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 gemptsing:a hase.containingriar examye, ;3 f:wrhydraxyfunctignalsiloxane, silica,
silicone oil and the like, a curing agent containing tetraethyl orthosilicate, silicone oil and the like, and a
catalyst solution centafiingidibutyktimdilacraterandibe likeintzining 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

@



5Japanese Patent Application Laid-open No0.05-505845 (Patent Document 2)discloses,for example,a
room temperature-curablepolydiorganosiloxanecontaining 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, cﬁbutyltin dilaurate, dibutyltin acetate) and the like.
Japanese Patent Application Laid-open No0.05-507955 (PatentDocument3)discloses,forexample,an.
organopolys loxanecompositioncontaining 15 a,w-dihydroxypolydiorganosiloxane,aketiminoxysilane
compourid: 88 awresslinkingagenta a métallic ororganchetallic saltiof carboxdit acid as arcatalyst (for
example: stannous octanoate, dibutyltin dilaurate, dibutyltin diacetate), heat-treated silica, non-reactive -
silicone oibard the:tike: 200 JapanesePatent Application:aid-open-Ne 07506593 (RatentDocument
4) discloses, for example, a composition for forming an antifouling coating film, wherein the
compositien Eontains apolymerid avhich-dt leastzeemaim part 0f Fepeatingamitstis alunit:other than
siloxane unit, a curable 4 polydiorganosiloxane, a curing agent that can be used as a single pack or a
two-liquid typensuicheas-tetraethyd osthesiticate, a soadensation and-guring-catalystsuchsasscarboxylic
acid salt of a metal such as tin (for example: dibutyltin dilaurate, 5 dibutyltin dioctoate, tin (II)
octanoatey dibatytinyaceipacstonate) and the tike silicone eibangd thelikez Fyrthey thie antifouling paint
compositions containing such compositions are described to be applicable with preferable adhesion on
the publicly-knoven antisarosiereqating Sormaed, fran 40:epoxy paint-and the;like.c o 5 However, when
the curable organopolysiloxane paint compositions described in those patent documents, that is, the

conventienakpaink compositions containing cashoxylicacid salt.of tin arg used, at least png
intermediate coating film layer 15 (Tie Coat) of organopolysiloxane was necessary in order to form a

composite gRaling films since.a euredorganapqlysiloxane aptitouling epating. flm-daes not.adhere to
an epoxy coating film of the underlying base material. [Patént Document 20N0.2002-500239 [Patent

Document, gl No,¢5:505848,[Patent Rocument 3L Japanese Fatent ApplicaNe 05:507395

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,



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 whieh has highly excellent interlayer 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, codtingfitmfermed frommsucls tlratie erganopblysiloxearie compositibrearnd anepoxy resin
15 anticorrosive coating film. [Means for solving the problems] The inventors, as a result of
zealous $tugkes fer solvingithe abeve-mentidrecproblems foundithiat acourked oiddmepolysiloxane
antifouling coating film which has increased 20 adhesiveness to an epoxy anticorrosive coating film
and in addifidrgned antifauigtprepérties archgoed ceatiig/filim stséngthamas: formechbyrgpombining a
specific tin catalyst with a curable organopolysiloxane antifouling paint composition, Preferably
combining: ima gpecified: tatio; apd aceamptisked the= 6 present invention. The first curable
organopolysiloxane composition of the present invention is provided as a three-liquid type curable
organopolysiloxang-eerapesition: eemprisingp (A)-x madhagent Hicappanemconiaiping mns
organopolysiloxane (al) which has at least two condensation reactive groups in the molecule and silica
(a2), (B) eoeuring-agepteompanrent gontaining-an geganosilage andosagpartial hydrolyzate thereof
(bl), wherein the organosilane has functional group(s) capable of undergoing 10 condensation reaction

with the eapdensationdeactive-greup of organgpalysiloxane {(al)which has atleastfwa capdensation
reactive groups in the molecule, and (C) a cure-accelerator component containing at least one kind of

tin compound d fr SISt f tin.com nte . hy the
! QULY &%??gf?mﬁd%% (%Q%EQE&I up consisting of tin gompeynds, tepresented 15 by,

following genera (In the formula (1), R represents a' C1-C10 hydrocarbon group,
and R2 rg&&gﬁ_e’nté élplligl% @ﬂ%ﬁ%g‘%nc@ﬁb@ig {%@%sﬁ%@ﬂhic or organometallic
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



integer of 1 to 10, q 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 0 710 R2 0C-CH3 1111
R-Sn-0-Si-O-Sn-R1 111 H3C-C-00R2 R1 11 0 R1411 OR210

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



R110OR21Si0 (lv)0 110-C-CH311SnR11R (V) R-Sn-O1H3C-C-0H0Si120R Sn011

[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



R 12 OR 5(In the formulas (Il) - (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 coﬁ1position 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), and at 15 least
one kindr3t fiREompdtifii @ty 3elected from the group 8 consisting of tin compounds represented by
the above general formulas (1) - (V), wherein the tin compound is combined with the main agent
component (A) of tife EliiG gent BerhpPoREREEYPAY B lehSEBAE kiFRIMGItm ¢orfiPotAds Sélected from
the 5 group consisting of tin compounds represented by the above general formulas (1)-(V), a siloxane
bond-comtainigtin EofpouReris preferabie.ded Hfe thifdhcliablesiganopolpsiioxaréeemposition of
the present invention is provided as a three-liquid type curable 10 organopolysiloxane composition to
be applied-ditettlytd vnidporanesincamicordsive coating: filer; tompfising{ Ay a iain ageit
component containing the above-mentioned organopolysiloxane (al) and silica (a2), (B) a curing agent
coniponentrgontaining the tadbn e mertionedworganasians amdéor<l 5{(a partiat hydroigzate: thereof (bl),
and (C) a cure-accelerator component containing at least one kind of tin compound (ac) selected from
the group €ansisting obtin«omypolmds-represerteginyuthe followmgrgereral foemdlas (Miga (V1. (V1)

{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).
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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.)



9 00 111113 R 0--0--Sn-0--C--R 11 (In the formula (VII), Rl represents a 0-0 hydrocarbon group, and
R3 represents a 01-09 hydrocarbon group.) 040 R1 RC 111 HC11 SnOCH 11 HCOR11 0 (Inthe
formula (VIII), R' representsa 01-Clohydrocarbon group, and R4 represents a 01-03 hydrocarbon
group.) The fourth curable organopolysiloxane %omposition 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 film, comprising (A) a mag agent component containing the
above-mentioned organopolysiloxarﬁ{(ap«gw syﬁ?& (a2), (B) a curing agent component containing the
above-mentioned organosilane and/or & argéihydrolyzate thereof (bl), and at least one kind of 15 tin
gg istm@@?.tin.co rﬂunds represented by the above general
Wi

compound (ac) selected from the grgtip
h the main agent component (A) or the

formulas (V1) - (VIII), wherein the tin compound is combine
i

curing agent component (2). & O CD—«SE(ORE)E

NSNS
Sn Si
17NN
R G D~—ﬁ~mCH3
O vvvvvv (III)
O
: ? I
I? ?R ?WCMCHE,
R%?mmow?iwom?nwﬁ
OG0 orR® R
o (IV)
i
AR A AR T G R
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



10 Further, as at least one kind of tin compound selected from the group consisting of tin
compounds represented by the above general formulas (VI)-(VIIl), at least one kind of tin compound
selected from the group consisting of dibutyltin acetoacetonate, 5 dibutyltin diacetate, dibutyltin
dipentoate, dibutyltin dioctoate, dibutyltin dineodecéhoate, dioctyltin dineodecanoate, dibutyltin
bis(ethyl malate) and dioctyltin bis(ethyl malate) is preferable. As to the first to the fourth curable
organopolysiloxane 10 compositions mentioned above, the ratio of tin contained in tin compound (ac)
with respeettoithe totgl afouhhofaiganapalysitaxane {at) badingatdeast 2.condensatorereactive
groups in the molecule and silica (a2) is preferably 0.001-2.0 | by weight, more preferably 0.01-1.0 | by
weight, afd the tatio 15 with respectito-the totat amotmt of-campanentsyab)cfa)ang (o) ispreferably
0.001-1.0 I by weight, more preferably 0.01-0.5 96 by weight. The above-mentioned
organopatysiloxang (ah)4n the saipagent compenent{A)uepresents an erganepalysiloxane containing
20 preferably at least two functional groups in the molecule, more preferably at the both terminals,
independently sejected froaythe aroupiconsistingtof Nydrpxybaroup, oXinae groU: AHine group,
acetyloxy group and alkoxy group. The above-mentioned organosilane and/or a partial hydrolyzate
thereof (bl}-in the curing agentcomponent (B3 preferablyan ganesians andlor aparial
hydrolyzate thereof, wherein the organosilane contains hydroxyl group, oxime group, acetyloxy group
or alkoxyggggamor%gﬁgﬁa&;gy afyg gl!gy;sjlicqlte Q& partiaLhydrolyzate thereof; g The main agent
component (A) preferably contains a heat-treated substance (a22) formed by prior heat treatment of
an organgg%lé‘glgqjg@n% {al) haying.at|least two condensation reactive groups in the molecule and silica
(a2), or such10 heat-treated substance (a22) and an organopolysiloxane (al2) having at least two
condensation reaﬁQ\ée group inutpg rﬂglegg%?anop Tlh Sr;}r]gicg\xaa%ent component SA) gngyt%gtain
additionally a color pigment ag) suc% as tita Lm whi , Iron oxide blac , carbon %Iac‘k, iron oxide red,
and cobatblye, The added amount, 15 of iiege color piaments to,the total amountof ..,
organop(ﬁysﬁ)xane (érﬂ) ﬁavmg'at Téast two congensatlon reactive groups in tie molleché and silica
(a2) is preferably 0.01-30 % by weight, more preferably 0.1-20 % by weight. The main agent
cor%%one%%ﬁf%{%?ﬁa\éﬁﬁ%%}é f/‘i “Eor%t%iirfi a §J2&8f\q/ez;}lcto(ag)e. ap p%Jeeéjd deéﬁ%%&éﬁ otf%rgaa%osilane
and/or a partial h)_/drolyzate thereof (bl).in the cuﬂng1 aggngd%omgonenéésB,) with respect to, the total
amount 6F0tgandpolysiioxana (8 having atI8asttwd contihsSiioh Feattive gtoupd it thermolecule
and 12 silica (a2) is preferably 1;20 % by weight, more preferably 3-10 % by weight. The main
agent cofftponent (A) &dir thé curing a %%F%éﬁbf%ﬁent (B)-hay contﬁffﬁ%@dﬂtﬁ%ﬁﬂ&%ﬁ%id
organopolysiloxane (dl). The number average molecular weight (Mﬂrﬁ of this liquid organopolysiloxane
(dl) mea&%@é%@ﬁ@ &d prefarably 200-18060.5* +*FRe aBove liquid ofgandpofdilckana td1) may be,

for example, a non-reactive liquid organopolysiloxane (d11) ,
compenent containing the above-mentiodoned 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. )



10 represented by the following general formula (3a) and/or (3b), and also may be, for example, a
reactive liquid organopolysiloxane (d12) represented by the following general formula (3c). The
condensation reactive group of the reactive liquid organopolysiloxane (d12) is preferably at least one
kind 15 of condensation reactive group selected fromn the group consisting of hydroxyl group, oxime
group, amino group, acetyloxy group and alkoxy 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 0 to 500.) 13 R14xsi ( R15_ z yo (4-x-y)
/2(3b) (In the above-mentioned;tomposition foi imula (3b), R1 representshydrogen atom or an alkyl
group, aryl group, or aralkyl ngeap;m@aeEMM@%ﬁ carbon atoms, RI5 represents a 02-C10 divalent
5 aliphatic hydrocarbon group which mgybe interrupted by an ether group, ester group or -NH-, Z
represents a monovalent polar group stich as amino group, carbokytdrbup or epoxy group, or a
polyethylene glycol group or polypropylene glycol group of which terminal may be blocked with an alkyl
group or acyl gresiprhaving 40(161carbeh atoms further=x@nd y, satisfythe relatiopshipss ,0.01x <
3.99, 0.02y <4, and 0.02x+y <4.) SiR40SiR5bY(3-b)(3c) (In the above Formula (3c), R4 represents an
unsubstitited ef substituted:divalgenthydrocarben geoup-er divalgpt hydrocarbon 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 organopalysiloxane (@I)thgvigma{ least two condensation reactive groups in the
molecule and silica (a2) is preferably 0F01-15 % by \I\@‘Eht, more preferably 1-10 % by weight. Further,
when it is combined witl e Ct{ﬁing,agélat_nan:@onen ), the ratio with respect to the organosilane
and/or 14 a partial hydrdlyzate thereofi(lel) is pfété?/ably 0.01-500 % by weight, more preferably
50-350 % by weight As"&r&l&ﬁ&ﬁd@rggnopolysilogane (dI), silicone oil is preferred. A silane coupling
agent may be additionally cgmbined with 5 the main agent component (A) and/or the curing agent
component (B). The added &mount of the silane coupling agent, whetit isigombined with the main
agent component (A), with respect to the total amount of organopolysiloxane (al) and silica (a2) is
preferably 0.01-1 % by weigh ile the added amount, when it, 10,is combined with_the curing agent
Corpone T E) itk BEpaa 1 e Aot SThe S b aIare S BT Ry A At thereo!

o )
pfeferab'g}’n%oﬂaﬁ%é"p%‘évg}&hé' 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).



By curing the antifouling paint composition ['i] containing the above-mentioned curable
organopolysiloxane 15compositions, the antifouling coating film [l1] of the present invention can be
formed. This antifouling coating film [ll] has good adhesiveness to an epoxy resin anticorrosive coating
film, especially the epoxy resin anticorrosive coatinbofilm [I] which is formed from 20 an anticorrosive
paint composition [i] 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 [] cafitbet ised assantadtifeulingreonpasite aating: fitnp by daminating-diregthean 15 the
surface of this epoxy resin anticorrosive coating film [I]. As a preferred specific example of
components=cataineddnribe sbone-rogntioned epexy: resin asticersesive paint canpasitiore11], there
may be cited bisphenol type epoxy resin 5 as the epoxy resin (el), polyamideamine as the

amine-baged surngmgent (e2) for an-epoxyresin talce bardugn sulfates miea; titanium-dioxide and
carbon black as the body pigment (e3), and polyamide wax as the anti-sagging agent (e4). The

antifouling gpatine flmandthe antifoyling.composite 1 coating,film;of the.present-ipyention

mentioned above can be painted to coat base materials of an underwater structure, ship or the like,

and san exhikitexcellent antifeulingaroperties, [Effects of the Inventigal.According 19, the jpresent

invention, it is possible to 15 laminate, without a conventional intermediate coating film layer, the cured

organopalysilexans @ntifoulinggg%@&glﬂlghhaving gxcellent interlaminar adh?éiilgg%ﬁﬁ fjfeI;?oxy
Ctly ng film

anticorrosive coating film layer directly on the surface of the epoxy anficorrosive coa layer,

realzing shorteniag of aark 2.nariog.of ainting poerafionand ot reduetian., o ., RERT MODE
FOR CARRYING OUT THE INVENTION Hereinafter, thére will be specifically described the curable
organopglysiloxane, comppsition in the,present ipyention, 16
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



the curable organopolysiloxane antifouling paint composition (ii] (also may be simply called "antifouling
paint composition [ii] ") containing the above composition, the cured organopolysiloxane antifouling
coating film (also may be simply called "antifouling coating film [11]") formed from the above antifouling
paint composition [ii], the epoxy resin anticorrosive paint composition [i (also may be simply called
"anticorrosive paint composition [i]), the epoxy resin anticorrosive coating film [I] (also may be simply
called 10 "anticorrosive coating film [I]") and the cured organopolysiloxane antifouling composite
coating fiimdatsbymay de-simphodallgd! the antifeiling compositercoatingfimerconiprising the above
anticorrosive coating film [I] and the above antifouling coating film [ll]. 15 A curable organopolysiloxane
compositiore £ e r aThe curabte; erganopelysitoxane cengpositioniof thie: pleseat nvénrtionacdntains at
least (al) an organopolysiloxane containing at least two condensation reactive groups in the molecule,
20(a2) siita, r filjanhergangsitanei drdier acpartial-hydrotyzatesthegeof,: whereinthesarganosilane has
functional group(s) capable of undergoing condensation reaction with condensation reactive groups of
the above©rganepalysilgxang(al)cand Aldeey at least.one kinthekdin compeundsselectechfrom the
group consisting of tin compounds represented by the above general formulas (1)-(V), or at least one
kindsof tin cempoungd-setected franpthe-grouprcensisting 9t tin easpeynds represented by the 5above
general formulas (VI)-(VIII). In the present invention,the term "(al)an organopolysiloxane having at
least two condengation:eagtive geoups iniie-molecule xmaybe-simphroaliederganepolysiloxane (al)”
or "component (al)", and the term "(bl) an organosilane 10 and/or a partial hydrolyzate thereof having

functional group (s)capable, plundergoing,condensationyeagtion with-candensation reagtive groups of
the above organopolysiloxane (al)" may be simply called " organosilane (b1)" or "component (b1)".

Further, amopgdbe o somponss (ac) hegboyemeptianed:is erm: gbleast ane Kind.of n

compound selected from the group consisting of tin compounds represented by the above general

formulas, (D:(V); may be galled "1in campound (adl)y,fhe, tegm atleast ong xjnd of fin campound

selected from the grotp consisting of tin compounds represented by the above general 20formulas

VOV Doy pe.galled: ngomno (623, o nd WD QIERAORTIYSIOXA0C pomppsition of the

present invention Is usually provi ree-liquid type ortwo-liquid type composition described

below. These fyee liauids.or two liguids,are each stared spparplaly In vessels, 481iks pans, and
mixed and stirred at the time ofopalnting. s to the above turable organopolysiloxane composition
with an aspect of the three-liquid type, the following.main_agent component (A), the curing agent
component (B), éh& the' %%u%ggggelg?é? F gg%%og%r}:t ?&3 argoe%% lﬁlac %%%’e%%?gtg[ug/yag% mixed
together at ihe time of use. n this %aseg, tttwe mairﬂas}gev%g @por.ierrcl)tq(Ag

c T pPLg T (a3 su ) itan Cpggﬂ% %nk, -
organopolc))/sﬁ)oxé?le (%‘f)rhavﬁwg t least two condensation reactivé groups in the molacliié and silica
(@2). The, ggg

g%,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 organosilane 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 agent component (B) contains an organosilane and/or a partial hydrolyzate thereof (lel). The
cure-accelerator component (C) contains tin compound(s) (ac). On the other hand, as to the
above curable organopolysiloxane composition with an aspect of the two-liquid 15 type, the following
main agent component (A) and the curing agent c&r‘%ponent (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
(a2). TheSédririgRateAt comrpoRéRtB) tortatis Al sryancsiiandiand/ orrg partib hydiolyzate thereof
(b1). Further, tin compound(s) (ac) are used as being combined with the main agent component (A) or
the curingxageat goraponent (B). 19 Furthermore, in both cases of the above two-liquid type and
three-liquid type, a color pigment (a3) or a solvent (a4) may be combined with the main agent
component (A), diidealse arliqaidsorganopabysilerdne (@]) oradbilane toaplingraigent may Sthe
combined with the main agent component (A) and/or the curing agent component (B). Hereinafter,
each componentsaf these @ ganopadysiloxane (&), silica 4a2)i oigarmosilane (kl), tin. ¢empaeund (ac),
color pigment (a3), solvent (a4), liquid organopolysiloxane (dl) and 10 silane coupling agent are
deséribed oneruyparie; Organepelysiixane (aly Tharmisganepolysiloxane (akhused ik diespresent
invention contains at least two condensation reactive groups in the  molecule and is a polymer
having a gtructure repiesanted by thedkitolewing: generakformula bz Hi RA4 BREESI-08i 0Si R Hihi
() In the above general formula (1), Rals may be identical or different and each represent a
condensgtieF ksactive group-ona ©3-012 monovalent hydrocarbon group. However, at least two

The above liquid organopolysiloxane (dl) may be, for

example, a non-reactive liquid organépolysiloxane (dily

10 represented by the following general formula (3a) and/or (3b),

and also may be, for example, a reactive ligquid

crganopolysiloxane {dl2) represented by 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.

13 13 13

Coclal
RZ-gi~0 [ Si—0 ] Si—R '
|43 L13 n lis
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.)



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 20 above general formula (1) usually
has the number average molecular weight 0f20,000-170,000, preferably 25,000-100,000, and usually
has the viscosity at 25 C of 500-1,000,000 mPa..s,?ﬁreferany 1,000-100,000 mPaes. The
above-mentioned "condensation reactive groups” include hydroxyl group, or hydrolyzable group such
as alkoxy group, acetyloxy group, alkenyloxy group, i inoxy group, amino group, amido group, aminoxy
group, oxime group and theRiKeS and 8sBeciaty-hydroxyl group, oxife group, amino group, 10
acetyloxy group and alkoxy group are preferable from the standpoint of the reactivity. Among the
above-méhtiohee afninc:groups; those havipg aitbtab nuinbendfz -18-darkor atoms:arerpreferable, and
included are, for example, N-methylamino group, N-ethylamino group, 15 N-propylamino group,
N-butylamimorgrpep, N; Nexdimethylaminplgroup N N-diethylaming group acyclohexylamino group and
the like. Among the above-mentioned acetyloxy groups, 01-010  aliphatic ones or 06-012 aromatic
ones arespreferable; and 20includet are sforexamplé, agetoxy graup,propytoxy Grewp,dautyloxy group,
benzoyloxy group and the like. Among the above-mentioned alkoxy groups, those having a total
nunier af k-348 carhon pioms are preferable woptionally ynterrupted:y.an exygenatemrether linkage)
between carbon 21 atoms at least at one site, and included are, for example, methoxy group, ethoxy
group, PEopexy 9redp <RUEeXYLgreup, methoxyethoxy gradp, sthexyetiosnraroun andthe.like. The
organopolysiloxane (al) in the present invention, from 5 the standpoint of the reactivity, preferably
containsgathothterminals, fupctional graupssach selestad indepepdently fram the group:consisting of
hydroxyl group, oxime group, amino group, acetyloxy group and alkoxy group, and those having a

hydroxylgq%éhgq@ﬁsrgﬂwépfgibm(;a%%%'@l@&giiqu 19 functional sfloxang) are, especially

preferab On the other hand, the 01-012 monovalent hydrocarbon groups represented by the

general forrpplaL(l) inclyde. for example, alkylgroup, akenyl, groun. gyl grayup, cy¢laalkyl group,

aralkyl group and the like. These monovalent hydrocarbon grotps 15 may be either substituted or

uneybstited ., .o heahgye-mentianad 2kl 9&3@@@@@&'%@@%@9# il and

include, for example, methyl group, ethyl group, propyl group, group, 2-ethylbutylgroup, octyl

group a t@f Iigex ge nggg-%?%t&onse%alﬁnylggiu%s igglugek);or 294(?>§ample,_ vinyl group, hexenyl

group, allyl grodp and the like. The above-mentioned aryl grodps m%lude, or example phenyl group,
tolyl group, xy.,y1 group, naphthyl r%ﬁ?{“ﬁs‘iiﬁb%‘yl group and tﬂg I;ke. The above-mentioned cycloalkyl
groups include, for example, cyCloR&xylgroup: cycidpentyl group and the like.

(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



22 The aralkyl groups include, for example, benzyl group, 2-phenylethyl group and the like. Unsubs
ituted methyl group and phenyl group are especially preferred. Such organopolysiloxane (al) may be
combined at a ratio 5 of usually 20-90 % by weight, preferably 30-80 % by weight with an antifouling
paint composition [Li.] which contains a solvent 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,
commercialhsavaitable pdodiicts €an beheserbds thel 0 gangpobyfSiloxane; (dl) of teopreseantinvention.
For example, there may be mentioned "YF3057" (GE Toshiba Silicones) having hydroxyl groups,
"KE45" (ShiheEtsy Ghemicak@as tith) $5 havingdxime groups o HE48X (Shin-ktsuiChemical Co.,
Ltd.) having alkoxy groups, etc. Silica (a2) The silica (a2) used in the present invention includes
hydrophilicsiiea(sutfaee-unireated siliga) suich asaQ-wet-process silica {hydrated silica), dry-process
silica (fumed silica, anhydrous silica) and surface-treated hydrophobic silica such as hydrophobic wet
silica and hydrophabic fumed.silice: Thesgsnayheusedalone orin-a combination-thereef, As the
above-mentioned wet-process silica, though not 23 specifically limited, there may be used, for
example; siica haying,aboui4ie,abeu8%:0f adseybed water, aulk densily of 200-3009/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 abovexmentioned dryprogess silica,thoughanot specially limited, fhere.may be.used, for example,
silica having a water content of 1.5% or less, a bulk density of 50-100g/L, a primary particle size of

8 20 um.andaspecfiesyiace e, ol 40.m2(q.arnpce, 1 OHe ahove mertioned bydigphobic fumed

silica is made from dry-process silica by surface-treating with organosilicon

e ey iep o e e diedinroslafs. ameldgloras.

hexamethylcyclotrisiloxane, octamethylCyc asiloxane and 15 the like. The water adsorption over

timeis s %I}%gﬁf W@t%rlcmoptgng Usu 3% ar.less, in m ases 0.1-0.2%. As such
hydrophgg% d;ume sﬁica“, though no?spgéfgﬁ{y%mﬁ%&,lt e%r(’lél ?nzflly8 gé%s%rg?%}%e’xaﬁﬁg, %iﬁca having a
primary particle size of.5-50 um,.a bulk density of 50-100g/L andc[a ecific,surface 20 area of 10
m2/g or rln%rg.on%lf}\eéjdafi%%ﬁ, a“g mentioned bae?o%\#w grlg %Oehﬁga -t eatédvﬁljcd?oﬁﬁosﬁg fmed silica is
formed hy heat treating silica together with the above-mentioned organopolysilpxane (al), it has a
woter COLGortt RLGY D506 OF e SEIG AN ToR B OF o PRrEidy KyQrSg e

1]

thereof is preferably 0.01-50 % by weight.

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



or less, more preferably 0.05-0.1%, since the water adsorbed on the surface of silica is physically
reduced and/or removed. The other properties like the bulk density, etc, remain the same as the above
hydrophobic silica. 5Commercially-available produ%:ts can be used for such silica (a2).For example,
there may be mentioned "R974", "RX200", etc. of NTE’ppon Aerosil Co., 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) formed by prior heat treatment of the above organgpolysiloxane (al) and
silica (a2)"6r A'Hixfi& OFthe HEaEREFEd- §iToRafite (8572 dnidir oTgariopsly SifloxEne (&l which is
not heat treated. This is because, by making heat treatment of silica (a2) with a part or the whole of the
15 organopolysilbare R&IF fEadFihced 8heffett BE ABTbYing e S mAmE 6 oth ¥ higdmets and
suppressing coagulation of silica (a2) can be obtained. This heat treatment may be performed, for
examplel &t néfnfal pressiita B uhder fRducel Pressurs Satteniperatufes bétwéen £50°C br more and
the 20 decomposition temperature of the added components or less, preferably between 100 and 300
C, more praEfefEbiy-befvden 140TEmE206 €, RiBUaIY 61 BBGURIBD Min(ftEs fo Bitifsr ©5 18jlica (a2) is
combined with 100 parts by weight of the organopolysiloxane (al) usually at the ratio of 1-100 parts by
25 Weighitspréfercibiix2-3@ parts! by weight, vasredsreferalblya 5-30 pars by weightdiftheladgled amount
of silica (a2) is less than the above range, sufficient film strength, film hardness or thixotropy may not
be obtairerand sedesiredfilmthiekness Sraaymot be bbtaifetkbyonepainting operation, especially
by spray coating. If it is more than the above range, the viscosity of the paint may become excessively
large. tiByunsing théabove-mentionedsilical (a2, the résulting antifautiag tpaint3¢omposition
acquires increased stability 10 during preparation or storage, and fluidity and thixotropy become
improveghcA geating:fika with @ suficientthickness issthendormed €ven on a vertical surface and the
like with a reduced number of painting operations; furthermore, excellent balance among properties
such as hardnesshteasilei strargihcextensiong 15 efc zasiwelkasrantifoulngrpy eperties oftthe resulting
film is obtained. Ordanosilane (bl) The organosilane and/or a partial hydrolyzate thereof (ol) used
in thie presentinventionrhayve funetionad geaip(sheapabie 20:0f indergaing soRdensation geaction with
condensation reactive groups of organopolysiloxane (al) which has at least two condensation reactive
groups ig she:moleedle: Jhe prganasiane as thisseompanest (bl includes-an erganosiiane represented
by the following general formula (2). 26 R12 S1-0S1-R12

or the like, and can exhibit excellent antifouling properties.
[Effects of the Invention]
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,



112H2 (2) In the above general formula (2), Rs may be identical or different, and each represent a
condensation reactive group or a CI-Cs monovalent hydrocarbon group. However, at least 2, or
preferably 3 or more of R12 are condensation reactive groups. in represents an integer of 0 to 10,
preferably O to 8. The Ci-C8 monovalent hydrotérbon group in the general formula (2) includes
substituted or unsubst'tuted groups such as alkyl group, alkenyl group, aryl group, cycloalkyl group, 10
aralkyl group and the like as in the case of the above-mentioned general formula (1). The
condensdtioh reactvelgroupgn the génerd dormmnda £2)tinclodes the same onesmasds the ease of the
general formula (1) above, and it is preferably hydroxyl group, oxime group, 15 acetyloxy group or
alkoxy group.! (aFerthesyaberganositane: derved momipastialihydrelysiscottheabove hydrolyzable
groups such as, for example, acetyloxy group and alkoxy group can be used as the above-mentioned
componeit (4l): 20In the: peesent invention, especially the-efganosilang containivg the: r e
above-mentioned alkoxy group, that is, alkoxysilane (also called "alkylsilicate") or a partial 27
hydrolyzate sherepbears be prefesably-used: The gahevetmentiened alkaxysilane includes, for example,
tetraalkylorthosilicate (tetraalkoxysilane) such as tetraethyl orthosilica (TEOS) and the like, or
alkytrialkexysilane-suchi zgnethylirimethoxysilane gthyltrimethexysilane smethylgtiethexysilane and the
like. Especially, in case of using an organopolysiloxane having hydroxyl groups at both terminals
as companert (gl prefgtahi usedngombinayon with these alidsiicales 40 (@lkyygiancs)
and/or a partial hydrolyzate thereof as the component (bl). Commercially-available products can
be used ag such o lape (b1). };%@ml her ntioned. g; é/si icate 28" (Colcoat
Co., Ltd.), "Orthoetrtﬁi? gﬁ%at%% i(%:mcg&iﬁ Chem%éls?ggo%%%aﬁ%etr%hwg %/ si |§a%tef,a'€ilicate 40"
(Tama Chemig 0., Ltd.), "T WN'" hikasei Silicone Co., Ltd.) as partial
hydrolyzatgéﬁg%‘%taé%agé'tﬁéil g?%hosﬁ%?a%%, ar%o" Bgl\%llﬁ%ﬁ?s?hm%ih 'Ché%r%ﬁ:alseggf td.)LgsS +h

alkyltrial lane. e le or olysilpx composition of the present invention, the ratio
of the ab%ﬁ%rgano%%%g ar%%ﬁ%grtﬁ ydrzﬁ/;atgnﬁ:lesrgofr?gg Wﬁﬁ ress:b%% to the" ?Lo al %mount of
oL onouslcKane. (Bl guing cpadegggion tepgtiye 0'ppps pt bothigrmingle 2nd iea (3

organopolysiloxane antifouling composite coating £film {also may
be simply called "the antifouling composite cocating film™)
comprisingtheaboveanticorxosivecoatingfibn{I]éndtheabove
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



28 is preferably 1-20 % by weight, more preferably 3-10 % by weight from the standpoint of giving
excellent painting workability and sufficient antifouling performance of the coating film to be formed.
5Tin compound (ac) As to the first and second aspects of the curable organopolysiloxane
composition of the present invention, tin compoundg (acl) represented by the following general
formulas (1)-(V) are used as the tin compounds. These tin compounds may 10 be used alone or in a
combination thereof. in the formula (1), R' representsa 01-010 hydrocarbon group and R2

representd @0 ED4URRFSCADBNGIBUP b FepreSERR U TISTEr T 10 16 Frépras8ntd &R 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--CH3cPRg bRing of tin compounds represented by the above general

formulas (I)=(V), or at least one kind of tin compound selected
from the group consisting of tin compounds represented by the
5 above general formulas (VI)-(VIII).

In the present invention, the teri ial) an
organopolysiloxane having at least two condensation reactive
groups in the molecule" may be simply called "organcopolysiloxane
(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



OR20-CII -CH3 11111 R-Sn-0Si-0O-Sn-R i12li H3C-C-00R R 11 0 --'(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 compound$ represented by the above general formulas

(ND-(V), a tin compound of which Ri is butyl group and 10 R2 is ethyl group in the general formula (l) is

preferred since the compound assures good adhesiveness to underco%ed e%ogﬁint and brings the
e i

usable titiefor pahtingfoperaiictto 4 Stitdbeaffe 2t P8 Eofifndrlialii-al 6 products can be

used as such tin 15compounds (acl), for example, there may be mentioned "U-700", .
As to the above curakle organcopdlysiloxane 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).



30 "0-780", etc. (Nitto Kasei Co., Ltd.). On the other hand, as to the third and fourth aspects of the
curable organopolysiloxane composition of the present invention, tin compounds (ac2) represented by
the following 5 general formulas (V)-(VIII) are used as the tin compounds. These tin compounds
maybe used alone or in a combination thereof. H3¢EH3 Ri(VI1) In the formula (VI1), R represents a
C1-C10 hydrocarbon group. 00 3lllII3 R --C --O --Sn -0 --C --R 11 10 (V1)

Furthermore, in both cases of the above two-liguid type
and three-liquid type, a color pigment (a3) or a solvent (a4)
may be combined with the main agent component (A}, and alsora
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



In the formula (VRI represents a C1-C10 hydrocarbon group and R3 represents a CI-C9 hydrocarbon
group. 04H o R1 11R'%-07.0%"CH CIlIl HO SnOCH HCOR11 40

20

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 reacfive 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



(Vi) 31 Among the tin compounds represented by the above general formulas (VI)-(VIII),
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 adhfesiveness to undercoated 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
diacetaté: D228 H &3 dibatyIfingceioae etonate 10 184br A s tioctyin Bisimimamed) et Y(Nitto Kasei
Co., Ltd.) Also, preparation can be performed according to publicly-known methods such as by diluting
with a sclventiikestiSwylgney wipeneaneithg Kkeour , Thésetincsoprpounds: (acy weé bsed alone as
"curing accelerator component (C )" if the curable organopolysiloxane composition is a three-liquid
type, or combined ¢d. the: i aggntcomporent (Apand/okthe curing 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 tiie ¢irccompopnd (ad) with resgect oithe totab amramt dfrthercomponeéntsital) and (a2)
is preferably 0.001-2.0 % by weight, more preferably 32 0.01-1.0 % by weight when considering the
reaction time ef:thedqaiitAlsd, theratiozof tinvconigined4t the:above tin campoung: H@chwith respect
to the total amount of components (al), (a2), 5and (bl) is preferably 0.001-1.0 % by weight, more
preferablyQ:01:0:3 % byweightwhenseessideriag dhe seactiondimeroishe pastt 1y from
the group consisting of hydroxyl group, oxime group, amino group,
acetyloxy group and alkoxy group, and those having a hydroxyl
group at bkoth 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.



Liquid organopolysiloxane (dl) In the present invention, a liquid organopolysiloxane (dl) 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] Znd an epoxy resin anticorrosive coating 15 film
tends to become excellent. On the other hand, if a non-reactive liquid organopolysiloxane (d11) is
combined, the above-mentioned antifouling coating film has excellent antifouling properties, and if a
reactive Tiggid Grgandpaelysoxane fd12yis cesbined ahe aboverartifoultRZ0 eoatiigfilRy tends to
have excellent antifouling properties and adhesiveness between films. As the non-reactive liquid
organop8lysitexanks(dit) of thepresedt ivention st is Preferred i use Aongeactivasilicthe oils which
do not have reactivity with the organopolysiloxane 33 (al) represented by the following general
formula €3a} opicempbsitionformula (8bper-de hbt’have Self-tendensing properties. These silicone oils
can be used alone or in a combination of two or more. Such non-reactive liquid organopolysiloxane
(dll) is considerefhtobeseffectivedi fariding anantifdulingsfuntbiomaltdyieran the surfaceiaf the coating
film obtained. R R R 13 11 R-Si-0Si 0Si R13 113113113 (3a) In the above general formula
(3ap R13% may:he identicad Aok differents andrepraseabay daky gtotpharylegroop, aratkyl group, or
fluoroalkyl group, each having 1-10 carbon atoms, and n represents an integer of O to 500.

Further, the silicore 9l represented byithe abeve genetdl formain (Ba) bas ke nusheraverage
molecular weight of usually 15180-20,000, preferably 1,000-10,000, and the viscosity of usually
20-30,0Q0-mPass, preferably.§0-3;:00Q mRaes-at2b Gisua1TRe silicare ail representgdby the above
general formula (3a) includes, for example, dimethyl silicone oil wherein R13s are all methyl groups, or
pheny! methyl.siligone ojbwherein 20 the dimethyl:siicone-aikis pagtallyibstifujed with:pheny!
groups. Especially methyl phenyl silicone oll is preferred.

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



Such methyl phenyl silicone oils include, specifically for 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) /12(3b) In the abo%e composition formula (3b), Fled represents
hydrogen atom, 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 PGP, Esterlgrgup BRINECZ FESreseRs & MOnBvEEnt Polar groupsiich dsidmiad group,
carboxyl group, epoxy group, or a polyethylene glycol group or polypropylene glycol group of which
terminal hrigyivey broleked withtam alkyligrobip or Acylgroupsehactiligving 4-®vafbohsatsrms yFurther, x
and y 15satisfy the relationships: 0.01 5 x< 3.99, 0.02 cy <4, and 0.02 x+y <4. Further, the
silicone aikrépresented /My, thecabiovergompositiohformdad83) thastthennumbles ayerade molecular
weight of usually 250-30,000, preferably 1,000-20,000, and has the 20 viscosity of usually 20-30,000
mPaGs, prefématily 50-8;00®BRIDas af 25¢C .areaPreferréd siitdge il represented by the above
composition formula (3b) is, for example, one in which RI4 is methyl group or phenyl group, is
methylene group ethytenez 85 gecupar propyteng greup.deyther sn the easewherghZ iscac
polyethylene glycol group or polypropylene glycol group of which terminal may be blocked with an alkyl
group orasytgroupyeachhaving 41-&carbary aloms; dhis alkyl groupineludas methyl-grew; 5 ethyl
group, propyl group, butyl group and the like, and this acyl group includes ketoxime group, acetyl
group, peopieny greumaned theslike, and the nuspber af oxyethylene of pxypropylensounitias a
repeating unit is preferably 10-60. The silicone oil represented by the above composition 10 formula
(3b) includes specifically, far.exaraple, "SE84177 of ow Corping, I aray: COog Litde s 1914/09" and
"|S14701" of Toshiba Silicone Co., Ltd., "FzZ3712" and "AFL-40" of Nippon Unicar Company Limited
and the lilke agthg? silicene @il inswhich the polar group Z is amino group. Examples of the silicone oil in
15 which the polar group Z is carboxyl group include "X142-411" of Toshiba Silicone Co., Ltd.,
"SE§418" of Dow Coraing, Toray £0; okick, HRXZ4707:0f Nippan aicar Compapy tdmited.and the like.

Further, examples of the silicone oil in which the polar group is epoxy group include "SF8411" of Dow

Corning Jo7aY,¢Q, 204 td; s 7442-3Q],; of Toshiba Silicone G-, %&-95;%%5@-2958%'}1ipp0n

Unicar Company Limited and the like.” Examples of the siliconé oil in which the polar group Z is alkyl

group oragyl groupJnclude "ISI446Q", "1514445° and "ISI44%@'£9lfy'Ec,§_hi’% Silicgne £q., L td.,
"SH3746", "SH8400", "SH3749™ and "SH3700" 36 of Dow Corning Toray Silicone Co., Ltd., "KF6009"

of Shin-Gtsy.Chemisals; G, bichane the like. Ontheotherhand,asthereagtiveliguid, .

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%



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 may?ontain 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 onePkind ®t Bonderrsationaéastivelgroliplis-selédted $iont thelgroupadonsisting of hydroxyl group,
oxime group, amino group, acetyloxy group and alkoxy group. Such reactive liquid
organopolysitdxared 2y eanbe piepared hytheseasticnvof-a silicedeanitiépresented; dor.example,
by H3C-[SiR2-0-]fl-5iRIOH (wherein R is independently an 20 alkyl group, aryl group, aralkyl group, or
halogenated atkylgroupypR4:is thes shimesastia the dbaleformyla ¢€30)) ancvan orgarosiame
represented by SiR5bY(4-b) (wherein R5 and Y are the same as in the above formula (3c), bis 0, 1, 2
or 3). Thediquideorganepolysitbxane £db) in thelpresent 37 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) withrihezaainiagen: eenmponest (A).dhaedatio ofithe semperent @i)-withrespect to the
total amount of the components (al) and (a2) contained in the main agent component (A),
[(d1){(aB+{a2)l], is preferablyR:015:H0p by, weight moreprefeeably1-10-%y weight 4o obtain
sufficient film strength and to form a good antifouling functional layer. Further, in the case of combining
the abovercomppnent () with 10;the curing.agent cemponent{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 weight more, preferably 59-350 %-hy, weight when congidering,the sgosity for
handling the paint and the like. 15Silane coupling agent In the present invention, the main agent

componeR{dA} andigrdhe suring ageat component(B) may,contain,additionally-a silane cqupling

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

combining he Slage couplng egenutdhs pushin sropqopalyslorans comppstion of e present

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

(@), a sliane coupingAqent sy be aitgady combined it sugh gopercighpiodydls, Hawever, i not

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

agent compaaent{B) belore packing.a g i (yps pr fyge lguibne guraple;qrganopolysiloxane

&2 S .
composition. y-known silane coupling agents can be se |taB)Inyor use gependlng on

the painting target of the,oyrable organpolysiloxang, composition, and examples in the gase of
targeting an epoxy resin anticorrosive coating film incltide e g eat

e AP nagoysiane 10 Moyt el g

15  organopclysiloxane (al) in advance, an effect of improving the
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



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) isepreferably from 0.01 to 1 % by weight, more
preferably 0.1-0.6 % by weight. Further, in the cas 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 % by weight. Color
pigment (53} STte nRAift BYEAPEOMPORENEEY of tive prdskat invention rmay Bgresntainba &dlor pigment
(al) if necessary. For these color pigments (a3), various publicly-known organic and inorganic
pigmentsPmay betiset idibite or Iif acésmbiisid i obwo-op herel and flather. valioas ¢dlering agents
such as a dye may be 5 contained. The above-mentioned organic color pigments include carbon
black, naphthof kst phitraiasyanineiblie and thé ke Also;ehe above-nentioned inarganiccolor
pigments include iron oxide red, iron oxide black, titaniumwhite, balite powder, talc, chalk, 10 iron
oxide yeltow;xcobattijuenand thelikes Arborg tham, thadium white,rireh dxide btack: rades black, iron
oxide red and cobalt blue can be preferably used in the present invention. The ratio of the above
coldb pigment (as) ith réspectiedthe totahamouantaeficamperenis (alhand {accontaigedin the
15main agent component (A), [(a3),/{(al)+(a2))), is preferably 0.01-30 % by weight, more preferably
0.1-20 %spyrweight= Solvent (a4) it s he maimagenteompenent{A)ef the presentiavention may
contain a solvent (a4) if necessary. The solvent (a4) includes 20 publicly-known solvents such as
aliphatic solvent; arematic sakyent ketene-salveni ester, salyent ether solvent, alcohol solvent and the
like. The above-mentioned aromatic solvent includes, for example, xylene, toluene and the like, the

ketone solvent ingludes; for exempleoMiBKeeyclohexanone and thedike, 4k resulting

theethersolventincludes,forexample, propyleneglycolmonomethylether,

propyleneglycelnanamgethyetherasetate (REMAC) and the dike, andithg alcohalsalvent includes, for

example, isopropyl alcohol and the like. - These solvents can be combined in appropriate quantities

to make dhe-viscosity.gf the,antifpuling pains composition formed preferablg forpainting gperation. For

example, the ratio with respect to the total amount of the components (al) and (a2), 10

(a)/{(ads (a2l inprefowably 0:5034 by yeighi-mere preferably.0:30.96 by welght. Fyrner, such
solvent may be combined with the curing agent component (B) or the cure-accelerator agent (C) in
approprigfe-QUARtHES] even on a vertical surface and the like with a reduced
number of painting operations; furthermore, excellent balance
among properties such as hardness, tensile strength, extension,
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).



Antifouling paint composition [ii] 15The 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 fmparts thixotropic 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, aéhermal 41R@®nduction-improving agent and the like. Such
optional components containeg in-the antifoyling painﬁtzcomposition [i] may be combined in advance
with the main agent compon - Bhe-Cuti jerft Component (B), or the 5 cure-accelerator

than one liquid of a two-liquid type or three-liquid type in which the Ghbve-mentioned
organopolysiloxane composition is packed. The antifouling paint composition [ii] of the present 10
invention is obtailedtyemating;dorexample, acearding toxonventionakmetkods]dhe contents of the
pack of a two-liquid type or three-liquid type which are the components constituting the antifouling
paint corpositiondiileand iknecessary ragdiag eptionatcompasenis sequentiallyyer sinultaneously.
15Epoxy resin anticorrosive paint composition [i] The preferable epoxy resin anticorrosive coating
film [I] ofdhe present inventienisformegiusuallyionthesitface of-abase materiakhyeuring an epoxy
resin anticorrosive paint composition [i] which contains at least an epoxy resin (el) and 20 an
amipe-based suiing agent forepaxy esin (€2) athisamiieulingpaint campesitiandimay-contain a
body pigment (e3), an anti-sagging agent (e4) if necessary. Epoxy resin (el) The epoxy resin (el)
contained in he-abave-mentiongd 42 antifeuling paing compesition i} inchudes, for example, bisphenol
epoxy resin, glycidylester epoxy resin, glycidylamine epoxy resin, phenol novolac epoxy resin, cresol

epoxy resin, dinqrfpé:idcﬁn%ifi%gg@% resin, aliphatic.epnxy resin, 2alicyclic.epoxy,tesin,.epoxidized

oil epoxy resin and the like. Especially, bisphenol epoxy resins such as bisphenol A-type and F-type

are preferable for exsellent adngsiveness fo thelase, materialof the anticoriasiye, coalingfilm formed

and anticorrosive properties thereof. These epoxy resins can be 10 used alone or in a combination of

two or moge., lky%u‘é}} £Rgxy f[:rl?.ﬂi]&S%Lhisé@éﬂﬁplya%nltaiﬁ?g%,Ehec[f_ 99 (5); fﬁgﬁ”%}%— 68 % by weight,

preferably 20-50°% by weight e anticorrosive pairt composition [i] containing a’solvent and the

like,and tlil r@[ti 9 ugll}é 10;70 %}pé/ \Q@igﬁt'é}? preferabl -60_% hy weight with respect to 100
O ik -
%?by we%{]at o%’)[,he%so{)lcLlig %ontent of the anticorrosive Sa%?%gr%golg%c%n ?[%?r}y grdtéér;[% lo%%?r% excellent
anticorrogsé\ﬁee@ra%e%tioegmgfge t:gjaltjng film. Commercially-available products can be used as such

e

poxy

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



20 resin (el). There may be cited, for example, bisphenol epoxy resins such as "Epikote 828", "Epikote
834", "Epikote 1001", "Epikote 1004", "Epikote 807", "Epikote 4004P", "Epikote 4007P", etc. of Japan
Epoxy Resins Co., LtdJ 43 Amine-based curing a%(egnt for epoxy resin (e2) As the amine-based
curing agent (e2) for epoxy resin contained in the &bove-mentioned anticorrosive paint composition [i],
for example, modified Mannich amines formed 5 by Mannich condensation reaction of phenols,
formalin and amine compounds, and/or aliphatic polyamines can be used. However, it is preferred to
use mainly aysolyarmideam Peastsicl is foraied bl eondersationadfavdimersadd and a gohamine, and
has reactive primary and secondary amino groups in the molecule for ease of 10 handling of paint and
enablinggireferabilenisablestime randecfoy pairting opetatiohudes |t is tHeoretically #agonemended to
use an amine-based curing agent (e2) for epoxy resin in such an amount that the number of amino
groups of hie-aminesbased: cariig. agent (€2)15:becomes thezsames(chemicadl @quiavaldnee) as the
number of epoxy groups of the epoxy resin (el). However, in the present invention, the curing agent
may be usedhinssuchartamaui gesultingtine) B5+@.9 equivbkericey peeferabiys 04208 equiialence of
amino group with respect to 1 equivalence of epoxy 20 group. Further, the amine-based curing agent
(e2pcanae used, atrtbergtia of, forexampele 1 1080 parts by areight: preferably. 20<70spagts by weight
with respect to 100 parts by weight of the epoxy resin (el). Commercially-available products can be
used as gueh A4 aminghased curing agent (e2) forepoxy resin, and there may be mentioned, for
example, "Raccamide TD966" (Dainippon Ink and Chemicals, Incorporated), "Sunmide

307D-60"(Sanwa ShemigaliGo., Liddaete. SBacillerit(ed) o r g akheRadys pigmeant 4e3) which can be

contained in the above-mentioned anticorrosive paint composition [i] includes, for example,

publicly-kgewn materials such as talc, silicacmica, £lay, calcivmgashanate,kaalin, alumina white,
white carbon, 10 aluminum hydroxide, magnesium carbonate, barium carbonate, barium sulfate,

titanium dioxjde, oarhon black and the like, Especially, faleybarium.sulfate, mica, titanium dioxide, and

carbon black are preferably used in the present invention. These body pigments may be used alone or

in acpombination there, L3 The Body.pigient (3) maybe contained. for example, n thgatio of 80

% by weight with respect to 100 % by weight of the solid content of the anticorrosive paint composition
[1]. Anti-%gg&nt ((gﬂ The anti-sagging agent(e4)contained in the 20 above-mentioned
anticorrosive paint composition [i] includes publicly-known materials, for example, organic clay wax

such as amine S@%mgn;gs??c%lllgg _t_gig tey gﬁ(ﬁ/}esulg%n@é%&gél, Q%r?n%gn,Lpso thélgeng ¥vg%( amide

wax, hydrogenate x, polyamide waX, a mixture of hydrogenated castor oll wax 45 and
polyamide iz, synihetic payticulate sflica, Ralyethylpne oxide waxcand the ke, Ot fnese. polyamide
wax is prefera Cl)y used in the present invention. This antl-sagg|?<g agerﬁn(eZI) can be conYaﬁned, for
. . Eo .
examplesiq&hga@élozcg,ﬂ.l(éofoctgya\%/etgah»tr Ltd.), "Orthoethyl silicate” (Tama
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)}},



5 with respect to 100 % by weight of the anticorrosive paint compaosition [ij. Each of the above
components can be combined with the epoxy resin paint composition [ij according to conventional
methods at the ratio as described above during preparation of the 10 composition, by using, for
example, commercially-available materials. Furthe 81 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
quantities if peeceSsark Such-8fokytresie paint compositiore frayedldy be-provided asa tha-liquid type
composition comprising amain agent component containing an epoxy resin (el) and a curing agent
component@antairing aaraipimeshaset] euringragent ¢e2)! 20Antifolling coating ik and agtifouling
composite coating film The method for forming antifouling coating film and antifouling composite
coating fimd he aatifoukng camposite coating &ilnt of-therpresent d6<nventiomis dbtaineddy forming
an epoxy resin anticorrosive coating film [I] on the surface of a base material, followed by painting an
antifouling=paint-garaposition [ii] on the coating film, thus yielding an antifouling coating film [ll]. 5 The
epoxy resin anticorrosive coating film [I] which is the base of the antifouling coating film [l1] of the
present inventionrisforneag By sdirring-and mixing components constituting the above-mentioned epoxy
resin paint composition [i] according to conventional methods, then painting or 10 impregnating the

mixture on the syrface gf the, base;materialy folloyed- by cuging for-aboyt0.5 ta: abeut-3gays in the
atmosphere. The film thickness of the anticorrosive coating film [I] after curing may be controlled

according fo. applications and Ihe like,Lhe film baving excellentanticorrosive properties ¢an be 15

obtained, for example, by painting or impregnating the epoxy resin paint compaosition [i] once or more

than once af a thickness of 303150 p.mvpainting, follgweg by eyring to,eld the fitgthickness of

200-5000 km. This epoxy resin anticorrosive coating film [I] has 20 excellent adhesiveness to a base

material eyen when.(he malerialis R sigelyondh Alyminum aloy.and ke, Fepagialy. steel s
preferable as the base material because of the adhesiveness. Further, the above base material may
be_treated by publicly-known surface tr tment li es ngﬁ)é ting in order 47 to improve adhesiveness
to be a;e\%%oﬁgéalée %%gt?r?g fim flf & 8§n the 3t er ﬁan , {%é;%ove antifouling coating film [I1] is also
formed by stirring and mixjng the gbove-mentlloned anfifouligg paint composition [ii] according to
conventional ?R —‘ ’— F{i -l ?R
oR? 50 l L Sn-0 J ?inRz
or? “p LR' g j _OR®

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.



5 methods and painting the mixture on the surface of the anticorrosive coating film [1], 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 [l] after curing may be controlled 10 according to
applications and the like. The film having excellent%tifouling properties and adhesiveness to the
epoxy resin anticorrosive coating film [I] is obtained, for example, by painting or impregnating the
antifouling paint composition [iij gnce or more thasm once at a thickness of 30-150 pm/paint, 15 followed
by curing to yield the film thickness of 15Q-5 m. Further, the anticorrosive coating film [I] on
which the antifouling coating film [1[]38 fornf&d may be cured completely, however, it is also possible to
paint the antifouling paint composition [ij"on thergnticorrosive coating film during the 20 state of
semi-dry to touch to form the antifouling coating film [I] for improving adhesiveness and the like.

The antifouling coating film [#] of thie pres@nﬂ&i@ﬁﬁgn is preferably used in the antifouling composite .
coa ng film 48 [ll] directly on surfage of the epoxy resin anticorrosive coating film [I] (that is,
without intervening of coating;films of other intermediate layers). However, the antifouling paint
composition [ii] of the presegt invefttion cé}ﬂ”)%"éqlgyﬂsed to 5 paint directly on the surface of the above
base material and form the antifouling coatingfilm [Il) which is-indireg¢t-gontact with the base material,
Utilization of the antifouling coating film and the antifouling composite coating film 10The antifouling
coating film or antifouling composite coating film formed according to the above-mentioned methods
can be formed on the surface of various base materialls, for example, underwater structures such as
water feed/exhaust ports of a then%al/nuc I pOwer | E”ﬁ‘ai?ﬁms for preventing sludge 15 diffusion in
various maritime civil engineerﬁi‘ghwk&ssehms—»maﬁél roads, undersea tunnels, port facilities, canals
and channels, or ships, f,g&e_[y _acgerials, é&g (forp%txample, ropes, fishnets, fishing gears, floats and
buoys). It is possible to lowér tfle surface free energy of the 20 surface of a base material, by forming
the above-mentioned antifouliiyy coating film or antifouling composite-caating film on the surface of the
base material. Such coating film having low surface free energy is resistant to attaching of aquatic
organisms such as ulva, barnacle, green laver, serpula, oyster, 49 bugula neritina and the like. Even if
such aquatic organisms adhere to the surface of the coafing film,these are removed easily by the
stream resistance of séa water or #8sh W@g, thus tHefantifoRling preperties are effective continuously
for 5 along time. Therefore fntfou iseffectiyer6 the base material of which surface
contacts continuously dr intermittently withi sea water br freshiwater, especially underwater structures,
ship shell pla't'@g‘fféﬁﬁﬁé‘?s, and fistiliy gedrs. Further, #tan nfintain the function of these 10
underwater structures for a long time or to prevent blocking of fishnet meshes. EXAMPLES
Hereinafter, the present invention will be described 15 further in detail by Examples and Comparative

exag“ﬂes' 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",



(Preparationofthecurableorganopolysiloxane antifouling paint composition)
Athree-liquidtypecurableo.ganopolys loxane composition listed in Table 1 comprising amain agent
component 20 (A), a curing agent component (B), and a cure-accelerator agent component (C) was
prepared. 12 kinds of cure-accelerator (C) were pr Bared by using 12 kinds of tin compounds,
respectively. Subsequently,antifoulingpaintcompositions corresponding to each of Examples 1-11
and Comparative examples 50 1-8 were prepared by mixing 77 parts by weight of the main agent
component (AY 18 p&fts by WeiGH RS iirihG agemtCmponent (B), and 5 parts by weight of the
cure-accelerator agent component (C) thoroughly using a mixer until a homogeneous mixture was
formed, wherein‘ConpSnérits ¢a1) N@2Y (bBS (26 drivfor-{ac CaRd fdl Weré tontaired &t e mixing
amounts listed in Tables 3 and 4. (Preparation of the epoxy resin paint composition) After preparing a
main agéntecofipbRABRE(X PaRd ARRiIRG LD &FeritTormpamstit (Y] for thefepbiy resifepainticomposition
each having the component mixing amounts listed in Table 2, a paint composition for forming the
epoxy resianticorrosiveicoating it wWhs prapared by 85 pany by weidin bt thelmain agent
component (X) and 15 parts by weight of the curing agent component 15(Y) thoroughly using a mixer
untiba haaogeadousanixtuireswas form&d. [Testeesampiesi as Fohthe antifoutimg compsesite coating
film obtained from the epoxy resin paint composition and the curable 20 organopolysiloxane paint
compositior prepared@asomenticned wbeve sa densite: testy a tapecdelamirationtestea éresh 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 (Tghsile test) The above-mentioned epoxy resin paint
composition was applied to a sdiftihlasted|steel pldté with a size of 200 mm x 300 mm x 2.3 mm by a
spray coater (Anest Iwata Corporatigr; a&@ ame: Wider Spray Gun W-77-2G) at room
temperature, and dried for a day to/form aghepoxy resin anticorrosive coating film having a film
thickness of 200 p.m in the dry state) Syldse tly, 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 (Aﬁfgst Iwataborpo%’t@on,-trade(m,qme: 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 coatinghfilmssusiag-therantifeuling paint-compasition prepared,in GoRPHNALIME-

group.

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

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



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
(1504624) . A stainless steel test cylinder (Dolly pie?'&e) having a cross sectional area of 2 cm2 was
glued to a test plate which was coated with cured antifouling composite coating films using an
adhesive (GE Toshiba Silicones "TSE399") After making a cut around this Dolly piece using a 52
cutter, the adherémcerstreémngthtivias oreasured byrapulk ot adbesion testers EaRre gefaaiin ion test) The
above-mentioned epoxy resin paint composition was 5 applied to a sandblasted steel plate with a size
of 100 miox 800 asm KVZ.B-mm] oh )which laumasking tape:{ragdename: Architectural Magking Tape”,
Nichiban Co., Ltd.) was glued at the center, using a spray coater (Anest Iwata Corporation, trade
name: WidefiSpray Gun W-7Z2G)atzeenvtemperature, and ghied fer;a day tesfgrm 19-ap epoxy resin
anticorrosive coating film having a film thickness of 200 gm in the dry state. Subsequently, the
antifoulingipaint,compositions prepared,in Exapiples 1-11 and Comparative examples;1-8 were
applied to the above dried-anticorrosive coating film using a spray coater (Anest lwata Corporation,

trade names\\ider, 15:Spray Sual-17:2G),ak room temperaure until its thickness-became 150 gm in

the dry state, and then dried for a day. As a result, the coating films of the antifouling paint

compositigns-prepased i%@ﬁﬂlﬁ%@@/ea%%@@'%%% werenot.cured therefore, only the

cured-antifouling composite coating films formed by 22 the antifouling paint composition ogExampIes

L-1L andGompative exanples 13 ete sublesd 0 2,208 Selamnalio fest Afey geerating 2

level difference on the coating film 53 levels was rasped strongly with mgeﬁcﬁ?ﬁgn to défaminate the
coating fil, and.the maximym. value of the delaminated length, was measured. If the adhesion is
sufficient, the delamination should be 0 mm, if not, the length would become large. 5(Fresh water

immersion test) COm;l’&e&%qwgg%ggl%%%%%g)o%ybr%sirg: T[:)gint con}“pos_ti}isoen | was ?%)t%:f}d to a

sandblasted steel plate with a s 0 m x 23 mm %smg a s%?sa eFfﬁ{hest Iwata
Corgoration, trade name: Wider Spray Gun W-77-2G) at room temperature, and dried 10
foradaytofonéanepoxy(résﬁ\%vf)iﬁticérggsi%é%ng\t%%fiI%Hag\ﬁﬁg%af?f fhidkAHRES BF 280 gin iPthe dry state.
Subsequently,.the antifouli aint compgsiti repared in Examples 1-11 and Comparative
example%él%\?vlé?g gpt)ﬁl?eg g)ar'z%%“aagcde\/e rie%l)?agr%gcc%r) 0SB Cokting RIFCGESIAG GEpPAY Esater (Anest 15
lwata Carpotation, trade name: Wider Spray Gun W-77-2G) at room temperature, until its thickness
became 150 prél) inatﬁedglr?/%@%, alﬁldkfﬁé)ﬁ %%igﬁo?%%y?As & r&sult NhE o atmgiinistof the
antifouliql% gaint corﬂ%o%itions pre ared jn Comparative examples 3-8 were not cured, therefore, only
the cured-an'ti}ouling 0 Composie ésating filmefdmed by freatfsdling Fant édmpositiéns of
Examples %—fﬂlczind*%omparative %gim les 1-2 were su?ject}ed to a fresh water immersion test.

i LEBTh G Rim (S imthErSet dgionir by Watét FiaittdiRed 20 & teiperature of 23

The curgdl-compogite coaﬁn&
C{%r6'2§9g§éTh%c,%ene 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



degree of generated blister was evaluated according to a method specified by ASTM D714. The size
and the density of blister according to ASTM 0714 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 evaluation is expressed as 8M. (Arfifouling test) The above-mentioned epoxy
resin paint composition was applied to a sandblasted steel plate 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-77-2G) at
room tempebdtuite, arkd dried dargh dayrterformran epoxyrigsinranticosrosivenceating film hawng a film
thickness of 200 pm in the dry state. Subsequently, the antifouling paint compositions prepared in
Examplegpd:ilit-and 15 Comparative examples 1-8 were applied to the above dried-anticorrosive
coating film using a spray coater(Anest lwata Corporation, trade name: Wider Spray Gun W-77-2G) at
room temperaturg,luniil itsnibickness became 450 pan indhe:dry-staterand then dried for a day. As a
result, the coating films of the 20 antifouling paint compositions prepared in Comparative examples 3-8

were not catgd therefors; ndy: the, cured-antifouling-compesite. coating films f%_rme’d teg §3e antifouling

paint compositions of Examples 1-11 and Comparative examples 1-2 were subjected to an antifouling

test.555 and Theitest plats-egatedwiith thepeured-agtifouling, co eritqn%c%aéir%gvfg%\%%%i{nmersed and

settled in seawater of Nagasaki Bay of Nagasaki prefecture for 12 months. Evaluation of tHe

antifouling. peroymangeyas svalaled by vistal jorpecigh afler Smaping and 12 monihe,, S6

Examples/ Comparative examoles 11 .--1 noa’, .--,1".-i;I",HI,,LDI m .ex i 'MT Nm

paint.

Liguid organopolysiloxane (dl)

}Hlthepresentinvention,ealiquiciorgénopolysiloxane (dl)

10  may be additionally combined with the main agent component (A)

and/or the curing agent component (B). If the liguid

organopolysiloxane (dl) 1s not combined, the adhesiveness

between the antifouling coating film formed by the antifouling

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
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(21} represented by the following generzl formula (3a) or
composition formula (3b) or do not have self-condensing
properties. These silicone o0ils can be used alone or in a
combination of two or more. Such non-reactive liguid
5 organopolysiloxane (d1l) is considered to be effective in
forming an antifouling functional layer on the surface of the

coating film cobtained.

In the above general formula (3a), Rs may be identical
10 or different, and represent an alkyl group, aryl group, aralkyl
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.

5 RM g3 (RY5-7) VO gy sz (3b)

In the above composition formula (3b), R™ represents
hydrogen atom, or represents an aiky_l group, arvyl group, or
aralkyl group, each having 1-10 carbon atoms, R'® represents a
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
= Hby <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



0100'0101010 OICCONNN1,21?20.0 1 e'NIM M MININ'M 111,01 "'. Of1010' 01210'0 MIM MIMIN
11,1'1li | 0 1 Manufacturer GE Toshiba Silicones GE Toshiba Silicones SCM Mitsubishi Chemical

Wacker Asahikasei Silicone GE Toshiba Silicones a5

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"



Shin-Etsu Chemicals Shin-Etsu Chemicals Nitto Kasai Nitto Easel Nitto_Kasei N_itto Kasei Katt Kasei
Nitto Kasei Nitto Kasai Nitto Easel Nitto Kasai Nitto Easel Nitto Kasei Nitto Kasai Amount (parts by

weight) 6'61611 07 lal,al M, Mm .410 m3n6

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-oil 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



M'MM111,EI'"[MMMMIMM'I1T'L, [11'MMINI],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-;?-07,STS-"(-0-UT81-

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 % 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



6J, t113-11-0-,3TS)-001 ....... e 3, 410-'(-0-1;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 (§§-7) dioctyltin dineodecanoate dibutyltin dilaurate
dioctyltin bis(oleyl malate) Component (al) Organopolysiloxane (a2) Silica (a3) Color pigment (al)
Solvent janosilane | (d11-1) non-reactive (d11-2) non-reactive (d12) reactive

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 the main 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

o2

by welght, more preferably 0.1-30 % by weight.

Coleor pigment (a3)

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



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 phe?’ﬁ/l group. *3: dimethyidiphenyls icone oil (about

95% methyl group and about 5% phenyl group). ca. 100 mPa.s. Ra represents methyl group or phenyl

Irotp- contain a coler pigment (a3) if necessary. For these color
pigments (a3), various publicly-known ofganic 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,



10 *4: dimethyldiphenylsilicone oil (about 95% methyl group and about 5% phenyl group). ca. 100
mPass. Ra represents methyl group or phenyl group. Rb: -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) of 15the present invention,(ac-1)-(ac-7),and thé%e not corresponding to the tin compounds (ac)
was used. *6 : In the above-mentioned formula (1), the compound in which p =q =r =1, R1 represents
butyl group and R2 represents ethyl group. 20 *7 : In the above-mentioned formula (1), the compound
in which &% = r = ERE represersts ooty group and R2uépeesents ethytgroup. e xBhERample
Comparative examples 1601 Z'9L CAco 1:11,Nc)L11001]j
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
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conduction-improving agent and the like.

Such optional components contained in the antifouling
paint composition [1i}] may be combined in advance with the main
agent compenent (A}, the curing agent compon@nt.(B), or the
cure-accelerator component (C) in appropriate quantities 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 organopolysilozane composition is packed.

The antifouling paint composition [ii] of the present
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.

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
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,
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
used aleone 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,
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
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



mCI N(OEI1i1LTO"0O 00t0O0OC.DtOOC., =r,601Z9L com..MmiF]N

10

15

20

45

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
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
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
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).

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,



!, 1t 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 satt 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 Tensile test (Jis FT 5600-5-7, ISO 4624) EMP,a) Tape
delamindtiotitést Freshiwater immersienleste. Even if such aguatic 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 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

10 underwater structures for a long time or to prevent blocking

of fishnet meshes.

EXAMPLES
Hereinafter, the present invention will be described
15 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
20 (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 components (al), (a2), (bl), {ac)

2]

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
10 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
15 (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
20  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,
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(Tensile 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
the coating £ilm, and the maximum value of the‘delaminated length
was measured. If the adhesion is sufficient, the delamination
shéuld be 0 mm, 1if not, the length would bécome large.

(Fresh water Ilmmersion 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
foraday to 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
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
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
smalil 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
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
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
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
antifouling paint 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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-6) dioctyltin

Q5) dibutyltin dineodecanoate (ac

0!0!"t0 oo 1cJvanopoiymoxane kali acm Silica (a2) Titunium white (a3-1) and Carbon black (a3-2)
é

Partial hydrolyzate of organosilane (b1) non-reactive Lorganopolysiloxane (d1l-1) 1 non-reactive
organopolysiloxane (d11-2) reactive organopolysiloxane (d12) dibutyltin diacetate (ac-3) dioctyltin his

(ethyl malate) | (ac-4) dibutyltin acetylacetonate (a

dineodecanoate (ac-7)
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dibutyltin oxide content of tin contained in the tin compound above Total 1 Tensile test (JIS

K5600-5-7, ISO 4624) 1 [14Pal Tape delamination test Fresh water immersion test

81s - U

Table 5

61

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

(go) (e) ?/Tol



Main agent component (A) one™-'0'H-oUu-UIOW 4-,ummw 00 Component (parts by
weight,solid content)

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

(VIIT);

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



61 Table 5Criterion of fresh water immersion test Density Size None None (Evaluated by comparing
with reference photo) less than few FF Few small 8 Medium 6 Medium - dense MD

63
O
9 R g
i $1 \\,f‘\ﬁH
C
Hﬁ/ ™0 Sn———0. __CH
C
1
HC 0 R I
\ﬁ/ \R4
c (VITI}

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

4 1
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



Dense large 2 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 condensation 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 tHfe*organosilane has functional group(s) capable of
undergoing condensation reaction with the condensation reactive groups of the organopolys oxane (al)

which has-atleastiwogendensation reactive groups in él% e.molecule, and 15(C) a cure-accelerator
component containing at least one kind of tin compolnd (ac) selected from the group consisting of tin

compounds reprosenied by the.folewingromulas () o (1 63 (i theformula (T, R

represents a Ci-Clo hydrocarbon group and R represents a

component (A) and/or the curing agent compenent (B), wherein
the cure-accelerator component contains at least one kind of
5 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

10 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) 18 0.001~2.0 % by weight with
respect to kmstoLaeaﬁwunt<xEorganomo*y51loxane {al) andsilice

20 (az).



52.A two-liquid type curable organopolysiloxane composition to be used for direct coating on an epoxy
resin anticorrosive coating film, comprising, (A) amainagentcomponentcontainingan
organopolys oxane (al) which has at least two conéiénsation 10 reactive groups in the molecule and
silica (a2), (B) a curing agent component containing an organos a e and/or a partial hydrolyzate
thereof (bl), wherein the organosilane 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 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-accelerator somponentcontaing &t least one kind-of Sitinseampeurd (ac) selested-from the group
consisting of tin compounds represented by the above formulas (VI) or (VIII).

3.Thecurableorganopotysilexanesomppsition accerding tq,elaim 1-or.2, whgrein at least ong kind of the
tin 10 compound (ac) selected from the group consisting of tin compounds represented by the

above-meatianesHiommulas (d) o1 (Vilig et sast.gae Kiadof . compquag selected figm fhe group
consisting of dibutyltin acetoacetate dibutyltin bis(ethyl malate), and dioctyltin bis(ethyl malate). 15

4. Thecurableorganepolysioxanecompasition ac6e9a ngde any 0f claims, 1 19 3, ywherein the amount

of tin contained in the tin compound (ac) is 0.001-2.0 % by weight with  respect to the total amount
of organopglysiloxane (al) and silica 20(a2). 65 5. Thecurableorganopolysiloxanecomposition

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



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 weight with 5 respect to the total amount of organopolysiloxane (al) and silica (a2).

6. Thecurableorganopolysiloxanecomposition accading 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
organobolysiloxane (al), silica (a2) and the organosilane and/or a partial hydrolyzate thereof (bl).
157.Thecurableorganopolys loxanecomposition according to any of claims 1 to 6, wherein the amount
of tin contaimeckin-thedin compound () is 0:0130:5 % by m@ﬂﬂﬂ%&ew&%t@% ftalamount of

d

organopolysiloxane (al), silica (a2), and the organosilane and/or a partial hydrolyzate thereof 20(bl).

8.Thecurahlearganppslysilexanecampasition M@W%@&@E&SM%M?%@S

organopolysiloxane (al) in the main agent component (A) is an organbpolysiloxane 66 containing in

the moleaute atleast2 fyncienakgreups selected each.indgpendently, from the group consisting of
hydroxyl group, oxime group, amino group, acetyloxy group, and alkoxy group.
59.Thecurableorganopolysiloxanecomposition according to claim 8, wherein the organopolysiloxane
(al) in the main agent component (A) is an organopolysiloxane having functional groups each

independently selected frop.the g@g%g%sistiqgr%f ) 9593‘1}’{/9&0&1& gﬁiéne g@grepg@ilr%oi%)un 10
acetyloxy group, and alkoxy group at the both terminals of tHe molecule.

10.Thecusablgorgangpelysiloxanecempgsition ﬁ?cfeﬁ%ié“%@g%%%fr%‘%l%i%l 0.3 W %f%” the organos

lane and/or 15 a partial hydrolyzate the (ol) in the curing agent comp hentoéﬁs?a organosilane

andlor a paia ydyolyzat.thereal hiaving hygroxyl atoun, oxime group, acetyloxy group, or & koxy

group. 67 11. Thecurableorganopolysifoxanecomposition according to any of climns £ to 10,

wherein the grganosilan ?5‘19'495 parial h)éplr Ié/z te thereof (hbl) in the curing agent component (B) is

an alkylsilicate and/gra%artia hy%ro%r/zatle%ﬁgerélo%?nfy LEL0Bg B AT grolip
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.



12. Thecurableorganopolysiloxanecomposition according to any one of claims 1 to 11, wherein

the organopolysiloxane (al) in the main agent component 10(A) is an organopolys loxane having
hydroxyl groups at both terminals, and the orgahosilane and/or a partial hydrolyzate thereof (b1) in
the curing agent (B) is an alkylsi cate and/or a partial hydrolyzate thereof. 15 13.
Thecurableorganopolysiloxanecomposition 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 2Gheat-trEating organdpdlysiloxane: (aby-and,siticecta) én advaneeocsitildh
Thecurableorgancpolysiloxanecomposition 68 organopolysiloxane (al) and silica (a2) in the main

agent componenti(A) is-a mixture 6f a heaktreated-substance{a22)formed byheat-drenting the
organopolysiloxane (al) and silica (a2) in advance and a non-heat treated organbpolysiloxane (al). 5

15.Thecurableorganopolysilexangeemposition-aceording 0 apy of chaimssl 19,14 wherein; the main
agent component (A) contains additionally a color pigment (a3).

1016.Thecurahleerganopolysiloxangcompesition aceording to-Claima 151 whergin the ¢olor pigment
(al) is at least one kind of color pigment selected from the group consisting of titanium white, iron
oxide blagk«Garben black, iron oxide red, and cobalt blue. 15 '
17.Thecurableorganopolysiloxanecomposition

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



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 organopolysiloxane (al) and silica (a2). 20 69 18.
Thecurableorganopolysiloxanecomposition accordirg 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. Thecurableorganopolysiloxanecomposition according to any of claims 1 to
18 wherein the main agent component (A) contains additionally a solvent (a4).
1020.Thedursblegrganepdlysiloxanecomposition adddrding te:any aficlaims 14e: 19, wherein the
added amount of the organosilane and/or a partial hydrolyzate thereof (bl) is 1-20 % by weight with
respect ta-thertotat mmotimlt of erganopslysitexane @l)randksilicac@2ydSsubsZnce (a22)
Thecurableorganopolysiloxanecomposition according to any of claims 1 to 20, wherein the added
amount of thererganpsilane and/or @i partiah by drotyzate thepeofi(b1)is<3-1901% by.weight:with respect
to the total amount of 20organopolysiloxane (al) and silica (a2 22.
Thecurableargahopetysiloxaneeempasitiomaccording:tosany; ef,claims:1 e 21cwheteina liquid
organopolys oxane (di) is additionally combined with the main 70 agent component (A) and/or the
curirg agent component (B). 23. Thecurableorganopolysiloxanecomposition according to claim
22, wherein the number average molecular weight (Mn) of the liquid o ganopolys oxane (dl) measured

by GPO is 400-10,800. The 24. Theeurableorganopolysiloxanecomposition aceording to.claim 22,
wherein the liquid organopolysiloxane 10(dl) is a non-reactive liquid organopolysiloxane (d11).
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



25. Thecurableorganopolysiloxanecomposition 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_1&43 -F 13n ha RR (in the above general formula
(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 O to
500;) 71 (R15-Z) y0 (4-x-y) /7(3b) (in the above composition formula (3b), R represents hydrogen
atom, or an alkyl gtoup, arylegroup;worarakkyl group,ceacghciay=C1 G0 earbon atams,iR3 tepresents a
C2-010 divalent aliphatic 5 hydrocarbon group which may be interrupted by ether group, ester group or
-NH-, Z representsraymonovalentpdlar grouprsuch as-aminddqgrouprearboxyl group; epoxy group or a
polyethylene glycol group or polypropylene glycol group of which terminal may be blocked with an alkyl
group or péyrgraup havingils6 catboatemsy 10and; x andiy-satisfy theselationships: 8:01x < 3.99,
0.025y <4, and 0.02 5 x+y <4.) 26. Thecurableorganopolysiloxanecomposition according to
claim 22,anhersin the liguigsorganopelysitoxane 164dl) is=a reactive liguid:-grganopolysiloxane (d12).
27. Thecurableorganopolysiloxanecomposition according to claim 26, wherein the reactive liquid
organopolysiloxane (d12) is a silicone oil having at least one

19. The curable organopolysiloxane composition
according to any of claims 1 to 18, wherein the main agent

component (A) contains additionally a solvent (a4d).

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

Y

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



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 linkag€! 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 groap sefeetarbfremtthé groap donsistidgeofchyiroxy| greu, oxime graup; atine 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 ligdid  Grganopolysioxane (dh) isyeombinedawiths theneuringcagent 20camponent (B).
31. Thecurableorganopolys loxanecomposition according to claim 29, wherein the added amount of
liquid organopelysitoxane (d) isi®:02-15 %xyrnweightiwith respeettoa v3 thejtotal @amaunt of
organopolysiloxane (al) and silica (a2). 32. Thecurableorganopolysiloxanecomposition according
to claim 29; whereinthe adtleshambunt:obliquid; Srosganapolysilexane (di) is 14896 byaveight with
respect to the
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;)



total amount of organopolys oxane (al) and silica (a2). 33.
Thecurableorganopolysiloxanecomposition according to claim 30, wherein the added amount of liquid
10organopolysiloxane (dl) 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 150rganopolysiloxane (dl) is 50-350 % by weight wth respect to
the organosilane and/or a partial hydrolyzate thereof (bl). 35.
Thecurableorganopolysiloxah€eSmpBsitich aécording:to any of claind$1 to 34, wherein a silane
coupling 20 agent is additionally combined with the main agent component (A) and/or the curing agent

component{B)he ak36:d hesuratiéorganopotysildxariétompasttiar tidcauplingragentis:0.01-1 % by
weight with respect to the total amount of organopolysiloxane (al) and silica (a2). 37.
Thecurableorganapalysiloxanecompositiay b gecording to=claimi35, wherein theadded ampunt of
silane coupling agent is 0.01-50 % by weight with respect to organosilane and/or a partial hydrolyzate
thereof (hi)~C., «38-An antifeuingmpaint epmpesition containing the 10 cerable drganopalysiloxane
composition according to any of claims 1 to 37. 39. An antifouling coating film formed by curing

the antifouling pain;icompesition.accordingta-elaim:38: A5+ e d 1A0=AR antieuwing, cempgsite coating
film comprising [1] an epoxy resin anticorrosive coating film formed from an anticorrosive paint

compositign: centainingran epaxy gsiz s enfed) andran amnine-hased curing;agent (e2)-for gpoxy resin,
and 20[l1] the antifouling coating film according to claim 39
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



laminated directly on the surface of [l]. 41. An antifouling composite 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 72[11] the antifouling coating film according to claim
39 5 laminated directly on the surface of [ 42.An antifouling composite coating film comprising [1]
an epoxy resin anticorrosive coating film formed from an anticorrosive paint composition containing an
epoxy resin 10(el), an amine-based curing agent (e2) for epoxy resin, a body pigment (e3), and an
anti-sagging agenti anded offl] thecarttifoulirgicoatingfiaccotding ta:elaim 39daminated directly on
the surface of [I]. 1543.The antifouling composite coating film according to any of claims 40 to 42,
wherein therepoxgresing el constitating. the epexytresin anticarrosive coating 4 4s18 bisphenol type
epoxy resin, and the amine-based curing agent (e2) for epoxy resin is a polyamideamine. 20 44.The
antifouling,compasite coating film according to claim 41 or 42, wherein the body pigment (e3)
constituting the epoxy resin anticorrosive coating film [l] is at least one kind of body pigment selected
from the group consisting of talc, 76 barium sulphate, mica, titanium dioxide, and carbon black.

45. The antifouling composite coating film according to claim 42, wherein the ant sagging agent (e4)
constituting the Szepoxy resin antigatrgsive coatingsfikiy Bhiseepalyamide waxompo 46 Adbase
material coated with the antifouling coating film according to claim 39, or with the antifouling composite
coating fimacearding te anyof €laims 40.40-49,10he 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



47. An underwater structure coated wthe antifouling coating film according 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 antifouling coating film according to claim 39, or with the antifouling composite
coating film according to any of claims 40 to 45. CURABLE ORGANOPOLYSILOXANE
COMPOSITHONAND ANTDIECULING COMBOSITE COAEMNG FHIM ABSTRACTJRrokiems to be
solved] To provide a curable organopolysiloxane composition, wherein the composition can be
laminated directly on the surface of an epoxy resin anticorrosMve coating film and can form an
antifouling coating film which has improved antifouling performance compared to the conventional art.
[Means for solvingthe prablems] curAdwe-liquid-typeqs hree-liquicktype curable organopelysiloxane
composition, wherein the composition contains at least an organopolysiloxane having at least two 15
condensatiendeactive groupslia the moleculed(al), siliea a2).can-erganesilane and/or a padial
hydrolyzate thereof (b1), wherein the organosilane has functional group(s) capable of undergoing

condensationareagtion, withhe gendansation reactive growpsiefihe above-arganepolysiloxane (al),
and at least one kind of tin compound selected from the group represented by a predefined general

formula. No-EiQUSgcunt of organopolysiloxane (al) and silica (aZ2).

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



10

15

20

74

coupling agent is 0.01-1 % by weight with respect to the total

amount of organopelysiloxane (al) and silica {&82).

37. The curable organopolysiloxane compesition
according to claim 35, wherein the added amount of silane
coupling agent 1s 0.01-50 % by weight with respect <o

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

38, An antifouling paint composition containing the
curable organcpolysiloxane 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.

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
{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
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an anticorrosive paint compesition containing an epoxy resin
(el), an amine-based curing agent (e2) for epoxy resin and a
body pigment (e3), and

[TI] the antifouling cecating film according to claim 39

laminated directly on the surface of [I].

47 . An antifouling composite ceoating film comprising

[T} an epoxy resin anticorrosive coating film formed from
an anticerrosive paint composition containing an epoxy resin
(el), 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.

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.

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,
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barium sulphate, mica, titanium dioxide, and carbon black.

45, The antifouling composite coating film according to
claim 42, wherein the anti-sagging agent (ed4) constituting the

%

epoxy resin anticorrosive coating film [I] is a polyamide wax.

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,

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.

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
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.



