the '
(1) aprioEEenscry liiovellked igstdie wiodvehntilomal ltegstinicopges
descri bed above. It is an object of the present

monondV efilicft o AHcavi @ tah )Rad Al 1 CenpeSidridn antktd) acrylic

“antifouling paint conposition naking it possible to

-'1éweg(yyafy%yyyygyaggegi_coating filmwhich can exert

[0007]

JP-A 2001-13%816 (patent document 6) discloses curabile
compositions éomprising an organopolysiloxane having a
coﬁdensation—reactive functional group at both ends of a
molecule and a hydrophobic silica. JP-A 2001-181509 (patent
document 7) discloses curable compositions comprising an
organopclysilcexane having a condensaﬁion—reactive functionai
group at both.ends of a molecule, a hydrophobic siliga and a
hydrophilic silica.

(00087

However, an antifcouling property of antifculing coating
films obtained from the above antifouling paints is exerted
depending to a largé extent on components such as silicone
0il and like which are released with the passage of time, and

therefore when releasing these components finishes, the
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an excellent antifouling performance over a |ong
period of 20 tinme and particularly can exert an
excel l ent antifouling perfsormance over a |ong period
of time without containing a silicone oil - and which
makes it easy to renove adhered lives. [0010] Al so,
an object of the present invention is to provide 6

.an antifouling coating filmwhich can exert an, __.
ant 1 §QBLI T BB OBRE FFolPPnG=pBr f BFRERCe SGVBRKE Fong:BE-FBAT ©0
of tinme and articularly can exert an excellent
exerﬁnthﬁo@hﬁﬁﬁ@pgﬂﬂ@rﬁﬁﬁ@@rtwvéwea Pohgnpepesdodf ofi heme.
wi t hout containing a silicone oil 5 and which nmakes
| tPeasyttocrenene adhgéred Piye8-and to provide a
base material, an underwater structure and a ship

oubst 8f: Phatendhi ch: app-goategdowst h the above coating
film [0011] Further, an object of the present

%g@éﬁ@n?g§u$ n%03prgglgeof92§?%§§ouling met hod for

in

a basée material which can exert an excellent

antifoulin% perf ornmance over a Iong period of tine
I

antPparti oFEreytcan exerttYanexcefl ent antifouling

performance over a |long period of time wthout
cohtaémi ndgoaumenti gonéP ol 25486 MEANS TO SOLVE THE
PROBLEM [0012] A curable conposition of the present
i NFendhonddsumebht aé nhedrby POXLAY39¢AF 100 parts by
wei ght of a reaction curable silicone rubber 20

Wi b0 o B) adcliRe 1007 pagb sy byo weL ghis 96 an
or ganopol ysi |l oxane m xture conprising a product

obtai ned by an R2CH el i m nati on reaction

DISCLCSURE CF THE INVENTION
PROBLEM TC BE SCLVED BY THE INVENTION.
f0009]

The present invention aims to solve the problems
involved in the cconventional techniques described above. It
is an object of the present Invention to provide a paint
composition and an antifouling paint composition making it
possible to form an antifouling coating film which can exert
an excellent antifouling performance over a long pericd of
time and particularly can exert an excellent antifeouling
performance over a long period of time without containing a
silicone oil and which makes it easy to remove adhered lives.

[C010]

Also, an object of the present invention is to provide
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of : (Bl) an organopol ysil oxane represented by the
followng 7 Fornmula (1): [0013] OR2 OR2 2 R20 Sic)
SS-OROR2 n| OR2 Formula (1): [0014] 5 wherein, in
Formula (1), nis an integer of 2 or nore and a
plurality of R2 each is independently a
non-substituted or substituted nonoval ent

on o UBIGILORBR, MRADGY b0 Brabon o a0,

~structure 10 represented by the foll ow ng Fornul a
antifopling perficcadree FEImi a P) PESIRBO Whérceiaad i n
Formula (2), R3 is a non-substituted or substituted
particiwalrent daydreoeartbaem graed lemta adinddlcerniti ndhydrdeatdzorce
group having an ether bond, provided that when R3 15
over iaN IRIWA:1(A) dJrS thihe diiMalent yar-06amron arayRone oil

having an ether bond, excluded is an

and whigd! Q%%§Ekpé%@§jﬂ%\¥gﬁ§%é h &ed'ﬂﬂ?%s and to
trimet hylsi I'oxy grioups are bonded to a Si- atom
directly linked to a carbon atomof R3. [0015] 20 .

PLovifige 3o PGETopel it are (BEETRSr a5 % PRefy|Ship
group. 8

outside plate which are coated with the above coating £ilm.

[0011]

Further, an object of the present invention is to
provide an antifouling method for a base material which can
exert an excellent antifouling performance over a long period
of time and particularly can exert an excellent antifouling
performance over a long'period of time without containing a
silicone oil.

MEANS TO SOLVE THE PROBLEM
[0012] ' N

A curable composition éf the present invention is
obtained by mixing:

(A) 100 parts by weight of a reaction curable silicone rubber
with:

(B) 1 to 100 parts by weight of an organopclysiloxane mixture
comprising a product obtained by an R?0H elimination reaction
of: |

(Bl) an organopolysiloxane represented by the following
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[0016] The curabl e conposition nmay be obtained by

further mxing 0.1 to 200 parts by weight of a

silicone oil (C), provided that the reaction curable

silicone rubber (A and 5 the organopol ysil oxane

m xture (B) conprising the product are excluded from

the silicone oil (C), based on total 100 parts by
Form®d ofity .of the reaction curable silicone rubber (A)

and the organopol ysil oxane m xture (B) conprising

[Ooﬁﬁe product. [0017] 10 The silicone oil (C) is
preferably a nethyl phenyl silicone oil and/or a
pol yet her-nodified silicone oil. [0018] The silicone

oil (C is preferabl or gan Bysi | oxane havi ng
at | east one group eéﬁgse t ed 15 the foll ow ng
Formula (3) in a,nmgleduler {Formila (3):
=Si R4OSi R5bY3_IRWRaTebi> C@é)z, R4 is a
non-substituted or s¢bstituted|divalent hydr ocar bon
group or a dival ent ogar bop@Poup having an
etfleemuBend,1)20 R5 i s a nor-substituted or substituted
nonoval ent hydrocarbon group, Y is a hydrolyzable
[001%roup and b is 0, 1 or 2, provided that when R4 in
Arnula (3) is the divalent 9 hydrocarbon group
having an ether bond, excluded is an
WheTSTyandpdidRETHekanke i it whi G titeFehote 2 or more and a
trinmethylsiloxy groups are bonded to a Si atom
pluradiirtectdly H°i skell e dncapboderatlomeomdRésubstituted or

substituted monovalent hydrocarbon group having 1 to 8 carbon

atoms, and

(BZ) an crganopolysiloxane having at least one structure

represented by the following Formula (2) in a molecule:
Formula (2): =SiR°0H

3

wherein, in Formula (2), R’ is & non-substituted or

- substituted divalent hydrocarbon group or a divalernt

hydrocarbon group having an ether bond, provided that when R’
in Formula (2) is the divalent hydrocarbon group having an

ether bond, excluded is an crganopolysiloxane in which two or

-more trimethylsiloxy groups are bonded to a Si atom directly

linked to a carbon atom of R®.
[0015]
The organcpolysiloxane (B2) preferably has a phenyl

group.
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5 [0019] The curable conposition nmay be obtai ned by
further mxing additives selected fromthe group
consisting of a curing ca@alyst, an antifouling
agent and a colorant. [0020] 10 An curable
conposition of the present invention conprises: (a)
an or ganopol ysi |l oxane havi ng a hydroxyl group and/or
[oo18y al koxyl group and (b) a product obtained by an
R2CH. el i m nation reaction of: 15 (Bl) an

or-gan I r.epresent l.Qw
P R BRRRp R RS R S oY G
o For my| 1): 022] , 20 wherein, in Formula (1
mixing (& L G Pordit S WA ol of Ry
each i s independently a non-substituted or 10
provigdgrtitai édagifRailian Hikhokarbon eprupr Halvehg(A) tand
8 carbon atoms, and (B2) an organopol ysil oxane

the dweydmepdtydidastarenenisttruct ufe) cemprresemMed-ly pheduct are
following Formula (2) in a nolecule: 5 Formula (2):

excl @RI whereidy,1idbiordml acd2) . bd¥ed o total 100 parts
non- substituted or substituted dival ent hydrocarbon

by w%{gﬂ'g? & ntg‘ted:sr\r/e%l” feodj %\%{% ﬁ&%ﬁé&% ABOY ) and the

organopolysiloxane mixture (B) comprising the product.
[0017]
The silicone oil (C) is preferably a methylphenyl
silicone oil and/or a polyether-modified silicone oil.
[0018]

" The silicone o0il (C) is.preferably an
organopolysiloxane having at least one group represented by
the following Formula (3) in a molecule:

Formula {3): =SiR%0SiR°,Y3-
wherein, in Formula (3}, R? is a non-substituted or
substituted divalent hvydrocarbon group or a divalent
hvdrocarbon group having an ether bond,

R® is a non-substituted or substituted monovalent
nyvdrocarbon group,

Y is a hydrolyzable-group and

b is C, 1 or 2,

provided that when R® in Formula (3) is the divalent
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‘curing catalyst, an anti

in Formula (2) is the dival ent hydrocarbon group
havi ng an 10 et her bond, excluded is an

or ganopol ysi | oxane in which two or nore
trinmethylsiloxy groups are bonded to a Si at om
directly linked to a carbon atom of R3. [0023] An
antifouling paint conposition of the present 15

hydrddaﬁ%sﬂ QR BES the Sthabl 8og@MPest1h88g [ 9024]
An antifouling coating film of the' present invention

om.t I n Ftion.
oraan it B D ate Nater | a1 WL Gas ant LR QoY A LDk
coating filmof the , present invention s coated Wit h
grouR%uﬁ%ﬁf%?Qﬂﬁqnﬁj’ébé%%ﬁﬁt?$lﬁ%refébi6}l%heﬁn88rﬁaF%Fbon
structure with an antifouling coating filmof the
atOHlpﬂéégnt invention is coated with the antifouling 11
coating film [0027] A ship outside plate with an
[o001amtifouling coating film of the present invention is
coated with the antifouling 5 coating film [0028]

Arcantd fohiang Jmidiod 0 @ base smteriak ©of %@&h%r

present i nvention COﬁprSGS coatlng a surface of
base ter. with th nt ul.in coatln f|Im
mici B e P e YV G [ DD397 - UBrC o e Sl BB B =
conposition, of the, Present i nvention,
ouling agent and a colorant.
[6020]
An curable composition of the present invention
comprises:
(a) an crganopolysiloxane having a hydroxyl group and/or an
alkoxyl group and
(b) a product obtained by an R?OH elimination reaction of:
{Bl) an organopolysiloxane represented by the following

Formula (1):

[0021]

Formula {(1):

(00221
wherein, in Feormula (1), n i1s an integer cf 2 cr more, and

a plurality of R® each is independently a non-substituted or
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particularly the antifouling paint conposition is
used, an antifouling coating filmwhich is excellent
in along-term 15 antifouFPng property and a water
dropl et sliding property on a surface and has a
surface having a small adhesi on, whereby adhered
lives are readily renoved, can be forned. [0030] The

subs AU HORG vE0 ahtN g id dBefb drh ey fungs entviimy entdors. &rbon
and the base material with the antifouling coating

atomgllgg f the present invention, the underwater

structure with the antifouling coating film of

t
present inventi.gn and the . shi ut side plate w.t
(B2) e HEPRERINTG GBI 6" (> prdfe e rucTure
invention are excellent in a long-termantifouling 12
repragasgect pyafdea fndtler idropiatmisia didly B cher e Th &'
surface and have a surface having a snmall adhesion,
wrer-ely zadlereesilk’@es are readily renoved. [0031] 5
According to the antifouling nmethod of the present

wherdiVenti anhen A Base kel nahorf-eulbishg tefkhehase
material can be prevented over a |long period of

sone{ T 0 M, LSO LA N, LG o
s Q0 L0092 B0 1 15,2 AT ShOND0 B uhen =
friction coefficient of the coating film 15 Fig. 2
in Famualar @i rig stren digral et di e aerf ROMeI EURI SRRV LR Gran
nmeasuring a static friction coefficient of the '
ethe€Qdridg efdlufed is an organopolysiloxane in which two or
more trimethylsiloxy groups are bonded to & Si atom directly
linkedlto a carbon atom of R’.
[0023]
An antifouling paint compoesition ¢f the present
invention comprises the curable composition.
[0024]
An antifouling coating film of the present invention is
formed from the antifouling paint composition.
[0025]
A base material with an antifouliﬁg coéting £film of the
present invention is coated with the antifouling ccating film.
[0026]

An underwater structure with an antifouling coating

film of the present invention is coated with the antifouling
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Fig. 3 is a drawing showi ng a peel tester used for
nmeasuring an adhesion of the coating film 20 Fig. 4
is a GPC chart of a mixturlé produced in Synthetic
Exanple 1. Fig. 5is a GPC chart of a mxture
produced in Synthetic Exanple 2. 13 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [0033] The curable
coatfﬂ%ﬂ¥¥ﬂﬁjon' the antifouling paint conposition, the
antifouling coating film the base material 5 with
[Oozﬁge antifouling coating filmand the antifouling
thod for a base material according to the present
invention shall be explained below in nore details.
[ B0 QWtaBid® EOfgssititoh: 2 A THel Qukdly ecoating film
conposition of the present invention is produced by
of the wmrgpen' eacteroni aurabl ecsied ceonehr ubbean{Afouith a
or ganopol ysi |l oxane m xture (B). [0035] <Reaction
coatiGWf ablensilicone rubber (A)> 15 The reaction curable
silicone rubber (A) conprises an organopol ysil oxane
[0024@) having a curing-reactive functional group, an
organic group and a sil oxane bond as a principa
cqnponent anpl es .of , the curing-reactive functiona
P IO Tk i o DU BT R B oS and
a ketoxym 20 group, and exanpl es of the organic group
presqfe| e Rt BATPHY D, Ce2 phedyR FRBupcand athenyrse
group. The curing-reactive functional group and the
matemrganictlgridup aret hukctd ycbanded foim.

EFFECTS OF THE INVENTION
[0029]

When the curable composition of the present invention,
particularly the antifouling paigt'composition is used, an
antifouling coating film which 1s excellent in a long-term
antifeouling property and a water droplet sliding property on
a2 surface and has a surface having a small adhesion, whereby
adhered lives are readily removed, can be formed,

[0030]

| The antifouling coating film ¢f the present invention
and the base material with the antifouling coating film of
the preéent invention, the underwater structure with the
antifouling coating film of the present invention and the
ship outside plate with the antifouling ccating film of the

present invention are excellent in a long-term antifouling
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a Si atomin the organopol ysil oxane. [0036] 14 The

reaction curable silicone rubber (A may be a

silicone rubber of one-corponent type or

t wo- conponent type prepared by blending at | east one

of multifunctional silane conpounds in which a

hydr ol yzabl e group (for exanple, an 5 acetoxy group,
prop@:ﬁygtMBé Q=4 ﬁdﬁ@xxgnﬁ%a%ﬁé?@ﬁ@won 04 O8iPx £ @B

am'de group and the like) i 0 an

or.ganopol ysi | oxane as a - ki a
and k}ae‘%sta o'srlf'lé:y f(Saafceor Gani c feta a%ggn%%ﬁu%%i;@?f g@%&%% %?here{j
~ naphthenates, j octylates, peroxides and organic
livesmtifed oty ¢ad Y6 - cobal t, 10 manganese, zinc and
the like) as a curing catalyst. The silicone rubber
[0033f] one-conponent type which is cured at room
tenperature or under heating by hydrol ysis,
dealcohilizald ehe =acetictlacigl redtmdasf othe present
deoxi mati on, hydroxylam ne elimnation and the |ike

inveﬂéﬁ&He¥5¥Egﬂﬁé§glﬂ#ﬁ?ﬁ;éiﬁ*f%élfﬁéegf 18 aba 8808k riza1

tenperature fromt I ewpol nt of "an easiness in a

coatin rkability.. Further roducts (for e e,

can Ak Bl Gors by T3 e onsndoRd TE0Re
- rubbers cured by deal coholization) having |ess

adhexgd ATt dRere yuasfer il pFdduER’  pt BdbeedePAYESr i ng

are nost preferred. In the 20 silicone rubbers of

t wo- conponent type, the organopol ysiloxane (a) is

bl ended preferably with an organic tin conpound (for
Brie®XaWl £ 201 butyd tine ditaeege and the like) as a
, curing catalyst. [0037] 15 Specific exanples of the
[Ooiﬁaction curabl e silicone

Fig. 1 is a drawing showing a sliding angle meter used
for measuring a static friction coefficient of the coating
film.

Fig. 2 is a drawing showing a sliding angle meter used
for measuring a static friction coefficient of the coating
film.

Fig. 3 is a drawing showing a peel tester used for
measuring an adhesion of the coating film.

Fig. 4 is a GPC chart of a mixture produced in
Synthetic Example 1.

Fig. 5 is a GPC chart of a migture produced in

Synthetic Example Z.
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rubber (A) include KE44RTV and KE445RTV (trade nanes,

manuf act ured by Shin-Etsu Chem cal Co., Ltd.) and

TSE389 and YF-3057 (tradgsnanmes, manufactured by

Toshiba Silicone Co., 5 Ltd.) as conmmerci al

products. [0038] The reaction curable-silicone

rubber (A) has a r viscosity (25C, B type rotation

vi scometer, according to JIS i Z 8803) of usually

0. 025 BEST, BOOEPAOR, CARefdilb|GWT0. b MNYENIFB00

Pa's, nore preferably 0.5 to 200 Pas and particularly
[oo3gneferably 1 to 100 Pa's. [0039] <(B)

Or ganopol ysi | oxane m xture> The or ganopol ysi | oxane

mz%lteurc%r(a@lé Sl i, ofcie Ao PrQFGEg Qpt alned by
an R2OH el imi nation reaction of: (Bl) an

COmpCfS‘I rpmt%é*)SI | O% egsg]éaed%&b% él f O| hea\%ngwa%ﬁlal

Formula (1) -1 20 [0041] and 16 %

with &%@mwl%r@%%%gf m|%%§tt%%ea% %E%%Fég method
represented by the followwng Fornmula (2) in a

for andlaculnmte FormAecdR)ing a8k R3CH angsant ubneattedn shall
or ganopol ysi | oxane (Bl).

be explained below in more details.

[0034]

Curable composition:

The curable composition of the present invention is
produced by mixing a reaction curable silicone rubber (A)
with a organopolysiloxane mixture (B).

f0035]
<Reacticn curable silicone rubber (A)>

The reaction curable silicone rubber (A) comprises an
organopclysiloxane (a) having a curing-reactive functional
group, an crganic group and a siloxane bond as a principal
component. Examples of the curing-reactive functicnal group
inciude a hydroxyl group, an_alkoxyl group and z ketoxym
group, and examples of the organic group include a methyl
group, a phenyl group and a vinyl groué. The curing-reactive
functional group and the organic group are directly bonded to
a Si atom in the organopolysiloxane.

[0036]
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5 [0042] (BI) Organopol ysil oxane: The

or ganopol ysi |l oxane (Bl ) has a dynam c viscosity
(Ostwal d visconeter, accor, ing to JIS Z 8803) of
usually 2 x 10-6 to 90 x "I0-6 nR/s, preferably 3 x
10-6 to 7 x 10-6 nR/s at 10 25C. [0043] In Fornula
(1), nis an integer of 2 or nore, preferably 4 to 6
and is selected so that the viscosity of the
ormganepakysbhoxana((E )siflaldend nriliter affge mbes dra keed
15 above. [0044] In Formula (1), a plurality of R2

s11ic8agh flfbﬂ&d%@e%n&&npﬁlé}%'ﬂ"%étéf Ut @l @mponent type
car bo

substituted nonoval ent” hydro n group having 1 to

8 carbon .atons. 2Q [004 [ : .
Prepatsi et et (LR o SUBET] CUred  nbpavar dpponal stlane
hydr ocar bon group having 1 to 8 carbon atons, and
compaERE flite WK&Rp e ¥ He 80727 He | UERVRI kPT R PR Quch?
as nethyl, ethyl, propyl and butyl; 17 al kenyl
acetgroupwuche asthiowy @neial | §1 kebeyym groups, steherasxy

phenyl and tolyl ; cycloal kyl groups such as:

grouy dohexHs AfalKydngrowpsl sueh as bendyd andan
2-phenyl ethylyl; and 5 groups obtained by

orgaéﬁ#ﬁ%ﬁ%ﬁﬁ?ﬁgﬁéiég”é Ofo@dly Phxihydrogen aLendt least one

In the above groups with a hal ogen atom a

cyano group or the |ike, (for £exa | e, ch% rone%hgl,
of oXfel ik ML GUHOB® aht 2- SANOLT hy IO RT BTN T he®

VI ewpol nt . ) _
octylates, peroxides and organic amines of lead, iron, ccbalt,
manganese, zinc and the like) as a curing catalyst. The
silicone rubber of cne-component type which is cured at room
temperature or under heating by hydrolysis, dealcoholization,
acetic acid elimination, deoximaticn, hydroxylamine
elimination and the  like is preferably si;icone rubbers cured
at ambient temperature from the viewpoint of an easiness in a
cecating workability. Further, products (for example,
silicone rubbers cured by deoximation and silicone rubbers
cured by dealccholization) having less stimulant property of
by-products produced in curing are most preferred. In the
silicone rubbers of two-component type, the
organopolysiloxane (a) is blended preferably with an organic
tin compound {(for example, dibutyltin dilaurate and the like)

as a curing catalyst.

[0C37]
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of an easiness in synthesis, nethyl and ethyl are
preferred, 10 and nethyl is particularly preferred.

[ 0046] Specific exanpl es afs the organopol ysil oxane
(B1) include nethyl silicate 51, ethyl silicate 40,
ethyl silicate 45, ethyl silicate 48, propyl
silicate and butyl silicate. 15 Fromthe vi ewoint of
an easiness in synthesis, methyl silicate 51 and
etRACSILG CHEPAGSAE FHef 1S A LUh PR SShi90dst e
51 is particularly preferred. [0047] (B2)

- rubber g0 piol yiside iRt RT0 e KE4APRPO| (sraex amends2) i s

an organopol ysi |l oxane having at | east one structure
manuffepnasented oy d-he doldromhing=1 Fos nul acd 2) did arse389 and
nol ecul e: Formula (2): aSi R30H provided that when R3
o F i o .
T R B e o g T Lo T PO BEERE co.
1td Pngﬁgo ol ysil oxane in W@ich two or nmore
“t rF et Yoky Potolps®are bonded to a Si atom
directly linked to a carbon atomof R3. 5 [0048] In
[003Grmula (2), R3 is a non-substituted or substituted
di val ent hydrocarbon group or a dival ent hydrocarbon
Tinep e img an wetiier- odnid-qrae graelper effleserd ed by
"-(CH)P-O (CH2)q " wherein p and q each are
viscddrdepengent | yo anypdtegerc 0fn $0sdohdc &), 48848ding to JIS
Speci fic exanples of R3 include nethyl ene, ethylene,

2 BB03) of usually 0.025 to 1,500 Pa+s, preferably 0.025 to
500 Paes, more preferably 0.5 to 200 Pars and particularly
preferably 1 to 100 Pars.

[0039]
<{B) Organopolysiloxane mixture>

The organopolysiloxane mixture (B) is a mixture of a

product obtained by an R*0OH elimination reaction of:

(BRl) an organcpolysiloxane. represented by the following

formula (1):

00407
?RZ\ ?RZ
R20 ISiO Sla OR?
2 2
OR / . OR

Formula (1) :

[0041]

and
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propyl ene, butyl ene, hexanethyl ene and

propyl oxyet hyene. From the vi ewpoi nt of a

compati bility of the reactji;jon curable 15 silicone

rubber (A) with the organopol ysil oxane m xture (B)

et hyl ene, propyl ene and propyl oxyet hyene are

preferred, and propyl oxyethyene is particularly

preferred. [0050] The organopol ysil oxane (32) has a
(B2) cymamiaenvirstlos ioond G Wwald &F sconet 9l e at e e wee

to JIS Z 8803) of usually 5 x 10-6 to 1000 x 10-6
reprd@drssedref eftabl fo Bhwindd-BotouBHO(X) 108 6a mPlscate:

25C. [0051] The organopol ysil oxane (B2) preferably

has,aupheny, .12 sgrreup because of a reason descri bed

| ater. [0052] Specific exanples of the

or ganopol ysi | oxane . e ounds
and jip 4 B b?/r%%oé‘%wgﬁ)’%wi%&ﬁ%r el (4) 5 to (7)
[0053] i~H CH3 iH3 D . -5i-0 Si-q S3Cs. Hs-DH (4)
[0043H3 ECH 3 CR3 C 133 3 'P Hg-CaHs-Si_O Si-4 Sr_q |
11 CH3COMTr it'" n (5 CH3 LS i-Csi[e-1H
(Bl) Organopolysiloxane:

The organopolysiloxane (Bl)} haéwa dyvnamic viscosity
{Ostwald viscométer, according to JIS Z 8803} of usually 2 x
10‘5 ro 90 x 107°® m?/s, preferably 3 x 107® to 7 x 107° m®/s at
25°C.

[0043]

In Formula (1), n is an integer of 2 or more,
preferably 4 to 6 and is selected so that the viscosity of
the organopolysiloxane (Bl) falls in the range described
above.

[00447

In Formula (1), a plurality of R? each is independently
a non-substituted or substituted monovalent hydrocarbon group
having 1 to 8 carbon atoms.

[00453]
| R? is usually a non-substituted or substituted
monovalent hydrocarbon group having 1 to 8 carbon atoms, and
specific examples thereof include alkyl groups such as methyl,

ethyl, propyl and butyl;
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| CH3 133s IKs"$ "iisH3 (6) ~+3 3 .art n C3H6-of P
Crl3 H3 CP3 FsR, s HB CH3™ -U{ i Qi-ai 1 "CSi(s-E3
-C2Ha(l (7) CHs CHs '0113 -] 0054] wherein, in the
respective formulae, R7 and R8 are a non 10
substituted or substituted nonoval ent hydrocarbon
group, and at least one of R7 and R8 is a
non- substituted or substituted nonoval ent
hyedrkeearlb 6F oPeu P sl et &d-Tlomrgt Gulpsy lot her than 20
met hyl , including aryl groups such as phenyl and
t alzyll, gr@li@lsk)slucg‘r s asidbeanywtl andcycloalkyl
(3-phenyl ethyl, and hal ogenated al kyl groups such as
grouﬁglgdéHNégngyaa n&ffim n and 1 are natural nunbers.
From the vi ewpoint of the 5 antlfoullng property, the

a@pq}f{ (15 r%m eseerc%d bg F‘”%E}‘l aa%d g&%f#h%ﬁ, and

preferre % He conpoun represen

larly d.
g%é?}&g%al%%é’%%& erre rilqgosgg‘ag%mo%‘olﬂﬂs]rl%&ane

mxture (B) is a mxture of a product obtai ned by an

‘hydrdRpOH addmd eanoninedcin omhofakeee orejapdpol Visi & oxahegen

(Bl') (hereinafter also referred to as "conponent

atom( Bl )éyarendyddiep asgariepol yiss | Oﬂ@ﬁee}éﬁﬂﬁleéhetlel@ﬁcﬁm@thyl,
also referred to as "conponent (B2)") and the 15

3,3, %ﬁ% ﬁ%%égﬁﬁgyﬁxéﬂ§'iﬁgfﬁﬁoé@%}l ) Ther REORHS viewpoint
of an easiness in synthesis, methyl and ethyl are preferred,
and methyl is particularly preferred.

[004¢6]

Specific examples of the organopeolysiloxane (Bl)
include methyl silicate 51, ethyl silicate 40, ethyl silicate
45, ethyl silicate 48, prepyl silicate and butyl silicate.
From the viewpoint of an easiness in synthesis, methyl
gsilicate 51 and ethyl silicate 40 are preferred, and methyl
silicate 51 is particularly preferred.

[0047]

(B2) Organopclysiloxane:

The organopolysiloxane (B2) is an organopolysiloxane
having at least one structure represented by the following
Formula (2) in a molecule:

Formula (2): =SiR°0H

provided that when R® in Formula (2) is a divalent
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reaction of an OR2 group in Fornula (1) and an OH
group in Formula (2). [0056] A conbination of the
or ganopol ysi | oxane (Bl) apg the 20
or ganopol ysi | oxane (52) is preferably, fromthe
vi ewpoi nt of a conpatibility of the
or ganopol ysil oxane (Bl) wth the organopol ysil oxane
(B2), a conmbination of nmethyl silicate 51 and the
hydrocanpoundroepr Eserirned avy etdrarlpid) exslosiast niat ia9h of
methyl silicate 51 and the conpound represented by
orgarf@o=a 12kank? )in arG@mitial ion fretdryimesity ot o4
and the conpound represented by Fornula (4) and a
group%o'g@en%t&n%%cgftoetah@' asdc!n% ol & 40 and: ihes GoIpouRd-hon
represente y Formula (7), and 1's particularly
preferably a conbination of methyl silicate 5 51 and
atom fe Roonpound represented by Formula (7). [0057] The
or ganopol ysi | oxane m xture (B) can be obtai ned by
[004§di ng the organopol ysil oxane (B2) in a range of 0.5
‘ to 6 nole, preferably 1 to 3 nole based on 1 nole of
t he F@rangand@ol,y$F’| asarenpBtrubstitibjtect orhembsgituted
- condensation reaction (deal coholization reaction) .
divailien B s ANt fup tdhe Or ganopohty sty oxederd?) gtrsup
| ess than 0.5 nole, a surface of a coating film
. obtain f the ¢ it IS wi i QF-i n
navefP i Bhe BB ol AR SR AL e e
cage, and when it exceeds 6 nole, a Rrefggred ot -
{CH2) g7 Scodpeye b ptﬁ%doﬁgﬁﬁSEoP§§iF89§R§ ARt dredfpyiic§ocr o*
not obtained in a certain case. [0058] The
1 to gr)ganopol ysi |l oxane m xture (B) contains a

[0048]

Specific examples of R® include methylene, ethylene,
propylene, butvlene, hexamethylene and propyloxyethyene.
From the viewpoint of a cémpatibility of the reaction curable
silicone rubber (A) with the organopolysilexane mixture (B),
ethylene, propylene and propyloxyethyene are preferred, and
propyloxyethyene is particularly preferred.

F6050]

The organcpolysiloxane (BZ) has a dynamic viscosity
(Ostwald viscometer, according to JIS Z 8803) of usually 5 x
1075 to 1000 x 1076 m?/s, preferably 30 x 107® to 300 x 107°
m?/s at 25°C.

[0051]

The organopolysiloxane (B2) preferably has a phenyl



20 condensation product of the conmponent (Bl) and the
conponent (82) and the residual conponent (Bl) and
conponent (B2) in a propgrtion of, for exanple, the
condensation product : the conponent (31) : the
conmponent (B2) =80 to 90 : 10 to 20 : O (weight
ratio, the total is 100 parts by weight). 22 [0059]
In a condensation reaction of the conponent (Bl) and
groun feecorpornenta (BY)sora doheieised | brteract i on cat al yst
is preferably used. Exanples of the condensation
roospgaction 5 catal yst include: tin carboxylates such as
tin octylate, tin naphthenate and tin ol eate; tin

t [ y n
d| %ES% %%%Elgisﬁs?loﬁu X}éau%a%ﬁ&% %—%{%I o 2eate
1 dlbu n OXIde [tin diL hox de_an
e i T ST R TORyY 1 Toe TP Th b boTartebag
titani um chel ate conpounds such as
5 to (betrai sopropoxytitani um tetra-n-butoxytitanium
tetraki s(2- ethyl hexoxy) titanium
[005dilpr opoxybi s(acetyl acetonate)titanium 15 and
titani umisopropoxyoctyl glycol; organic netal
conmpounds such as zinc naphthenate zinc stearate,

Zihe Zr-diihyl ®, Hongf#xethyl hexoate, cobalt 2-
, dthylhe%oate nganes 2Leth | hexoat e, cobalt
CBs rabhf <0~

i k8% |E i soffflounds; 20 {4)
Ed

noay grioup-substjtu al koxysi | anes such as 3-
am hopr ‘tr Pnet’hoxysi™ ané *and N-f3(am noet hyl ) -
an1nopropy|tr|nethox sil ane; gnd an1nes such as
hexyl am ne, Baec Jdecyl ?ne
Hﬁ"ﬁsﬁs Sl"‘“ Sl‘ ;Sl 3 [
Eﬁg SBB ' —R7 {5
CHa
— ?i&%335~55
CHa
%Bs Ha
ﬁBs'?i*B -Si~0 ()
CHa CHg
GHa- o o 07}
[0054]

wherein, in the respective formulae, R’ and R® are a non-
10 substituted or substituted monovalent hydrocarbon group, and
at least one of R’ and R® is & non-substituted or substituted

monovalent hydrocarbon group selected from groups other than
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phosphat e, di net hyl hydr oxyl am ne and
di et hyl hydr oxyl am ne. A 23 use anount of the
condensation reaction catglyst is not specifically
limted as long as it is an effective amount as the
catalyst, and it is usually 0.01 to 5 parts by wei ght
based on total 100 parts by weight of the conponent
(BI') and 5 the conponent (B2). [0060] The
methydondenrdaidion react icoroupenperct e pisemot gnd tolyl,
specifically limted, and it falls in a range of

aralMsudddhpk el 2QCHaH A erat Ve -kshdoy 80Gy Theand

reaction tine is not 10 specifically Iimted as well,

and .it.is usual 0 m nut L0 72 r |y
halogenal<fy %‘)k&/ﬁs .g%%@ésl]m%geagléf T%lgaéonpitesépo}fﬂt ‘I%fél% W
or ganopol ysi | oxane m xture (B i ncl ude X-S%- 96 and
and ly.ape IR JEEYees, SRERUE GrEr R M 8 S Bt su
, Chem cal Co., Ltd.). [0062] The organopol ysil oxane
antifoudtine (BPdrEy a t\hesccz@m@/un@s@p@$%@eg deatferpnulae
vi sconeter, according to JIS Z 8803) of usually 3 to
(4) dAnd001nRass mrefearsdd y 204 tohd0ComPasndndefesmneed by
preferably 25 to 250 nPas. [0063] The curable
FormPOTPPEs) ti on,ofr the PresepteFoveation is  produced by
m xi ng 100 ‘parts by wel ght of the reaction- curable
00 ilicone rubber (A) with 1 to 100 parts by weight, 24
iﬁ%ferably 5to 60 parts by weight and nore
preferably 10 to rts by weight of the
dRipepint X2 ¥ ke (B) .

45 pa

[
(B)

The organcpolysiloxane mixture (B) is a mixture of a
product obtained by an R?OH elimination reaction of the
organcpolysiloxane (Bl) (hereinafter also referred to as

“component (B1)”) and the organopolysiloxane (BZ)

(hereinafter also referred to as “component (B2)”) and the

unreacted organopolysiloxane (Bl). The R?0H is produced by
reaction ¢of an OR? group in Formula (1) and an OH group in
Formula (2).

[0056]

A combination of the organopolysiloxane (Bl) and the
organopolysiloxane (B2) is preferably, from the viewpoint of
a compatibility of the organopoclysiloxane (Bl) with the
organopolysiloxane (B2), a combination of methyl silicate 51
and the compound represented by Formula (4), a combination of

methyl silicate 51 and the compound represented by Formula



10

15

20

[0064] <Ot her conponents> 5 The curabl e conposition
of the present invention nmay contain other
conmponents such as a silicgne oil (C), a curing
catalyst, an antifouling agent and a col orant. These
conponents shall be expl ained below. [0065] 10
<Silicone oil (C) > The curable conposition of the
present invention is capable of form ng an

(7)), antadmulnaig woatd negclyl nshlavdaige af0 @xd et hentompound
| ong-termantifouling property even if it does not

repr&ft@dd By Sddmeone o) aklita t bemsuiabl en COAPESh{Lon
of the 15 present invention may contain the silicone

siliégéﬁ(ia ané”ﬁ%e5%&&&%%5%}¥%P£é%eﬁ§e@OExZﬁgfﬁﬁigak#y, and

ted as long as ‘it iIs non-react |
: (non-condensi n siljcone oil, or _a silicone [
L5 PR Giodh 1T OU T o THE Coar MG TTT hof O HE® preseni Licate
invention. Fromthe viewpoint of a conpatibility of
51 antetlpd GEWMAIBh LR Epr e sed i konecFmbber () and the
or ganopol ysil oxane m xture .(B) with the silicone oil
[00%Q), the silicone oil (C) is preferably a
nmet hyl phenyl silicone oil, a polyether-nodified

SidHeC N Ridp ARG 18 Sldr <L aB: Blte NaYI NGAR LI M ined by
represented by the following Fornmula (3) (hereinafter

coinf 3P SIS0, U CONE. 0Ll S 8 e
-Substii d bsti d dival hyd b
ore-DRBVIPILI S o0 0 SUBSILL Uf o B vl ocer bor

ether bond; R5 is a non-substituted or substituted
organgioMed emxane (B1l) to subject them to condensation

reaction (dealcoholization reaction). When & use amount of
the organopolysiloxane (B2} is less than 0.5 mole, a surface
of a coating fiim obtained from the curable composition is
inferior in a water droplet sliding property in a certain
case, and when it exceeds 6 mole, a preferred viscosity of
the orgénopolysiloxane mixture (B} is not obtained in a
certain case.

[0058]

The organopclysiloxane mixture (B) contains a
condensation product of the component (Bl) and the component
{(B2) and the residual component (Bl) and compcenent (BZ) in a
proportion of, for example, the condensaticn preduct : the
component (Bl) : the component (B2) = 80 To 90 : 10 to 20 : O

(weight ratio, the total is 100 parts by weight).
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hydr ocarbon group; C Y is a hydrolyzabl e group; and
b .is 0, 1 or 2. 10 [0066] It is thought that, anong
the silicone oils (C, th nmet hyl phenyl si |l i cone oi
and the polyether-nodified silicone oil bleed out on
the surface of the coating filmwth the passage of
time to be gradually released into seawater. It 15 1is
t hought that the silicone oil having a group
o09%presented by Fornula (3) reacts with the conponent
(A) and the Iike, which are coating filmformng-

COPONQNY:Sie @ QML 0d, SOAHNGdiddRerANd Bthenind
the coating filmis dipped in seawater ~ over a |ong

eriod of tide, the silicone oi]_is.. r 0.
the GEPROTH- pé\%js,figea o?or%céenllésélgl %ﬁ?l %ﬁ%t?%g mgén%%ﬂgsr%uﬁst 0
be turned into a group having an al coholic hydroxyl
prefefafuly st RAEHR Sp|Cde dd o HOTEIF e Y 5536 9°t he
coating film whereby adhesion of an undersea life
catalssproventad. [0067] 26 Specific exanples of the
nmet hyl phenyl silicone oil include KF-50-100 and
KR=£0-300 npdfactdired dy Shi nedtsletChenitalagchenate
Ltd.) and TSF431 (manufactured by Toshiba Silicone

and &}h,?iggkg. Speci fic exanpl es of the polyether S

nodi T1ed silicone oil include KF-6011 (manufactured
by Shin- Etsu, Cheni.cal ooLtd. ) and TSF4730 . .
U By Y e Y Ebe oS T ) 08 =47

The silicone oil (3)_having a_group_represented by
dioctprte 109t vl Hy Tordwrat€3) dhaythetalsiiePtanecoi |
proposed by the
dibutyltin oxide, dibutyltin dimetheoxide and

~dibutylbis(triethoxysiloxy) tin;

titanic esters and titanium chelate compounds such as
tetréisopropoxytitanium, tetra-n-butoxytitanium, tetrakis(Z-
ethylhexoxy)titanium, dipropoxybis {acetylacetonate)titanium
and titanium isopropoxyoctyl glycel;

organic metal compounds such as zinc naphthenate, zinc
stearate, zinc 2-ethyloctoate, iron 2-ethylhexoate, cobalt 2-
ethylhexoate, manganese Z-ethylhexoate, cobalt naphthenate
and alkoxyaluminum compounds;

aminoalkyl group-substituted alkoxysilanes such as 3-
aminopropyltrimethoxysilane and N-f{aminoethyl)-vy -
aminopropyltrimethoxysilane; and

amines such as hexylamine, dodecyldodecylamine

phosphate, dimethylhydroxylamine and diethylhydroxylamine. A
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present applicant and the Iike which is described in

JP-B 2522854: Formula (3): =Si R40SI R5bY3-b wherei n,

in Formula (3), Ris a nonssubstituted or 15

substituted dival ent hydrocarbon group or a dival ent

hydr ocar bon group having an ether bond; R5 is a

non- substituted or substituted nonoval ent

hydr ocarbon group; Y is a hydrol yzable group; and 20
use dndsnD, ol wWre Zoldensaticonecscti¢B) cprteigsably has a

nunber average nolecul ar weight of 250 to 20, 000,

specPf RiLTBpl yindi 000 40 10H00s andia Eynarkec¥is60shblnt as
(25C, GOstwal d V|sconeter according to JI'S Z 8803)

e gopmalin & Bt e g

(gpe0|f| of R4 in, Formul i ncl ude a
baseq LT @ﬁﬁ%@|?%t%ﬁlﬂP§aPEnF ﬁyﬂ?@ESPEBF é?%bpand

such as 5 nethylene et hyl ene, propyl ene, butyl ene
the ceiePoresnetd¥) ene; and a dival ent hydrocarbon group
havi ng an ether bond represented by
[00gQH2) n-0- (CH2)g-", wherein p and q each are C
i ndependently an integer of 1 to 6. [0070] 10 R5

| ngjddes ddies Sam FoUPs. &8 tHepOF SUPS gl yen.as the
speC|f|c exanpl es of R2 in Fornul a (1) and is usually

spec%r éfqpﬁﬁl%ége fybféiggtgg M&Le”% usualWy 1 to

bon gr oup av n car on ato
SpeC|f|c exanples thereof |nclude al kyl groups such

12 s ?ﬁﬁ?ﬁﬁa Tﬁfﬂé %r%%y qnﬁ%chlon time 1s not

specifically limited as well, and 1t is usually 10 minutes to
72 hours, preferably 1 to 48 hours.
[0061]

Specific examples of the'organopolysiloxane mixture (B)
include X-31-2396 and X-31-2442 (trade names, manufactured by
Shin-Ftsu Chemical Co., Ltd.).

[0062]

The crganopolysiloxane mixture (B) has z viscosity
(25°C, B type rotation viscometer, according tc JIS 7 8803)
of ﬁsually 3 to 1,000 mPa+s, preferakly 20 to 300 mPas*s and
more preferably 25 to 250 mPars.

[(0063]

The curable composition ¢f the present invention is

procduced by mixing 100 parts by weight c¢f the reaction-

curable silicone rubber (A) with 1 to 100 parts by weight,
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15 al kenyl groups such as vinyl and allyl; aryl
groups such as phenyl and tolyl; cycloal kyl groups
such as cycl ohexyl ; aralk%h groups such as benzyl and
2-phenyl ethylyl; and groups obtai ned by substituting
a part or all of 20 hydrogen atons contained in the
above groups with a hal ogen atom a cyano group or
the like (for exanple, chloromethyl,

prefetakl3 tor idd mmmlbwwmmmtme pte@ﬂ@ﬂs}xbly 168 to
a hydrolyzabl e group, and specific exanples of Y 28
pd < e Jalkony Of QURS Sk &iSo TR NOXYan&tioXYure (B) .
propoxy, butoxy, nethoxyethoxy and et hoxyet hoxy;

[Ooeiﬁyloxy groups such as acetoxy, propionoxy, butyloxy
d benzoyl oxy; 5 al kenyl oxy groups such as

i sopropenyl oxy, isobutenyloxy and

<Other GAWAE T hyl vi nyl oxy: i m noxi me groups such as
di met hyl ket oxi me, et hyl et hyl ket oxi ne,
dﬂéﬁhyﬂk@&dﬁ|ﬂ9magﬂﬂﬁﬂﬂﬂﬂQﬁuﬁ@@nPEﬁﬁﬁqt invention may
cycl ohexanoxi ne; 10 am no groups such as

cont ANMBIINE A digpoeret hiydach s N-spropyhanvhd, (C), a curing
N- but yl am no, N, N—dinethylanino N, N di et hyl am no

cata%_r%e cygl olyexyt am Ad e GLQUPScSUEPaAS. These

thylacetan1d ethylacetan1de and

comp W EAAELE I O80T, AELPYY, o cups suh 28,

05?f0|f|c exanpl es of the silicone oil (3) include
<8ilicone oil (C)>

The curable composition of the present invention is

capable of forming an antifouling coating film having an
excellent long-term antifouling property even 1f it does not
contain a silicone oil, but the curable composition of the
present invention may contain the silicone oil (C). The
silicone o0il (C) is not specifically limited as long as it is
a non-reactive (non-condensing) silicone oil or a silicone
cil bleeding out from the coating film of the present
invention. From the viewpoint of a compatibility of the

reaction curable silicone rubber (A) and the

rorganopdlysiloxane mixture (B) with the silicone oil {C), the

silicone oil (C) is preferably a methylphenylsilicone oil, a
polyether—modified silicone oil and 2 silicone oil having a

group represented by the following Formula (3) (hereinafter
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conmpounds described in JP-B 2522854: 20 [0073] 29 Cr
y 13i 38v. sb | i [ CH3-Si-0 S1-0 1~Q Si - C3HS(¢c)
$1 3-b i I GH3 HB m' n gHB 3- b H3 CH3 -~8 H3b Si O
GsHa 1-0 S1 0 S1-0 1 L-GHMH n CEH31
3 SC3He0 S 'Y3-t CH Z CHB C H3 6 Hs I | | | CH3
CHaSi-0Si - f Si-0Si 0-CH | ~~~ CHs CH3
L'CHs MBHT n CgH6C-3-6 H 3 [0074] wherein R3 is a

also merfesulsst itcuteed “orilsivistd tait bd( fiohoval ent
hydr ocarbon group, and R7, R8, Y, b, 1, mand n are
t hergane (3)as=gescobbet,vabove. [0075] Exanples of

an or ganopol ysi | oxane having an al coholic hydroxyl
where3TOUR SRJ.ERAMN eds by S RACH | pel Jdes-tihe, compound
substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond;

R® is a non-substituted or substituted monovalent
hydrocarbon group:;

Y is a hydrolyzable group; and .

b is 0, 1 or 2.
~[0Ce8]

It is thought that, among thelsilicone otls (C), the
methylphenylsilicone oil and the polyether-modified silicone
0il bleed out on the surface of the coating £ilm with the
passage of time to be gradually released into seawater. It

is thought that the silicone oil having a group represented

by Formula (3) reacts with the component (A) and the like,

.which are coating film forming components, toc form a cured

cocating film, and when the coating film is dipped in seawater
over a long period of time, the silicone c¢il i1s hydrolyzed
with the passage of time to allow a terminal group to be
turned into a group having an alcoholic hydroxyl group
(=8iR%H) and bleeds out on the surface ¢f the coating film,
wnereby adhesion of an undersea life is prevented.

[0067]
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represented by Fornula (4), (5) or (6) described in
JP-B 10 2522854. The silicone oil (3) can be produced
by a process described ip.JP-B 2522854. 30 [0076]
The silicone oil (C) is bllended in an anmount of
preferably 0.1 to 200 parts by weight, nore
preferably 5 to 100 parts by weight and further
preferably 10 to 100 parts by 5 wei ght based on total
100=parts byamelght c6f thkemesaotlipbrenyderiablcensi Ididone
rubber (A) and the organopol ysil oxane m xture (B)
inc1udO%E solh gbhanbl &mrdisng M0 uareff ddieirsid iprEhaidetsu
(C falls in 10 the range descri bed above, an
anti foul i coat.i fd whij |5 &xeel i
Chemise 1y FOant i%%gm i %&%Fﬁ%e‘iﬁly (Ian dargacoatl ndgqﬂ{‘ i#%y@ﬁ&&
~__strength i s obtained when the cyrabl I nt
S1licemmpéSiti 6 c-of tﬁ@eﬁfLE%&n?XiaH\PiﬁFi o5 Egleu?é’&,yeft&er'
exanple, as an antifouling paint. On the other hand, .
modififfed tvd Iilosmdi wg lamurtudss Fof-¢hel sinansmeoireqd gy ishin-
smal l er than the range descri bed above, an
Etsu AHdrfi@li me .pr aper.ty ofd tTeFani f dnutpcoatéadoy fTosiba
is reduced in a certain case, and if it exceeds the
s esgrifed above, a strength of the antifouling
Slll{%%%??ﬁg' F#ﬁ?is reduced in a certain case. 20 [0078]
<§Uring cat al yst > Conpounds described in JP-B 2522854
(00683 suitably be wused as the curing catalyst, and to

be specific, they include  tin carboxyl ates such q§
t iTheoGhyHigras Giig n(a?rihtk‘f?éﬁa&% & ffofp represented by the

following Formula (3) may be a silicone oil proposed by the
present applicant and the like which 1is described in JP-B
2522854:

Formula (3): =SiR*0SiR%Ys4
wherein, in Formula (3), R* is a non-substituted or
substituted divalent hvdrocarbon group or a divalent
hydrocarbon group having an ether bond;

R® is a non-substituted or substituted monovalent
hydrocarbon group;

Y is a hydrolyzable group; and

b is 0, 1 or 2.

The silicone oil (3) preferably has a number average
molecular weight of 250 to 20,000, preferably 1,000 to 10,000
and a dynamic viscosity (25°C, Ostwald viscometer, according

to JIS 7 8803) of usually 20 x 107 to 30,000 x 107° m?/s,



tin oleate; tin conmpounds such as dibutyltin

di acetate, dibutyltin dioctoate, dibutyltin
dilaurate, dibutyltin diolzmate, dibutyltin oxide,
di butyltin di net hoxi de and 5

di butyl bis(triethoxysiloxy)tin; titanic esters and
titanium chel ate conpounds such as

sror{ A SSPLPRBEN LLSB U, Lok oot i um

d|propoxybls(acetylacetonate)tltanlun1 and titanium
[1006%opropoxyoctyl glycol; 10 organic netal conpounds

such as zinc naphthenate zinc stearate, zinc

2-Sgteryil foict aatamp igno2- Rt hyl Fexoatle, (Gdbalrci2de a non-

et hyl hexoat e, manganese 2-et hyl hexoate, cobalt

substaphithenst esuiedd; ahkexyal va agm ﬁpﬂ@@éagﬁanagkaggl K¥kn as

group-substituted al koxysil anes such as 3-

5 meth;?l”ér?&pr@@'iéﬂé'mﬁ?%@%ﬁ@e B-HQ %AQ(QHB”R %Qxﬁ%‘%ﬁ%lene,

nopr op ane; ne COITpOUﬂ S

s thereof such as hex
21 3t TS P ThoS AR on 2t R | RGBPBX9PARH ne
and dlethylhydroxylan1ne 20 quat er nary anmoni um
reprezgrteesueh as{Chenz Pt Cﬁetch-yf ATt eim aeand & saverare
fatty acid salts of alkali netals such as potassium
indepeeiaie] v sadi im aget abe andel 6t hi um oxal ate; and
silanes or siloxanes having a guanidyl group such as
(0072 tetramethyl guanidyl propyltrimethoxysilane,
tetramet hyl guani dyl propyl met hyl di met hoxysi | ane and

10 | Egr{) 3}1‘81%' L QURRIIVPEoRYI L S (1 LRE Ryl $11 0] A8 i
specific examples of R® in Formula (1) and is usually a non-
substituted or substituted ﬁ&novalent hydrocarbon group
having 1 to 8 carbon atoms. Specific examples thereof
include alkyl gfoués such as methyl, ethyl, propyl and butyl:;

" 15 alkenyl groups such as vinyl and allyi;
aryl groups such as phenyl and tolyl;
cycloalky]l groups such as cyclohexyl;
aralkyl groups such as benzyl and Z-phenylethylyl; and
groups cbtained by substituting a part or all of

20 hydrogen atoms contalined in the above groups with a halogen
atom, & cyano Jgroup or tﬁe like (for example, chloromethyl,
3,32, 3-trifluoropropyl and Z2-cyanocethvl).

[0071]

Y is a hydrolyzabkle group, and specific examples of Y
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5 The curing catalysts are used in an anmount of 10
parts by weight or less, preferably 5 parts by

wei ght or less and nore pgeferably 1 part by wei ght
or | ess based on 100 parts by weight of the
component (A). A preferred lower Iimt thereof in
using is 0.001 part by meight or nore, 10

particularly 0.01 part by ht or__Aor e, 0080Q
nc Lol LRG0T REoRG8nEEEna At PR g AU Ry The
ei ther inorganic or organic. 15 [ 0081] Cbnpounds
butoxghi 8ktAeEYEEhVENt FOAAR RIYGMIEAH be used as the

i norgani c antifouling agent, and anong them copper
aadylbROr ganiipscepper asoapetndy , areopricherxyed butgl82yy
20 Exanpl es of the organic antifouling agent include

and H@%@@ylo ithiones represented by the foll ow ng
ornu a&¥£|) tetranethylthluran1d|sulf|de

Co BN S SO 300 38 sy gy, Lscoucanyiony

etq¥%§neb|sd|th|Qcarbanate 2,4,5,6 33
and ety d RG-S SERILGRY i | e,

N, N—d|nethyldlchlorophenylurea :
4 i8idighingr gr2upnsosugh- g@zmnﬁﬁwl&ﬁﬂqm@efz 4, 6-
trichl orophenyl mal ei m de and
methy2gRiyiWelthixamé- t ety diate:6ime, cyclopentancxime and
cycl opropyl -s-triazine; 5 [0083] R2 Ra RL Wnh+
cyclohexanoxime;
amino groups such as N-methylamino, N-ethylamino, N-
propylamino, N-butylaminc, N,N-dimethylamino, N,N-
diethylamino and cyclochexylamino;
amide groups such as N-methylacetamide, N-
ethylacetamide and N-methylbenzamide; and
aminoxy groups such as N,N-dimethylaminoxy and N,N-
diethylaminoxy.
[0072]
Specific examples of the silicone oil (3} include

compounds described in JP-B 2522854:

[0073]
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ON [0084] wherein R to R4 each represent

i ndependent |y hydrogen, an al kyl group, an al koxy
group or a hal ogenated al kyl group; M 10 represents
metal such as Cu, Zn, Na, , Ca, Ba, Pb, Fe and Al;
and n represents a val ence. [0085] Anong the organic
antifouling agents, preferred are copper pyrithione
(in Fornula (vi), M= Cu), zinc pyrithione 15 (in

{}VT% M=%ra), ‘
%dr hIo,ophe y|u”§g -?35
“Hs §% ﬁyt%no 4t'bW?W€i Oaligl=3i=Ys.s

6gqy I @myl- - tegdzi ng, 4§§ di chl oro- 2-n-octyl -

|sot i azol i ne-
43-5§:6 tetra Ml or o solbht [0086] 20

rg nlc nti f oyl ii ng }
A$D ﬂéFd "lt’ bR

ent.si netal
4, 5- drchloro- - -oc&y 7ol i pne are
preferred, and ‘conbi ne usemthereof i's preferred
si ncg the—antifoulrtng performance 175 excel lent. In

partijcul argggopper @y?thione and/or
4,5-di chl of 0-2-n-octyfl -4-isothiazoline-3 5 one are
pref erabt ys§ Ls€d, B abek ORI ned use thereof is npore
preferred.f[0087] in the antifouling paint
conposi ti ohf eont ai ning the organic antifouling
ageind , el pr ganieg&nt i HoulH-0@ ;agent i s 10 -cont ai ned
preferably in janjanmount jof u?ually 0.1 to 2p 963¥
i ght,} prefer ny10.5 tjo 10!% by wei ght. Fprt
533L§g£@ i Opdani ceantg flouligg gagent is con .‘%Lmﬁﬁa
prefer ny in fan i
! I E ! 1 CHs

CH: Lﬁﬁs ' —RT H{3ﬁ5&§i—¥3,b‘ &
Ry

[0074]
wherein R® is a non—eubstituted or substituted monovalent
hydrocarbon group, and R, R®, Y, b, 1, m and n are the same
as described above.

[0075]

Exampies of an organopolysilecxane having an alcoholic
hydroxyl group represented by =SiR*0OH include the compbund
represented by Formula (4}, (5) or (6) described in JP-B
2522854, The silicone o0il (3) can be produced Dy a pProcess

described in JP-B 2522854,



. amount of usually 0.1 to 150 parts by weight,
preferably 0.1 to 100 parts by weight -as the solid
content based on 100 15 parts by weight of the solid
content of the reaction cdfable silicone rubber (A).
[0088] <Pl asticizer (chlorinated paraffin)> Exanples

~of a plasticizer include TCP (tricresyl 20
-phosphate), chlorinated paraffins and pol yvinyl ethyl

. A'Igg7%ﬁher. The plasticizers can be used alone or in

10

15

20

conbi nation of two or nore kinds thereof. The
pl astici.zers contribute t I mr ov. '
cLiEc i raSPitatce o(fbﬂt he %&getqjldnégd'rﬁrf ma s%drl&re ferred
to as "antifouling coating fiJnﬂ% conPrising t%g 35
preferanlfof-ilnd Dad Ht RHposiY i"6iST008BP e RTHr gafPty ° to
dehydrating agent> An inorgani c dehydrating agent
100 damct ionsveal g amndh Basttady |24 heragent 1@nte chp0 parts by

further enhance a storage stability of the

weigNtddsud idig paidt Doomestds asy Exagpt esfothéheeaction
i norgani ¢ dehydrating agent include anhydrous gypsum

curatﬁ}oc%ie )icocréesyfﬁkg}%f Cg%)eﬁéeﬂcfl ﬁ%?%f&%&ﬁd% adsx page:

cular ‘Sieves and't and silicates, and
. anhydrous gypsum and 10 Mol ecul ar Sieves are
mixtun&i@tabl y used. The inorganic dehydrating agents
can be used al one or in conbination of two or nore
t00°kilnds thereof. [0090] 1In the curable conposition
containing the inorganic 15 dehydrating agent, the
i Mo g & deldidiatdamoueigent ey beltortai ped (@) thells in
curabl e conposition of the present invention
the range described above, an antifouling coating film which
is excellent ir both of an antifouling property and a cocating
ﬁilm_strength is obtained when the curable paint composition
of the present inventicn is used, for example, as an
antifouling paint. On the other hand, if the blending amount
of the silicone oil {(C) 1s smaller than the range described
above, an antifouling property of the antifouling coating
film is reduced in a certain case, and 1f it exceeds the
range described above, a strength of the antifouling coating
film is reduced in a certain case.
rcc78]
<Curing catalyst>
Compounds described in JP-B 2522854 can suitably be

used as the curing catalyst, and to be specific, they include

tin carboxylates such as tin octylate, tin naphthenate and
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~in an anount of usually about 0.1 to 10 % by wei ght,
preferably about 0.1 to 5 % by weight. [0091] 20
<Met al carboxyl ate> The curabl e conposition of the
present invention may further contain a netal
carboxyl ate. [0092] The netal carboxylate having a
nmol ecul ar wei ght of 36 wusually 50 to 1000,
_ preferably 100 to 600 are used. Carboxylic acid
tin &d&FSSituting the netal carboxylate is preferably
car boxylic acids having an alicyclic structure such
asinapbtipenndsaciudh ear lboopltywdl tHol de dwataig amibutyltin
aromatic 5 ring structure such as
dioct@ad:, Carik@anhanoy) seadL, atihtyTOsi mhesad £ esin
acids, fatty acids and the |ike, and naphthenic
: i.d,. rQsin-b I s i-fs yand: fat acids are
d“ll:ﬂdtg}lrie erre .Jé[’og%%qjg)?gdlglmac%%ggl n%éi A
.._.agent/anti-settling agent (thixotropic agent)>
dlbuﬁ?@?ﬂ‘}pﬁ e 15t Yé:rﬁr}iqi%}%dijﬂfg agent/anti-settling agent
(thixotropic agent) include salts (for exanple,
sttéasates estiege @ich Sdlansi whhglais fameainety vich as
Al, Ca or Zn derived from an organic clay,
tetradiydirogenratved wGasitun, oidt mex;—hpot gapnt deadbumaxtetarakis (2-
m xture of both waxes, polyethylene wax, am de wax,
ethyl\;::%érﬁcm%glﬁHaﬁ%naowr@ctx@@ﬁ@q@@wﬁ@%&me X4 ©96n 1 um
X.

ol yam de wax, synthetic fine powder silica,

- | yet hyl.en i X se derived from an
and t(;&%gazaﬁnllugyc Sé%%rop)e%grﬁor%&lr g@g@éﬁg’ed. Exanpl es of the
anti - saggi ng agent/anti Zgis ttling agent .include

C GFRTERECa S5 Rd d G Uit t45danC naphthenate, zinc

stearate, zinc Z-ethyloctoate, iron Z-ethylhexocate, cobalt 2-
ethylhexoate, manganese Z2-ethylhexoate, cobalt naphthenate
and alkoxvaluminum compounds;

aminocalkyl group-substituted alkoxysilanes such as 3-
aminopropyltrimethoxysilane and N-R (aminoethyl) -y~
aminopropyltrimethoxysilane;

amine compounds and salts thereof such as hexylamine,
dodecyldodecylamine phosphate, dimethylhydroxylamine and
diethyvlhydroxylamine;

gquaternary ammonium salts such as
benzyltriethylammenium acetate;

lower fatty acid salts of alkali metals such as
potassium acetate, sodium acetate and lithium oxalate; and

silanes or siloxanes having a guanidyl group such as
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names "Di spal on A630-20X" in addition to "Di spal on
305" and "Dispal on 4200-20" manufactured by Kusunoto
Chem cals, Ltd. [0094] The anti-saggi ng ‘
agent/anti-settling agent is blended 37 in the
curabl e conposition in an anpbunt of, for exanple, 0.1
to 10 % by weight. [0095] <Colorant> 5 Various

organi_c and inorganic pignents ich are
tetra&%%ﬂﬁﬂgqﬁ%%QX}HaﬂﬁM%?ﬁﬁm%ﬁpQE%RF fhe colorant. The

organi c pignents include carbon bl ack, phthal ocyani ne
tetranahyl Rrarssivamp reipgel neich 1 héing keox el anoragehi ¢
: pi gnments include, for exanple, pignents, which are
tet raARUHAlq AR ROR®actd ves (dOimeehy Bsi 1ot ars White, red
i ron oxide, baryte powder, silica, calcium
E007(‘9,6}rbonate, talc, chalk and iron oxide powder; and
pi‘gnents (active pignents), which are basic and

reactive with_ _an acid substance in a int, s
ZiTE 5 Ffﬁ@flyf&r‘?c aroexi%seefff‘ Teat! v#"??uer}t roe%%eggarts
oxi de, zinc dust and | ead 15 suboxi de powder. Vari ous
by wesiglhoy amit sL&ifoh ke el hay® bRe T eHnb i Pt heP®i heSThand
: various pignments are blended in the paint
more Gagptsidblon 1 rpaant dmpumeiofit éorlexanpiesd 0B 1004B8arts
by weight in total. [0096] 20 <Ot her coating

by wdidin fOF g companent >(Loat imgAddapdad Mdger limit
conmponents other than the reaction curable silicone

r upber t g yi,be i ppdas. long as
ther?%byl%o&ér?o gaggﬁ dggou&hjf aj?%kt) ew(%g?%%tg?of the present

inventjon, Exanples of the ' other coating
part$¢¢}ﬁ$%ﬁrﬁTﬁf part by welght or more.

[C080]
<Antifouling agent>

The antifouling agent may be either incrganic or
organic.

[0081]

Compounds which are conventionally known can be used as
the inorganic antifouling agent, and among them, copper and
inorganic copper compounds are preferred.

[ocez2]

: Examéles of the organic antifouling agent include metal
pyrithiones represented by the following Formula {vi),
tetramethylthiuram disulfide, carbamate compounds such as
zinc dimethyldithiocarbamate and manganese 2Z-

ethylenebisdithiocarbamate, 2,4,5,6-

o
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38 conponent” include poorly water-sol uble or
non-wat er-sol uble resins (hereinafter also referred
to as "poorly/non-water- %%Iuble resins") such as
acrylic resins, acryl silicone resins, unsaturated
pol yester resins, fluororesins, 5 polybutene resins,
silicone rubbers, urethane resins (rubbers),
pol yam de resins, vinyl chloride copolyner resins,
tet racillariaiateedh thediberis (irlesi ng)N-dhherhnat eth obefpirenylurea,
resins, styrene-butadi ene copol yner resins,
4,5- @&Mﬁ@%ﬂ%cw:ﬁtz&t COPOL YIRS 1 1188) NS, 4 4 vény|
chlorlde resins, al kyd resins, 10 counarone resins,

t S
crs AR Aot dcalpol ygets, (ol LY Bl
retardants t hi xot ropy- provi di ng agents, heat
cyClongfict iR 13 tovi ng agent's, adhesive conponents
and 15 the like> Fillers other than the conmpounds
[008ddscri bed above include netal oxides such as
di at omaceous earth, iron oxide, zinc oxide, titanium
OX|d92and al uni na and conmpounds obt ai ned by
ctigng these conpounds to surface treatment with
”Si "pwhe Qonpounds; netal carbonates such as cal ci um
ciar bonfjt e, } magnesi um car bonate and zi nc car bonat e;
R 1B, laass fibers, carbon blacks, quartz
r, & ym num hydroxi de, . gold powder, silver
powder, suUrd ace-treated cal cium carbonate and gl ass
bal | oon. The above fillers nmay be used alone or in 39
conmbi nation of two or nore kinds thereof. [0098] The
t hi xot r opy- pr-ovi-di i) agent includes pol yet hyl ene

[0084]
wherein R* to R! each represent independently hydrogen, an
alkyi group, an alkoxy group or a halogenated alkyl group; M
represents metal such as Cu, Zn, Na, Mg, Ca, Ba, Pb, Fe and
21; and n represents a valence.

[0085]

Among the organic antifouling agents, preferred are
copper pyrithione (in Formula (vi), M = Cu), zinc pyrithione
(in Formula (vi), M = Zn}, N,N-dimethyldichlcrophenvlurez,
2,4,6-trichlorophenylmaleimide, 2-methylthio-4-t-butylamino-
6-cyclepropyl-s—-triazine, 4,5-dichloro-Z-n-octyl-4-
isothizzoline-3-cne and 2,4,5,6—tetrachloroisophthalonitrile.

[0586]

among the organic antifouling agents, metal pyrithiones
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gl ycol, polypropyl ene glycol, derivatives thereof and
the 5 like. The flame retardant includes antinony

oxi de, paraffin oxide ang the |ike. The heat
conductivity-inproving ag At includes boron nitride,
al um num oxi de and the |ike. The adhesive conponent

i ncl udes substances having at | east one of (groups
such as al koxysilyl group, an epoxy group, a 10

and/ohy &1, 8Sidiydn 1@1r@uR - ram cagiyld -graauh i s diyidreoxdsiteylare

group and the like and m xtures of the substances.

prefe%(%%%ig] ansoAMeNtRy wHhe wunhable conpasidi.en ofidde the

resént i nvention may or 15 may not contain a

. sol.vent. The conponents descrihed 0 [ lLve
antlf&ﬁ%@rgs?xﬂaﬁ!}eﬁ@%&seoljvserﬁxcceaﬁlebrgc 'usgL , \é%ff tqﬁzléggéa%fgber
Exanpl es of the sol vent used include solvents ich
pyritiiens endb®sudl 187 S AT R Phg Pat TR %%3&%%‘3‘
al i phatic solvents, aromatic solvents, ketone
one =@ vertferastern2dl sanemarbiaedrusy| epreondgs more
al cohol solvents. The aromatic sol vents include
prefetedne, toluene and the |ike; the ketone solvents
i nclude M RK, cycl ohexanone and the |ike; the ether
[Ooggﬁlvents i ncl ude propyl ene gl ycol nononethyl ether, .
propyl ene glycol nononethyl ether acetate (PMAC) and
the |ike; and.the 40 alcohol solvents |nclude -
i d8prEFy 1374 I PR 15K CS T 0100] C%“ealg“o Rnie
can be used in an arbitrary anmount and is _used in an
orgardmm it iofoulong exeempt e, toe 10¥92 09902 Pt U bing agent is
weight, preferably 1 to 50 parts by wei ght based on
contdiQ:pastsiebybivei Dht aofatidient ealt isnatly abl & s8¢ 1 2eoheby
rubber (A). Further, the solvent is used in such an

weigidUtetdalpusu@l byrd 10 ¢ by weight. Further, the above
organic antifouling agent is contained preferably in an
amount of usually 0.1 to 150 parts by weight, preferably 0.1

to 100 parts by weight as the solid content based on 100

" parts by weight of the solid content of the reaction curable

silicone rubber (A).

[0088]
<Plasticizer (chlorinated paraffin)>

Examples of a plasticizer include TCP (tricresyl

phosphate), chlorinated paraffins and polyvinyl ethyl ether.
The plasticizers can be used alcne or in combination of two
or more kinds thereof. The plasticizers contribute to an
improvement in a clutch resistance of the coating film (also

referred to as “antifouling coating film”) comprising the
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to 99 by weight, preferably 5 to 50 % by weight in
the - curabl e conposition of the present invention.
The curable 10 conpositiogsmhich is optionally .
diluted by the solvent has™a viscosity (25C, B type
vi scometer, No. 3 rotor) of, for exanple, about
0.001 to 50 Pas/25C, preferably about 0.01 to 20
Pas/ 25' C consi dering a coating property (saggi ng

~antifpuaperd Yeiand canfhdshitihirckness obt ai ned by coating

once. .15 [0101] Production of the curable
[00g@Qnposi tion: The curable conposition of the present
i nvention can be prepared by stirring and m xing the

reaction. curabl.e silj e rubber (A) and the
<Ino?%%%ﬁb§%%%§ﬁ%%ﬁﬁﬁa%ﬁ%ﬁqhe (B) and, if 20 necessary,

the silicone oil (Q, the curing catalyst, the

aft FOGIIRG GgEREY e 10K BAF opy-Provitihg-agerts @

the plasticizer, the inorganic dehydrati ng agent
stabi(lsitzilid iadard aagerdn Thethen iemwjying storage stability

agent/anti-settling agent (thickening agent), the
of theolardEmoultihey deeint heoratdert toat | Mxadiblefs lof froremi ng

conmponent, the solvent (exanple: xylene), a

inord 4 (Heg?draa“ﬂ'ﬂ %’%rﬁ?’ir?@_@cﬁg | A0 NG A ypSlln  (CasSO,) ,

anti oxidant, an antistatic agent, the flame

retardant,..the heat _conductivity-inprovi n
Syntﬁﬁiﬁﬁn%ﬁ%%ﬁ%ﬁn%#%ﬁf%ﬁﬁﬁﬁ rﬁf%&t %9?1#&?%%§%$%§c$%%g§3
proportions at one tinme or in an arbitrary order.
and FheoZike ) mogt i 5 et oG PRI PRI fed T e and
conmponents, mXxing or stirring devices which are
Molemdnvergiond larkmowidtesuchuasda Thss imom@enis
pl anetary m xer and a Shi nagawa m xer can be used.
dehydrating agents can be used alone or in combination of two

or more kinds thereof.
[0090]
In the curable composition containing the incrganic
dehydrating agent, the inorganic déhydrating agent may be
contained in the curable composition c¢f the present invention

Q.

in an amount of usually about 0;1 to 10 % by weight,
preferably about 0.1 to 5 % by weight.
(00911
<Metal carboxylate>-
The curable compesition of the present invention may
further contain a metal carboxylate.

[0092]

The metal carboxylate having a melecular weight of
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[0103] The reaction curable silicone rubber (A) is a
noi sture- curable type, and therefore the curable
conposition of the 15 pre %nt i nvention is produced
preferably under controlli t enper ature and
hum di ty avoi ding high tenperature and high
hum dity. [0104] Antifouling coating film a base
material with an antifouling 20 coating filmand an
usualant ifoould n@omet hadifckhgylantiFoWd ngp @ oatd ngsdd ] m of
the present invention is fornmed fromthe antifouling

tion
Carb&a}%qhe%%lr{@gent | nventl %%%%105@4%3$%§%M%é

oreT Gty BOREROE 1 R FEET Brt bt bl & 1T | o T v

rubber (A) (each of the reaction product of the

such grgyarepoihEsiilcosdha ( BRI TPARG  hed O GantpblyEi Foxangnatic

(B2) and the unreacted 5 organopol ysil oxane (Bl) and
ring astyutralne ahlah group- Contaimedypmenthe) seeetionrcid,
curable silicone rubber (A)) are subjected to a

rositlosssd iAdding J@aed | orat©y foE s henantihd oul kag and

coating film of the present invention to which

naphtqg%%§%§Fk{V%%§a > L £S5y %é@ﬁ% €, L g 2dhes ex of %rgglds are

‘hey a ered to y are 10 read
renoved and whose surface can be maintained in snooth
prefens®da | ong period of time, whereby the antifouling
coating filmof the present invention exerts an
[00%ntifouling performance over a long period of time.
[0106] 15, As described above, the
<Ant Of GERON0} V:sddroxane: {BR3ttling agent (thixotropic agent) >

Examples of an anti-sagging agent/anti-settling agent
(thixotropic agent).include salts (for example, stearates,
leécithin salts and.alkylsulfonates) of BAl, Ca or zn derived
from an organic clay, hydrogenated castor oil wéx, polyamidé
wax, a mixture of both waxes, polYethylene wax, amide wax,
synthetic fine powder silica and polyethylene oxide wax.
Polyamide wax, synthetic fine powder silica, polyethylene
oxide wax and theose derived from an organic clay are
preferably usea. Examples of the anti-sagging agent/anti-
séttling agent include commercial products under the trade
names “Dispalon A630-20X” in addition to “Dispalon 305" and
“Dispalon 4200-20" manufactured by Kusumotc Chemicals, Ltd.

16094}

The anti-sagging agent/anti-settling agent is blendecd
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preferably has a phenyl group. The organopol ysil oxane
(B2) having a phenyl group is inferior in a
conpatibility with the reaction curable silicone
rubber (A). Accordingly, i*' is estimated that if a
phenyl group is present on at |east a 20 part of the
side chain, a part derived fromthe reaction curable
silicone rubber (A) is separated froma part derived
in tHd M OrQRRRROl I oxang, (Buhh she §@§té£&n%lém 0.1
It is also estimated fromthe finger touch of the
Qati filmthat the separation is caused in an
{%rﬂéﬁpqv éhﬁﬁrt derived from43 the
aor ganopol ysi | oxane (B2)/ a part derived fromthe
[00%¢action ~“curable silicone rubber (A)/ the base
material (a two-layer separation structure is
<Coldmyped). It is considered that the antifouling
coating filmof the present is further inproved 5 in
an aan ohfso Wrigg iperafror mareeydry: ¢ het gnentaweiich are
separation structure. [0107] C Further, when the

convetdil a8 Pidn ) dah usedssdheas sthd copes Phht ( Orne
bl eeds out on the surface of the coating 10 film and

t.he antifquli.ng-action i,s coniinued over-a lon
oToans P e [OT0R 2 T Chet bhe P Ret et baY Ureh PheS
antifouling coating film__ the underwater structure
Prussgamh Blhe &9 O i hgteoatiifg I THAS afd I8 tshijgreluds,
outside plate wth the antifouling coating film
for ddreneiaafgigmaliso odildrtivel yenefelraddtooasrébaseve, .
material and the like with the antifouling coating
such fdd mM)cf Jdrhee presentrémvent 4o, vhhecsupdages, okit hes,
- base material, the wunderwater structure and the ship

calcfﬂﬁsﬂéy%éﬂégé%(ggﬁéﬁrgﬁéf% and i1ron oxide powder; and

to 1

pigments (active pigments), which are basic and reactive with
an acid substance in‘a'paint, such as zinc fleower (Z2r0, zinc
oxide), lead white, red lead ecxide, zinc dust and lead
suboxide powder. Various colorants such as dyes may be
contained therein. The wvarious pigments are blended in the
paint composition in an amount of, for example, 0.5 to 45 %
by weight in total.
[00%96]

<Other coating film-forming cocmponent>

Coating film-forming components other than the reaction
curable silicone rubber {A) and the like may be contained as
long as they do not act counter to the objects of the present

invention. Examples of the “other coating film-forming
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20 collectively referred to as "base material and the
like") are coated respectively with the antifouling
coating filmof the present invention. [0109] 1In
the base material and the3fike with the antifouling
44 coating filmaccording to the present invention,
the surface of the base material which is brought
into contact with seawater or fresh water is coated

compo‘Metfpt’I t}g‘lcﬁq}ééE %—Hdﬂ% weaatd ngn fih e of r thien pFeseMtsolubie

I nvention. 10] "The base material includes a

. fishnet,. a fishi equl pnent ,, an_exd st i _ .

res it IR oA g (T (e 1 ke ot R 75

t he underwater structure and the ship outside . plate.
solubflge [MRISEE}S “Dhes Ut RFd FBTY F6F nd Beithe 2081 it FHFPR 9N

the surface of the base material of the present
resirgywamdaniscecharlacterezede bynspafl ngroresins,

i npregnating the surface of the base material with
polyddteed ghesold d anti doud i ngoipaia)  UbetRaposi4soms and

then curing it to forma coating film [0112] The

| (rubﬁggéf(ﬁgééﬁkﬂﬁggu¥ggfﬁaa'@fﬁgln@&@&%@&eoéoﬁgfymer resins,

presen lon i's characterized by coati ng the

surface of  the base nmaterial with the antifoulin
chlogHi TG THRADT LHE5D preoeAt hAVER P ORL 1T oHT5T 2o A
met hod for coating the surface of the base materi al
styrawetothedbens fowd nfrebateAgNF | AFBY L ERe pre¥entcetate
i nventi on
copolymer resins, vinyl chlcride resins, alkyd resins,

coumarone resins, trialkylsilyl acrylate (co)polymers (silyl
resins) and petrcleum resins.

[0087]
<Other fillers, flame retardants, thixotropy-providing agents,
heat conductivity-improving agents, adhesive components and
the like>

Fillers other than the compounds described above

include metal oxides such as diatomaceous earth, iron oxide,
zinc oxide, titanium oxide and alumina and compounds obtained
by subjecting these compounds to surface treatment with
silane compoundé; metal carbonates such as calcium carbbnate,
magnesium carbonate and zinc carbonate; asbestos, glass
fibers, carbon blacks, guartz powder, aluminum hydroxide,
gold powder, silver poﬁder, surface-treated calcium carbonate

and glass ballocon. The above fillers may be used alone or in
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i ncludes, to be specific, a nmethod conprising coating
or 45 inpregnating the surface of the base materi al
with the antifouling paint conposition of the
present invention and thetf curing the antifouling
pai nt conposition to forman antifouling coating
film 5 [0114] In the present invention, the base
mat erial which is an object of the antifouling
combitRitiath it prwed esalhyrany: ofis abh&rseoder wat er
structure, a ship outside plate, a fishnet and a
[Oog@}shing equi pnent. 10 [0115] To explain in detail,
the antifouling paint conposition of the present

inyentiaon is applied once to plural 1inmes ccord

t T TR R 4 614 RO ST { RELUTS vt by he

products including ship outside plates, underwater
glyCcatr (RAANRECHS SR O BECP bedlRbi BRT L WP et Shangodrand the

outlets in thermal and atonic power stations, sludge
like di frhesifdamg evertidend idlmslddes dnivanerousox:oickan mand ffin

engi neeri ng works such as coastal roads, submarine
oxidd WiElghe Porte f adidd s Sanals: and yalheir shanel sent

and fishery materials such as ropes, fishnets,
inc1dd SN ﬁ%&%ﬁ@@ﬁtéluﬁ%ﬁé&eé§iégdaﬁg°¥ﬁe YOELebyry e

obtai ned are ship ' outside plates, underwater

structures and the like each coated with an

| FRETFAGCERGBRTBRE AT least one of

antifouling properties, particularly a long-term
grougmtsdduldhgellipraperiyl apdoueveani €PPHE SoAPPsi &ion s

applied thickly, a 46 suitable flexibility and an
nydrexicell entowgs ackn r&st gl anee€up, a hydroxysilyl group and

the 1ike and mixtures of the substances.
[C020}
<Sclvents>
The cufable composition of the present invention may or

may not contain a solvent. The components described above

- dissclved or dispersed in the solvent can be used, if

necessary. Examples of thé solvent used include solvents
which are blended usually with antifouling paints, such as
aliphatic solvents, arcmatic solvents, ketone sclvents, ester
solvents, ether sclvents and alcohol sclvents. The aromatic
sclvents include xvlene, toluene and the like; the ketone
scolvents include MIBK, cyclohexanone and the like; the ether
solvents include propylene glycol monomethyl ether, propylene

glvcol monomethyl ether acetate (PMAC} and the like; and the
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[0116] That is, the antifouling coating film obtained
by applying the antifouling paint conposition of the
present 5 invention on the surfaces of various
products and curing it i §%excel l ent in such an
antifouling property that it can continuously
prevent adhesion of aquatic |lives such as sea
| ettuces, barnacles, green |avers, serpulas, oysters
alcordNd soBu@wta nelditidea 1@gir oy iong fefd ool tHaeL ik,
[0117] Further, if the antifouling paint conmposition
[010%f the present invention is applied to the surfaces
09 underwat er structures, adhesion of undersea |lives
can be prevented %P make .it possihle to naint%gn Qp%s
f GREt PENYSBE CRE BiTd et 5 GRS B A6hg
period of tine. If the antifouling paint conposition
used dgfn tave gorcerEntod nian iesrRmiEs sapdl i edt? 0 $He PaLrT ates
of fishnets, clogging of the networks of the
weigHt,srelfe el sba previentpeditd roadditdglon hdeedto; 1@ parts
environnent is less likely to be polluted. 20 [0118]
by weidh@nfd o NG PAldH GOMOS ti oD @nd heumsese) .
- i nvention may be directly applied to fishnets and may
be | ied tq.surfaces, aof_ shi .
rartigth 3P0 o8 oA | h SvAhce T R A ader Soari g e 1LY
material such as a rust 47 preventive and a priner .
to 9% theme ke hiRfie 13ty FtF ot i%g%a‘f%wht in the
conposi tion of the present invention nmay be applied
curalflor gepaiTistion the e frcksent Shypstipar t T8 aygpble
FRP ships, and underwater structures which have
compdd I€asly Wheesh 5 €oaedbnd Iy cohventd onal that sbuennghas a
paints or the high solid

viscosity (25°C, B type viscometer, No. 3 rotor) of, for

example,-about 0.001 to 50 Pars/25°C, preferably abcout 0.01

to 20 Pass/25°C considering a coating property (sagging

property) and a film thickness obtained by coating once.
[0101]

Production of the curable compocsition:

The curable composition of the present invention can be
prepared b? stirring and mixing the reaction curable silicone
rubber (Z&) and the organopclysiloxane mixture (B) and, if
necessary, the silicone oil (C)}, the curing catalyst, the
antifouling agent, the thixétropy—providing agent, the
plasticizer, the incrganic dehydrating agent (stabilizing
agent), the anti-sagging agent/anti-settling agent

(thickening agent), the colorant, the dye, the other coating
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antifouling paint conposition of the present
invention. The thickness of the antifouling coating
filmthus fornmed on the / surfaces of ships,
underwat er structures and e like is not | _
specifically limted, and is, for exanple, about
30.to 250 10 pmtinme. [0119] The antifouling
coating filmof the present invention which is
film-obimiivey dompdresmmnnetic osolhentoatkagplet nkohehbe, a
surfaces of water-contacting parts of ships and
fungiﬁﬁﬁ%ngfﬁiﬂééﬁﬁf&gﬁu&ﬁsaﬁ§iggiﬂgda ERM LB antioxidant,
antifouling paint conposition  of the present
invention, is less likely to bri bo
an e e ol Tt | S HRd SRBRETRh" oXesI PERE
long-term antifouling property against a w de range
COndQﬁt%Y%&%r%ﬂﬂﬁﬁ%%Pgo%?%nghi%% afbeahaBrRAPELding ageént and
structures. 20 [0120] EXAMPLES The present invention
the bhigt |impeespethé¢d cpttyobeionrphai nad béhewowi th an
reference to exanples which are the preferred
arbiterdedi seqmds, but the present invention shall by no 48
means be |imted by these exanples. [0121] X-31-2396
r01d4yrade nane) and X-31-2442 (trade nane) manufactured
by Shin-Etsu Chemcal Co., Ltd. were used as the 5

or.ganapol ysi | oxane m xt ur éB .SThe§§ e
orEORS T BT Sr o (B oeFeluprermapyaRts:
mixigggggqépgrégnéhgeéféégmaggchp;ggeggggéntEgégiky known
such as a loss mixer,.a.planetary mixer and a Shinagaﬁa mixer
can be used.
[0103]

The reaction curable silicone rubber (A) is a meocisture-
curable type, and therefore the curable composition of the
present invention is produced preferably under controlling
temperature and humidity avoiding high temperature and high
numidity.

[0104]

Antifcouling coating film, a base material with an antifouling

coating film and an antifouling method:

The antifouling coating film of the present invention
is feormed from the antifouling paint composition comprising
the curable composition cof the present invention.

(01057
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Synthetic Exanple 1 10 Synthesis of X-31-2396: 132 g

of an organopol ysil oxane havi ng an al coholic

hydroxyl group which is represented by: [0123] M M
4ih ie Me-Si- Si--C 61- éE-CSI—BOCZI—M(H Me Me 34 Ph

2 Me (sl) 15 [0124] 19 g of a silicate conpound
represented by: [0125] OM OV MO SIO-SID M 3
Ove Owe (s2) [0126] 49 and 0.1 g of tin octylate
wehe Biryedopadek iheakinegmattéle @nd arehct ed dyl Phble
hours to obtain a m xture of a reaction product of

groupts ﬁ%lngfat%w%y%ﬂd&%%ﬁ%% gaﬁ{ogty@g% %ﬁﬁfé&ni‘;@ué}?& (A)

at e conpound represent and t

silicate 5 conpound represented by: %é01 ?%ﬁ(ﬁ%ﬁcwb
(eachyd S RO PN T ain oF () S L B bhoaeien BL)

of the above m xture was confirnmed by 10 neasuring a .
and thst exdeaonsdivigitl aiasty | Ra)i g bytigpain grciGpt
organcopolysiloxane (Bl) and a hydrolyzable group contained in
the reaction curable silicone rubber {A)) are subjected tc a
cross-linking reaction to form the antifouling coating film
cof the‘present invention to which undersea lives are less

liable to adhere or from which, if they adhered to, they are

readily removed and whose surface can be maintained in smcoth

.ovér a long period of time, whereby the antifouling cecating

film of the present invention exerts an aﬁtifouling
performance over a long period of time.
[010¢6]

"Ls described above, the organopolysilcxane (BZ)
preferably has'a>phenyl group. The crganopolysiloxane (B2)
having a phenyl group is inferior in a compatibility with the
reaction curable silicone rubber (A). Accordingly, it is
estimated that‘if a phenvl group 1is present on at least a
part of the side'chain, a part derived from the reaction
curable silicone rubber {A) is separated from a part derived
from the organopolysiloxane (B2} in the coating film. It is
also estimated from the finger touch cof the coating film that

the separation is caused in an order of a part derived from
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chart is shown in Fig. 4. The foll ow ng conpounds and

the like: [0129] Me ne Ph Me Ove OMe Me- - i- ii-0O
151 | i-C3HBO- C2HAO- | i-Oi-O Me Me Me 34 Ph 2 Me
O OMe s 15 . . . (s3) K& Me Ph Me | Me- i- ii-O
i-Oi -C3H6O-CZHAO Me Me 4 Ph 2 -Me OVe i Me i Me

MO ii-Oii-OSi--02Zil--Ove OVe OVe OVe 2 OVe .

(s4) 50 [0130] are considered to be contained in

the @ rgR0tI8N PrAlCctr2) [ ALl rSydd hetde Bxampiee Zrdaction
Synthe3|s of X-31- 2442 132 g of organopolysiloxane

curadl 3010 80,8 SOILLE (VS L BBORILER | o cus aver
-0 - CBFBC)C2H4OH Ve 34 Ph 2

separedigs] 35U % 7 1A congound F@&%ééjgﬁte@d %gﬂt the

antlggﬂgigg coating f£ilm of the present is further improved

in an antifouling performance by the two-layer separation

structure.

[0107]

Further, when the silicone o6il (C} 1s used, the
silicone oil (C) bieeds out on the Spffaée of the coating
film, and the antifculing action is continued over a long .
period of time.

[0108]

In the base material with the antifouling coating film,
the underwater structure with the antifouling cecating film
and the ship ocutside plate with the antifouling coating film
(hereinafter also collectively referred to as’“basé material
and the like with the antifcouling coating film”) of the
present invention, the surfaces of the base material, the
underwater structure and the ship outside plate (hereinafter
collectively referred to as “base material and the like”) are
coated respectively with the antifouling coating film of the
present invention.

[C108]

In the base material and the like with the antifouling
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Ot OBt EtOSIOSOE 1 (4 Ot Ot (s6) [0135]
15 and 0.1 g of tin octylate were m xed under heati ng
at 90C and reacted for 24 hours to obtain a mxture
of a reaction product of 4fhe organopol ysil oxane
represented by (s5) and the silicate conpound
represented by (s6) and the silicate conpound
represented by: 51 [0136] Oet (( Ot EtOSIO{- 107

coatlnlg; \e5G agé'brg; td %ﬁv)enédp%s’g + Producti on ofnd hurrace

M Xture was confir C 5 nmeasuring a

of tn“e‘s"b%%%'vﬁaa#?’ h. e T g TG %%ﬁbo%%%a%dw :

like: [0138] Me Me PI h OEt OEt | Me-Si- |- o)
seawatpIC3H6 ez @atier 13 goatmd il e %%e F*Ptzlml@ 4
10°. . . (s7) and M Me Ph Me- i i- i-00ii-

CoatiﬁﬁﬁﬁﬁﬁQH&Othe present invention.
[0110]

The base material includes a fishnet, a fishing
equipment, an existing antifouling coating film and the like
in addition to the underwater structure and the ship outside
plate.

[0111]

The method for forming the coating film on the surface
of the base material of the present invention is
characterized by coating or impregnating the surface c©f the
base material with the high solid antifouling paint
composition and then curing it to form a coating film.

[0112]

The antifouling method for a base material of the
present invention is characterized by coating the surface of
the base material with the antifouling coating film of the
present invention.

[0113]

& method for coating the surface of the base material

with the antifouling coating film of the present invention

includes, to be specific, a method comprising coating or
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M Me s4 Ph 2 OBt OBt CEt EtO- i-O 0Oi-0S1-0
ii-OEt OBt OEt OEt s Ot (s8) [0139] 15 are
consi dered to be contai nedsin the reaction product.
[0140] 52 <Production of curable conposition>
Exanple 1 50 parts by wei ght of KE44RTV
(one-conponent RTV silicone rubber, manufactured by
Shi n- Et su _Cheni cal Co., Ltd. 5 VISCOSIty 70 Pa-s)

imPTegnathid edt i T ‘i ate Sit iktene Pubberat AjTtAs Part s

by weight of the mxture (X-31-2396) produced in
antiRByntires i e iExanpimds asiemeo Hr ganopod yeit oxanen il oat uard
(B) and 35 parts by weight of xylene were m xed and

then Sdified {10f ankd MAMHES 01 PF 0BtESo8i EUSREE form an
conposi ti on. 10 [0141] Exanple 7 A primary agent and

i nent each shown bel ow were
anti Lﬁ# C? | xeg to produce a two-conponent type

(01 @rabl e conp05|t| on. 15 [0142] <Primary agent> 70

lp rts by weight of YF-3057 (two-conponent RTV
silicone rubber: principal agent, manufactured by
Toshitde =gSutne iaEntiq%. )t ar hhee redled onl d’mJaFEﬂl ets an
silicone rubber 20 (A <Curi ng agent>

object of the antifeouling method is preferably any of an

underwater structure, a ship outside plate, a fishnet and a

~fishing equipment.

[0115]

To éxplain in detail, the antifouling paint composition
of the present invention is applied once to plural timeé
according tc an ordinary method to the surfaces of various
products including ship ocutside plates, underwater structures
such as feed-water inlets and drain outlets in thermal and
atomic power stations, sludge diffusiocon preventing films for
various ocean civil engineering works such as coastal rcads,
submarine tunnels, port facilities, canals and water channels
and fishery materials such as ropes, fishnets, fishing
eguipments, floaters and buoys, whereby cbtained are ship
outside plates, underwater structures and the like each -
coated with an antifouling coating film having excellent
antifouling properties, particularly a long-term antifouling

property and, even if the composition is applied thickly, a
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15 parts by weight of the m xture (X-31-2396: curing

agent) produced in Synthetic Exanple 1 as the

or ganopol ysi | oxane m xturae(B), 53 0.7 part by

wei ght NEOSTAN U 100 (dibutyltin dilaurate,

manufactured by Nitto Kasei Co., Ltd.) as a curing

catalyst and 14.3 parts by wei ght xylene, which were

onponents 5 ot her than the reaction curable

sultaéaha EdrEipiBBey ERY aflerE SR MNP arfd ath i TG o

mnutes to prepare a curable agent. [0143] Exanples

[011B1to 6 and Conparative Exanples 1 to 5 10 Curabl e
conmpositions were produced by the sane nmethod as in

Exanpl esl, t@xcepk itthal ithe JJanthe apenents iard the
bl'end anounts were changed as shown in Table 1.

appl;}d%l]gd'il]he XA 83 4 r‘(lgts ajl%ta@o Al ver Bxamb e &0

€ compositio wer e produced by the same net hod
as in Exa le 7, except,.that, the bl end component s.

snveriion e LB Y A v 6 EREAGE e SO T Lt
Table 1. [0145] HY zC7 ."CWDC (CH (n >C C --

is exgel@emt 'io such tay BLGIWUNT PIRRITLY UiHag ¥t oy
rt U (nnU (D ctr O]" NU r WWcQWU a a U

contwmw{DOprewhd dMi@si@w M racuatiou OWP such 19s ($ea
(I (t O r Hr OOf) 5V-p Nrrrr ONNOJ ~0

1ettdbéiftbé§nacles, green lavers, serpulas, oysters anc

Bugula neritina over a long period . of time.

[0117]

Further, if the antifouling paint compesition of the
present invention is applied to the surfaces of uncderwater
structures, adhesion of undersea lives can be prevented toc
make it possible to maintain the functions of the underwater
structures over a long period of time. If the antifculing
paint composition of the present invention is applied to the
surfaces of fishnets, clogging of the networks of the
fishnets can be prevented. In addition thereto, the
environment is less likely to be polluted.

(01181

The antifouling paint compesiticn of the present

invention may be directly applied to fishnets and may be

applied to surfaces of ships or underwater structures coated

in advance with an undercoating material such as a rust



Zr mr 'JaW'c7HCO CDOow*r **r- NFSr J
rar wO(Dr WOGC" H OO~ xr - frw r NCDw
Nzr.(Dr*xpwrp7rGUpm(D000Wr
rH OcncnOr- rONTr O/ NU o0 ON(D - WNUL O
OOWr ON”~r maN O(POOOE

preventive and a primer . Further, the high sclid

antifouling paint compositicn of the present invention may be
applied for repairs to the surfaces of ships, particularly
FRP ships, and underwater structures which have already been
coated w;th conventional antifouling paints or the high soiid
antifouling paint composition ¢f the present invention. The
thickness of the antifouling coating film thus formed on the
surfaces of shipsg underwater structures and the like is not
specifically limited; and is, for example, about 30 to 250
pm/time.

F0119]

The antiﬁouling coating film of the present invention
which is cobtained in the manner or the coating film on the
surfaces of water-contacting parts of ships and underwater
structures is formed from the antifouling paint composition
of the present invention, is less likely to bring about
environmental pollution and shows an excellent long-term
antifouling property agéinst a wide range of lives adhered
onto ships and underwater structures.

[0120]
EXAMPLES

The present invention shall more specifically be
explained below with reference to examples which are the

preferred embodiments, but the present invention shall by no
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means be limited by these examples.
[0121]

X—31-2396 {trade name) and X-31—2442 {(trade name)
manufactured by Shin-Etsu Chemical Co., Ltd. were used as the
organopeclysiloxane mixture (B). These organopolysiloxane
mixtures (B) were synthesized according to the following
procedure.

[0122]

Synthetic Example 1

Synthesis of ¥X-31-2386:

132 g of an organopolysiloxane having an alcoholic

hydroxyl group which is represented Dy:

[0123]
Mo /ife ' P\ e
Me—Si—O5— slzi—-— ?E—C3HSO—02H4OH
Me Me 34 Ph 2 Me -+ - (81},
[0124]

19 g of a silicate compound represented by:

[0125]

OMe OMe

R

MeO SiO \SEO/ Me
3

OMe OMe c e (s2)

[01z6]



Ty

ERY

15

rWNCP(D OOOOa OXXwO NNO1LNU otPcn
o ~, (DrOJON~~OWJ0033+****Cf3
* 3 =X X- o -X- *ox X UA &@(Drrrrtol-%Wiv
\ \
[

-J pl (n WNr (D aaW
3

.. .. ..3 GCKOO(Dt 000Ori nhi Oana
U rSt Or-ri CCC HC'CUC3 0O MaOXCNaN
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and KU B KOti® Kckldrd Wera mi2xd Cuidgr Bedtihg' at GodC
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and ﬂea@t@& %r |24 Holr O Qutdinka M & hrd of G G&&rion
r- - (DX U M3 1DU) (D(D (D (t KwO
pro.du(cl%K rft tige %anopoq,}géjo’_%.% eg;zg%se%ge% L';}(/rg(éﬁ ?gnci the
190 13 wmVai x a |-t U, F-_ma a HHH Co
siligate @qu@%rﬁ@@@ted by 2} and the silicate

compound represented by:

[0127]

OMe OMs

\

MeO SiO <Si0/ ‘Me
3

OMe OMe o v (52) .

rc1zs:
Production of the above mixture was confirmed by
measuring a molecular weight distribution by GPC. The GPC

chart is shown in Fig. 4. The following compounds and the

like:
[¢125]
he Me Ph Me OMe OMe
Me——8|i—-— E!‘,i-—o Sli—Q S|i—csHso~—~czH4o—S!i—o S|§—o Me
Me l\|/te 34 Fl’h 2 I\lfle (l)Me C|)Me 3
+ (s3)
Me Me / Ph Me
Me—Sli— Si—0O Sla‘i——o Sgi—-CgHsO——CzH‘;O
l\|ﬂe l\lﬁe 34 !Lh 2 i\llte ?Me —l IOMe (l)Me

MeO— Si——O— Si— 0O Si—0-—Si—0Me

OMe OMe OMe /2 OMe

 (s4)



10

15

oocCl-i o. r- 3(Drar (DMM(DWGTr CO\ H U
al KnH " nwnn3H F-HaC'3(DKnnr
3OH OIl-"-r1T1 H Kr-sr- Nw7r 7XH H Cf
hnxOCnCcDr- (DC n°fn wK3 M(DOC Or-000
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(DNNN nH (DGKr-nr Nr KNK~GCO3GG
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%CCG NK(DZrt MC(Dn N MMM (n"COCQ 3
[0136], n mac isnnn ron(pO KwKKOGC- HO 'C
rt rt KOC. GC'CN'c Gc GGry G G(DCo. to

SynthepypEgample 2

Synthesis of X-31-2442:

132 g of organcpolysiloxane having an alcoholic

hydroxyl group which is represented by:

[0132]
Me Me Th
Me—Sli-—O Sli—O Sli— CaHgO—C,H40OH
Me Me 34 Ph /2 c e e (s9),
[0133]

35 g of a silicate compound represented by:

[0134]

OEt OEt

EtO LO / &O\ Et
\ ] /.

Okt OEt -+ {56)

[0135]
and 0.1 g of tin octjlate were mixed under heating at 90°C
and reacted for 24 hours to obtain a mixture of a reaction
product c¢f the organopolysildxane represented by (s5) and the
silicate compound represented by (s6) and the silicate

compound represented by:



Y

10

15

Vi MNU HH NNCD OO CG a awRKp) C- (Dn
U7- (DC CmCC KCNKCNC.c.ca p)r- F-
CC .cC3HHF C] '"C\f C] OCDHa) wcl3 n
7KoOnKNaCCCOp.t KOaCO~D CGCO
7 CcCCOmr GP- MNHYr- -r -r- ¢cG'Hb nCC
C (U n~"C. UnWHr 7" nnn rnO0OCN
CoC] OO3rt ECDa3co3C O aK33333-o0

[013%) (p OC) - nONn3H P HCO nor H CacCC K
Kn(DP- Hr nF- (DalD(pa(Dnr C anrrn
n nnrri wr--ronr-CC  rncConnnnom
3C& noe0 33 vao(Dn707CC mm. vnmn
n[O NnC-nrnHr'

EtO—SiO‘gSiO Et
| N A
OEt OFEt e o o (86)

[0137]

Production of the above mixture was confirmed by
measuring a molecular weight distribution by GPC. The GPC

chart is shown in Fig. 3. The following compounds and the

like:
[0138]
Te Te Th ?Et ?Et
‘Me Me 34 Ph /2 ‘ QFEt OFEt /s
- {s7)
and
Te Te Th
Me—Sli—— S|}i——o Si— CaHgO—CoH4C
Me Me 3¢ Ph 2 Cl)Et ‘I C!)Et ?Et
‘ EtO—S|i—O—S|i—O S!i—O Si—QkEt
OEt OEt QEt /5 OE:
- (s8)
[0139)]

are considered to be contained in the reaction product.

[0140]
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50 parts by weight of KE44RTV {one-component RTV
silicone rubber, manufactured by Shin-Etsu Chemical Co., Ltd.,

viscosity: 70 Paes) as the reaction curable silicone rubber

(A}, 15 parts by weight of the mixture (X-31-2396) produced

in Synthetic Example 1 as the organopolysiloxane mixture (B)
and 35 parts by weight of xylene were mixed and stirred for
10 minutes to producé a curable composition.
[0141]
Example 7
A primary agent and a cﬁring agent component each shown
below were sufficiently mixed to produce a two-component type
curable cpmposition.
[0142]
<Primary agent>
70 parts by weight of YF-3057 (two—cémponent RTV
silicone rubber: principal agent, manufactured by Toshiba
Silicone Co., Ltd.) as the reaction curable silicone rubber
(&)
<Curing agent>
15 parts by weight of the mixture (X-31-2396: curing
agent) produced in Synthetic Example 1 as the

organopolysiloXane mixture (B),

o
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[0146] <Eval uation nmethods> (1) Static friction
coefficient of coating film On each of the paint
conpositions produced in the 5 manners descri bed
above, the paint conp03|tF n was applied to a glass
plate of 100 x 100 x 1 nmso that a thickness of a
dried coating filmwas 150 gm and was dried at room
tenperature for 5 days to obtain a test plate. This
t est? pplrat e ywas ipiit: QEGETHN di+Fig@anglsoweilefif ref edurate,
to Fig. 1 and 10 2), and 0.2 m of distilled water
manu MRS AldOWRA e qietdys fad], oRsa) coatingufihd catalyst
surface on the test plate fron1an injection 3yringe
whil e mai ntaining the plate horizontal. Then, .a
gradlent angle of the test plate was gradually ralsed
measure an angle (6) at which the water droplet
ﬂér@e@afgsf&ﬂ WG9S M ur et WRISS rePrateents
three tines to determ ne an average val ue of the
othenunﬁaﬁsdﬂﬁ.réﬁuniomiQuzabbe $riccoom caelbércidhnt a (a
= tan e) of the coating filmwas determ ned based on
were tnligcay efrag & il e of o hE@NGL Bu 63 . cdherepessll 4Scargble
shown in Table 2. 20 [0147] (2) Adhesion of coating
agentfllm On each of the paint conpositions produced in
the manners described above, the paint conposition
[Oliggs applied to a surface of a steel plate of 70 x
0 x 0.8 mMm which was 57 coated in advance with a
zinc epoxy shop prinmer (a thickness of a dried
Exampleft ihd-9 9 Mo iR A ve BHaRy1es P eventi ve
pai nt (a thickness of a dried coating film 200 }im,
s@urzaile adnicckness Ofweardrpeddcoat ing thd nsavas A&50hod
}un, and was dried

as in Example 1, except that the blend components and the

and

blend amounts were changed as shown in Table 1.
[0144]

Examples 8 to 10 and Comparative Example 6

Curable compositions were produced by the same methed
as in Example 7, except that the blend components and the
blend amounts were changed as shown in Table 1.

[0145]
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roomtenperature for 5 days to obtain a test
pl ate. An

al um nunmemade cyl i nder
nm was adhered on

(0: 6 mm height:

a coated surface of the above
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test plate with an epoxy adhesive, and after a day,
A | thez alzumsnust pade %I bnder -mas  puklied| korkzentally
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appEi efl{to a surflace of a sand;D?o aglt - {r et ed sgeelﬁ
pl ate f 100 |x BOO x| 2. 3|mm} whi th |was coatied #n &
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of the:dried coatijng|fil m| 2D pi and an R0 epoxy 5
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M-yaj e Bayof THroshirma prefecture~for 36758
o impht Hs, |and then tjhe!surface|thereof| wag visuallyw
~ |lobserived to |eval yate an antifoul | ng perfornmance |of
- the coating flilm The fresults are shown in Table 4.
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lives 10 % proportion of the area of
|ives based on a surface area of the

adhesi on 10 of

Adher ed

55
Remarks:
*]: one-component RTV silicone rubber, manufactured by Shin-Etsu Chemical Co., Ltd., viscosity: 70 Pass
*¥2a one-component RMY silicone rubber, manufactured by Shin-Etsu Chemical Co., Ltd., viscosity: 5 Pa*s
C Lo O O WL« I -
o %%MG one- oomﬁ%dm:@ BT¥ siiicone rubber, manufactured by Toshiba Silicone Co., Ltd., viscosity: 5.6 Pa*s
H,H%m_% omam@o@oﬁu\wp&ommﬁm mixture, manufactured by Shin-Etsu Chemical Ceo., Ltd., viscosity: 175 mPa-*s
OS> ®© 950 )
w.S %mb %HEW&&MH@:m%H gPlicone oil, manufactured by Teshiba Silicone Co., Ltd., dynamic visceosity: 100 x 10 ® m?/s
nru.a w %,m MV\me.mHlNompopmwQ silicone oil, manufactured by Toshiba Silicone Co., Ltd., dynamic viscosity: 130 x 107°
C_ >0 o &
O VES>O0O®II O
% %ulﬁmo o O ° O
TO NDB-.O0TZ: . » ) \ g
m () %ﬂm m@%x@;ﬁ aHmemQ mNHHOODm 0il, manufactured by Shin-Etsu Chemical Co., TLtd., dynamic viscosity: 120 x 10
0 n 0
B Gl fa—m T O ©
g88 UE=gg B0 oz |
> %@me bmmmﬁ )=le] %M\W,p..roxmamﬁ manufactured by Shin-Etsu Chemical Co., Ltd., synthetic organosilane, dynamic
~ 2 gifeosd iy —eR " H/s
T—_ANC D0 T _ , .
() *@m twa-co@ponen® RIFZ silicone rubber, manufactured by Toshiba Silicone Co., Ltd., viscosity: 3 Par*s
—u . —y—
m O.mwzm"aa%@ﬂ.@%@mm@m ®ilicone oil, manufactured by Shin-Etsu Chemical Co., Ltd., viscosity: 3000 mPars
© oo0oQ T © Qo .
< mkw%uCooamAmwﬁrow r@.moacon of ethyl silicate, manufactured by Wacker Chemie AG., viscosity: 3.0 to 6.0 mPa*s
Xp Fl Mm %U%%Hﬁhﬂ ﬂmemHmﬁm‘ manufactured by Nitte Kasei Co., Ltd.
L O o ool
,nlu_% @] n_nw t@@%«mﬁﬂﬂuw%me@Nmsm mixture, manufactured by Shin-Etsu Chemical Ceo., Ltd., viscosity: 88 mPa*s
- — (V- .
0 a;&m‘m nm:m:w &oﬁnﬂﬁw%%\ﬂuom viscosity: 25°C, B type rotation viscometer, according to JIS Z 8803.
—w— O ® ._—._4 OLL
m,.nlu Qw%mew%n.m %o,m&ﬁwmbnum dynamic viscosity: 25°C, Ostwald viscometer, according to JIS Z 8803,
BV _ B> — GO
“occ ZoZoc. 13
c —_o_c ®© 1« .0
D 4=+ BT OD  u— .
e B8oS500s e e all S
% O Oow % % m O -
CoB8omdITOORB=S 1 D
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[01l46]

<Evaluation methods>

(1) Static friction coefficient of coating film:

On each of the paint compositions produced in the
ﬁanners described above, ﬁhe paint composition was applied to
a glass plate of 100 x 100 x 1 mm so that a thickness of a
dried coating film was 150 um, and was dried at room
temperaturé for 5 days to obtain a test plate. This test
plate was put on a sliding angle meter (refer to Fig. 1 and
2}, and 0.2 ml of distilled water was allowed to quietly fall
on a coating film surface on the test plate from an injection
syringe while maintaining the plate horizontal. Then, a
gradient angle of the test plate was gradually raised to
measure an angle (8) at which the water droplet started

falling. This measurement was repeated three times to

determine an average value of the angles (8). Then, a static
friction coefficient o (& = tan 0) of the coating film was
determined based on the average value of the angle (8). The

results are shown in Table 2.
[0147]

(2) Adhesion of coating film:

On each of the paint compositions produced in the
manners described above, the paint compesition was applied to

a surface of a steel plate of 70 x 150 x 0.8 mm, which was
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coated in advance with a zinc epcxy shop primer (a2 thickness
cf a dried coating f£ilm: 20 um) and an epoxy rust preventive
paint (a thickness of a dried coating film: 200 um}, so that
a thickness of a dried coating film was 150 um, and was dried
at rcom temperature for 5 days to obtain a test plate. An
aluminum-made cylinder (®: © mm, height: 5 mm) was adhered on
a coated surface of the above test plate with an epoxy
adhesive, and after a day, the aluminum-made cylinder was
pulled horizontally by means of a p;eling test device kFig.
3) to measure the adhesion. This measurement was repeated
three times to determine an average value of the adhesion.
The results are shown in Table 3.

(0148}

(3) Antifouling performance of cecating film:

On each of the paint compositions produced in the
mannérs described above, the paint compesition was applied to
a surface of a sand blast-treated steel plate of 100 x 300 x
2.3 mm, which was coated in advance with a zinc epoxy shop
primer {a thiéknesé of the dried coating £ilm: 20 um} and an
epoxy rust preventive paint (a thickness of the dried coating
film: 200 gm), so that a thickness of a dried coating film
was 15C pm, and was dried at room temperature for 5 days to
obtain a test plate. This test plate was dippsed and left

standing still in Miyajima Bay of Hiroshima prefecture for 36
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months, and then the surface therecf was visually observed to
evaluate an antifouling performance of the coating film. The
results are shown in Table 4.

(01497
5 | The following evaluation criteria were applied.

[0150]

| Nc adhered lives: proportion of fhe area of adhesion of

lives based on a surface area of the coating film is 0 %

Adhered lives 10 %: preoportion of thé area of adhesion

10 of lives based on a surface area of the coating film is 10 %

Adhered lives 20 %: proportion of the area of adhesion

of lives based on a surface area of the coating film is 20 %

Adhered lives 50 %: proportion of the area of adhesion

of lives based on a surface area of the coating film is 5C %

15 Acdhered lives 70 %: proportion of the area of adhesion

oe

of lives based on a surface area of the coating film is 70
Adhered lives 100 %: proporticn of the area cof adhesion

Q

of lives based on a surface area of the coating film 1s 100 %
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Table 2
o = .
o< 7 Composition Examples Comparative Examples
1 p
© 5 n\u Bhysical property 1 2 3 A 5 6 7 8 9 10 1 2 3. 4 5 6
O O
O o iding angle (9)
OOﬂua 5.42 5.73 .36 | 5.39 | 5.31 5.28 5.32 5,27 5.29 | 5.24 1z2.9 1 10,7 11.1 10.3 9.6 11.¢9
o :
OQa®O
o m&mf..o friction ,
mo D 0.095 ¢ 0.1 0.094 | 0.094 1 0,093 | 0.092.| 0.093 | 0.092 ] 0,093} 0.092 | 0.229 | 0.189 | 0.196 | 0.182 | 0.169 | 0.211
O C@mmmnwm:n (o)
e
Oo_-0
e _E
SR
E N Table 3
g ! zN
of = Composition Examples Comparative Examples
T D
o =z
o w ey 1 2 3 4 5 6 7 8 °] 10 1 2 . 3 4 5 6
W &SmwwOD ﬁm\ong 88.5 120.3 63.0 76.8 58.6 53.3 58.1 52.4 54.8 51.7 T66.1 | 207.3 | B87.4 | 184.9  151.5 | 147.6
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A curabl e conposition obtained by mxing: (A) 100
parts by weight of a reaction curabte si{iTone rugbe
with: 5 (B) 1 to 100 parts by wei&ht&cfcnm i g
organopol ysi | oxane mixture conpnizs|ag 3! gricduct 3
obt ai ned by an R20H el i m nati grE ne€ackijoh| Safz ugBI}i_fr- an
or ganopol ysi | oxane represented Py 7 hg (fpl Fovt g =
Formula (1): OR2 OR2 R20 Si0 SiqOR2 |1 2 nl =2 %0
Formula (1): wherein, in Formja%, nlszazngnteger
of 2 or nore and a plurality of |R2(&qch|Es o |& - H
i ndependent |y a non-substituteds gre | BUbsT bt iUk &2 o
nonoval ent hydrocarbon group havimngrijtor8catbon @
atons, and 15 (B2) an organopo| §sid p%drie| Fav¥ | at £
kD 4 [
| east one structure representiedl | By| FqrivuBa 4| 1'n a
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wherein, in Formula (2), R3 is a non-substituted or
‘substituted dival ent hydrocarbon group or a dival ent
20 hydrocarbon group havi g an et her bond, provided
that when R3 in Formula % ) is the dival ent
hydr ocar bon group having an 62 ether bond, excluded
i s an organopol ysil oxane in which two or nore
trimethylsiloxy groups are bonded to a Si atom
directly linked to a carbansatom of R3. 5 2. The
curabl e conposition as described in claiml1, wherein
1. Ahe,Prgpnopohyskh exanectB2)nBaspe pheawk:group. 3.
The curabl e conposition as described inclaim1l or 2,

t ai_ned further mxing 0.1 to ts; b ' ”
2 130 RS W o8 ,‘g@p‘?r%t\]}%é 0 TP 181 el Shove:
curable silicone rubber (A and the

with:igr ganopol ysi |l oxane mixture (B) comprising the
product are excluded fromthe silicone oil (C), based

(B} lorto tld{CalpatOG payv tve dghwedfghan ofradecr@bicsd byraig dblxcure

silicone rubber (A) and the organopol ysil oxane
comprisiind @ (Bodukft dbddenadinapl £n cOPOSItindmaAas on reaction

described in claim3, wherein the silicone oil (C

i's met hyl phenyl silicone oil and/or

pol yether-nodified silicone oil. 20 S. The curable

conmposi tion as described in clai ereLn. . the
(BL) G R B e ST U OBa Th i b Tl R

| east one group represented by the foll ow ng Fornmul a
Formyl3®) {ln:a nolecule: Formula (3): =Si R4ACSIi R5bY3_ b 63

wherein, in Fornula (3), R4 is a non-substituted or

substituted dival ent %?%gpg&bon ﬁﬁgyp or a dival ent
R?Ot—Si0 Sl»i OR?

OR? OR?

Formula (1): n-1

wherein, in Formula (1), n i1s an integer of 2 or more and a
plurality of R? each is independenﬁly,a non-substituted or
substituted monovalen£ hydrocérbon group having 1 to B carbon
atoms, and
(B2) an organopolysiloxane having at least one structure
represented by Formula (2) in a molecule:

Formula (2): =SiR%0H
wherein, in Formula (2}, R®> is a non-substituted or
substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond, provided that when R®

in Formula (2) is the divalent hydrocarbon group having an
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hydr ocar bon group having an ether bond; R5 is a
non-substituted or substituted nonovalent 5
hydr ocarbon group; Y is a6gydrolyzable group; and
bis 0, 1 or 2, provided that when R4 in Formula (3)
is the divalent hydrocarbon group having an ether
bond, excluded is an 10 organopol ysil oxane in which
two or nore trinethylsiloxy groups are bonded to a S
etheratemddi rectlhyed nkednt omyaoarbolysiatomrd R4 . wigiclTHewo or
curabl e conposition as described in any of clainms 1
more % ibR chyiQdtidined ndurdherndhaddoaddidi wesom directly
selectea’fron1the group consisting of a curing
. catal yst n_antifouyld agent and a colorant. 7. A
llnke@ﬁﬁﬁbﬁecglnﬁ%%igfg%%g%ggfising: 20 (a) an
or ganopol ysi | oxane- havi ng a hydroxyl group and/or an
al koxyl group and (b) a product obtained by an RRCH
elimnation reaction of: (Bl) an organopol ysil oxane
2. Tepreseabed bympheitébhowisngesFeideidainlylagn dr2 WORFE1D
2 R0 Si0O Si-OR1 Fornmula (1) : ORZ R OR2 wherein,
the drydrpallwsi(ibsare | ©2N had egephefy? growmpre, and a
plurality of R2 each is independently a
non-substituted or substituted nonoval ent
hydr ocar bon group having 1 to 8 carbon

3. The curable compecsition as described in claim 1 or 2,
obtained by further mixing 0.1 to 200 parts by weight of a
silicone cil (C), provided that the reaction curable silicone
rubber (&) and the organopolysiloxane mixture (B) comprising
the product are excluded from the silicone oil (C), based on
total 100 parts by weight of the reaction curable silicone

rubber (A) and the organopolysiloxane mixture (B).

4. The curable compeosition as described in claim 3, wherein
the silicone oil {(C) is methylphenyl silicone oil and/or

polyether-modified silicone oil.

5. The curable compcsition as described in claim 3, wherein
the silicone oil (C) is an organopolysiloxane having at least
one group represented by the following Formula (3) 1in a
molecule:

Formula {(3): =8iR%0SiR%Ys:y



5 atons, and (B2) an organopol ysil oxane havi ng at
| east one structure represented by the follow ng
Formula (2) in a nolecule:., Formula (2) : =Si ROH
wherein, in Formula (2), K3 is a non-substituted or
10 substituted dival ent hydrocarbon group or a
di val ent hydrocarbon group having an et her bond,
provi ded that when R3 in Formula (2) is the dival ent
wherdiydr doarbmmgroup3 havikhg sare retrheyutxmiciutextladed i s
an organopol ysil oxane in which two or nore
substidRidYd SId Ye HRURSC AF ISR OREEHt Or 82 Shi /L PBh
directly 15 linked to a carbon atomof R3. 8. An
' [ ] int. Siti rising the curable
by T e e v SRREY “20%. an
anti fouling coating filmformed fromthe antifouling
pal n%scénﬁ%§rtsil8ﬁtgitu¢|e§i RIF8 SUES HAFRLEEA BRSe VRS al
with an antifouling coating film coated with the
hydregaibouldrguroating filmof claim9. 5 11. An
underwater structure with an antifouling coating
fiv ms eoatyettodtdeiiite ardugd owdig coating fil m of
claim9. 12. A ship outside plate with an
aif iffouing goating film coated with the
antifouling coating filmof claim9. 10 13. An
~neant i fouling nethod f a base terial conpri sing
p‘O"Tl(:&]oea itﬁbata vgfberl} algg 0 %{%rén Yss el et et itg}e vﬁ%ﬂ%et

antifouling coating filmof claim?9. ,
hydrocarbon group having an ether bond, excluded is an

organopol?siloxane in which two or more trimethylsiloxy
groups are bonded to a Si atom directly linked to a carbon

atom of R*.

6. The curable composition as described in any of claims 1
to 5, obtained by further mixing additives selected from the
group consisting of a curing catalyst, an antifouling agent

and & colorant.

7. A curable composiiion comprising:

{a) an organopolysiloxane having a hydroxyl group and/or an
alkoxyl group and

{b} a product obtained by an R°CH elimination reaction of:
(Bl) an organcpolysiloxane represented by the following

Formula (1):
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R20 ISio Sf OR?
ORZ2 OR?
Formula (1): n-1

wherein} in Formula (1), n is an integer of 2 or more, and

a plurality of R* each is independently a.non—substiﬁuted or

substituted monovalent hydrocarbon group having 1 te 8 carbon

atoms, and

(B2) an organopolysiloxéne having at least one structure

repreéented by the following Formula (2) in & molecule:
Formula (2): =SiR°CH

wherein, in Formula (2), ®® ig a non-substituted or

substituted divaleﬁt hydrocarbon group or a divalent

hydrocarbon group having an ether bond, provided that when R*

in Formula (2) is the divalent hydrocarbon group having an

ether bond, excluded is an organcpolysiloxane in which two or

more trimethylsiloxy groups are bonded to a Si atom directly

linked to a carbon atom of R®.

8. An antifouling paint composition comprising the curable

composition of any of claims 1 to 7.

9. An antifouling coating film formed from the antifouling

paint composition of claim 8.



«

10

65

10. A base material with an antifouling coating film,

coated with the antifouling coating fiim of claim 9.

i1. An underwater structure with an antifouling cocating

film, coated with the antifouling coating film of claim 9.

12. A ship outside plate with an antifouling cocating film,

coated with the antifouling coating film of claim S.

13. An antifouling method for a base materizl comprising
coating a surface of the base material with the antifouling

coating film of claim 9.



