DESCRIPTION CURABLE ORGANOPOLYSILOKANE COMPOSITION AND ANTIFOULING
COMPOSITE COATING FILM 5 TECHNICAL FIELD Thepresentinventionrelatestoacurable
organopolysiloxane composition which is improved in adhesion to an epoxy resin anticorrosive coating
film and in addition 10 is able to form an antifouling coating film having excellent antifouling properties.
The present invention also relates to an antifouliny paint composition containing such curable
organopolysiloxane composition, an antifouling coating film formed by curing this antifouling paint
composition, and an 15 antifoulingcompositecoating film comprising this antifouling coating film and an
epoxy resin anticorrosive coating film. BAGKEGROUNBYART A coating film formed from a curable
organopolysiloxane 20 paint composition is used as an antifouling coating film for preventing the
adhesion of aquatic organisms on a surface of an underwater structure and is useful as a replacement
of a waditional apifauling ceating fim coniaining AR substances lie iganometallic compounds.
This cured 2 organopolysiloxaneé antifouling coatirig film'is aminhated as an uppe?layer on an epoxy
resin anticorrosive coating film which s formed en.a.surface of a base material such as steel from an
anticorrosive standpoint, and may be preferably used as a cured organopolysiloxane antifouling
composite coating film. A cured organopolysiloxane antifouling composite coating film was
conventionally composed of a layer of a cured organopolysiloxane antifouling coating film (Finish
Coat), a layer of an epoxy anticorrosive toating-film Wnder Coat) and 10 one or two layers of
organopolysiloxane intermediate coating film (Tie Coat) sandwiched between the Finish Coat and the
Under Coat, thus fofiing ar3 o« fayeredveodting: film stivctare forrthe whole @ntifouling composite
coating film, which in turn served to maintain adhesion between the coating films. However, 15 such
an antifouling CotRPaSite ToatingPfint HaRARg themiiftidyered coatAYG M Stricifé Vas not able to
obtain Iong-tggma%ntyoggngygropertie;and also had a problem ,o,f cost ingrease glqgg to prolonged
painting work pefiod: = ~*Y ‘A conventional curable organspolysifofaie Paiff 20 cobositions, those
describeg in the fallawing doeyments haye been known, ... Japanese Patent Application Laid-open
N0.2002-500239 (Patent Document 1) discloses an antifoling paint con?posﬁ'ién of 3 pack
combination gomptising-a hase.eontainingrfor gxample, s3vention alse relates to

an antifouling paint composition containing such curable
crganopolysilexane composition, an antifouling coating Tilm
formed by curing this antifouling paint composition, and an
15 antifouling compesite coating film comprising this antifouling

coating IZilm and an epoxy resin anticorrosive coating film.

BACKGROUND ART
A coating film formed from a curable organcpolysiloxane
20 paint composition is used as an antifouling ccating film for
preventing the adhesion of aguatic corganisms on a surface of
an underwater structure and is useful as a replacement of a
traditicnal eantifouling coating f£ilm ¢ontaining hérmful

substances lik crgancmetallic compounds. This cured

@



a,w-hydroxy-functional siloxane, silica, silicone oil and the like, a curing agent containing tetraethyl
orthosilicate, silicone oil and the like, and a catalyst solution containing dibutyltin dilaurate and the like.
5Japanese Patent Application Laid-open No0.05-505845 (Patent Document 2)discloses,for example,a
room temperature-curablepolydiorganosiloxanecon?aining a,w-dihydroxy-polydiorganosiloxane, an
alkoxysilane curing agent, a curing catalyst comprising a metallic or organometallic 10 salt of
carboxylic acid (for example: stannous octanoate, dibutyltin dilaurate, dibutyltin acetate) and the like.
JapaneseRaemrApplication Laf-open No:05-597955 (Pateritbocuirent3)diselbses forexample,an
organopolys loxanecompositioncontaining 15 a,w-dihydroxypolydiorganosiloxane,aketiminoxysilane
compoungas a cragsiinking agentcacmetalfic oronganometadlicvsalt-ofdarboxyliciacidias a-catalyst (for
example: stannous octanoate, dibutyltin dilaurate, dibutyltin diacetate), heat-treated silica, non-reactive
silicone dikard theslikec20= JapariesesPatént: Application «id-apes N0 2-50659¢ [Pateat-Document
4) discloses, for example, a composition for forming an antifouling coating film, wherein the
composition eantains:a pelimerdn ahighvatleastzamair par ©f pepaatingunitsus adinitother than
siloxane unit, a curable 4 polydiorganosiloxane, a curing agent that can be used as a single pack or a
twodiquid iyreisuchyas teteapikyl Dsthesiicater a condensationmadeuring-eatalystsychas_ carboxylic
acid salt of a metal such as tin (for example: dibutyltin dilaurate, 5 dibutyltin dioctoate, tin (II)
octanoate, dibutyltin.acstoacetonate) and the like,silicane ol and the dike -Eurther dhe antifouling paint
compositions containing such compositions are described to be applicable with preferable adhesion on

the publiely-knowmn anticaresive coqting formegd rom. 10 eppxy.paint apd thedike, - However, when
the curable organopolysiloxane paint compositions described in those patent documents, that is, the

conventignal-paint-compasitions.coptaining carhoxylic.acid salk of fin age ysed, atleast ong

intermediate coating film layer 15 (Tie Coat) of organopolysiloxane was necessary in order to form a

composite, ceatingsfilay, sinee,3 cued araapgoalysiioxane Auifauling coatiiofipdags agt adhere to
an epoxy coating film of the underlying base material. [Patent Document 20N0.2002-500239
10 one or two layers of organopolysiloxane intermediate coating
film (Tie Coat) sandwiched between the Finish Coat and the Under
- Coat, thus forming a 3 or 4 layered coating film structure for
the whole antifouling composite coating film, which in turn
served tomaintain adhesion between the coating £ilms. However,
i5 such an antifouling composite coating film having the
multilayered coating f£ilm structure was not able to obtain
long-term antifouling properties and also had a problem of cost
increase due to prolonged painting work period.
As conventional curable organopolysiloxane ©paint
20  compositions, those described in the following documents have
been known.
Japanese Patent Application Laid-open No.2002-500239

{Patent Document 1) discloses an antifouling paint composition

of 3 pack combination comprising a base containing, for example,



[Patent Document 2]: N0.05-505845 [Patent Document 3]: Japanese Patent Applica N0.05-507955 5
[Patent Document 4]: Japanese Patent Application Laid-open No07-506599 DISCLOSURE OF THE
INVENTION [Problems to be solved by the Invention] An object of the present invention is, for the
purpose of solving problems accompanying the related art, to provide a curable organopolysiloxane
composition that affords antifouling coating film which has highly excellent interlayer 10 adhesive
properties when laminated directly on the surface of an epoxy resin anticorrosive coating film as well
as excellentantifduling propertieis;and te jprovide an antifouling edmposites coafing fitin tomprising an
antifouling coating film formed from such curable organopolysiloxane composition and an epoxy resin
15 anticdridsive coating-filny [Meansforcsolviagthe:problems} e thiThe inventors L asaresult of
zealous studies for solving the above-mentioned problems, found that a cured organopolysiloxane
antifoulingi ¢datmgsfilmi whichchasiacicased 20.adhesiwendssito amepoxXyanticorrasiveicgating film
and in addition good antifouling properties and good coating film strength was formed by combining a
specific tiri catajyst withca curablecerganapelysildxakre antifouling paint composition, Preferably
combining in a specified ratio, and accomplished the 6 present invention. The first curable
organopolysiloxana-cempesition; ekthe pregentioverntion is pravideghas a theeesliquid Hpecurable
organopolysiloxane composition comprising, (A) a main agent 5 component containing an
organopglysiexane (al)which-has at leastitwo-cendensationyeactive gipups in the melegwle and silica
(a2), (B) a curing agent component containing an organosilane and/or a partial hydrolyzate thereof

(bl), whereinthe organosilane has functional graup(s)eapable gk undergoing d9-gongdensafion reaction

with the condensation reactive group of organopolysiloxane (al) which has at least two condensation
r_eactlve&f%lp&j!%y&%g;%@%gwo(_@gﬁggrfzgegghegatpra@?mQQﬂs%mgwg afleastone kind of
tin compound (ac)’selectéd front the gréup consisting of tin compounds represented 15 by the
fOIIOW'nga%%@&r‘?lg%@%’!ﬁ?@“&é@@lyst comprising ametallic or oxrganometallic

10 salt of carboxylic acid (for example: stannous octanoate,

dibutyltin dilaurate, dibutyltin acetate) and the like.

Japanese Patent Application Laid-open No.(05-507855

{Patent Document 3) discloses, for example, an
organcpolysiloxane ' composition containing
15 o,o-dihydroxypolydiorgancsiloxane, a ketiminoxysilane

compound as a crosslinking agent, a metallic or organometallic
salt of carboxylic acid as a catalyst [(for example: stannous
octanoate, dibutyltin dilaurate, dibutyltin diacetate},
hea£~treated silica, non-reactive silicone oil and the like.
20 Japanese Patent Application Laid-open No.07-5065898
(Patent Document 4) discloses, for example, a composition for
forming an antifouling coating film, wherein the composition
contains a polymer in which at least a main part of repeating

units 1s a unit other than siloxane wunit, a curable



(In the formula (1), R represents a C1-C10 hydrocarbon group, and R2 represents a 01-04
hydrocarbon group. p represents an integer of 1 to 10, g represents an integer of 1 to 4, and r
20represents an integer of 1 to 5.) R100R2 SnSi R \0/\ OR2 R00--Si(OR2)3\\/ SnSi N Ri0o--c--cH3
0710 R2 0C-CH3 1111 R-Sn-O-Si-O-Sn-R1 111 H3C-C-00R2 R1 11 o

polydiorganosiloxane, a curing agent that can be used as a single
pack or a two-liguid type such as tetraethyl orthosilicate, a
condensation and curing catalyst such as carboxylic acid salt
cof a metal such as tin (for example: dibutyltin dilaurate,
5 dibutyltin dioctoate, tin {(TI) occtanoate, .dibutyitiﬁ
acetoacetonate) and the like, silicoﬁe oil and the like.
Further, the antifouling paint compositions containing such
compositicns are described to be applicable with preferable
acdheslon on the publicly-known anticorrosive coating formed from
10  epoxy paint and the like.

However, when the curable organcpolysiloxane paint
compositions described in those patent documents, that is, the
conventional paint compositions containing carboxylic acid salt
of tin are used, at least one intermediate coating film lavyer

15 {(Tie Coat) of organopcolysiloxane was necessary in order to form
a composite cecating film, since a cured organopcelysilcxans
antifouling coating film dees not adhere to an epoxy coating
film of the underlying base material.

{Patent.Document 1]: Japanese Patent Application Laid-open

20  No.z2002-50023%

[Patent Document 2]: Japanese Patent Applicatiocn Laid-open
No.05-505843
[Patent Document 3]: Japanese Patent Application Laid-open

No.05-507855



R1110R210R110R21Si0 (Iv)0O 110-C-CH311SnR11R (V) R-Sn-O1H3C-C-OH 0 Si

[Patent Document 4]: Japanese Patent Application Laid-open

No.07-5065989

DISCLOSURE OF THE INVENTION
5 [Problems to be solved by the Invention)

An object of the present invention is, for the purpose of
sclving problems accompanying the related art, to provide a
curable organopolysiloxane composition that affords
antifouling coating film which has highly excellent interlaver

10 adhesive properties when laminated directly on the surface of
an epoxy resin anticorrosive coating film as well as excellent
antifouling properties, and to provide an antifouling composite
coating film comprising an antifouling coating film formed from
such curable crganopolysiloxane composition and an epoxy resin

15 anticorrosive coating film.

[Means for solvin‘g the problems]

The inventors, as a result of zealous studies for solving
the above-mentioned probklems, found that a cured
organcopolysiloxane antifouling coating film which has increased

20 adhesiveness to an epoxy anticorrosive coating film and in
addition good antifouling properties and good coating film
strength was formed by combining a specific tin catalyst wit
a curable organopolysiloxane antifouling paint composition,

preferably combining in a specified ratio, and accomplished the



120R SN0 11 R 120R 5(In the formulas (ll) - (V), R1 represents a 01-C10 hydrocarbon group,
and R2 represents a 01-04 hydrocarbon group. In the formula (V), n represents an integer of 1 or
larger.) Further,thesecondcurableorganopolysiloxane composition of the present invention is
provided also as a 10 two-liquid type curable organopolys loxane composition comprising (A) a main
agent component containing the above-mentioned organopolysiloxane (al) and silica (a2), (B) a curing
agent component containing the above mentioned organosilane and/or a partial hydrolyzate thereof
(b1), andP&EEFRast 8E KindP&f-tin compound (ac) selected from the group 8 consisting of tin
compounds represented by the above general formulas (1) - (V), wherein the tin compound is

combined with thE'fafn- 4§Entecinpdfert{A oP frelolfring gentorfpbtient IB AL at 88§t one kind of

tin compounds selected from the 5 group consisting of tin compounds represented by the above
general formaksl)ivyca sloxanebarthesntamidbtin compdand ispreferablez curable

organcpolysiloxane composition comprising, (A} a main agent
5 component containing an organopolysiloxane {al) which has at
least two condensation reactive groups in themoleculeandsilica
{a2), {(B) a curing agent component containing an organosilane
and/or a partial hydrolyzate thereof (bl), wherein the
organosilane has functional group{s) capable o¢f undergoing
10 condensation reaction with the condensation reactive group of
organopolysiloxane (al) which has at least fwo condensation
reactive groups in the molecule, and (C) a cure-accelerator
componant containing at least one kind of tin compound (ac)

selected from the group consisting of tin compounds represented

15 by the following general formulas (I) - (V).
2 1 7l 2
OR R OR
Are 1 1t ..
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(In the formula (I), R* represents a C;~-C;p hydrocarbon group,
and R? represents a C;-C4 hydrocarbon group. p represents an
integer of 1 to 10, g represents an integer of 1 to 4, and r

20 represents an integer of 1 to 5.)



The third curable organopolysiloxane composition of the present invention is provided as a three-liquid
type curable 10 organopolysiloxane composition to be applied directly to an epoxy resin anticorrosive
coating film, comprising (A) a main agent component containing the above-mentioned
organopolysiloxane (al) and silica (a2), (B) a curing agent component containing the above-mentioned
organosilane and/or 15 a partial hydrolyzate thereof (b1), and (C) a cure-accelerator component
containing at least one kind of tin compound (ac) seLected from the group consisting of tin compounds
represented by the following genereﬁft\)rrptﬂ S (yf? (vir). (vi) 900111113 R 0--0--Sn-0--C--R 11
(In the formula (V1I), Rl represents a 0- emyd/c&rarbon group, and R3 represents a 01-09 hydrocarbon
group.) 04110 R1RC 111 HC11 ${10C OR2 ...... (1T

AN
/s

l ?R ?mcwcn?,
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| L o 1y
HyC—C—0 OR® R

1
o (IV)
i
5;* ?RZ 1 ?Rz o—C—Chy
Rl——?n-—ow—E—?i_o—?n—o%—?z—o—?n—R1
150—E—0 or? R " orR? R
O (V)

5 (In the formulas (I1) - (V). r* represents a Ci;~Cyp hydrocarbon
group, and R? represents a C;~-C, hydrocarbon group. In the
formula (V), n represents an integer of 1 or larger.)

Murther, the second curable organcpolysiloxane

composition of the present invention 1s provided alsc as a
10 two-~ligquid type curable organcpolysiloxane composition
comprising (A} a main agent component containing the
above~mentioned organopclysiloxane (al) and silica (a2), (R)
a curing agent component containing the above mentioned
organosilane and/or a partial hydrolyzate thereof (bl), and at

15 least one kind of tin compound (ac} selected from the group



11 HCOR11 O (In the formula (VIII), R' representsa 01-Clohydrocarbon group, and R4 represents a
01-03 hydrocarbon group.) The fourth curable organopolysiloxane composition of the present
invention is provided also as a two-liquid type curable organopolysiloxane composition to be applied
directly to an 10 epoxy resin anticorrosive coating fitm, comprising (A) a main agent component
containing the above-mentioned organopolysiloxane (al) and silica (a2), (B) a curing agent component
containing the above-mentioned organosilane and/or a partial hydrolyzate thereof (bl), and at least one
kind of 1=-tin coapound {ac)Setectedddram dze gravpconsisting iof tinlcompounessepresanted by the
above general formulas (V1) - (VIII), wherein the tin compound is combined with the main agent
componend (A).Qr=the cuying agent compenent {2 in chupberasiat least-ane:kind of Hin
compound selected from the group consisting of tin compounds represented by the above general
formulas {¥h-QAH)s af deast onedkind of tineompeund.selected dramdhe grewp saasisting, of dibutyltin
acetoacetonate, 5 dibutyltin diacetate, dibutyltin dipentoate, dibutyltin dioctoate, dibutyltin
dineodecanoate, gioctyitin ginsodecanpate; dibutyltin bistethylmalate) and-dioctyltinbis{etbyl malate)
is preferable. As to the first to the fourth curable organopolysiloxane 10 compositions mentioned

above, t"?ﬂ@jﬁ@ of-fip, canfained in Bn compeund Lag) ndth respect 4 theytofa) amountofpve
organopolysiloxane (al) having at least 2 condensation reactive groups in the molecule and silica (a2)

is preferably, 0.001-2.B by weight, more prefergbly0.91:1.0 Lbyyueight, and the atio 15 with respect
to the total amount of components (al), (a2) and (bl) is preferably 0.001-1.0 | by weight, more

preferabl}égm%]o-gédgqu&eé@étz an1d he above-mentioned organopolysiloxane (al) in the main agent
component (A) represents an organopolysiloxane containing 20 preferably at least two functional

groups in the molgeule. marg preferably atthe.both teyminals, Jndependently selected from the group
consisting of hydroxyl group, oxime group, @mino grodp, acetyloxy group an(ﬂ“aﬁ(oxy“group. The
above-mentlonedtorganosug{lgnand/or a ﬁg&t@é dhlyi%roéyz‘g?ﬁe therﬁqf O(E)? 4n %he curin %%elnt

componepr1lf?§)el'tls pr"e“f%}raegiy an orégngsl:l ane and/or a par |afﬁ$5rory2a e the¥g§f, wherem the

organosilane contains hydroxyl group, oxime group, acetyloxy group or alkoxy group, more preferably
an’s aIky?s"“fl%%ftiéj %Pg ar |acf}ﬁ}§/l/ﬂ%oly/cz%2flg Selrg% o t%h}é}/ema%/ﬁ%gé%fgcorﬁﬁggégn{ﬁ@fSrefer?ably
contains a heat-t;eated substance £a22) formedpg rPrioﬁg eat treatment of an or anopo[%siloxane (al)
having afR3&t WO ConteHSatioN TEaGtvEgrotps 1 the molecute BRd %ﬁi%:ﬁ?aéf?)orasl}ﬁ 10
heat-treated substance (a22) and an organopolysiloxane (al2) having at least two condensation
reactive §rOtDs in the FHOIBENE" Thec%gﬁ‘ Hémtcompohéfit (A) iy Contaifi AdtRiofdlly a color

pigment (a3) such as titanium white, iron oxide black, carbon black, iron oxide red, and cobalt blue.
The addéd Y, (B) a curing agent

ﬁ{b%?lySLloxane aly and silica (a2
compenent containing the above-mentioned organosilane and/or
15 a partial hydrolyzate thereof (bl), and {C) a cure-accelerator

component containing at least one kind of tin compound (ac)

selected from the group consisting of tin compounds representad

by the following general formulas (VI) - (VIII).
1
HaC R CHs
=01 0
N
8n
N
0| O==
HaC ' CHy

20 (In the formula (VI), R! represents a C;-Cyp hydrocarbon group. )



15 of these color pigments to the total amount of organopolysiloxane (al) having at least two
condensation reactive groups in the molecule and silica (a2) is preferably 0.01-30 % by weight, more
preferably 0.1-20 % by weight. The main agent component (A) may additionally contain a -
20solvent (a4). The added amount of organosi%ne and/or a partial hydrolyzate thereof (bl) in the
curing agent component (B) with respect to the total amount of organopolysiloxane (al) having at least
two condensation reactive groups in the molecule and 12 silica (a2) is preferably 1-20 % by weight,
more preferably 3-10 % by weight. The main agent component (A) and/or the curing agent
component (B) may contain ad |ionaII a liqui iorganopolysiloxane (dl). The number average
molecular weight (Mn) of thisJiquid-organepelysitexzine (dl) measured by GPO is preferably
400-10000. The above liquid organppolysiloxane (d1) may be, for example, a non-reactive liquid
organopolysiloxane (d11) 10 representéd by the following generalforrhula (3a) and/or (3b), and also
may be, for example, a reactive liquid organopolysiloxane (d12) represented by the following general
formula (3c). The:condensationreactive ‘grauprefihe reactive liquid-erganepalysiloxane(@12) is
preferably at least one kind 15 of condensation reactive group selected from the group consisting of
hydroxyl greu ‘oxiEe Qreup.ramiocgraup racebA - aroup anchalkoxy group.  (In the above general
formula (3a), R13s may be identical or 20 differentandrepresentanalkylgroup, arylgroup,aralkylgroup,
or fluoroalkyl group, each having 1-10 carbon atoms, represents an integer of O to 500.) 13 R14xsi (
R15_ zvyo (4-x-y) /2(3b) (Inthe above-mentioned?Fomposition formula (3b), R1 representshydrogen
atom or an alkyl group, arylgroup, or arqlkw@roym@ach having 1-10 carbon atoms, RI5 represents a
02-C10 divalent 5 aliphatic @/drocarbo‘ﬁ groupQNhichi aybe interrupted by an ether group, ester group
or -NH-, Z represents ajnonovgy Lgrauy such-as amino group, carboxyl group or epoxy group,
or a polyethylene glycol group or polyptqpyleneﬁ col group of which terminal may be blocked with an
alkyl group or acyl gro ghagm 1Q,4-67carbon atgins. Further, x and y satisfy the relationships: 0.01x
< 3.99, 0.02y <4, and 0.02x#y <4.) SiR40SiR5bY(3-b)(3c) (In the above Formula (3c), R4 represents
an unsubstituted or substituted divalent hydrocarbon group or divalentiydrocarbon

5 {In the formula (VIII), Rzrepresents a C1-Cyp hydrocarbon group,
and R® represents a C,-C; hydrocarbon group.)

The fourth curable organopolysiloxane composition of the
present invention is provided also as a two-liguid type curable
organopolysiloxane composition to be applied directly to an

10 epoxy resiﬁ anticorrosive coating film, comprising (A} a main
agent component containing the above-mentioned
crgancpolysiloxane {al) and silica (aZ), (B} a curing agent
component containing the above-mentioned organosilane and/or
a partial hydrolyzate thereof ({bl), and at least one kind of

15 tin cocmpound (ac) selected from the group consisting of tin
compounds represented by the above general formulas (VI) - (VIII),
wherein the tin compound is combined with the main agent

component (A) cr the curing agent component [B).



15 group containing ether linkage, R5 represents an unsubstituted or substituted monovalent
hydrocarbon group, Y represents a condensation reactive group and b represents 0, 1, or 2.) The
ratio of the liquid organopolysiloxane (dl), when it is combined with the main agent component (A), with
respect to 20 the total amount of organopolysiloxah‘@ (al) having at least two condensation reactive
groups in the molecule and silica (a2) is preferably 0.01-15 % by weight, more preferably 1-10 % by
weight. Further, when it is combined with the curing agent component (B), the ratio with respect to the
organosilane andfrrtiarpartialitydrelyzatertherdof{lelf is preferably 2:.01s50Q % by weight, more
preferably 50-350 % by weight As such liquid organopolysiloxane (dl), silicone oil is preferred. A silane
coupling agentynay becadditicrallycambined withpdhe drainagent sampenent (Arand/gethe curing
agent component (B). The added amount of the silane coupling agent, when it is combined with the

main agegteemponent-(A); with(respectitothe fotat amewtt ofierganepolysiloxane(ah and silica (a2)
is preferably 0.01-1 % by weight, while the added amount, when it 10 is combined with the curing

agent corsporetdB)s with respgeiteghe-amount offhe-qrganasiiape andior apartial hydrolyzate
thereof is preferably 0.01-50 % by weight. By curing the antifouling paint composition ['i]

containing ihe abave-mentioaed curable organopqlysiloxane; 15compgsitions, dhe antifouling coating

film [ll] of the present invention can be formed. This antifouling coating film [Il] has good adhesiveness

to an epoxy sesin gnficorrosivg coating film, especiglly, the;epaxy resin anticor%év&%%@% film [1]
yr

which is formed from 20 an anticorrosive paint composition [i] which contains an epoxy resin (el), an

amine-based cusing agent (e2) &rba&%%ynregips%%91wﬂoqeﬂyaa%??dva%igmgﬁ&&?f@%ﬁ“

anti-sagging agent (e4). This antifouling coating film [lI] can be used as an antifouling composite

coating fijm Qyé@ry%tiﬂg lcgrgggly on 15 g%%%gﬁcee_ of this epoxy resin anticorrosive coating film [I].

As to the first to the fourth curable organopolysiloxane
10 compesitions mentioned above, the ratio of tin contained in tin
compound {ac) with respect to the +total amount of
crganopolysiloxane (al) having at least 2 condensation reactive
groups in the molecule and silica (a2) is preferably 0.001-2.0 %
by weight, more preferably 0.01~1.0 % by weight, and the fatio
15 with respect to the total amount of components (al), (a2) and
(bl) is preferably 0.001-1.0 % by weight, more preferably
0.01-0.5 % by weight.
The above-mentioned organopelysileoxane (al) in the main
agent component (A} represepts an organopolysiloxane containing
20 preferably at least two functional groups in the meolecule, more
preferably at the both terminals, independently selected from
the group consisting of hydroxyl group, oxime group, amino group,
acetyloxy group and alkoxy group.

The above-menticned organosilane and/ocr a partial



As a preferred specific example of components contained in the above-mentioned epoxy resin
anticorrosive paint composition 11], there may be cited bisphenol type epoxy resin 5 as the epoxy
resin (el), polyamideamine as the amine-based curing agent (e2) for an epoxy resin, talc, barium
sulfate, mica, titanium dioxide and carbon black as'the body pigment (e3), and polyamide wax as the
anti-sagging agent (e4). The antifouling coating film and the antifouling composite 10 coating film of
the present invention mentioned above can be painted to coat base materials of an underwater
structurelh shipcdnthe diket ard earf exhibit eéxcelleat antifoulingpropertesijeffects of#he lrvention]
According to the presentinvention, it is possible to 15 laminate, without a conventional intermediate
coating filmddyers theycunedrarganepdlysibrane’ antifopling: ¢edtihg dilm havingeexicelfent interlaminar
adhesiveness to epoxy anticorrosive coating film layer directly on the surface of the epoxy
anticorrosivercoating in layen dealizing shonteningsohg work 20 permekof paihtingopetation and cost
reduction. BEST MODE FOR CARRYING OUT THE INVENTION Hereinafter, there will be
specifically- degcribed thectirable erganapalysiloxane eamposition-in the psesentiinventiom 16 the
curable organopolysiloxane antifouling paint composition (ii] (also may be simply called "antifouling
pairg compasitien [iif] o eentaining therabove copapesition the eured-erganopolysiloxane antifouling
coating film (also may be simply called "antifouling coating film [II]") formed from the above antifouling
paint composition{id, the epOXY fesin anticarosivedpaint compasition:h (alsodnay hersimply called
"anticorrosive paint composition [i]), the epoxy resin anticorrosive coating film [I] (also may be simply

called 10 fanticorrosivecoating film-Il]")y and the curedsorganapalysiloxane.antifouling.compposite
coating film (also may be simply called "the antifouling composite coating film") comprising the above

anticorrogiye coating film [ and {he abque antifgyling,coating film{Il]. 13 A-ciwablesorgangpolysiloxane

composition Thé curable organopolysiloxane composition of the present invention contains at

least (al).-ag arganonglysjloxang containing ai least wo,condensation reagtive graups iR the molecule,

20(a2) silica, (bl) an organosilane and/or a partial hydrolyzate thereof, wherein the organosilane has

funglona) SrQuR(s) canpls,ohpderaaing, oydensation reasion it sandensation reaive groups o

the above organopolysiloxane (al), and C) at least one Kin tin"compound selected from the

group consising ot tin compounds sepresentad by the ahoye gencralfonmulas (1, grat least one
romt i

. : €83 .
kind of tin compound selecte e group consisting of tin"compounds represented by the 5above
general form”'asfé\’?'.)'l%\a{':{'%' 'Q\%Q%Pr%%%%?'g;‘é%@'o%ﬂ“eﬁgg‘g ar'l)é"é‘i%rgg‘%%g%,'é’éﬂl%)@fg havingat
least two conderisation réactive groups in the molecule™ nmaybe simply called "organopolysiloxane (al)
m'Comeﬂﬁﬂﬁﬁ%}gﬁggﬁhﬁgﬁq‘é@%ﬁ”éﬁg%T%%@ESm white, iron cxide black,
carbon black, iron oxide red, and cobalt blue. The added amount
15 of these color pigments to the total amount of ocrganopelysiloxane
{21) having at least two condensation reactive groups in the
molecule and silica (a2) is preferably 0.01-30 % by weight, more
“preferably 0.1-20 % by weight.
The main agent component (A) may additionally contain a -
20 solvent [(ad}).
The added amount of crganosilane and/or a partial
hydrolyzate therecf (bl) in the curing agent component (B} with

respect to the total amount of organopolysiloxane (al) having

at least two condensation reactive groups in the molecule and



10 and/or a partial hydrolyzate thereof having functional group (s) capable of undergoing condensation
reaction with condensation reactive groups of the above organopolysiloxane (al)" may be simply called
" organosilane (b1)" or "component (b1)". Further, among the tin compounds (ac),theabove-mentioned
15 term "at least one kind of tin compound selected4rom the group consisting of tin compounds
represented by the above general formulas (I)-(V)" may be called "tin compound (acl)", the term "at
least one kind of tin compound selected from the group consisting of tin compounds represented by
the abové-gehetall 26forhiulas(AeRDY rhay bé &aflettitihdonpound 2yt ab 1 yThe tlréble '
organopolysiloxane composition of the present invention is usually provided as a three-liquid type or
two-liquié ¥ypeséamyosition described below. These three liquids or two liquids are each stored
separately in vessels 18 like cans, and mixed and stirred at the time of painting. As to the above
curable organopdlisiloxane cempositiorowithrammdspéét of shelthree-fiquid type, the follewing main
agent component (A), the curing agent component (B), and the 5 cure-accelerator component (C) are
each packedrsepardtely afiel) mixeddegetherat-thertime efldset i ondn this case, theé mairl dgent
component (A) contains an organopolysiloxane (al) having at least two condensation reactive groups
in the maleeule @nd silical(@2y.rikhe( édring 10-agentcompaonest Brcantansan: ergandgilane and/or a
partial hydrolyzate thereof (lel). The cure-accelerator component (C) contains tin compound(s) (ac).
On the othet)hand, @s:te theaboveatrablerpryganopdysiloxane compesitier with,an aspeet of the
two-liquid 15 type, the following main agent component (A) and the curing agent component (B) are
each pagkegrseparately:and-mixeshtogether at the time of use. In this case, the main agent
component (A) contains an organopolysiloxane (al) having at least two condensation 20 reactive
groups in the motecile;and;silica; (@2).aTherelring-raent component (8) pog@ipsk@@rormosilane
and/or a partial hydrolyzate thereof (b1). Further, tin compound(s) (ac) are used as being combined
with the main.agent compensnt (A} exthecuring-agent cewgﬂsgs(@sili%xangurtfqarmqre, in both
cases of the above two-liquid type and three-liquid type, a color pigment (a3) or a solvent (a4) may be
combinedith.the-mpain agent,compenent (4., abd &iso adiguid arganepolysilaxane (ah,or a silane
coupling agent may 5 be combined with the main agent component (A) and/or the curing agent

component(B). tierejnafigr, each,compongnt of lese qrganopolysilpxane (gl), silica (a2)

organosilane (b1), tin compoéund (ac), color  pigment (a3), solvent (a4), liquid organopglysiloxane

(dl) and 10 slane soupling.agent arg fescibed o08.LY.0NG, the following general
formula (3c). The condensation reactive group of the reactive
liguid organopolysiloxane (dl2) is preferably at least one kind

15 of condensation reactive group selected from the group
consisting of hydroxyl group, oxime group, amino group,

acetyloxy group and alkoxy group.

Tm FEEw F|213
R i O §im Ol iR
P
n 13
R B i (33)
(In the above general formula (3a), R's may be identical or

20 different and represent an alkyl group, aryl group, aralkyl group,
or fluorcalkyl group, each having 1-10 carbon atoms. n

represents an integer of 0 to 500.)



Organopolysiloxane (al) The organopolysiloxane (al) used in the present invention contains at least
two condensation reactive groups inthe  molecule and is a polymer having a structure represented
by the 15 following general formula (1). iiii R11 R R R-Si-0Si 0Si R Hihi (1) In the above general
formula (1), Rals may be identical or different and ddch represent a condensation reactive group or a
01-012 monovalent hydrocarbon group. However, at least two 20 ofmust be condensation reactive
groups. n represents an integer of 250 to 2500, preferably 350 to 1500. Further, the organopolys
loxane (al) represented by the'x20. aR6ve gefieral-formula (1) usualliBids the number average
molecular weight 0f20,000-170,000, preferably 25,000-100,000, and usually has the viscosity at 25 C
of 500-1,000,006 mPays,-preferably=1 008+1£0G; 000 mPaesmu L aThekdhove mentionedtendensation
reactive groups" include hydroxyl group, or hydrolyzable group such as alkoxy group, acetyloxy group,
alkenyloxyygroopehinoxyrgroupa anzhd groum,camidosgrolipg aminoxyegraups dkiyie graupsand the like,
and especially hydroxyl group, oxime group, amino group, 10 acetyloxy group and alkoxy group are
preferablesfeomithe standpoinit eftheseaativitys, RAmengrtheabovesmentioned amine groups, those
having a total number of 1-10 carbon atoms are preferable, and included are, for example,
N-nmethylamipe graup hicetbylaning greunpLoHN-Propykaming group: N-butylaming group.
N,N-dimethylamino group, N,N-diethylamino group, cyclohexylamino group and the like. Among the
above-meptioned asebioxy Greups,-04:010z represents a monovalent polar group

such as amino group, carboxyl group or epoxy group, o©r a
polyethylene glycol group or polypropylene glycol group of which
terminal may be blocked with an alkyl group or acyl group having
i0 1-6 carbon atoms. Further, = and y satisfy the relationships:

0.01 = = < 3.95, 0.02 £y <4, and 0.02 £ x+y <4.)

]

SiR*0SiR*,Y (3en, U (3c)
(In the above formula (3¢}, r* represents an unsubstituted or
substituted divalent hydrocarbon group or divalent hydrocarbon
15  group containing ether linkage, Rsrepresents an unsubstituted
or substituted monovalent hydrocarbon group, Y represents a
condensation reactive group and b represents 0, 1, or 2.)
The ratio ¢f the ligquid organopolysiloxane {dl}, when it
is combined with the main agent component (A}; with respect to
20  the total amount of organcpolysiloxane (al) having at least two

condensation reactive groups in the molecule and silica (a2)

e

is preferably 0.01-15 % by weight, more preferably 1-10 % by
weight. Further, when it is combined with the curing agent

component (B}, the ratiowith respect to the organcsilane and/or



aliphatic ones or 06-012 aromatic ones are preferable, and 20included are, for example, acetoxy
group, propyloxy group, butyloxy group, benzoyloxy group and the like. Among the
above-mentioned-alkoxy groups, those having a total number of 1-10 carbon atoms are preferable,
optionally interrupted by an oxygen atom (ether linkdge) between carbon 21 atoms at least at one site,
and included are, for example, methoxy group, ethoxy group, propoxy group, butoxy group,
methoxyethoxy group, ethoxyethoxy group and the like. The organopolysiloxane (al) in the present
inventiors fromy 5ithé Standpaintefithetreactivity, preferably woatains: it foth teratinalss functional
groups each selected independently from the group consisting of hydroxyl group, oxime group, amino
group, acetyloxy grauprancakoxy graup, and Hiaseshaving.a: hydroxyl groupat hothiterminals of the
molecule (a,o-dihydroxy 10 functional siloxane) are especially preferable. On the other hand, the
01-012 monpvatens hydiacatber greups,representetkby the generakformulad(1) include, for example,
alkyl group, alkenyl group, aryl group, cycloalkyl group, aralkyl group and the like. These monovalent
hydrocarbon groups 16:-may-ke: githersubstitutetor vasubstituted 5 1 1 Jhe.above-mentioned alkyl
groups maybe linear, branched, or alicyclic, and include, for example, methyl group, ethyl group,
propyl grodB, Rutyh gEeu, 2-etvibutxkgroun; ogtykgroup-aad the like, The abovesmentioned alkenyl
groups include, for 20 example, vinyl group, hexenyl group, allyl group and the like. The

above-mentioned ggyLoroupsiinclude, for examplephenyl group, folyl group, Xy.yl groupsnaphthyl

group, diphenyl group and the like. The above-mentioned cycloalkyl groups include, for example,

cyclohexyLaioup-cygiopantyl graup and thedice. 2 The aralky orauas tnelyde. for example, benzy|
group, 2-phenylethyl group a_nd the like. Unsubs |tuted_ methyl group and phenyl group are espe_mally
preferred. e alganopolysoxans.(al)ay be combiaed @l il olustaly 249 %4 By weight

preferably 30-80 % by weight with an antifouling paint composition [Li.] which contains a solvent or the

I e B 2 B N e D e e wceliont
by weight of the solid’ content of the antifoufing paint composition ||T 0in order to realizé excellent
ially-availabl

a iBouIin performance. .. .Furthermore, commer pr >?uctsc be used as the o
ganopolf%loﬁgﬁg](glfcgf \fhletlﬁré“s%%t ﬁl%%ﬁﬁgn.algc)erne%xa?nag? eerrlg m{;é be“ﬁ%egﬁtiorr\%sdp@lc—%%?” (GE

Toshiba Silicgnes) having hydraxyl groups, "KE45" (Shin-Etsu Chemical Co., Ltd.) 15 having oxime
groups, %E%%&' @?Hﬁsﬁ%ﬁgﬁ%ica or?,bl_st%]. ah%(‘\:’/ir?gn% k%)‘?yagrléj)ﬁ5?“‘L g gﬁ%ﬁ %i?’)zat@ The silica
(a2) Usegg% ;[:heeo%refgn%) ?%/%2?%% in}glLbd.eglh_yngO%hlllbcys%%a}n(ggggce-untreated silica) such as

By curing the antifouling paint composition [ii]

containing the above-mentioned curable organopolysiloxane
15 compositions, the antifouling coating £ilm [IT] of the present
invention can be formed.

This antifouiing.coating film [II] has good adhesiveness
to an epoxy resin anticorrosive coating film, especially the
epoxy resin anticorrosive coating film [I] which is formed from

20  an anticorrosive paint composition [1] which contains an epoxy
resin (el), an amine-based curing agent (e2) for an epoxy resin,
and optionally a body pigment (e3) and an anti-sagging agent
(e4). This antifouling coating film [II] can be used as an

antifouling composite coating film by laminating directly on



20 wet-process silica (hydrated silica), dry-process silica (fumed silica, anhydrous silica) and
surface-treated hydrophobic silica such as hydrophobic wet silica and hydrophobic fumed silica. These
may be used alone or in a combination thereof. As_the above-mentioned wet-process silica, though not
23 specifically limited, there may be used, for exar]nsple, silica having about 4 to about 8% of adsorbed
water, a bulk density of 200-300g/L, a primary particle size of 10-30 um, and a specific surface area
(BET surface area) of 10 m2/g or more. As the above-mentioned dry-process silica, though not
speciallyfinfitéd- thaREntdy beUs&P $drekample Alica RAViRG aFal? Tonithtof 1. %f(;r“less, a bulk
density of 50-100g/L, a primary particle size of 8-20 um, and a specific surface area of 10 m2/g or
more. 10The abdve-méntiohad Wﬁr@&ﬁﬁﬂéﬁﬁn@&%ﬁﬁ@g% lade ey proEESE-SikCaEsy
surface-treating with organosilicon compoundssuchasmethyltrichlorosilane, dimethyldichlorosilane,
hexamethyldisiaZané FrekanisthyieyélstrisiG%aie) octaniathylcyElbtetrasiiogaean@ a5 e like. The
water adsorption over time is small, and the water content is usually 0.3% or less, in many cases
0.1-0.296 Fepsuchthyeirophdbicfufied Bifida Photighatotsherisiiy fimited theromayiesdded, for
example, silica having a primary particle size of 5-50 um, a bulk density of 50-100g/L , and a specific
surface 26 drea 6L m2kpcrmcrd) - polhvaduitismasmentidisd Below Whaee the Weantgeated
hydrophobic fumed silica is formed by heat treating silica together with the above-mentioned
organopelysitdxarie Zal), ithrasza water content bh usuaily ©.2% or less, prefdrably,0.1%c24 or less,
more preferably 0.05-0.1%, since the water adsorbed on the surface of silica is physically reduced
and/or remaved. Theldthet peopediesdikectheulk densityhetdyremain tve: samesas the:above
hydrophobic silica. 5Commercially-available products can be used for such silica (a2).For example,
there maycieymentioned ¥RAZ4'; R X200, -ete.cof Nippar &etosieGo., Ltd. The organopolys oxane
(al) and silica (a2) in the main agent component (A) of the present invention are preferably a 10
heat-treated substance: (a22) farmeddy-pricrcheat treatnert ofithe ahove organopplysiaxane (al) and
silica (a2), or a mixture of the heat-treated substance (a22) and an organopolysiloxane (al) which is
not heatdreatach o s isrbecauspeby making:heatireaiment absiica fad) withhapad=e1 thewhole of the
15 organopolysiloxane (al) in advance, an effect of improving the affinity of both components and
suppressigg ceaguationaf-siiea 4a2x ean be obtained; Thigheat treatmentpay be, peHarmed, for
example, at normal pressure or under reduced pressure, at temperatures between 100 C or more and

the 20 dggompesitiontemperature aftthemdded.campenents:orless, preferablyhetween; 100 and 300
C, more preferably between 140 and 200 C, usually for about 30 minutes to 3 hours. Silica (a2) is
combinegd:with. 10@ parsbyweightefithg.organopolysiloxane (al) usually at the ratio of 1-100 parts by
According to the present invention, 1t is pessible to
15 laminate, without a conventional intermediate coating filmlaver,
the cured organopolysiloxane antifouling coating film having
excellent interlaminar adhesiveness to epoxy anticorrosive
coating film layer directly on the surface of the epoxy

anticorrosive coating film layer, realizing shortening of a work

20 period of painting operation and ccst reduction.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, there will be specifically described the

curable organopolysiloxane composition in the present invention,



25 weight, preferably 2-50 parts by weight, more preferably 5-30 parts by weight. If the added amount
of silica (a2) is less than the above range, sufficient film strength, film hardness or thixotropy may not
be obtained, and a desired film thickness 5 may not be obtained by one painting operation, especially
by spray coating. If it is more than the above range!&he viscosity of the paint may become excessively
large. By using the above-mentioned silica (a2), the resulting antifouling paint composition
acquires increased stability 10 during preparation or storage, and fluidity and thixotropy become
improvedt Ascoatingfilm wittya sufficiert thickeess is thert formedee venion a verticas surfase and the
like with a reduced number of painting operations; furthermore, excellent balance among properties
such as hardneds, tensite: strength,rexignsion 5 eteuasiwell:as astifouling prepewiesof Hie resulting
film is obtained. Ordanosilane (bl) The organosilane and/or a partial hydrolyzate thereof (ol) used
in the pregenf ihyention fraye funeiional igroupés) capable-26hpHundeargeing condensationggaction with
condensation reactive groups of organopolysiloxane (al) which has at least two condensation reactive
groups incthe=melecules The esganasitane-as this cemponegt{bhin¢lides an organgsilane represented
by the following general formula (2). 26 R12 S1-0S1-R12 [12H2 (2) In the above general formula
(2), Bs maybesidentieal of slifferent, and-each representa eondensatian seagtive.grou or a Cl-Cs

monovalent hydrocarbon group. However, at least 2, or preferably 3 or more of R12 are condensation

reactive grg@gp&imrgg@@%@{g gi@tinteg%fog goC;LQ,rprefqrgpb/FO 10:8, 4 JBS '-CSgQ(%rl%valent
hydrocarbon group in the general formula (2) includes substituted or unsubst'tuted groups such as

alky! group, kel grops ad areuRgyeloalkylaronp; 19aralylgtpun andhing Jke 28 fne case of

the above-mentioned general formula (1). The condensation reactive group | generaﬁ ormula (2)

Includes the, 3mg ongs A3 the gase ol he.generalformyla , (1) pove, and itis preferably
hydroxyl group, oxime group, 15 acetyloxy group or alkoxy group.
anticorrosive coating film [I] {(also may be simply called
10 "anticorrosive coating film [I1™) and the cured
organopolysiloxane antifouling composite coating £film {also may
be simply called "the antifouling composite cocating film™)
comprising the above anticorrosive coating £film [I] and the above

antifouling coating film [II].

15 A curable organopolysiloxane composition

The curable organopolysiloxane composition of the present
invention contains at least
{al) an organcopolysiloxane contéining'at least two condensation
reactive groups in the molecule,

20 (a2) silica,

{(bl}) an organosilane and/or a partial hydrolyzate thereof,
wherein the organcsilane has functional group(s) capable of
undergoing condensation reaction with condensation reactive

groups of the above organopolysiloxane (al}, and



Further, an organosilane derived from partial hydrolysis of the above hydrolyzable groups such as, for
example, acetyloxy group and alkoxy group can be used as the above-mentioned component (bl). 20In
the present invention, especially the organosilane containing the above-mentioned alkoxy group, that
is, alkoxysilane (also called "alkylsilicate™) or a parﬂigl 27 hydrolyzate thereof can be preferably
used.The above-mentioned alkoxysilane includes, for example, tetraalkylorthosilicate
(tetraalkoxysilane) such as tetraethyl orthosilica (TEOS) and the like, or alkyltrialkoxysilane such
asmethylfifetRéxy<iané, cthftimBthoxyshafe SRBRT RSOy St and %‘ﬂe TKE 97 F&pecially, in
case of using an organopolysiloxane having hydroxyl groups at both terminals as component (al), it is
preferabfPascebinicoiinatomwitRTIRESE SRy RHBARSSIY- $AkBYy SihRe &P AT oP & Partarfhydrolyzate
thereof as the component (bl). Commercially-available products can be used as such
organosifarienbiy sFEF exaiiple, Aefe MaREEs mefiched ethyl sicrEes CoRBatEsSEtd.),
"Orthoethyl silicate” (Tama 15 Chemicals Co., Ltd.) as tetraethyl orthosilicate, "Silicate 40" (Tama
Chemicals Go. tihtd. )3 TRES40 WIN' An/beke PAS SHIRaSEISIeEHESCHE R 54 § BE paftid hyBfdtyzate of
tetraethyl orthosilicate, and "KBM-13" (Shin-Etsu Chemicals Co., Ltd.) as alkyltrialkoxysilane. 20In the
curdble efganepglysitoxahe Tomposition(§fithe prédent invention, the ratio of the above organosilane
and/or a partial hydrolyzate thereof (bl) with respect to the total amount of organopolysiloxane (al)
having condensation rezdctive groeipsat both terarinadlstand sitica (a2)4@1)/((a1)#{a2)1],228 is
preferably 1-20 % by weight, more preferably 3-10 % by weight from the standpoint of giving excellent
painting soskahility apd sufficient antifdulingaperformance of theocoatingpfilarto besformed5Tin
compound (ac) As to the first and second aspects of the curable organopolysiloxane composition
of the prgsentriaventionetinccompaunds éachaepresenteckyl the fallowing geheral formutas (1)-(V) are
used as the tin compounds. These tin compounds may 10 be used alone or in a combination thereof.
(al)"™ or "component {al)", and the term "(bl) an crganosilane

10 and/or a partial hydrolyzate thereof having functional group {s}
capable of undergeing condensation reaction with condensation
reactive groups of the above organopolysiloxane {(al)"” may be
simply called " organosilane (bl)" or "component {bl)".

Further,amonqthetincmmpounds(ac),theabove—mentioned

15 term "at least one kind of tin compound selected from the group
consisting of tin compounds represented by the above general
formulas (I)- (V)" may be called "tin compound (acl}"”, the term
"at least one kind of tin compound selected from the group
consisting of tin compounds represented by the above general

20 formulas (V)—-(VIII)" may be called "tin compound (ac2)".

The curable organopolysiloxane composition of the present
invention is usually provided‘ as a three-liquid type or
two~ligquid type compositicn described below, These three

liguids or two liquids are each stored separately in vessels



in the formula (1), R' representsa 01-010 hydrocarbon group and R2 represents a 01-04 hydrocarbon
group. p. represents an integer of 1 to 10, q represents an integer of 1 to 4, and r 15 represents an
integer of 1 to 5. 29 ROOR2 SnSi \0/ \OR2 Ri00-Si(OR2)3 SnSi 1/\ RO0 -C--CH3 11 0 0 R1 OR20-ClI
-CH3 11111 R-Sn-0Si-0O-Sn-R i12li H3C-C-00R R

like cans, and mixed and stirred at the time of painting.

As to the above curable organcpolysiloxane composition
with an aspect of the three-liquid type, the followingmain agent
component (A}, the curing agent component (B, and the

5 cure-accelerator component (C) are each packed separately and
mixed together at the time of use.

In this case, the main agent component (A) contains an
organopolysiloxane (al) having at least two condensation
reactive groups in the molecule and silica (a2). The curing

10 agent component (B} contains an organosilane and/or a partial

hydrolyzate thereof (bl). The cure-accelerator component (C)
contains tin compound{s]} {ac).
On the other hand, as to the above curable

organcpolysiloxane composition with an aspect of the two-liquid
15 type, the following main agent component (A} and the curing agent
component (B) are each packed separately and mixed together at

the time of use.
In this case, the main agent component (A) contains an
organopolysiloxane (al) having at least two condensation
20 reactive groups in the molecule and silica (aZ). The curing
agent component {(B) contains an organosilane and/cr a partial
hydrolyzate thereof (bl). Further, tin compound(s) [ac) are
used as being combined with the main agent component (A) or the

curing agent component (B).



[10--'(IV) 0 R111 OR2R10R2 0-C--CH3 11111 Si 0 Sn 0Si 0 Sn R 12111211 ORRORR (V) 5In the
formulas (ll) - (V), R2 represents a Ci-Clo hydrocarbon group and R2 represents a 01-04 hydrocarbon
group. In the formula (V), n represents an integer of 1 or larger. Among the tin compounds
represented by the above general formulas (1)-(V), Ptin compound of which Ri is butyl group and 10
R2 is ethyl group in the general formula (1) is preferred since the compound assures good
adhesiveness to undercoated epoxy paint and brings the usable time for painting operation to a
suitable range. FUrthesgifffercially2vaitatie HRedGds caf PGsEd a8 Such EintScokipdunds (acl),
for example, there may be mentioned "U-700", 30 "0-780", etc. (Nitto Kasei Co., Ltd.). On the other
hand, asftethetkirG ahd T6dth hEpéctsofiRe etirablé®rganofolysilekafe TomFISHIoNEdt the present

may be combined with the main agent component (A), and also a
ligquid organopolysiloxane (dl) or a silane coupling agent may
5 Dbe combined with the main agent component {(A) and/or the curing
agent component (B).
Hereinafter, each component of these organbpolysiloxane
(al), silica (aZ), organosilane (bl), tin compcound (ac), color
pigment (a3), solvent (ad), liquid organopolysiloxane (dl) and
10 silane coupling agent are described one by one.

Organcpolysiloxane (al)

The organopolysiloxane (al) used in the present invention
contains at least two condensation reactive groups in the
molecule and 15 a polymer having a structure represented by the

15 following general formula (1).

T T T
R0 [ Si—0 ] Si—R "
| 11 [ 41 0 L1 .
R R R ...... (1)

In the above general formula (1), R's may be identical
or different and each represent a condensation reactive group
or a C;~Cyp menovalent hydrocarbon group. However, at least two

20 of R* must be condensation reactive groups. n represents an

Hh

integer of 250 to 2500, preferabkly 350 to 1500.

Further, the organopolysileoxane (al) represented by the



invention, tin compounds (ac2) represented by the following 5 general formulas (V)-(VIll) are used as
the tin compounds. These tin compounds maybe used alone or in ‘a combination thereof. H3CCH3
Ri(VI1) In the formula (VI), R represents a C1-C10 hydrocarbon group. 00 3111113 R --C --O --Sn -0 --C
-R 1110 (VI) In the formula (VRI represent 4 c1-c10 hydrocarbon

above general formula (1) usually has the number average
moleculax'weight.of 20,000-170,000, preferably 25,000-100, 000,
and usually has the viscosity at 25 °C of 500-1,000,000 mPa-=s,
preferably 1,000-100,000 mPass .

5 The above-mentioned "condensation reactive groups”
include hydroxyl group, or hydrolyzable group such as alkoxy
group, acetyloxy group, alkenyvloxy group, iminoxy group, amino
group, amido group, aminoxy group, oxime group and the like,
and especially hydroxyl group, oxime group, aminoc group,

10 acetyloxy group and alkoxy group are preferable from the
standpoint of the reactivity.

Among the above-mentioned amino groups, thcese having a
total number of 1-10 carben atoms are preferable, and included
are, Ior example, N-methylamino group, N-ethylamino group,

15 N-~propylamino group, N-butylamino group, N,Nfdimethylamino
group, N,N-diethylaminc group, cyclohexylamino group and the
like.

Among the above-mentioned acetyloxy groups, C:-Cig
aliphatic ones or Cs~Cy; aromatic ones are preferable, and

20 included are, for example, acetoxy group, propyloxy group,
butyloxy group, benzoyloxy group and the like.

Among the above-mentioned alkoxy groups, those having a
total number of 1-10 carbon atoms are preferable, opticnally

interrupted by an oxygen atom (ether linkage) between carbon



group and R3 represents a CI-C9 hydrocarbon group. 0 4H o R1 11R'%-07.0%"CH CIlll HO SnOCH
HCOR11 40 (V1) ‘

21

atoms at least at one site, and included are, for example, methoxy
group, ethoxy group, Propoxy group, butoxy’group,Inethoxyethoxy
group, ethoxyethoxy group and the like.

The organcpolysiloxane (al) in the present invention, from

5 the standpoint of the reactivity, preferably contains, at both
terminals, functional groups each selected independently from
the group consisting of hydroxyl group, oxime group, amino group,
acetyloxy group and alkoxy group, and those having a hydroxyl
group at both terminals of the molecule {a, o-dihydroxy

10  functional siloxane} are especially preferable.

On the other hand, the C;-Ci; monovalent hydrocarboen groups
represented by the general formula (1} include, for example,
alkyl group, alkenyl group, aryl group, cycloalkyl group,
aralkyl group and the 1ike. These monovalent hydrocarbon groups

15 may be either substituted c¢r unsubstituted.

The above-menticned alkyl groups may be linear, branched,
or alicyclic, and include, for example, methyl group, ethyl group,
propyl group, butyl group, 2-ethylbutyl group, octyl group and
the like. The above-menitioned alkenyl groups include, for.

20 example, vinyl group, hexenyl group, allyl group and the like.
The above-mentioned aryl groups include, for example, phenyl
group, tolyl grdup, xylyl group, naphthyl group, diphenyl group
and the like. The above-mentioned cycloalkyl groups include,

for example, cyclohexyl group, cyclopentyl groupr and the like.



31 Among the tin compounds represented by the above general formulas (VI1)-(VIIl), dibutyltin
acetoacetonate (also called "dibutyltin acetylacetonate"), dibutyltin diacetate, dibutyltin dipentoate,
dibutyltin dioctoate, dibutyltin 5 bis (e hylmalate) and dioctyltin bis ( ethyl malate ) are preferred since
these compounds assure good adhesiveness to urfdercoated epoxy paint and bring the usable time for
painting operation to a suitable range. Commercially-available products can be used as such tin 10
compounds (ac2). For example, there may be mentioned "0-200" as dibutyltin diacetate, "U-220H" as
dibutyltifdtetodcetdrrate, "@-840ras dictyltinlsis(ethylmal &ejreté SNittd KagEi-Cod A8 Also,
preparation can be performed according to publicly-known methods such as by diluting with a solvent
like 15 xFlenketojuershand thelike.and Thesd tikeompburids (ad)areaisatealore abetiing
accelerator component (C )" if the curable organopolysiloxane composition is a three-liquid type, or
combinedlrtd thé: aramn agent:compenert(dF and/oy thhe edring-agent component (8) if it is 20a
two-liquid type. In the curable organopolysiloxane composition of the present invention, the ratio of
tin contained in thedin compeownc (ac) With:xespedtd thedgtabamourit ohthe edmponentsqal) and (a2)
is preferably 0.001-2.0 % by weight, more preferably 32 0.01-1.0 % by weight when considering the
reagtion déifne; sf:teipaint.-Alsos they ratta ahtin contairediinitheldbave Bnicprnwpdund w(aic) with respect
to the total amount of components (al), (a2), 5and (bl) is preferably 0.001-1.0 % by weight, more
preferablyr001:0.55 bynweight mhen-egnsidering-thei repotinn ime of. thei paint. kiglitnt
organopolysiloxane (dl) In the present invention, a liquid organopolysiloxane (dl)

.

or the like, and at a ratio of usually 25-95 % by weight,
preferably 35-85 % by weight with respect to 100 % by weight
of the solid content of the antifouling paint composition {ii]

10 in order to realize excellent antifouling performance.
Furthermore, commercially-avallable productis can be used
as the organopclysiloxane (al} of the present invention. For
example, there may be mentioned "YEF3057" (GE Toshiba Silicones)
haviné hydroxyl groups, "KE45" (Shin-Etsu Chemical Co., Ltd.)
15 having oxime groups, "KE482" (Shin-Etsu Chemical Co., Ltd.)

having alkoxy groups, etc.

Silica (a2)

The silica {a2) used in the present invention includes
hydrophilic silica {surface—~untreated silica) such  as

20 wetmprocesssilica{hydratedsilica),drymprécesssilica{fumed
silica, anhydrous silica) and surface-treated hydreophobic
silica such as hydrophobic wet silica and hydrophobic fumed
silica. These may be used alone or in a combination thereof.

As the above-mentioned wet-process silica, though not



10 may be additionally combined with the main agent component (A) and/or the curing agent
component (B). If the liquid organopolysiloxane (dl) is not combined, the adhesiveness between the
antifouling coating film formed by the antifouling paint composition [ii] and an epoxy resin anticorrosive
coating 15 film tends to become excellent. On the Gther hand, if a non-reactive liquid
organopolysiloxane (d11) is combined, the above-mentioned antifouling coating film has excellent
antifouling properties, and if a reactive liquid organopolys oxane (d12) is combined, the above
antifoulingP2F edatiiglfilth tehds t6 Rave exeellEnt antfoulifg properiies anttabihesiveAdsazbetween
films. As the non-reactive liquid organopolysiloxane (d11) of the present invention, it is preferred
to use norefeattivesitiebnd oils whlichido hiot have Fenetiviggwith tee organopblysilexanet 33 (al)
represented by the following general formula (3a) or composition formula (3b) or do not have
self-condehging properties. I hesersiliconewils can be usedtaldne36r ima eombingtieniof two or more.
Such non-reactive liquid organopolysiloxane (dll) is considered to be effective in forming an antifouling
functional teyer on the surfasedf therdeatingfilrrobtained) ReR/R 181 ImR=Si-0Si 0Si R13 113113113
(3a) In the above general formula (3a), R13s may be identical 10 or different, and represent an
alkybgroup, aryl groupharatkybgroupe ot fluaredlkyl-greppoeacts having 4210 carboniatoms; and n
represents an integer of 0 to 500. Further, the silicone oil represented by the above general

formula (Sag has the munber-ayerage Mmateculas weight, of usually 15 180-20.00Q =preferably
1,000-10,000, and the viscosity of usually 20-30,000 mPass, preferably 50-3,000 mPaes at 25 C.

The silicene g sepresanteckby-the;aliave.generakformula (3a)dneludes, for examptes gimethyl silicone
oil wherein R13s are all methyl groups, or phenyl methyl silicone oil wherein 20 the dimethyl silicone

oil is partially- substifuted, with. phegyl.groups; Espegially:methylphenytsilicone pil is preferred. Such
methyl phenyl silicone oils include, specifically for
of 10 m?/g or more.

10 The above-menticned hydrophcbhbic fumed silica is made from
dry-process silica by surface-treating with organosilicon
cbmpounds such as methyltrichlorcsilane,
dimethyldichlorosilane, hexamethyldisilazane,
hexamethylcyclotrisiloxane, cctamethylcyclotetrasiloxane and

15 the like. The water adscrption over time is small, and the water
content is usually 0.3% or less, inmany cases 0.1-0.2%. As such
hydrophobic fumed silica, though not speciazlly limited, there
may be used, for example, silica having a primary particle size
of 2-50 pm, a bulk density of 50“1009/1), and a specific surface

20 area of 10 m?/g or more.

In addition, as mentioned below, when the heat-treated
hydrophebic fumed silica is formed by heat treating silica
together with the sbove-~menticned organopolysiloxane (al)y, it

has a water content of usually 0.2% or less, preferably 0.1%



34 example, commercially-available products such as "KF-54", "KF-56" and "KF SO" of Shin-Etsu
Chemicals Co., Ltd., "SH510" and "SH550" of Dow Corning Toray Co., Ltd., "TSF431"and"TSF433" of
Toshiba Silicone Co., Ltd., and the like 5R14xsi (R15_4,) yu (4-x-y) /2(3b) In the above
composition formula (3b), Fled represents hydrogefffatom, or represents an alkyl group, aryl group, or
aralkyl group, each having 1-10 carbon atoms, RI5 represents a C2-C10 divalent aliphatic
hydrocarbon group which may be 10 interrupted by an ether group, ester group or -NH-, Z represents
a monovalent pékar gisUiEsicreas arina gFoup: tarbioxyl groupeeoRy geupr ok dpolyetylene glycol
group or polypropylene glycol group of which terminal may be blocked with an alkyl group or acyl
group, each hhvingt-6carbor atomscEuithepw and y 15gatisfy.the defatibhshipseBdicsix< 3.99, 0.02
_Ccy<4,and0.02 x+y <4. Further, the silicone oil represented by the above composition formula
(3b) has The:numiizer average macleclilisr sveightiof Usuddly: 250480,000, preferably:l 860826000, and
has the 20 viscosity of usually 20-30,000 mPaGs, preferably 50-3,000 mDa.s at 25 C. Preferred
silicone aikrepheserited by ithel above:bampsesitibn dormula (3b) is, for example, one in which RI4 is
methyl group or phenyl group, is methylene group, ethylene 35 group or propylene group. Further, in
the gase where Zisapelyettiylenesglycol:group pr-pelypropylene glyeol gseup afavhickierminal may
be blocked with an alkyl group or acyl group, each having 1-6 carbon atoms, this alkyl group includes
methyl geaupi S=ethyd group, propyloremp. ytylareue: anskthe tike, apdthisracyl gragp includes
ketoxime group, acetyl group, propionyl group and the like, and the number of oxyethylene or
oxypropyleme yoit as &-repeating; upit is, preferably; 16-60, The gilicone oil represented by the above
composition 10 formula (3b) includes specifically, for example, "SF8417" of Dow Corning Toray Co.

ﬁ%'rp@;éiﬂféortea@p-,atf&@., SEZ3742"@nd "AEL-40 of Nippon Unicar

Ltd., "1514700" ang."ISIL01508 T
Company Limited and the like as the silicone oil in which the polar group Z is amino group. Examples

of the silicong-oilip 13 whigh the polar group Z-iscarboxyl group include. "X142:4117,0f Toghiba
Silicone Co., Ltd., "SF8418" of Dow Corning Toray Co., Ltd., "FXZ4707" of Nippon Uni¢ar Company

Limiied apd.theike , Eugther, examples pf 18 5@89&%8%%@%P‘%Q&P&@é’é‘?ﬁ%ﬁ@”&’fg“’“p
include "SF8411" of Dow Corning Toray Co., 20 Ltd., "X142-301" of Toshiba Silicone Co., Ltd.,

"L-93"and,"T-29: oL Ni I mpany.Limited the Jike E ples of the.sili oil in which
the polanr%r%—uczbgz?ie alky gr(')#%ggr{{ a%)/l groupein[::%u egl%%ggglfgw 3%4 5" 8alr§1)d t}gﬁ%ﬁ%?%f Toshiba

Siliconeg;o. htéj §$]c37416 54—&843%% J_Srllr-{ 749[ %IH}%?(%E‘ ?g f% w-Corni Cngoray Silicone

£ =i £ 2 T L

Co., Ltd.,J'"'KF6OO£91" of Shin-Etsu Chemlscas g., i ., and theli e %(t%ﬁqe ﬁer\ﬁgﬁgjas%%?eactlvehqwd
(21l) which is not heat treated. This is because, by making heat

treatment of silica (a2) with a part or the whole of the

organopelysiloxane (al) in advance, an effect of improving the

o
o

affinity of both components and suppressing coagulation of
gilica (a2} can be obtalned. This heat treatment may be
performed, for example, at normal pressure cor under reduced
pressure, at temperatures between 100 °C or more and the
20 decomposition temperature of the added components or less,
preferably between 100 and 3C0 °C, more preferably between 140

and 200 °C, usually for about 30 minutes to 3 hours.
Silica (a2) is combined with 100 parts by weight cf the

organopolysiloxane (al) usually at the ratio of 1-100 parts by



organopolysiloxane (d12) in the present invention, for example, 5 a silicone oil which has at least one
group represented by the following general formula (3c) can be used preferably. SIR40SiR5bY (3-b)’
(3¢) In the above formula (3c), R4 represents an unsubstituted or substituted divalent hydrocarbon
group or divalent 10 hydrocarbon group which maféontain ether linkage, R5 representsan
unsubstituted or substituted monovalent hydrocarbon group, Y represents a condensation reactive g
oup and b represents 0, 1, or 2. The above-mentioned condensation reactive group is preferably at
least oneBRrd OF coRdEnsutivh rEadialgiptEs Beletiidtfidm the ok edasisting ob yidroxyl group,
oxime group, amino group, acetyloxy group and alkoxy group. Such reactive liquid
organopélysilekane (Eiglean be preparad vy therreaction 6f:idilicond @i represented; farrexample,
by H3C-[SiR2-0-]fl-5iRIOH (wherein R is independently an 20 alkyl group, aryl group, aralkyl group, or
halogenaté¢ akhlgroup R4 ds theusame assint theldboveformgiah(3c)f abd anorganesilane
represented by SiR5bY(4-b) (wherein R5 and Y are the same as in the above formula (3c), bis 0, 1, 2
or 3). Theliguidorganopelysiloxane ¢dipir:therprésentn87 invention dsi used hy combiniag with the
main agent component (A) and/or the curing agent component (B). In the case of combining the above
coniponert Ydhwithithe ohain agerdt comporent((A),thegatip ot theicompengri dl with respect to the
total amount of the components (al) and (a2) contained in the main agent component (A),
[(d1)A{(aBp @)1} is preferably ©.01- 1% %dayaweight, there: preferably de10:9%Dby weight 1e gbtain
sufficient film strength and to form a good antifouling functional layer. Further, in the case of combining
the aboveomponent {dl) with 10dhecuring agest eamponet(B), the ratio of the component (dl) with
respect to the component (bl) contained in the curing agent component (B), [(d1)/(b1)], is preferably
0.01-500 % by weighismege preferably, 50-350-%hywweight whenconsidering the.viseosity, for
handling the paint and the like. 15Silane coupling agent In the present invention, the main agent
component{Arand/os theauring agepicompangnt (@qn%&gnta&@&@@@'%@é&!ﬁﬁ%f&ﬁ#p"ng

agent. It is possible to improve the adhesiveness to an epoxy resin anticorrosive coating film by 20

Coﬂwinimg;tﬁﬁn’iﬁ'a@%%%ﬁ'%i%gﬁ%wit%ﬁl@r%lg’é?'eéjﬁaa“@&b/&ﬂ%ﬂ”&@m&?ﬂ@&%é present

invention. When the commercial products described above are used as the organopolysiloxane

(al). a silape squpling Age0tmaysbe sreary combinedlwith sch-commercial rogycts, Hoever, i no

38 combined, alternatively it may be combined with the main agent component (A) and/or the curing

agent coraneal iRl delpcnRacdnga e luirype &1 kae iquidiiype qyphle arganapolysiloxane

composition. Publicly-known silane coupling agents can be selected suitably Tor use depending on
the painting:target,of the.curable qrgananalysiloxane comnosition, and examplesin the case of
targeting an epoxy resin anticorrosive coating film include
preferably3sglycidaxypropylmethyldimethoxysilane, 1Q vinyltimethoxysilane vinyliriethoxysilane,

15  etc. as well as antifouling properties of the resulting film

is obtained.

Organosilane (bl)

The organcsilane and/or a partial hydrolyzate thereof (b1}

useﬁ in the present invention have functional group(s) capable

20  of undergoing condensation reactibn.with condensation reactive
groups of organopolysiloxane (al) which has at least two
condensation reactive groups in the molecule. The organosilane

as this component (bl) includes an organosilane represented by

the following general formula (2).



3-mercaptopropyltrimethoxysilane, N-phenylpropyltrimethoxysilane, N-phenylpropyltriethoxysilane and
the like. In the case of combining such silane coupling agent with 15 the main agent component (A),
the ratio with respect to the total amount of the components (al) and (a2) contained in the main agent
- component (A) is preferably from 0.01 to 1 % by wefght, more preferably 0.1-0.6 % by weight. Further,
in the case of combining the silane coupling agent with the curing agent 20 component (B), the ratio
with respect to the component (bl) contained in the curing agent component (B) is preferably 0.01-50
% by weight, more preferably 0.1-30 %z by Weigi&t-zzCoIor pigment (a3) The main agent component (A)

of the present invention may ?%29 ntain a celor pigm%nt (a3) if necessary. For these color pigments
(a3), various publicly-known B@ﬁ?&&ﬁtﬁ ie-gigments may be used alone or in a combination of
two or more, and further, various colg@ring agemtg such as a dye may be 5 contained. The

above-mentioned organic color pigments include carbon black, na Kthol red, phthalocyanine blue and
the like. Also, the above-mentioned inorganic color pigments include iron oxide red, iron oxide black,
titaniumwhite, balite pawden dale, chalk, 0 irdio oxideayelldw, cabadt blug and the dike sAmang them,
titanium white, iron oxide black, carbon black, iron oxide red and cobalt blue can be preferably used in
the present invemtiorsnt, Zhe ratienf the-abeva eolorpigments@d) withrespectio thedotal amount of
components (al) and (a2) contained in the 15main agent component (A), [(a3),/{(al)+(a2))), is

preferably:0.91e30 % moweight anere.peeferabhrd4-240-8uby weighte 3olverd {adka s« The main

agent component (A) of the present invention may contain a solvent (a4) if necessary. The solvent (a4)

includes 20 publich-knowmselyents-suehr asaliphaticsolvant aropaticsolvents ketengsolvent, ester
solvent, ether solvent, alcohol solvent and the like. The above-mentioned aromatic solvent includes,

for example ayyleng. toluene, and thelike, she ketane:solvent includes; forexample, MIBK,

cyclohexanone and the like, 40 theethersolventincludes,forexample,

propylenegcholr@g@omﬂwemsﬁcpgr,%@émegfwwegegs}hyge%%{gﬁ%tet(ﬁ@ MaGLand the like, and
e lIke.

the alcohol solvent includes, for example, isopropyl alcohol an

formula (2) includes substituted or unsubstituted groups such
as alkyl group, alkenyl group, aryl group, cycloélkyl group,

10 aralkyl group and the like as in the case ¢f the above-mentioned
general formula (1).

The condensation reactive group in the general formula (2)
includes the same ones as in the case of the general formula
(1) above, and it ié preferably hydroxyl group, oxime group,

i5 acetyloxy group or alkoxy group.

Further, an organosilane derived from partial hydrolysis
of the above hydrolyzable groups such as, for example, acetyloxy
group and alkoxy group can be usead és the above-mentioned
component (bl}.

20 In the present invention, especially the organosilane
containing the above-mentiocned alkoxy group, that is,

alkoxysilane {also called "alkylsilicate"™) or a partial



These solvents can be combined in appropriate quantities to make the viscosity of the antifouling paint
composition formed preferable for painting operation. For example, the ratio with respect to the total
amount of the components (al) and (a2), 10 [(a4)/{(al)+(a2)}], is preferably 0-50 % by weight, more
preferably 0-30 % by weight. Further, such solventtay be combined with the curing agent component
(B) or the cure-accelerator agent (C) in appropriate quantities. Antifouling paint composition [ii] 15The
organopolysiloxane antifouling paint composition [ii] of the present invention contains a curable
organopdlysifoxaneacomposifien eormprisiriat |dast thecaisdermehtioned TofponentsT &rd in addition
may contain, if necessary, publicly-known additives in appropriate quantities, such as an agent which
20 impanrd thixottepic propetties, an imerganicadehydrating -‘ageat (stabilizer), ansartirsagging
agent/antisettling agent (thickener), other coating film-forming component, a fungicide, an antifungal
agent, an antizaging agent; an ahtioxidant tam antistatic: agentz adlameaetardant; adhéimal 41
conduction-improving agent and the like. Such optional components contained in the antifouling
paint compaositien [itf] maay: bercambineddn-advanse with-the main agentcompanent{Ajuthie curing
agent component (B), or the 5 cure-accelerator component (C) in appropriate quantities that do not
impair theseffect of the present inventior,inimatra:than one liguid of artwe=ligibe e erthree-liquid
type in which the above-mentioned organopolysiloxane composition is packed. The antifouling paint
compositien fii} of the-prasent 10 inventian is abtaingegehy mixing, for example, according to
conventional methods, the contents of the pack of a two-liquid type or three-liquid type which are the
components constituding the antifeulingspaint campesitionfil; and bnecessary, adding optonal
components sequentially or simultaneously. 15Epoxy resin anticorrosive paint composition [i] The
pfeferab}%%WPSi&%ﬂEQQ”%%V%%%ingéﬂ'ﬁ?ﬂﬂﬁ&hea%reé%ﬁ‘}ﬂ@z‘?éﬂ@” ig formed.usyally on the
surface of a base material by curing an epoxy resin anticorrosive paint composition [i] which contains
at least angpaxkresin (6l agd 2Q.anamine-hased-curing agephor epaxyresin:(e2).sthis,antifouling
paint composition [i] may contain a body pigment (e3), an anti-sagging agent (e4) if necessary. Epoxy
resip (€l) The-spay resindh soptainedinhe above-mantioned 42.aniouling:papt qagposition []
includes, for example, bisphenol epoxy resin, glycidylester epoxy resin, glycidylamine epoxy resin,
phenol r@pa/ﬁ{jatgn%quy (8?{"1 cresol epoxy resin, diner acid modified epoxy resin, aliphatic epoxy resin,
5 alicyclic epoxy resin, epoxidized oil epoxy resin and the like. Especially, bisphenol epoxy resins such

as bisphenol A-ypg, and - typeare preferable for exellent adhiesiveness g fhe base pajerial of the

anticorrosive coating fi med and anticorrosive properties thereof. These epoxy resins can be 10
usedakg¥§§3g§y§gggmag9?Fﬁtwgfxéggﬁﬁle, there may be mentioned "Ethyl
silicate 28" {(Colcoat Co., Ltd.}, "Crthoethyl silicate™ {(Tamsa
15 Chemicals Co., Ltd.) as tetraethyl orthosilicate, "Silicate 407
(Tama Chemicals Co., Litd.), "TES40 WN" (Wacker Asahikaseil
Silicone Co., Ltd.) as partial hydrolyzate of tetraethyl
ortheosilicate, and "KBM~13" (Shin-Etsu Chemicals Co., Ltd.) as
alkyltrialkoxysilane.
20 In the curable organopolysiloxane composition of the
present invention, the ratic of the above organosilane and/or
a partial hydrolyzate thereof (bl} with respect to the total

amount of organopolysiloxane (al) having condensation reactive

groups at both terminals and silica (a2}, [(bl}/{(al)+(a2)}},



Such epoxy resin (el) is desirably contained at the ratio of usually 10-60 % by weight, preferably 20-50
% by weight in the anticorrosive paint composition [i] containing a solvent and the like, and at the ratio
of usually 10-70 % by weight, 15 preferably 10-60 % by weight with respect to 100 % by weight of the
solid content of the anticorrosive paint compositionzﬁ] in order to obtain excellent anticorrosive
properties of the coating film. Commercially-available products can be used as such epoxy 20 resin
(el). There may be cited, for example, bisphenol epoxy resins such as "Epikote 828", "Epikote 834",
"Epikote 1601t ¢"Epikaté 1 004 0" E gikotes8Qi?! L ' Epikote 4004R%L2Epikcte UDG7RY, eeloftJapan Epoxy
Resins Co., LtdJ 43 Amine-based curing agent for. epoxy resin (e2) As the amine-based curing
agent (e2)xfonephxy resimdpntainedsinl the aboye-merdidhed antiedrrosivg paintlcomposition [i], for
example, modified Mannich amines formed 5 by Mannich condensation reaction of phenols, formalin
and aming;compounds, and/eraliphatic pelyarinés canbeused. Hheawevert itis pfeferred to use
mainly a polyamideam ne which is formed by condensation of a dimer acid and a polyamine, and has
reactive pamagy-and secondary amino groups in the molecule for ease of 10 handling of paint and
enabling preferable usable time range for painting operation. It is theoretically recommended to
usean amine-based cHHRg ageAt (€2) for epoxy resin in such an amount that the number of amino
groups of the amine-based curing agent (e2) 15 becomes the same (chemical equivalence) as the
number of epoxysgroups otthe epoxyresin(gl). Eowever, bthedresentinvantions:the puring agent
may be used in such an amount resulting in 0.35-0.9 equivalence, preferably 0.4-0.8 equivalence of

amino group yithespeqhto.L.equivalence of epoxy.20 groum. Further, theamipechased curing agent
(e2) can be'used;, at the ratio of, for example, 10-80 parts by weight, preferably 20-70 parts by weight

with respect 10,100, parts by weight-ot e noxy resin(eh), ?P@MDE@C?%@\%%J@%P&@P&@ can be

used as such 44 amine-based curing agent (e2) for epoxy resin, and there may be mentioned, for

example, jRaccamide TRAGG" (Rajnippon Ink apd Ghemicalsylncorporated)sunmide,,
307D-60'{(§anv%§1pc]: érenical Co., Ltd.), etc. SBociﬁlerit(eC%) The body pigmﬂént (el) WhiaCK can be
corg inegeizn &hsee%b%nggirrygng%n%% aQti%%r%gl\ﬁ%ggighc%m ggigi@r_] [i] includes, fqr example, _
publicly-known materials such as talc, silica, mica, clay, calcium carbonate, kaolin, alumina white,

white carbon, 10 aluminumhydroxide, magnesium carbonatg, barium carbonate, barium sulfate,
titanium dioxide, carbon blac like—ESpecially,

—

taléRbarium sulfate, mica, titanium dioxide, and
carbon black are prefggd Lin, AL siLhgseé body pigments may be used alone or
in a combination thereof. 15 The body pigment (e3) maybe gontained, for example, in the ratio of 5-80
% by weight with respect 86 by Rveightof the Salid €bntent of the.anticpyrosive paint composition
[i]. Anti-sagging agent (e4) The anti-sagging agent(e4)contained in the )

In the formula (I), R represents a C:~Cjp hydrocarbon group
and R® represents a (;~C4 hydrocarbon group. p represents an
integer of 1 to 10, g represents an integer of 1 to 4, and r

15 represents an integer of 1 to 5.



20 above-mentioned anticorrosive paint composition [i] includes publicly-known materials, for example,
organic clay wax such as amine salt, stearate, lec thinate, alkylsulfonate of Al, Ca and Zn,
polyethylene wax, amide wax, hydrogenated castor oil wax, polyamide wax, a mixture of hydrogenated
castor oil wax 45 and-polyamide wax, synthetic pa%ﬁculate silica, polyethylene oxide wax and the like.
Of these, polyamide wax is preferably used in the present invention. This anti-sagging agent (e4) can
be contained, for example, in the_ratio of 0.1-5 %Dy weight 5 with respect to 100 % by weight of the
anticorrosive paint composition [Ff.\ /Ea\ch pPﬁe above components can be combined with the
epoxy resin paint composition [ij ac):fe{?@i})&' conventional methods at the ratio as described above
during preparation of the 10 comggositiesf, b&l@;’ﬁg, for examplfaE gommercially-available materials.
Further, in addition to the above components, optional componenté such as a solvent, a liquid
hydrocarbon resin, a surfactant, aranticotresivgpigment and the like which are used in an epoxy
resin anticorrosive coating film~gyay B\qg dded 15 in appropriate quantities if necessary. Such epoxy
resin paint composition may also“be.frovided as a two-liquid type composition comprising amain agent
component containing an e&)xy rein (el)%{ﬁ~ éwb%ﬂhg agent component containing an amine-based
curing agent (e2). 20Antifouling coating film and antifouling compasiter coating film The method
for forming antifouling coating film and antifouling composite coating film The antifouling composite
coating film of the present 46 invention is obtained bysforming an epoxy resin anticorrosive coating
film [I] on the surface of a base material, followed by piainting an antifouling paint composition [ii] on
the coating film, thus yielding an aﬁ%tifoulin "oatirt “m%““ﬂ M8 The epoxy resin anticorrosive coating
film [I] which is the base of the?émﬁﬁﬁmagsbamg 'hﬂF{?I] of the present invention is formed by stirring
and mixing components go _§£i8&iri9 the a%%\ze-méintioned epoxy resin paint composition [i] according
to conventional methods, T enjpainting or 10 impregnating the mixture on the surface of the base
material, followed by curing fofPabout 0.5 to about 3days in the atmosphere. The film thickness of the
anticorrosive coating film [I] after curing may be controlled according to applications and the like. The
film having excellent anticorrosive properties can be 15 obtainedfor example, by painting or
impregnating the epoxy kesin paint cgmposition [i] once gr more than once at a thickness of 30-150
p.m/painting, followed By curing tdAdffeld tHg film thick§8Ss of ?OOQSUka. This epoxy resin
anticorrosive coating'filgaIkh X6 ey alpdse material even when the material
is FR?, steel, wood, aluminum ‘alloy and the like.-Especially, steel is preferable as the base material
because of tﬁ'@%aﬁﬁﬁ%ness. Further, th&above basgmateffal may be treated
O

5 In the formulas (II) ~ (V), R* represents a 1-Cig
hydrocarbon groﬁp and R® represents a C;-Cy4 hydrocarbon group.

In the formula (V), n represents an integer of 1 or larger,
Among the tin compounds represented by the above general
formulas (I)~{(V}, a tin compound of which R* is butyl group and
10 R® is ethyl group in the general formula (I} is preferred since
the compound assures good achesiveness to undercoated epoxy
paint and brings the usable time for painting operation to a

suitable range.

Commercially-~available products can be used as such tin

15 compounds (acl), for example, tThere may be mentionsd "U-700",



by publicly-known surface treatment like sand blasting in order 47 to improve adhesiveness to the
anticorrosive coating film [1]. On the other hand, the above antifouling coating film [ll] is also
formed by stirring and mixing the above-mentioned antifouling paint composition [ii] according to
conventional 5 methods and -painting the mixture orithe surface of the anticorrosive coating film I,
followed by curing for about 0.5 to about 3 days in the air either by leaving or by forced ventilation
under heating. The film thickness of the antifouling coating film [II] after curing may be controlled 10
according'to %%%Iicatﬁ%an@‘ﬁw@qfke%{?ﬁ@ fildnHravingEkcetient antifouling properties and
adhesiveness to the epoxy resin anticorrosive coating film [I] is obtained, for example, by painting or
impregnating thé’an{iogling paint Tehtposifiort fiij onBe or Misredhanisitetat & #icessof 30-150
pm/paint, 15 followed by curing to yield the film thickness of 150-5000 Rm. Further, the
anticorrosive coatiid fifn [[ishewhieR thé ahfifetilifig codting Tirh [ATis fofméd ap betardd
completely, however, it is also possible to paint the antifouling paint compaosition [iij on the
anticorrosiEEEsatinig filrh iduringrine P0Statd vF Semi-apLoI0ucE o formthe ahtifbliing baating film [11]
for improving adhesiveness and the like. The antifouling coating film [I1] of the present invention is
preferabfeunsackih the antiforling!GompPaditel coaamefilme 48 [HF diréctly bhrthe surface1ofsthe epoxy
resin anticorrosive coating film [I] (that is, without intervening of coating films of other intermediate
layers). Howewer ithe antifouting peint cempesitiondiipod thé presenttinveritiomrcah eesalgo. used to 5
paint directly on the surface of the above base material and form the antifouling coating film [Il) which
is indirect contact with the base material, Wtilization of the antifouling coating film and the antifouling
composite coating film 10The art uling cloating Ai Fs or antifouling composite coating film formed
according to the above-mentioned OF be formed on the surface of various base materials,
feed/exhaust ports of a thermal/nuclear power plant,
films for preventing sludge 15 diffusign iB/ "%Lgu maritime civil engineering works such as coastal
roads, undersea tunnels, port facilities, canals and channels, or ships, fishery materials, etc. (for
example, ropes, fishnets, fishind"gcéars, flgats ané;ﬁ@oys).-lt- is;pegsible to lower the surface free
energy of the 20 surface of a base material, by forming the above-mentioned antifouling coating film or
antifouling composite geatig-filnn an ke surface ptthedasermaterial -such-cpating film having low

surface free energy is resistant to attaching of aquatic organisms such as ulva, barnacle, green laver,

serpula,yster,

i T? I
RS—C——O——?ﬂ—O—C-—Rs
i
10 R' (VIT)

In the formula (VII}, R’ represents a Ci~Cis hydrocarbon

group and R° represents a C:-Cs hydrocarbon group.

®]
s |l
%Ci) 5! RO
C | I
Hﬁ;/ ~ ?n -
1
Hc\ﬁ,/o\R4 R Il
O ...... (VIII)

In the formula (VIII), R' represents a C;-Ciyp hydrocarbon

15 group and R represents a C;-Cs; hydrocarbon group.



49 bugula neritina and the like. Even if such aquatic organisms adhere to the surface of the coating
film, these are removed easily by the stream resistance of sea water or fresh water, thus the
antifouling properties are effective continuously for 5 a long time. Therefore, such antifouling method
is effective to the base material of which surface cortacts continuously or intermittently with sea water
or fresh water, especially underwater structures, ship shell plates, fishnets, and fishing gears. Further,
it can maintain the function of these 10 underwater structures for a long time or to prevent blocking of
fishnet meshes. EXAMPIES tin cchipreinafter; the-presentioventionavillhevdesariped 45 further in
detail by Examples and Comparative examples. (Preparationofthecurableorganopolysiloxane
antifoulinggpainticoam position) Athree;liglidtypettrableg.ganopelsdaxane campesitign listed in Table
1 comprising amain agent component 20 (A), a curing agent component (B), and a cure-accelerator
agent coriponent/(G)imas prepared.1 k2 kinsis:ofcure-accelgrator (Gx-were prepared by using 12 kinds
of tin compounds, respectively. Subsequently,antifoulingpaintcompositions corresponding to each

of Examplé® 1111 aneh Comparative-examples - 1-Bwere prepared y.mixing: £7; pars by, weight of
the main agent component (A), 18 parts by weight of the curing agent component (B), and 5 parts by

weight okthe Gre~pceelarator pgent somponent (0) thoreughly ysing amixer.unfila homogeneous

mixture was formed, wherein components (al), (a2), (bl), (ac) or non-(ac), and (dl) were contained at

the mixing:areuntsdisted in-Tahles 3 and 4. (Peeparation of dhe epoxy regin paint.composition) After

preparing a main agent component (X) and a curing 10 agent component (Y) for the epoxy resin paint

composi@m@c@g@wﬁggmcg@m@e%@iﬁ%gw@ﬁn@%iﬂ%%@'&& apaint composition for

forming the epoxy resin anticorrosivé coating film was prepared by mixing 88 p%‘?t%“baf/ weight of the

main agent compoenent (X) and 13 parts by weight of the curing agent component 15(Y) thoroughly
using a mixer until a homogeneous mixture was formed. [Test examples] For the antifouling

composite coating,film.obtained. from the eppxy resin paint compasition and the curable , -
10 compounds (ac2). For example, there may be mentioned "U-200°%
as dibutyltin diacetate, "U-220H" as dibutyltin acetoacetonate,
"U-840" as dioctyltin bis(ethyl malate), etc. (Nitto Kasei Co..
Ltd.) Also, preparation can be performed accerding to
publicly-known methods such as by diluting with a solvent like

15  =xmylene, toluene and the like.

These tin compounds ({ac) are used alone as "ecuring
accelerator component {(C )" if the curable organopolysiloxane
compositionis{athree-liquidtype,cn:combinedto?jmemainagent
component (A) and/or the curing agent component (B) if it is

20 a two-liguid type.

In the curable organopolysiloxane composition of the
present invention, the ratio of tin contained in the tin compound
fac) with respect to the total amount of the components {(al)

and (a2) is preferably 0.001-2.0 % by weight, more preferably



20 organopolysiloxane paint composition prepared as mentioned above, a tensile test, a tape
delamination test, a fresh water immersion test, and an antifouling test were performed according to
the following instructions. The test results are listed in Tables 3 and 4. 51 (Tensile test) The
above-mentioned epoxy resin paint composition was applied to a sandblasted steel plate with a size of
100 mm x 300 mm x 2.3 mm by a spray coater (Anest Iwata Corporation, trade 5 name: Wider Spray
Gun W-77-2G) at room temperature, and dried for a day to form an epoxy resin anticorrosive coating
film havirng. &{ilm thicRnegs o260 p.mhiarthecdry Stade. iSupseasiently -the-antifouling paint, «
compositions prepared in Examples 1-11 and Comparative examples 1-8 were applied to the above 10
dried-antig@inosive coating film by a spray coater (Anest lwata Corporation, trade name: Wider Spray
Gun W-77-2G) at room temperature, until its thickness became 150 pm in the dry state, and then dried

for a day. As a resulicthe-ceating filns tising the-antifouling naiat eomnpositien prepared.in, 4
Comparative 15 examples 3-8 were not cured, therefore, only the cured-antifouling coating films

formed by dhke antifouling=paiat-cempositiens-afiExamples g—@lc@g@)ggmayﬁ gxamples 1-2 were

£

subjected to a tensile test. The tensile test was performed according to the method 20 specified by JIS

K 5600-57§1504624) s A-stainless,steed tegi cylinder{Dolly piece) having a cgq;gfseegg%qal area of 2

cm2 was glued to a test plate which was coated with cured antifouling composite coatlngT?(ms using

an adhesive) (GE Toshibg Sjlicones FSE399)After making a.cut.around this Dolly piece using a 52
cutter, the adherence streng{h@v%]as measured by a pull o adh%sli%en tes%eorl.j(féﬁneedgfan"%%elon test) The
above-m}gggglr{qd epoxy resin paint composition was 5 applied to a sandblasted steel plate with a size
of 100 mm x 300 mm x 2.3 mm, on which a masking tape (trade name: "Architectural Masking Tape",

Nichiban Co., Ltd.) was glued at the center, g;iar&gea RIay coater (Anest Iwata Corporation, trade
name: Wider Sp =TT+ ;-and dried for a day to form 10 an epoxy resin

anticorrosive coating fil Vi ) film _thickness of 200 gm. in the dry state. Subsequently, the
antifouling paint compoé:ﬁih(%sé%grje%p;Iailf[;re%;cie ﬁ]%éfélrﬁp?egjlqi% rief EofpaTAtE: af?ﬁﬁ“l%s(f%)were

applied to the,above dried-anticorrosive coating film using a spray coater (Anest lwata Corporation,
trade nam%?V%le‘?&L 6r%§ﬁfny W- -ﬂ'@?élqr"&otrﬁ tghﬁ%expftbpe,%Wﬁsﬁﬂf@ﬁﬁ@@bedﬁﬁe 150 gm in

the dry Sg\%tgy%'}d thcqln drie%}f%r a dag/. As a result, the coating films of the antifouling paint
compositions preparég in %ompr)lac}ativg %&émpﬁgg@mgﬁ n tB(?ured, tﬁéref‘éﬁf on}r)}ﬂh‘éld
cured-antifogllirrg com osi'te coating films formed by 22 the antifouling paint composition of Examples
1-11 and’ comp §)t|\>é% examples 1-5%@ E0bj8&Ed A R Sdhlantingtich 1R AYRF §&ferating a
level diﬁegetnbge on %e coat%:r,lg,fil 53 levels was r%sged strongly with finger cushion to delaminate the
coating il SR th TRasimium VAR SF fef deiaminated IERGIRWameaRred I tieldeb@sion is

sufficient, the delamination should be 0 mm, if not, the length would become large.
paint composition [1i] and an epoxy resin anticorrosive coating

15 film tends to become excellent. On the other hand, 1f a
nen-reactive liguid organopoiysiloxéne (dll) is combined, the
above-mentioned antifouling coating film has excellent
antifouling properties, and if a reactive liguid
ocrganopolysiloxane (dl2) is combined, the above antifouling

20 coating film tends to have excellent antifouling properties and
adhesiveness between films.

As the non-reactive liquid organopolysiloxane (dll) of the

present invention, it is preferred to use non-reactive silicone

oils which do not have reactivity with the organopolysiloxane



5(Fresh water immersion test) The above-mentioned epoxy resin paint composition was applied
to a sandblasted steel plate with a size of 100 mm x 300 mm x 2.3 mm using a spray coater (Anest
Iwata Corporation, trade name: Wider Spray Gun W-77-2G) at room temperature, and dried 10
foradaytoformanepoxyresinanticorrosivecoatingfilmi¥aving a film thickness of 200 pm in the dry state.
Subsequently, the antifouling paint compositions prepared in Examples 1-11 and Comparative
examples 1-8 were applied to the above dried-anticorrosive coating film using a spray coater (Anest 15
lwata Cofgdratiorefrageaidime: \WidertSpray CUWiTZ-2@patroom temperatare| dintil its thickness
became 150 pm in the dry state, and then dried for a day. As a result, the coating films of the
antifoulingrpaintscompositibnspréparedin Comparative exemples3-8 wele nabecuted stherefore, only
the cured-antifouling 20 composite coating films formed by the antifouling paint compositions of
ExamplesidztpEand €ompaiative examplesrie2 wete subjected toa éresh Wwater immetsioratest.

The cured-composite coating film was immersed in deionized water maintained at a temperature of 23
C for 6 manths.lde: 54 degreenigenetatedblister was evaluateshacoosding+te a methegdspecified by
ASTM D714. The size and the density of blister according to ASTM 0714 were determined by the
criterion degeribeskin Jable baWéendfor example; dlistets obsize:8 (relatively Bsmalkblister) are found
to be distributed moderately, the evaluation is expressed as 8M. (Antifouling test) The
above-meatiened-epaxy resif Paint cgmpasitionanas apphed-to,a sapdblastedhsteebplate,with a size of
100 mm x 300 10 mm x 2.3 mm using a spray coater (Anest lwata Corporation, trade name: Wider
Spray Gun W-/{2G) atyoopt temperature, and dried for a day to form an epoxy resin anticorrosive
coating film having a film thickness of 200 pm in the dry state. Subsequently, the antifouling paint
compositions prepared in Exalgnples 1-11 9nd 15 Comparative examples 1-8 were applied to the above
dried-anticorrosive coating fifm using a Bpray coat ,g\nest Iwata Corporation, trade name: Wider
Spray Gun W-77-2G) at oo temperatdre 4intil itscthickiess became 150 pm in the dry state, and
then dried for a day. As a result, theicoatipg films of the 20 antifouling paint compositions prepared in
Comparative examples 3-8 Were not cured, therefdfe, only the cured:astifpuling composite coating
films formed by the antifouling paint compositions of Examples 1-11 and Comparative examples 1-2
were sublected tp AN AAOHING (esh33, e JhRIPS! RIBlY cogred Wil (e curadantifoiing
composite coating film was immersed and settled in seawater of Nagasaki Bay of Nagasaki prefecture
for 42 months. Evaluglion Et@er%%}ggg'g}%p%ﬁoé@%gie%"%% valuated by visual lpspection after 6

months and 12 months. 56 Exam omparative exa
group, or fluorocalkyl group, each having 1-10 carbon atoms, and

n represents an integer of 0 to 500.
Further, the silicone oil represented by the above general
formula (.Ba) has the number average molecular weight of usually
15 180-20,000, preferably 1,000-10,000, and the wviscosgity of

usually 20-30,000 mPa.s, preferably 50-3,000 mPaes at 25 °C.

The silicone cil represented by the above general formula
{3a) includes, for example, dimethyl silicone oil wherein Rs
are all methyl groups, or phenyl methyl silicone o©il wherein
20 the dimethyl silicone oil is partially substituted with phenyl
groups. Especially methyl phenyl silicone cil is preferred.

Suchmethyl phenyl siliceone cils include, specifically for

¥
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exémple, commercially~available products such as "KF-54%,
"KF-56" and "KF-50" of Shin-fEtsu Chemicals Co., Ltd., "SHS107
and "SH550" of Dow Corning Toray Co., Ltd., "TSF431" and "TSF433"

cf Teshiba Silicone Co., Ltd., and the like.

g RM g3 (st_z)y0(4_x_y)/2 ...... (3b)
In the above composition formula (3b), R™ represents
hydrogen atom, or represents an aikyl group, aryl group, or

* represents a

aralkyl group, each having 1-10 carbon atoms, R
Cz~Cie divalent aliphatic hydrocarbon group which may be

10 interrupted by an ether group, ester group or ~NH-, Z represents
a moncvalent polar group such as amino group, carboxyl group,
epoxXy group, or a polyethylene glycol group or polypropylene
glycol group of which terminal may be blocked with an alkyl group
or acyl group, each having 1-6 carbon atoms. Further, x and y

15 satisfy the relationships: 0.01 € x< 3.99, 0.02 <y <4, and 0.02
< ®+y <4,

Further, the silicene o0il represented by the above
composition formula (3b) has the number average molecular weight
of usually 250-30,000, preferably 1,000-20,000, and has the

20 viscosity of usually 20-30,000 mPa.s, preferably 50~3, 000 mPa.s
at 25 °C.

Preferred silicone o0il represented by the above

composition formula (3b) is, for example, one in which R* is

methyl group or phenyl group, R’ is methylene group, ethylene
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group or propylene group. Further, in the case where 2 iz a
polyethylene glycol group or polypropylene glycol group of which
terminal may be blocked with an alkyl group or acyl group, each
having 1-6 carbon atoms, this alkyl group includes methyl group,
5 ethyl group, propyl group, butyl group and the like, and this
acyl group includes ketoxime group, acetyl group, propionyl
group and the like, and the number of oxyethylene or oxypropylene
unit as a repeating unit is preferably 10-~60.
The silicone oil represented by the above composition
10 formula (3b) includes specifically, for example, "SF8417" of
Pow Corning Toray Co. Ltd., "ISI4700" and "ISI4701"™ of Toshiba
Silicone Co., Ltd., YFZ3712" and "AFL-40" of Nippon Unicar
Company Limited and the like as the silicone oil in which the
polar group Z is amino group. Examples of the silicone oil in
15 which the polar group Z is carboxyl group include "XI42-411%
cf Toshiba Silicone Co., Ltd., "SF8418" of Dow Corning Toray
Co., Ltd., "FXZ4707" of Nippon Unicar Companj Limited and the
like. PFurther, examples of the silicone oil in which tﬁe polar
group is epoxy group include "SF8411" of Dow Corning Teray Co.,
20 Ltd,,"X142~30l”ofToshibaSiliconeCo.,Lfd.,“L—93"and”T—29"
of Nippon Unicar Company Limited and the like. Examples of the
silicone oil in which the polar group Z is alkyl group or acyl
group include "ISI4460%, "ISI4445" and "ISI4446" of Toshiba

Silicone Co., Ltd., "SH3746", "SHB400™, "SH3749" and "SH3700"
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of Déﬁ Corning Teoray Silicone Co., Ltd., "KF6009" of Shin-Ftsu
Chemicals Co., Ltd., and the like;
On the other hand, as the reactive liguid
organopolysiloxane (d12) in the present invention, for example,
5 a silicone cil which has at least one group represented by the
following general formula (3¢) can be used preferably.
= SiR'0OSiIR,Y (3 (3¢}

In the above formula (3c), R* represents an unsubstituted

or substituted divalent hydrocarbon group or divalent

16 hydrocarbon group which may contain ether linkage, R® represents
an unsubstituted or substituted monovalent hydrocarbon group,
Y represents a condensation reactive group and b represents 0,
l, or 2. The above-menticned condensation reactive group 1is
preferably at least one kind of condensation reactive group

15 selectedfromthegroupconsistingofhydroxylgroup,oximegroup,
amino group, acetyloxy group and alkoxy group.

Such reactive liquid organopolysiloxane (d12) can be
prepared by the reaction of a silicone o0il represented, for
example, by H3C-[SiRy-0-1,~SiR°0H (wherein R is independently'an-

20 alkyl group, aryl group, aralkyl group, or halogenated alkyl
group, R® is the same as in the above formula (3¢)) and an
crgancsilane represented by SiR%X(bm (wherein R® and Y are the
same as in the above formula {(3c), b is o, 1, 2 or 3}.

The ligquid organcpolysiloxane (dl) in the present



01210'0 MIM MIMIN 11,1'111 1 0 1 Manufacturer GE Toshiba Silicones GE Toshiba Silicones SCM
Mitsubishi Chemical Wacker Asahikasei Silicone GE Toshiba Silicones Shin-Etsu Chemicals
Shin-Etsu Chemicals Nitto Kasai Nitto Easel Nitto Kasei Nitto Kasei Katt Kasei Nitto Kasei Nitto
Kasai Nitto Easel Nitto Kasai Nitto Easel Nitto Kasé{ Nitto Kasai ,

invention is used by combining with the main agent component
(A} and/or the curing agent component (B). In the case of
combining the above component (dl) with the main agent component
(A), the ratio of the component (dl) with respect to the total

5 amount of the components {(al) and (a2) contained in the main
agentcomponent(k),[(dl)/{(a1)+(a2}}},ispreferably0.0l—lS%
by welght, more preferably 1-10 % by weight to obtain sufficient
film strength and to form a good antifouling functional laver.
Further, in the case of combining the above component (dl) with

10 the curing agent component (B}, the ratio of the component (dl)
with respect to the component (bl) contained in the curing agent
component (B), [(dl)/(bl)], is preferably 0.01-500 % t by weight,
more preferably 50-350 % by weight when considering the viscosity
for handling the paint and the like.

15 Silane coupling agent

In the present invention, the main agent component (A)

and/or the curing agent component {B) may contain additionally

a silane coupling agent. It 1s possible to improve the

adhesiveness to an epoxy resin anticorrosive coating film by

20  combining the silane coupling agent with the curable
organopolysiloxane compositicon of the present invention.

When the commercial products described above are used as

the organopolysiloxane (al), a silane coupling agent may be

already combined with such commercial products. However, if not
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combined, alternatively it may be combined with the main agent
component (A) and/or the curing agent component (B) before
packing a two liguid~-type or three liguid-type curable
organopolysiloxane composition.

5 Publicly~known silane coupling agents can be selected
suitably for use depeadingcnnthe_painting target of the curablies
organopolysiloxane composition, and examples in the case of
targeting an epoxy resin anticorrosive coating film include
preferably 3-glycidoxypropylmethyldimethoxysilane,

10 wvinyltrimethoxysilans, vinyltriethoxysilane,
3~mercaptopropylirimethoxysilane,
‘N-phenylpropyltrimethoxysilane,
N-phenylpropyltriethoxysilane and the like.

In the case of combining such silane coupling agent with

15 themain agent component (&), the ratio with respect to the total
amount of the components {(al) and {a2) contained in the main
agent component (A} is preferably from (.01 to 1 % by weight,
more preferably 0.]1-0.6 % by weight. Further, in the case of
combining the silane coupling agent with the curing agent

20 component (B), tThe ratio with respéct to the component (bl)
contained in the curing agent component (B) is preferably
0.01-50 % by weighf, more preferably 0.1-30 % by weight.

Coleor pigment (a3)

The main agent component (A) of the present invention may



1'M,MiN I'],cn LEL__ General term/Chemical formula 110-(Si(CH3)2-0-),-11 Surface-treated
hydrophobic silica (a2-1) Titanium white (a3-2) Carbon black Xylene Total suaTAx] ET). (K'D)
(9-10)3=N-01,11-TS-07,STS-"(-0-UTS1- 6J, t113-11-0-',3TS)-001 ....... e 3, 410-'(-0-i;JITS)-D'H
W3-u(-0-2(511'30) TS1-0'0'0 Total (ac-1) Product of salt of dibutyltin and ethyl orthosilicate *6 (ac-2)
Product of salt of dioctyltin and ethyl orthosilicate *7 (ac-3) dibutyltin diacetate (ac-4) dioctyltin
bis(ethylmalate) (ac-5) dibutyltin acetylacetonate (ac-6) dibutyltin dineodecanoate (ac-7) dioctyltin
dineodecamohfeln a color pigment (a3) if necessary. For these color

pigments (a3}, various publicly-known organic and inorganic

pigments may be used alone or in a combinaticon of two or more,

and further, various coloring agents such as a dye may be
> contained.

The above-menticned organic color pigments include carbon
black, naphthol red, phthalocyanine blue and the like. Also,
the above-mentioned inorganic color pigments include iron oxide
red, iron oxide black, titaniumwhite, balite powder, talc, chalk,

10  iron oxide yellow, cobalt blue and the like. Among them,
titanium white, iron oxide black, carbon black, iron oxide red
and cobalt blue can be preferably used in the present invention.

The ratio of the above color pigment (a3) with respect to
the total amcunt of components (al) and (a2) contained in the

15 main agent component (A), [(a3)/{(al)+(a2)}], is preferably
0.01-30 % by weight, more preferably 0.1-20 % by weight.

Solvent (ad)

The main agent component (A} of the present invention may

contain a solvent (ad) if necessary. The solvent (ad) includes

20  publicly-known sclvents such as aliphatic solvent, aromatié
solvent, ketone solvent, ester sclvent, ether solvent, alcohol
solvent and the like. The above-mentioned aromatic soclvent
includes, for example, xylene, toluene and the like, the ketone

solvent includes, for example, MIBK, cyclohexanone and the 1ike,
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the ether éolvent includes, for example,

propyleneglycolmonomethylether,

propyleneglycolmonomethyletheracetate (PGMAC) and the like,

and the alcohol solvent includes, for example, isopropyl alccohol
5 and the like.

These solvents can be combined in appropriate gquantities
tomake the viscosity of the antifouling paint composition formed
preferable for painting operation. For example, the ratio with
respect to the total amount of the components (al} and (a2),

10 [(ad)y/{{al)y+{a2)}1, is pfeferably 0~-50 % by weight, more
preferably 0-30 % by weight. Further, such solvent may be
combined with the «curing agent component (B} or <the
cure-accelerator agent (C) in appropriate guantities.

Antifouling paint composition [ii]

15 The organopolysiloxane antifouling paint composition [ii]
of the present invention contains a curable organopolysiloxane
composition comprising at least the above-mentioned components,
and in addition may contain, if necessary, publicly-known
additives in appropriate quantities, such as an agent which

20 imparts thizotropic properties, an inorganic dehydrating agent
(stabilizer), an anti-sagging agent/antisettling agent
(thickener), other coating film-forming component, a fungicide,
an antifungal agent, an anti-aging agent, an antioxidant, an

antistatic agent,  a flame retardant, a thermal



gnu Xuett Main agent component (A) Curing agent component (B) 57 (Table 1 additional note) *1:In
Examples 1-11 and Comparative examples 1-8, any one kind of each from (d11-1), (d11-2) and (d12)
was used. *2: dimethyldiphenylsilicone oil (about 70% methyl group and 5about 30% phenyl group).
ca. 450 mPa.s. Ra represents methyl group or phefyl group. *3: dimethyidiphenyls icone oil (about
95% methyl group and about 5% phenyl group). ca. 100 mPa.s. Ra represents methyl group or phenyl
group. 10 *4: dimethyldiphenylsilicone oil (about 95% methyl group and about 5% phenyl group). ca.

100 mPassx:riRareptesentamethyl-group of pheayd argdp.RRe-C3H6-, -CH=CH2. *5 : In Examples
1-11 and Comparative examples 1-8, any one kind of each from those corresponding to the tin

compounds (ac) afilSthe present iNnverkgibiacnt)s(aeland-1hgse; potcorregpending fo; the tin
compounds (ac) was used. *6 : In the above-mentioned formula (1), the compound in which'p=q=r=

1, R1 repsesents butybgraup and R2 represents ethyh 9raup.i20 24+ I the above;mentjoned formula
(), the compound in which p = q =r =1, R1 represents octyl group and R2 represents ethyl group.
agent compenent (A}, the curing agent component (B), or the
5 cure-accelerator component (C) in appropriate guantities that
do not impair the effect of the present invention, in more than
one liguid of a twe-liquid type or three-liquid type in which
the above-mentioned organopolysiloxane composition is packed.
The antifouling paint composition [ii] of the present
10 invention is obtained by mixing, for example, according to
conventional methods, the contents of the pack of a two-liquid
type or three-liguid type which are the components constituting
theantifoulingpaintcomposition{iif,and:ﬁfnecessary,adding

optional components seguentially or simultaneously.

15 Epoxry resin anticorrosive paint composition [i]

The preferable epoxy resin anticorrosive coating film [I]

of the present invention is formed usually on the surface of

& base material by curing an epoxy resin anticorrosive paint

composition {i] which contains at least an epoxy resin (el) and

20 an amine-based curing agent forl epoxy resin (e2). This

antifouling paint composition {i] may contain a body pigment
(€3}, an anti-sagging agent (e4) if necessary.

Epoxy resin (el)

The epoxy resin (el) contained in the above-mentioned
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antifouling paint composition [i] includes, for example,
bisphenol epoxy resin, glycidylester epoxy resin, glycidylamine
epoxy resin, phenol noveolac epoxy resin, cresol epoxy resin,
dimer acid modified epoxy resin, aliphatic epoxy resin,
5 alicyclic epoxy resin, epoxidized oil epoxy resin and the like.
Especially, bisphenol epoxy resins such as bisphenol A-type and
F-type are preferable for excellent adhesiveness to the base
material of the antiéorrosive coating £ilm formed and
anticorrosive properties thereof. These epoxy resins can be
10  used alone or in a combination of two or more.

Such epoxy resin (el) is desirably contained at the ratio
of usually 10-6C % by weight, preferably 20-50 % by weight in
the anticorrosive paint compeosition [i] containing a solvent
and the like, and at the ratio of usually 10-70 % by weight,

15  preferably 10-60 % by weight with respect to 100 % by weight
of the solid content of the anticorrosive paint composition [1]
in order to obtain excellent anticorrosive properties of the
coating fiim.

Commercially-available products can be used as such epoxy

20 reéin (el). There may be cited, for example, bisphenol epoxy
resins such as "Epikote 828", "Epikote 834", "Epikote 1001%,
"Epikote 10047, "Epikote 807", "Epikote 4004P", "Epikote 4007P",

etc. of Japan Epoxy Resins Co., Ltd.
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Amine-based curing agent for epoxy resin (e2)

As the amine-based curing agent {(e2) for epoxy resin
containead in the above-mentioned anticorrosive paint
composition [1]l, for example, modified Mannich amines Fformed
by Mannich condensation reaction of phencls, formalin and amine
compounds, and/or aliphatic polyamines can be used. However,
it is preferred to use mainly a polyamideamine which is formed
bycondensationcﬁfadimeracidaﬁdeapoiyamine,andhasxeactive
primary and secondéxy amino groups in the molecule for ease of
handling of paint and.enabling:preferable usable time range for
painting cperation.

It is theoretically recommended to use an amine-based
curing agent (e2) for epoxy resin in such an amount that the
number of amino groups of the.amine~based curing agent (=2)
becomes the same (chemical equivalence) as the number of epoxy
groups of the epoxy resin (el). However, in the present
invention, the curing agent may be used in such an amount
resuilting in 0.35-0.9 eqguivalence, preferably 0.4~0.8
equivalence of amino group with respect to 1 eguivalence of epoxy
group. Further, the amine-based curing agent {e2) can be used,
at the ratio of, for example, 10-80 parts by weight, preferably
20-70 parts by weight with respect to 100 parts by weight of
the epoxy resin {(el).

Commercially-available products can be used as such
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amine-based curing agent (e2}) for epoxy resin, and there méy
be mentioned, for example, "Raccamide TDS66" (Dainippon Ink and
Chemicals, Incorporated), "Sunmide 307D~60" (Sanwa Chemical Co.,
Ltd.), etc.

5 Body pigment (&3]

The body pigment (e3) which can be contained in the
above-mentioned anticorrosive paint composition [i] includes,
for example, publicly~known materials such as talc, silica, mica,
clay, calcium carbonate, kaolin, alumina white, white carbon,

10 aluminum hydroxide, magnesium carbonate, barium carbonate,
barium sulfate, titanium dioxide, carbon black and the like.
Especially, talc, barium sulfate, mica, titanium dioxide, and
carbon black are preferably used in the present invention.
Thesebodygﬂgmentsmaybéusedaloneorjjzacombinationthereofb

15 The body pigment (e3) may be contained, for example, in the ratioc
of 5-80 % by weight with respect to 100 % by weight of the solid
content of the anticorrosive paint composition [i].

Anti-sagging agent (ed)

The  anti-sagging  agent (e4) contained in  the

20 above-mentioned anticorrosive paint composition [1] includes
publicly-known materials, for example, organic clay wax such

as amine salt, stearate, lecithinate, alkylsulfonate of Al, Ca

and Zn, polyethylene wax, amide wax, hydrogenated castor oil

wax, polyamide wax, a mixture of hydrogenated castor cil wax
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and polyamide wax, synthetic particulate silica, polyethylene

orxide wax and the like. Of these, polyamide wax is preferably

used in the present invention. This anti-sagging agent {e4) can

be contained, for example, in the ratio of 0.1-5 % by weight

5 with respect to 100 % by weight of the anticorrosive paint
composition [il.

Each of the abové components can be conmbined with the epoxy
resin paint composition [i] according to conventional methods
at the ratio as described above during preparation of the

10 - composition, by using, for example, commercially;available
materials. 'Further, in addition to the above components,
optional components such as a solvent, a liquid hydrocarbon resin,
a surfactant, an anticorrosive pigment and the like which are
used in an epoxy resin anticorrosive coating film may be added

15 in appropriate guantities if necessary. Such epoxy resin paint
compositionmay alsc be provided as a two-liquid type composition
comprising a main agent component containing an epoxy resin (el)
and a curing agent component containing an amine-based curing
agent (e2).

20 Antifouling coating film and antifouling composite

coating film

The method for forming antifouling coating film and

antifouling composite coating film

The antifeouling composite coating film of the present
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invention is cobtained by forming an epoxy resin anticorrosive
coating film [I] on the surface of a base material, followed
bypaintimgeniantifoulingpainﬁcompcsition[ii}cw}thecoating
film, thus yielding an antifoul#ng coating f£ilm [II7.

The epoxy resin anticorrosive coating film [I] which is
the base of the antifouling coating film [II] of the present
invention 1is formed by stirring and mixing components
constituting the above-mentioned epoxy resin paint composition
[i] according to conventional methods, then painting or
impregnating the mixture on the surface of the base material,
followed by curing for about 0.5 to about 3 days in the atmosphere.
The film thickness of the anticorrosive coating film.[I} after
curing may be controlled according to applications and the like.
The film having excellent anticorrosive properties can be
obtained, for example, by painting or impregnating the epoxy
resin paint composition [1) once or more than once at a thickness
of 30-15C pm/painting, followed by curing to yield the film
thickness of 200-5000 pum.

This epoxy resin anticorrosive coating film [I] has
excellent adhesiveness to a base material even when the material
is FRP, steel, wood, aluminum alloy and the likse. Especially,
steel 1s preferable as the base material because of the
adhesiveness. Further, the above base material may be treated

oy publicly-known surface treatment like sand blasting in order
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to improve adhesiveness to the anticorrosive coating film [I}.

On the other hand, the above antifouling coating film [II]
is also formed by stirring and mixing the above-mentioned
antifouling paint composition [ii] accerding te conventional
methoeds and painting the mixture on the surface of the
anticorrosive coating film [I], followed by curing for about
0.5 to about 3 days in the air either by leaving or by forced
ventilation under heating. The film thickness of the
antifouling coating film [II] after curing may be controlled
according to applications and the like. The film having
excellent antifouling properties and adhesiveness to the epoxXy
resin anticorrosive coating film [I] is obtained, for example,
by painting or impregnating the antifouling paint composition
[ii} once or more than once at a thickness of 30-150 pm/paint,
followed by‘curing to yield the film thickness of 150-5000 um.

Further, the anticorrosive coating £ilm [I] on which the
antifouling coating film [II] is formed may be cured completely,
however, it is also possible to paint the antifouling paint
composition [1i] on the anticorrosive coating film during the
state of semi-dry to touch to form the antifouling coating film
[ITI] for improving adhesiveness and the like.

The antifouling coating film [II] of the present invention
is preferably @sed in the antifouling composite coating Ffilm

which is obtained by laminating the antifouling coating film
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tII] directly on the surface of the epoxy resin anticorrosive
coating £ilm [I] (that is, without intervening of coating films
of other intermediate lavers). However, the antifouling paint
composition [ii] of the present invention can be also used to
paint directly on the surface of the above base material and
form the antifouling coating film [I1] which is in direct contact
with the base material.

Utilization of the antifouling coating film and the

antifouling composite coating film

The antifouling coating film or antifouling composite
coating film formed according to the above-mentioned methods
can be formed con the surface of various base materials, for
example, underwater structures such as water feed/exhaust ports
of a thermal/nuclear power plant, films for preventing sludge
diffusion in various maritime civil engineering works such as
coastal roads, undersea tunnels, port facilities, canals and
channels, or ships, fisherymaterials, etc. (for example, ropes,
fishnets, fishing gears, flocats and buoys).

It is possible to lower the surface free energy of the
surface of a base material, by forming the above-mentioned
antifouling coating £ilm or antifouling composite coating film
on the surface of the base material. Sﬁch coating film having
low surface free energy is resistant to attaching of aguatic

organisms such as ulva, barnacle, green laver, serpula, oyster,
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bugula neritina and the like. Even if such aguatic organisms
adhere to the surface cf the coating film, these are removed
easily by the stream resistance of sea water or fresh water,
thus the antifouling properties are effective continuously for
a long time. Therefore, such antifouling method is effective
to the base material of which surface contacts continucusly or
intermittently with sea water or fresh water, especially
underwater structures, ship shell plates, fishnets, and fishing
gears. further, it can maintain the function of these
underwater structures for a long time or to prevent blocking

of fishnet meshes.

EXAMPLES

Hereinafter, the present invention will be described
further in detail by Examples and Comparative examples.

{Preparation of the curable crganopolysiloxane
antifouling paint composition)

A three-liquid type curable rganopolysiloxane
composition listed in Table 1 comprising a main agent component
(A), a curing agent component {(B), and a cure-accelerator agent
component (C) was prepared. 12 kinds of cure-accelerator (C)
were prepared by using 12 kinds of tin compounds, respectively.

Subsequently, antifouling paint compositions

corresponding to each of Examples 1-11 and Comparative examples
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1-8 were prepared by mixing 77 parts by weight of the main agent
component (A}, 18 parts by weight of the curing agent component
(B}, and 5 parts by weight of the cure-accelerator agent
component (C) thoroughly using a mixer until a homogeneous
mixture was formed, wherein éomponents (aly, (az), (bl), (ac)
or non-{ac), and (dl) were contained at the mixing amounts listed
in Tables 3 and 4.

(Pr@patation of the epoxy resin paint composition)

After preparing a main agent component (X) and a curing
agent component (Y) for the epoxy resin paint composition each
having the component mixing amounts listed in Table 2, a paint
composition for forming the epoxy resin anticorrosive coating
film was prepared by mixing 85 parts by weight of the main agent
component (X} and 15 parts by weight of the curing agent component
(Y) thoroughly using a mixer until a homogeneous mixture was
formed.

[Test examples]

For the antifouling composite coating film obtained from
the epoxy resin paint composition and the curable
organopolysiloxane paint composition prepared as mentioned
above, a tensile test, a tape delamination test, a fresh water
immersiont@st,andaﬂzantifoulingtestwer@performedaccording

to the following instructions. The test results are listed in

Tables 3 and 4,



00T 1!, 010 0:0 CDCD Organopolysiloxane (al) and Silica (a2) Titunium white (a3-1) and Carbon
black (a3-2) Partial hydrolyzate of orjganosilane (121) non-reactive organopolysiloxane (d11-1)
non-reactive. organopolysiloxane (d11-2) reactive organopolysiloxane (d12) Product of salt of
dibutyltin and ethyl orthosilicate (ac-1) Product of salt of dioctyltin and ethyl orthosilicate (ac-2)
dibutyltin dilaurate ' dioctyltin bis(oleyl malate) dibutyltin oxide dioctyltin oxide Tin octylate content of

tin contained in the tin compound above Tezol
(Tensgile test)

The above-mentioned epoxy resin paint composition was

applied to a sandblasted steel plate with & size of 100 mm x 300

mm x 2.3 mm by a spray coater (Anest Iwata Corporation, trade

5 name: Wider Spray Gun W-77-2G) at room temperature, and dried

foraday to form an epoxy xesin anticorrosive coating film having

é film thickness of 200 pm in the dry state. Subsequently, the

antifouling paint compositions prepared in Examples 1-11 and

Comparative examples 1-8 .were applied to the above

10  dried-anticorrosive coating film by a spray coater (Anest Iwata

Corporatibn, trade name: Wider Spray Gun Ww77f26) at room

Cemperature, until its thickness became 150 ym in the dry state,

and then dried for a day. As a result, the coating films using

the antifouling paint composition prepared in Comparative

15 examples 3-8 were not cured, therefore, only the

cured-antifouling coating films formed by the antifouling paint

compositions of Examples 1-11 and Comparative examples 1-2 were
subjected to a tensile test.

The tensile test was performed according to the method

20 specified by JIS K 5600-5-7 (IS04624). A stainless steel test

cylinder (Dolly piece) having a cross sectional area of 2 cm?

was glued to a test plate which was coated with cured antifouling

composite coating films using an adhesive (GE Toshiba Silicones

"TSE398") . After making a cut around this Dolly piece using a
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cutter, the adherence strength was measured by a pull off
adhesion tester.
{Tape delamination test)
The above-mentioned epoxy resin paint composition was
5 applied to a sandblasted steel plate with a size of 100 mm x 300
mm X 2.3 mm, én which a masking tape (trade name: "Architectural
Masking Tape", Nichiban Co., Ltd.) was glued at the center, using
& spray cocater (Anest Iwata Corporationrl trade name: Wider Spray
Gun W-77-2G) at room temperature, and dried for a day to form
1C anepoxy resinanticorrosive coating film having a film thickness
of 200 pm in the dry state. Subseguently, the antifouling paint
compositions prepared in Examples 1-11 and Comparative examples
1-8 were applied to the above dried-anticorrosive coating film
using a spray coater (Anest Iwata Corporation, trade name: Wider
15 Spray Gun W-77-2G) at room temperature, until its thickness
became 150 pm in the dry state, and then dried for a day. As
a result, the coating films of the antifouling paint compositions
prepared in Comparative examples 3-8 were not cured, therefore,
only the cured-antifouling composite coating films formed by
20 the antifouling paint composition of Examples 1-11 and
Comparative examples 1~2 were subjected to a2 tape delamination
test.
After generating a level difference on the coating film

by removing the glued-masking tape, the porticn of the different
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levels was rasped strongly with finger cushion to delaminate
thecoatingfilm,andthenmximmnvaluecﬁfthedelaminatedlength,
was measured. If the adhesion is sufficient, the delamination
shéuld be 0 mm, 1if not, the length would bécome large.
5 (Fresh water immersion teét)
The above-mentioned epoxy resin paint composition was
applied to a sandblasted steel plate with a size of 100 mm x 300
mm x 2.3 mm using a spray coater (Anest Iwata Corporation, trade
name: Wider Spray Gun W-77-2G) at room temperature, and dried
10 foradayto forman epoxy resinanticorrosive coating £filmhaving
a film thickness of 200 pm in the dry state. Subseguently, the
antifouling paint compositions prepared in Examples 1-11 and
Comparative examples 1-8 were applied to the above
dried-anticorrosive coating film using a spray coater (Anest
15 Iwata Corporation, trade name: Wider Spray Gun W-77-2G) at room
temperature, until its thickness became 150 pm in the dry state,
and then dried for a day. As a result, the coating films of the
antifouling paint compositions prepared in Comparative examples
3-8 were not cured, therefore, only the cured-antifouling
20 composite coating films formed by the antifouling paint
compositions of Examples 1-11 and Comparative examples 1-2 were
subjected toc a fresh water immersion test.
The cured-compesite coating filmwas immersed in deionized

water maintained at a temperature of 23 °C for 6 months. The
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degree of generated blister was evaluated according £to a method
specified by ASTM D714. The size and the density of blister
according to ASTM D714 were determined by the criterion described
in Table 5. When, for example, blisters of size 8 (relatively
5 small blister} are found to be distributed moderately, the
evaluaticn is expressed as BM.
{Antifouling test)
The above-mentioned epoxy resin paint composition was
applied to a sandblasted steel plate with a size of 100 mm x 300

10 mmx 2.3 mmusing a spray coater (Anest Iwata Corporaticn, trade

name: Wider Spray Gun W-77-2G) at room temperature, and dried
for aday to form an epoxy resin anticorrosive coating £ilmhaving
a film thickness of 200 pm in the dry state. Subsequently, tﬁ@
antifouling paint compositions prepared in Examples 1-11 and
15 Comparative examples 1~8 were applied to the above
dried-anticorrosive coating film using a spray coater(Anest
Iwata Corporation, trade name: Wider Spray Gun W-77-2G) at room
temperature, until i1ts thickness became 150 pm in the dry state,
aﬁd then dried for a day. As a resultf, the coating films of the
20  antifoulingpaint compositions prepared in Comparative examples
3-8 were not cured, therefore, only the cured-antifouling
composite coating films formed by the antifouling paint
compositions of Examples 1~11 and Comparative examples 1-2 were

subjected to an antifouling test.
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The test plate coated with the cured-antifouling composite
coating film was immersed and settled in seawater of Nagasaki
Bay of Nagasaki prefecture for 12 months. Evaluation of the
aﬁtifouiingperformancewasevaluatedbyvﬁsuaiinspectionafter

& months and 12 months.
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{Table 1 additional note)
*1: In Examples 1-11 and Comparative examples 1-8, any one kind
of each from (dil-1), (dl1-2) and {(d12) was used.
*2; dimethyldiphenylsilicone oil (about 70% methyl group and
about 30% phenyl group). ca. 450 mPaes. R® represents methyl
group or phenyl group.
*3: dimethyldiphenylsilicone oil (about 95% methyl group and
about 5% phenyl group). ca. 100 mPae.s. R® represents methyl
group or phenyl group.
*4: dimethyldiphenylsilicone oil (about 95% methyl group and
about 5% phenyl group). ca. 100 mPa«s. R® represents methyl
group or phenyl group. R”: =C3Hg-, R%: —CH=CH,.
*> : In Examples 1-11 and Comparative examples 1-8, any one kind
of each from those corresponding to the tin compounds (ac) of
the present invention, {ac-1)-({ac-7), and those not
corresponding to the tin compounds (ac) was used.
*6 : In the above~-mentioned formula (I), the compound in which
p=g=r=1, R represents butyl group and R® represents ethyl
group.
*7 : In the above-mentioned formula (I), the compound in which
p=g=r=1, R' represents octyl group and Rzrepresents ethyl

group.
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Table 5 Criterion of fresh water immersion test
Density Size
None None {Evaluated by comparing
less than few FF with reference photo)
) Few F small 8
Medium M | 6
Medium - dense MD | 4
Densge B large 2




NO1 1ZLO'OLICONoOIt:0!0ol0!'"'t00 0 1 cJdvanopoiymoxane kali acm Silica (a2) Titunium white
(a3-1) and Carbon black (a3-2)

1. A three-liguid Type curable
organopolysiloxane composition to be used for direct coating
5> on an epoxy resin anticorrosive coating film, comprising,

(A) a main agent component containing an
organoplolysilozane (al) which has at least two condensation
reactive groups in the molecule and silica (a2),

(B) a curing agent component containing an organocsilane

10 and/or a partial hydrolyzate thereof (bl), wherein the
organcsilane has functional group(s) capable of undergoing
condensation reaction with the condensation reactive groups of
the crganopolysiloxane {(al) which has at least two condensaticn
reactive groups in the molecule, and

15 (C) a cure-accelerator component containing at least one
kind of tin compound (ac) selected from the group consisting

of tin compounds represented by the following formulas (VI) or

(VIII);
R1
H4C CHy
—0 ! O
4/
an \\
N
O 0=—
H.C 1 CH
3 R 3 ... ('\’7:)

20 (in the formula (VI), R! represents a C;~Cyo hydrocarbon group;)



Partial hydrolyzate of organosilane (b1) non-reactive Lorganopolysiloxane (d1I-1) 1 non-reactive
organopolysiloxane (d11-2) reactive organopolysiloxane (d12) dibutyltin diacetate (ac-3) dioctyltin his
(ethyl malate) | (ac-4) dibutyltin acetylacetonate (ac-5) dibutyltin dineodecanoate (ac-6) dioctyltin
dineodecanoate (ac-7) dibutyltin oxide content of tin contained in the tin compound above Total 1
Tensile test (JIS K5600-5-7, ISO 4624) 1 [14Pal T%Be delamination test Fresh water immersion test

I
4
o) , R___C
Hﬁ/ ™0 Sn———0. __CH

c

1
Hc\ﬁ/o\w R f
c (VITI}

(in the formula (VIII}, R° represents a C1-Cyp hydrocarbon group

4 N
and R represents a C;-Cs hydrocarbon qroup. )

5 2. A two-liguid type curable organopolysiloxane
composition to be used for direct coating on an epexy resin
anticorrosive coating £ilm, comprising,

(A) a main agent component containing an
organopolysiloxane (al) which has at least twe condensation

10 reactive groups in the molecule and silica {aZ},
(B) a curing agent component containing an organcsilane
and/or a partial hydrolyzate thereof (bl), wherein the
organcsilane has functional group(s) capable of undergoing

condensation reaction with the condensation reactive groups of

15 the organopolysiloxane (al) which has at least two condensation

20



(go) (e) ?/Tol 81s - U Main agent component (A) on e™-'0'H -

ol
[

20
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reactive groups in the molecule, and

& cure-accelerator component combined with the main agent
component (A) and/or the curing agent compenent (B), wherein
the cure-accelerator component contains at least one kind of
tin compound (ac) selected from the group consisting of tin

compounds represented by the above formulas (VI) or (VIII).

3. The curabie organcpolysiloxansa composition
according to claim 1 or 2, wherein at least one kind of the tin
compound(ac)Selectedfromthegroupconsistingoftincompounds
represented by the above-mentioned formulas (VI) or {(VIII) is
at least one kind of <tin compound selected from the group
consisting of dibutyltin acetoacetate, dibutyltin bis{ethyl

malate), and dioctyltin bis({ethyl malate).

4. The curable organcpolysiloxane composition
according to any of claims 1 *to 3, wherein the amount of tin
contained in the tin compound fac) is 0.001~2.0 & by weight with

respecttothetotalamountoforganopolysiloxane(al)andsil;ca

(az) .
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fresh water immersion test Density Size
65

5. The curable organcopolysiloxane composition
according to any of claims 1 to 4, wherein the amount of tin
contained in the tin compound (ac) is 0.01-1.0 % by welght with

5 respect to the total amount of organopolysiloxane (al) and silica

{azy).

6. The curable organopolysiloxane composition

according to any of claims 1 to 5, wherein the amount of tin

10 contained in the tin compound {ac) is 0.001-1.0 % by weight with
respect to the total amount of organopolysiloxane (al), silica

(22) and the organosilane and/or a partial hvdrolyzate thereof

(b1).

15 7. The curable organopolysiloxane composition
according to any of claims 1 to 6, wherein the amount of tin
contained in the tin compound (ac) is 0.01-0.5 % by welght with
respect to the total amount of organopolysiloxane (al), silica
{a2), and the organosilane and/or a partial hydrolyzate thereof

20 (bl;.

8. The curable organopolysilogane compoesition
according to any of claims 1 to 7, wherein the organopolysiloxane

(al) in the main agent component (A) is an organcpolysiloxanse



None None (Evaluated by comparing with reference photo) less than few FF Few small 8 Medium 6

Medium - dense MD Dense large 2
66

containing in the molecule at least 2 functional groups selected
each independently from the group consisting of hydroxzyl group,

oxime group, aminc group, acetyloxy group, and alkoxy group.

5 9. The curabie organopolysilozane composition
according te claim 8, wherein the organopolysiloxane (al) in
the main agent component (A) is an organopolysiloxane having
functional groups each independently selected from the group

consisting of hydroxyl group, oxime group, amino group,

1C acetyloxy group, and alkoxy group at the both terminals of the
molecule.
10. The curable organopolysiloxane composition

accordinthEMufofclaimsltxn9,wha:eintheorganosilaneand/or
15 apartial hydrolyzate thereof (bl) in the curing agent component
(B) i1s an organosilane and/or a partial hydrolyzate thereof
having hydroxyl group, oxime group, acetyloxy group, or alkoxy

group.



62 CLAIMS 1.Athree-liquidtypecurable  organopolysiioxane composition to be used for direct coating
5 on an epoxy resin anticorrosive coating film, comprising, (A) amainagentcomponentcontainingan
organoplolysiloxane (al)ich has at least two condefiSation reactive groups in the molecule and silica
(a2), (B) a curing agent component containing( an ordanosilane 10 and/or a partial hydro yzate thereof
(b1), wherein the organosilane has functional group(s) capable of undergoing condensation reaction
with the condensation reactive groups of the organopolys oxane (al) which has at least two
condensation reactive graups in the pudtecule, andyEo(6) alcpte-aceelgrator compenrart centaining at
least one kind of tin compound (ac) selected from the group consisting of tin compounds represented
by the foltowing farmplas (M or OAI:163ms (in the farmula; A4TH; RI tepresents.a-GirClonkydrocarbon
group and R4 represents a C1-C3 hydrocarbon group.) 52.A two-liquid type curable

organopelysiloxane composiivrHede-usedfios dinect-ceating-on an epexy resin anticarrasive coating
film, comprising, (A) amainagentcomponentcontainingan organopolys oxane (al) which has at

least twocondensation; £0 reactive groupsdJn the malesulg and siliga (a2)a 1 hy(B)A guring.agent
component containing an organos a e and/or a partial hydrolyzate thereof (bl), wherein the
organosilane hasfunctional group(s) capable of undergoing condensation reaction with the
condensation reactive groups of

1z, The curable organopolysiloxane composition
according to any one of claims 1 to 11, wherein
the organopolysilexane (al) in the main agent component
10 (A) 1s an organopolysiloxane having hydroxyl groups at both
terminals, and
the organcsilane and/or a partial hydrolyzate thereof (bl)
in the curing agent (B) is an alkylsilicate and/or a partial
hydrolyzate thereof.
15
13. The curable organopolysilcoxane composition
accerding to any of claims 1  to 12, wherein the
organopolysiloxane (al) and silica (a2) 1in the main agent
component (A) 1s a heat-treated substance (a22) formed by
20 heat-treating organopolysiloxane (al) and silica (a2) in

advance.

14. The curable crganopolysiioxane composition

according to any of claims 1 to 12, wherein the



15 the organopolysiloxane (al) which has at least two condensation 64 reactive groups in. the
molecule, and a cure-accelerator component combined with the main agent component (A) and/or the
curing agent component (B), wherein the cure-accékerator component contains at least one kind of 5
tin compound (ac) selected from the group consisting of tin compounds represented by the above
formulas (V1) or (VIII). 3.Thecurableorganopolysiloxanecomposition according to claim 1 or 2, wherein
at least one kind of the tin 10 compound (ac) selected from the group consisting of tin compounds
representeddyrthpabpve-mentioned formukasdVH of {¥HI) is=at Jeastonetkindrafitin comepound
selected from the group consisting of dibutyltin acetoacetate dibutyltin bis(ethyl malate), and dioctyltin
bis(ethyl matatey: 45t4. Thecurableorganopoly sildxaneceatpesition aeco%anRg to.ary ofclaims 1 to 3,
wherein the amount of tin contained in the tin compound (ac) is 0.001-2.0 % by weight with  respect
to the totel@maeuhtof drganepalysitoxage(a) and;sitica20(@2).1 68zne 521} and silica
Thecurableorganopolysiloxanecomposition according to any of claims 1 to 4, wherein the amount of tin
contained( mtheitin compotmd(ag)asrd:01-41:0 % bysueight with Hrespectdo the total agmount of
organopolysiloxane (al) and silica (a2). 6. Thecurableorganopolysiloxanecompaosition according to
any of claims 1 to 5, wherein the amount of tin

15. The curable ocrgancpolysiloxane composition
according to any of claims 1 to 14, wherein the main agent

component (A) contains additionally a color pigment (a3).

10 16. The curable organcpolysiloxans composition
according to claim 15, wherein the color pigment (a3) is at least
one kind of color pigment selected from the group consisting
of titanium white, iron oxide black, carbon black, iron oxide
red, and cchalt blue.

15

17. The curable organcpolysilcxane composition
according to claim 15, wherein the added amount of the color
pigment {a3; is 0.01-30 % by weight with respect to the total
amount of organopolysilcoxane {(al) and silica (a2).

20



10 contained in the tin compound (ac) is 0.001-1.0 % by weight with respect to the total amount of
organobolysiloxane (al), silica (a2) and the organosilane and/or a partial hydrolyzate thereof (bl).
157.Thecurableorganopolys loxanecomposition acedrding to any of claims 1 to 6, wherein the amount
of tin contained in the tin compound (ac) is 0.01-0.5 % by weight with respect to the total amount of
organopolysiloxane (al), silica (a2), and the organosilane and/or a partial hydrolyzate thereof 20(bl).
8.Thecurableorganopolysiloxanecomposition according to any of claims 1 to 7, wherein the
organopolysiloxané (al) irr'the maimagent eomponentr(#y) is.an diganhpelysilaxane: 66+ ¢entaining in
the molecule at least 2 functional groups selected each independently from the group consisting of
hydroxyl groupy @xime groupl amind group; acetytoxyigroup;antl alkexyngrotp. the color
59.Thecurableorganopolysiloxanecomposition according to claim 8, wherein the organopolysiloxane
(al) in theorhaimeagentcbmponent (A)is ah argarepalysiloxane haviagdunctional geoups:each
independently selected from the group consisting of hydroxyl group, oxime group, amino group, 10
acetyloxy:group: and atkexy grouf atthedoth terminals of thesmoleculez 2y .
10.Thecurableorganopolysiloxanecomposition according to any of claims 1 to 9, wherein the organos
lanesand/or 15 a partial hydrolyzate the (ol) in the curing agent component (B) is an organosilane
and/or a partial hydrolyzate thereof having hydroxyl group, oxime group, acetyloxy group, or a koxy
group. 67 119 Thecugrableorganopelysiloxanecomposition aceording to @J%nglgim%% to 10,
wherein the organosilane and/or a partial hydrolyzate thereof (bl) in the curing agent component (B) is

an alkylsiicate-andier %Bargﬁbhygﬁlgﬂﬁég"eﬁeq{-o 1812uherein the main agent
Thecurableorganopolysiloxanecomposition according to any one of claims 1 to 11, whérein the

organopolysiloxane (al) in the nain;agens GAMPOReRt 1y 2 solvent (ad).

i0 20. The curable organcpolysiloxane composition
according to any of claims 1 to 19, wherein the added amount
of the organosilane and/or a partial hydrolyzate thereof (bl)
is 1-20 % by weilght with respect to the total amount of

organopolysiloxane (al) and silica (aZ).

et
u

21. The curable organopolysiloxane composition
according to any of claims 1 to 20, wherein the added amount
of the organosilane and/or a partial hydrolyzate thereof (bl)

is 3-10 % by weight with respect to the total amount of

20 organopclysiloxane (al} and silica (a2).

22. The curable organopolysiioxane composition
according to any of claims 1 to 21, wherein a liquid

organopolysiloxane (dl) is additionally combined with the main



10(A) is an organopolys loxane having hydroxyl groups at both terminals, and the organosilane
and/or a partial hydrolyzate thereof (b1) in the curing agent (B) is an alkylsi cate and/or a partial
hydrolyzate thereof. 15 13. Thecurableorgandpolysiloxanecomposition according to any of claims
1 to 12,wherein the organopolysiloxane (al) and silica (a2) in the main agent component (A) is a
heat-treated substance (a22) formed by 20heat-treating organopolysiloxane (al) and silica (a2) in
advance. 14. Thecurableorgancpolysiloxanecomposition 68 organopolysiloxane (al) and silica
(a2) in thegraih agenteoraponedt)(A)isid mixture of-a heattreatettsubstaneesa22)formed by
heat-treating the organopolysiloxane (al) and silica (a2) in advance and a non-heat treated
organbpolysiloxane (al). 5 15.Thecurableorganopolysiloxanecomposition according to any of claims 1
to 14, wherein the main agent component (A) contains additionally a color pigment (a3).
1016.Thecurable8iyanopolysiloxanecemiposition ageordingl tosclaimx. k5 whereinthes calbs pigment
(al) is at least one kind of color pigment selected from the group consisting of titanium white, iron
oxide blackccarbamblack, irdreaxidé red,wdndcobalt blue. Abmber average molecular
17.Thecurableorganopolysiloxanecomposition according to claim 15, wherein the added amount of the
colok pigment;a3) i$:0.01-30 ©0 by weightwith gespect to, theltotal aaowt of aeganopelysipxane (al)
and silica (a2). 20
GPC 1s 400-10,000.

24, The curable organcopolysiloxane compozition
according to claim 22, wherein the liguld organopolysiloxane

16 (di} is a non-reactive liquid organopolysiloxane (d11).

25. The curable organcopolysilioxane compositicon
according to <c¢laim 24, wherein the non-reactive ligquid
organopolysiloxane {dil) is a non-resactive liquid

15 organopolysiloxane represented by the following formulas (3a)

and/or (3b):

(in the above general formula (3a), RYs may be identical or
different, and represent an alkyl group, aryl group, aralkyl
20  group, or fluorcalkyl group, each having 1-10 carbon atoms,

respectively, and n represents an integer of 0 to 500;)



69 18. Thecurableorganopolysiloxanecomposition according to claim 15, wherein the added
amount of the color pigment (a3) is 0.1-20 % by weight with respect to the total amount of
organopolysiloxane (al) and silica (a2). 5 19. hecurableorganopolysiloxanecomposition
according to any of claims 1 to 18 wherein the main agent component (A) contains additionally a
solvent (a4). 1020.Thedurableorganopolysiloxanecomposition according to any of claims 1 to 19,
wherein the added amount of the organosilane and/or a partial hydrolyzate thereof (bl) is 1-20 % by
weight with respect to the tofal ‘afiotit ofZorganopalysiloxane (al) aritbsilica (a2). 15 21.
Thecurableorganopolysiloxanecomposition according to any of claims 1 to 20, wherein the added
amount of thetdrganbsitaneandfor aipartialfhydrolyzatestheresf (b} isr3:20:96 Hyhweight with respect
to the total amount of 20organopolysiloxane (al) and silica (a2 22.
Thecurableorganapelysiloxahecompositiay Acgording torany of elaimsrbta-21s whieneinsadiguid
organopolys oxane (di) is additionally combined with the main 70 agent component (A) and/or the
curing agentcempenesh(B)t oms , 23 Theeyrableatganepatysitoxanecampasition ageoiding to claim
22, wherein the number average molecular weight (Mn) of the liquid o ganopolys oxane (dl) measured
by GPO is400-30,000x ¢rougdwThesurablessganepolysifoxanespraposition ascerdingte laim 22,

wherein the liquid organopolysiloxane 10(dl) is a non-reactive liquid organopolysiloxane (d11). 25.
Thecurableerganepolysioxanecempesiiont s a monovalent polar group such as

amino group, carboxyl group, epoxy group or a polyethylene glycol

group or polypropylene glyvcol group of which terminal may be

blocked with an alkyl group or acyl group having 1-6 carbon atoms,

10 and x# and y satisfy the relationships: 0.01 £ x < 3.9%9, 0.02 =<

vy <4, and 0.02 £ xnty <4.)

26, The curable organopcelysiloxane composition
according to claim 22, wherein the liguid organopolysiloxane

15 (dl} 1is a reactive ligquid crganopolysiloxane (dl1Z).

27. The curable crganopolysiloxane composition
according  to  claim  ZE, wherein the reactive liguid
organopolysiloxane (dlZ2) 1s a silicone oll having at least one

20 group represented by the following feormula (3c);
=SiR%0OSiIRY (5, (3c)
{in the above formula (3c), R* represents an unsubstituted or
substituted divalent hydrocarbon group or divalent hydrocarbon

group which may contain ether linkage, R’ represents an



according to claim 24, wherein the non-reactive liquid organopolysiloxane(dll)isanon-reactiveliquid 15
organopolysiloxane represented by the following formulas (3a) and/or (3b); R13 R13 R13 - Il Si
0_1R13 -F 13n ha RR (in the above general formuld (3a), R13s may be identical or different, and
represent an alkyl group, aryl group, aralkyl 20 group, or fluoroalkyl group, each having 1-10 carbon
atoms, respectively, and n represents an integer of 0 to 500;) 71 (R15-Z) y0 (4-x-y) /7(3b) (in the
above composition formula (3b), R represents hydrogen atom, or an alkyl group, aryl group, or aralkyl
group, eachshias€C1iCLG:carbon mtoms i RB Tepresentsva C2:01 Qdivalentaliphatic Schydrotarbon
group which may be interrupted by ether group, ester group or -NH-, Z represents a monovalent polar
group suckpsaFsino greup; carzoxyhkgroup, epexyt groupooraupolyethylene«glyeot graup or,
polypropylene glycol group of which terminal may be blocked with an alkyl group or acyl group having
1-6 carban atems; 10and x and y satisfy the relationships: 0.01x < 3.99, 0.02 5y <4, and 0.02 5 x+y
<4.) 26. Thecurableorganopolysiloxanecomposition according to claim 22, wherein the liquid
organopolysiloxane 15(dl) is a reactive liquid organopolysiloxane (d12). 27.
Thecurableorganopolysiloxanecomposition according to claim 26, wherein the reactive liquid
organopolysiloxape (d12)is-a silicone=gil having atleashene;siloxane composition

according to claim 26, wherein the condensation reactive group
of the reactive liguid organopcolysiloxane (dl12) is at least one
kind of condensation reactive group selected from the group
consisting of hydroxyl group, oxime group, amino group,

10 acetyloxy group and alkoxy group.

29. The curable organcpolysiloxane composition
according to any of claims 22 to 28, wherein the ligquid

organopolysiloxane (dl) 1s combined with the main agent

t
(@3

component (A} .

30. The curable organopolysiloxane composition
according to any of claims 22 to 28, wherein the liguid
organocpolysiloxane (dl) is combined with the curing agent

20 cemponent {(B).

31. The curable ocrganopolysiloxane compcsition
according to claim 29, wherein the added amount of liguid

organopolysiloxane (dl) is 0.01-15 % by weight with respect to



20group represented by the following formula (3c); ---s-SiR40SiR5bY(3_b)(3c) (in the above formula
(3c), R4 represents an unsubstituted or substituted divalent hydrocarbon group or divalent
hydrocarbon group which may contain ether linkagé; R5 represents an 72 unsubstituted or substituted
monovalent hydrocarbon group, Y represents a condensation reactive group and b represents 0, or 2
528.Thecurableorganopolysiloxanecomposition according to claim 26, wherein the condensation
reactive group of the reactive liquid organopolys loxane (d12) is at least one kind of condensation
reactive groep seletted:fromnthe gfoup-gensigtingyafinydrexyt group) oxime grdup; amiae group, 10
acetyloxy group and alkoxy group. 29. Thecurableorganopolysiloxanecomposition according to
any of claims 22 to 28, wherein the liquid organopolysiloxane (dl) is combined with the main agent
15component (A). 30. Thecurableorganopolysiloxanecomposition according to any of claims 22 to
28, wherein the liqaid  organopelysitoxane (db is;eembined with-the-curing agept.20conaponent (B).
31. Thecurableorganopolys loxanecomposition according to claim 29, wherein the added amount of
liquid organepalysitoxane (dblis 0201215, %hyaweight with-resperido 43dhe totalmamount of
organopolysiloxane (al) and silica (a2). 32. Thecurableorganopolysiloxanecomposition according
to claim 29: yvheseinthe added amauntiofiliguid 10 % by weight with respect to the

total amount of organopolysiloxane (al) and silica (a2).

33. The curable organopolysiloxane composglition
according to claim 30, wherein the added amount of liguid
10 crgancopolysiloxane (dl) is 0.01-500 % by weight with respect

to organosilane and/or a partial hydrolyzate thereof (bl).

34, The curable organopelysiloxane composition
according to claim 30, wherein the added amount of liguid
15 organopolysiloxane (dl) is 50-350 % by weight with respect to

the organosilane and/or a partial hydrolyzate thereof (bl).

35. The curable organopolysiloxane composition
according to any cf claims 1 to 34, wherein a silane coupling
20 agent 1s additicnally combined with the main agent compenent

(A) and/or the curing agent component (B).

36. The curable ocrgancpolysiloxans composition

according te claim 35, wherein the added amount of silane



5 organopolysiloxane (dl) is 1-10 % by weight with respect to the total amount of organopolys oxane

(al) and silica (a2). 33. Thecurableorganopolysiloxanecomposition according to claim 30, wherein
the added amount of liquid 10organopolysiloxane {d#) is 0.01-500 % by weight with respect to
organosilane and/or a partial hydrolyzate thereof (bl). 34.

Thecurableorganopolysiloxanecomposition according to claim 30, wherein the added amount of liquid
15organopolysiloxane (dl) is 50-350 % by weight wth respect to the organosilane and/or a partial
hydrolyzate tizeréofy(jyent 35. Thetuwhbledrganepaolysiloxanecompasition-according-tozany of
claims 1 to 34, wherein a silane coupling 20 agent is additionally combined with the main agent
componenti(Ayandidr thecuringagent Compoaent(B). and 36ilica {a2).
Thecurableorganopolysiloxanecomposition 74 coupling agent is 0.01-1 % by weight with respect to
the total amount of organopolysiloxane (al) and silica (a2). 37.
Thecurableorganopolysiloxanecomposition 5 according to claim 35, wherein the added amount of
silane coupling agent is 0050 % byayeight with-respegldo prganasilane andigra-partialhydrolyzate
thereof (hi). 38. An antifouling paint composition containing the 10 curable organopolysiloxane
composition-aceording t-any1ef laims 1 tqBérein 38-Anantéoulingsoatingfilmformed by curing
the antifouling pain, composition according to claim 38. 15 40. An antifouling composite coating
film comprising 1} @n epexyrresinsanticarmosive ceating filmyformed from:1,  vespect  to

organosilane and/or a partial hydrclyzate thereof (bl).

38, An antifouling paint composition containing the
10 curable organopolysilexane composition according to any of

claims 1 to 37.

39. An antifouling coating film formed by curing the

antifouling paint composition according to claim 38.

15
40. An antifouling composite coating film comprising
[I] an epoxy resin anticorrosive coating film formed from
an anticorrosive paint composition containing an epoxy resin
{el) and an amine-based curing agent (e2) for epoxy resin, and
20 {I1] the antifouling ccating film according te claim 38

laminated directly on the surface of [TI].

471. An antifouling composite coating film comprising

[T] an epoxy resin anticorrosive coating film formed from



an anticorrosive paint composition containing an epoxy resin (el) and an amine-based curing agent
(e2) for epoxy resin, and 20[ll] the antifouling coating film according to claim 39 laminated directly on
the surface of [l]. 41. An antifouling composité coating film comprising 75 an anticorrosive paint
composition containing an epoxy resin (el), an amine-based curing agent (e2) for epoxy resin and a
body pigment (e3), and [II] the antifouling coating film according to claim 39 5 laminated directly
on the surface of [ 42.An antifouling composite coating film comprising [I] an epoxy resin
anticorrosive zoating filne forme d-fsom tancanticosrosiverpaint-comipasitipnacontaining ar:epaxy resin
10(el), an amine-based curing agent (e2) for epoxy resin, a body pigment (e3), and an anti-sagging
agent, ange1) , [Hitherantitoutingecoating fitng asgending(tozclainh 39 daminatededirectly:on the surface
of [1]. 1543.The antifouling composite coating film according to any of claims 40 to 42, wherein the
epoxy resindel) constiuting #e epexyresin anticorrosive coating _ [l] is a bisphenol type epoxy resin,
and the amine-based curing agent (e2) for epoxy resin is a polyamideamine. 20 44.The antifouling

composite coating fitm aceerding 1@ claim:4] er-42, whereim the:-kady-pigment (e3)1constituding the
epoxy resin anticorrosive coating film [1] is at least one kind of body pigment selected from the group

consisting0f tale;: 48 harivarsulphate, Aiea, ditarum-digxide rand carbon black. 45. The
antifouling composite coating film according to claim 42, wherein the ant sagging agent (e4)
constituting the 5 epoxy resin anticorrosive coating film [I] is a polyamide wax.

47 . An antifouling composite ceoating film comprising

[T} an epoxy resin anticorrosive coating film formed from

an anticerrosive paint composition containing an epoxy resin

10 tel), an amine-based curing agent (e2) for epoxy resin, a body
pigment (e3), and an anti-sagging agent, and

[II] the antifouling coating film according to claim 29

laminated directly on the surface of [I7.

15 43, The antifouling composite coating film according to
any of claims 40 to 42, wherein the epoxy resin {(el) constituting
the epoxy resin anticorrosive coating £film [I] is a bisphenol
type epoxy resin, and the amine-based curing agent {e2) for epoxy
resin is a polyamideamine.

20

44, The antifouling composite coating film according to
claim 41 or 42, wherein the body pigment (e3) constituting the
epoxy resin anticorrosive coating film [I] is at least one kind

of body pigment selected from the group consisting of talc,



46. A base material coated with the antifouling coating film according to claim 39, or with the
antifouling composite coating film according to any of claims 40 to 45. 10 47. An underwater
structure coated wthe antifouling coating film accoftling to claim 39, or with the antifouling composite
coating film according to any of claims 40 to 45. 1548.A ship coated the antifouling coating film
according to claim 39, or with the antifouling composite coating film according to any of claims 40 to
45. A method for making a base material antifouling by 20 coating the surface of base material with the
antifoulingy €oating filni ateordingdodcaim:39, 01 with thecantifeuling-composie coating film according
to any of claims 40 to 45. CURABLE ORGANOPOLYSILOXANE COMPOSITION AND
ANTIFOULING COMPOSITE COATING FILM ABSTRACT [Problems to be solved] To provide a
curable organopolysiloxane composition, wherein the composition can be laminated directly on the
surface of an epoxy resinanticorrosMyel coating-filorand sanform an @@tjﬁ@@@g&%ygg film which
has improved antifouling performance compared to the conventional art. [Means for solving the
problems} 1z 1A trQ-liguisk-type arithree:liquid dype curable arganopolysiloxane composition, wherein
the composition contains at least an organopolysiloxane having at least two 15 condensation reactive
groups indhe molesule(al) silica-(a2),:an-organosilane ang/ora padial hydiolyzate thereof (b1),
wherein the organosilane has functional group(s) capable of undergoing condensation reaction with
the condensation reactive groups of the above organopolysiloxane (al), and at least one kind of tin
compound selected from the group represented by a predefined general formula.

45, A base material coated with the antifouling coating
film according to claim 39, or with the antifouling composite

coating film according to any of claims 40 to 45,

10
47, An underwater structure coated with the antifouling
coating film according to claim 39, or with the antifouling
composite ceoating film according to any of claims 40 to 45.
15 48. A ship coated with the antifouling coating film

according to claim 39, or with the antifouling composite coating

film according to any of claims 40 teo 45.

49, A method for making a base material antifouling by
20 coating the surface of basematerial with the antifouling coating
film according to claim 39, or with the antifouling composite

coating film according to any of claims 40 to 45.
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CURABLE ORGANOPOLYSILOXANE COMPOSITION AND BNTIFOULING

COMPOSTITE COATING EFILM

ABSTRACT
[Froblems to be solved]
Te provide a curable organopclysiloxane composition,
wherein the composition can be laminated directly on the surface
of an espoxv resin anticorrosive coating film and can form an

antifouliing coating film which has improved

performance compared to the conventional art.
iMeans for solving the problems)

A two-liguid type or three-liguid type cﬁrabl&
organopolysiloxane composition, wherein the compesition

contains at least an organopolvsiloxans having at least two

{4

condensation reactive groups in the moleculs (al)

-

n
E.A
EJ
}J
{1
]
a
o

an organosilane and/or a partial hydrolyzate therecof (bly,
wherein the organcsilane has functional group(s) capable of
undergoing condensation reaction with the condensation reactive
groups of the above organcopolysiloxane (al), and at least one

kind of tin compound selscted from the group represented by a

predefined general formula.



