10

20

1 DESCRIPTION CURABLE ORGANOPOLYSILOXANE COMPOSITION
AND ANTIFOULING COMPOSITE COATING FILM 5 TECHNICAL ‘
FIELD The present invention relates to a curable 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 antifoulingpairit'coht¥sition containing such curable
organopolysiloxane composition, an antifouling coating film formed by
curing this antifouling paint composition, and an 15 antifouling composite

R ety e O SN Al
from a curable organ(&%%ggié%%n% &%Rﬁ@t EQbmbPosition is used as an
d

antifouling coating film tor preventing the adhesion of aquatic organisms
on a surface of an underwater structure and is useful as a replacement of
a traditional antifouling coating film containing harmful substances like
organometallic compoundsg Fhis; edred:-2 -erganopolysiloxane antifouling
coating film is laminated as an upper layer on an epoxy resin

anticegrasivegqating film which isformed.on asurfage, of a base.material

such as steel from an anticorrosive standpoint, and may be preferably
orySedB8:Brsiloxane composition which is improved in adhesion
Lo an epoxy resin anticorrcsive coating film and in addition
is able to form an antifculing coating film having excellent
antifouling properties. The present invention also relates to
an antifouling paint composition containing such curable
organopolysileoxane composition, an antifouling coating film
formed by curing this antifouling paint composition, and an
antifouling composite coating film comprising this antifouling

coating film and an epoxy resin anticorrosive coating film.

BACKGROUND ART
A coating film formed from a curable organopolysiloxane’
paint compesition is used as an antifouling coating film for
preventin§'the adhesion of aquatic organisms on 2 surface of
an underwater structure and 1s useful as a replacement of =a
traditicnal antifouling coating film containing harmful

substances 1like organometallic compounds. This cured
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5 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 coating film (Under
Coat) and 10 one or two layers of oianopolysiloxane 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
crygiclecantfollingrcomposite coating-filat iwhidh imtim Iservedtedram@in
adhesion between the coating films. However, 15 such an antifouling
UPRBMPESItE coatitg fiherivaviagithe midlidayered ot filhg stiuctuve hals
not able to obtain long-term antifouling properties and also had a problem
1s of eB8EIncredseS HueAbroforfy St paiMtHeE WO pEHBH. A3 EdrRfentiohal
curable organopolysiloxane paint 20 compositions, those described in the
20 {GwWiRGdOSdMRNtS FRVECbEEN IdTR VA a e PatéRt AppRcatich 2
Laid-open N0.2002-500239 (Patent Document 1) discloses an antifouling
U At CTPORRIDH uf 2 PEEk EBMbiRAtGR TonPmding & basa cordaining
for eéamlpleﬁs a,w-hgdrloxg/.-fynctional sii__logar]s?,. silica, silicone oil and the
like, @ (c::urﬂ?g éjé:gﬁtn & r?taYnlrl]g ‘%é“ﬁ%&ﬁf/‘l ortho |ﬁ€§téogﬁf&%ﬁ%eoﬁ%anﬁltﬂ%
e fiee. and a carglyst solution contaiing, dibyiyiin dijaurate and the lke, 5,
apanese Patent Appﬂcatlgn LalgPopen NG.05-505845 ‘(PatenﬁDocument
- A inslasasfoy sxample: a400m, JOmPUAY e GIRRIE: nion coat), 2

polydiorganosiloxane containing
layer of an epoxy anticorrosive coating film {(Under Coat) and

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 f£ilm, which in turn
served tomaintain adhesion between the coating fiims. However,
such an antifouling composite coating £ilm having the
multilayered coating film structure was not able to cbtain
long-term antifouling properties and also had a problem of cost
increase due to prolonged painting work period.

As conventional curable organcpclysiloxane paint
compositions, those described in the following documents have
been known.

Japanese Patent Application Laid-open No.2002-500238%
(Patent Document 1) discleses an antifcouling paint composition

of 3 pack combination comprising a base containing, for example,
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a,w-dihydroxy-pc)'ydiorganosiloxane, an alkoxysilane curing agent, a
curing catalyst comprising a metallic or organometallic 10 salt of
carboxylic acid (for example: stannous octanoate, dibutyltin_dlaurate,
dibutyltin acetate) and the like. Japanese Patent Application Laid-open
N0.05-507955 (Patent Document 3) discloses, for example, an
organopolysiloxane composition containing 15

a, uffgditydronpalvdiorasnosloxane, a kelimigoxysians cOROUBHPS A
crosslinking agent, a metallic or organometallic salt of carboxylic acid as

11 @ecatalyst(for,gxample: stannous, ogtaneatey sibutyltin diewsate. dibutylfin
diacetate), heat-treated silica, non-reactive silicone oil and the like. 20

=1 Vapanese: Patent Applicatien Laid-eper: oL@ 506598 i(Fateat Docubrent
4) discloses, for example, a composition for forming an antifouling coating

d1iHitray wehiereinl 1he: eempasition heontaits. a polymer in which at least a main
part of repeating units is a unit other than siloxane unit, a curable 4
polydimpganesiloxaries et cubing ‘agerit that carebe-usethas¥osihgte (Fdtksor
a two-liquid type such as tetraethyl orthosilicate, a condensation and

(Pziriny calalysnsnch as carbbbedicanic salt ©Fa merdmREh. as tin (faoom
example: dibutyltin dilaurate, 5 dibutyltin dioctoate, tin (Il) octanoate,

temlisaE i aretsatetonate) Atk R AiRcoheC B8R %A d the lIRED PGHHES
the antifouling paint compositions containing such compositions are

o, gedénbed 18 e appicanieanith breferable adhedibrPsy théane curing

publicly-known anticorrosive coating formed from 10 epoxy paint anld the
agﬁEé, a curing catalyst comprising ametallic or ordahometallic

salt of carboxylic acid (for example: stannous octanoate,
dibutyltin dilzurate, dibutyltin acetate} and the like.

Japanese Patent Application Laid-open No.05-507855

{Patent Document 3) disclioses, for example, an
organopolysiloxane composition containing
o, e~dihydrozypelydiorgancsiloxane, a ketiminoxysilane

compound as a crossiinking agent, a metallic or organometallic
salt of carboxylic acid as a catalyst {for example: stannous
occtancate, dibutyliin dilaurate, dibutyltin diacetate},
hea£~treated silica, non-reactive silicone cil and the like,

Japanese Patent Application Laid-open No.07-506598
{(Patent Document 4} discloses, for example, a composition for
forming an antifcouling coating film, wherein the composition
contains a polymer in which at least a main part of repeating

units is a unit other than siloxane unit, a curable



18

15

20

However, when the curable organopolysiloxane 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 layer 15 (Tje Coat) of organopolysiloxane was
necessary in order to form a composite coating film, since a cured
organopolysiloxane antifouling coating film does not adhere to an epoxy

po16Ratng; filmof the-uaderlying baseynateriak {RateDociment Wi ngie
Japanese Patent Application Laid-open 20 N0.2002-500239 [Patent

padRosument.2)- Japanese Rateicpplication-baiehopes - Ne:@9506845, =
[Patent Document 3]: Japanese Patent Application Laid-open
corNeab070556h [Patent Deciihent 4 kulapanese Patent Applicatiosa 1t
Laid-open No0.07-506599 DISCLOSURE OF THE INVENTION 5
of [Rrofdenis towsnsalved by thédnventions. An objéctoflithenpréséatzate,
invention is, for the purpose of solving problems accompanying the
ditretatetiiart, toiprovide & curdble orgdhbpolysitxarrstompositionthat in
affords antifouling coating film which has highly excellent interlayer 10
acediasiie prdgertiédwhéndarinted ditedtRPoR thetsurfdce 6than epégy
resin anticorrosive coating film as well as excellent antifouling properties,
Fuibto pfoVideR Bl ‘drtitodiitg BomiPosre™esating Flh cHifipAsig&n Such
antifouling coating film formed from_such curable organogolysiloxane
CO%RﬁﬁﬁSﬁﬂBﬁa%ﬁ%n?%ﬁ%%&?%%kFo be applicable with preferable

adhesion onthe publicly-known anticorrosive coatting formed from
epoxy paint and the like.

However, when the curable ocrganopolysiloxane paint
compositions described in those patent documents, that i1s, the
conventional paint compositions containing carboxylic ;cid salt
of tin are used, at least one intermediate coating film layer
{Tie Coat) of organcopolysilcxane was necessary in crder Lo form
a compcsite coating film, since a cured organopolysiloxane
antifouling coating film does not adhere to an epoxy coating
film of the underlying base material.

[Patent Document 11: Japanese Patent &Application Laid-open
No.2002-508239

[Patent Documant 2]: Japanese Patent Application Laid-open
Mo.05-505845

[Patent Document 3]: Japanese Patent ZApplication Laid-open

Ne.05-507855
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15 anticorrosive coating film. [Means for solving the problems] The
inventors, as a result of zealous studies for solving the above-mentioned
problems, found that a cured organopolysiloxane antifouling coating film
which has increased 20 adhesivengss 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 with a curable

(e 2rganopplysioxane, (?nt'f@ygagp@ént@%%s'tm preferaply combinigg:in

a specified ratio, and accomplished the 6 preséent invention. The first
no CtiFaklesarganopolysiloxane composition of the present invention is
provided as a three-liquid type curable organopolysiloxane composition
comprising, (A) a main agent 5 component containing an
organopolysiloxane (al) which has at least two condensation reactlve
groups in the moleade arrlsiicar (a): (Bl arwringvagent component
containing an organosilane and/or a partial hydrolyzate thereof (bl),
 Pwvhigrensthe argasosilanehas functionahgioup(s) capable of undergoing
10 condensation reaction with the condensation reactive group of
orgahopolysiloixarie (2B whickehasiatteastiwo tondersation preactive of
groups in the molecule, and (C) a cure-accelerator component containing
S0 Qv feast prebkiprsofairreBRTIBLUNT (d6) esaleéeefomithe FrOUPTEORSIStIn
of tin compounds represented 15 by the following general formulas () -
cupgEPkd ORZFEORPORDISROZA-0 SRR sition  that  affords

antifouling coating film which has highly excellent interlayer
adhesive properties when laminated directly on the surface of
an epoxy resin anticerreosive coating £ilm as well as excellent
antifouliné];roperties, and to provide an antifouling composite
coating fil@ comprising an antifouling coating film formed from
such curable organcpolysiloxane composition and an epoxy resin
anticorresive coating film.

[Means Zor solviﬂg the prcblems]

The inventors, as a result of zealous studies for sclving
the above-mentioned problems, found that a cured
organopolysiloxane antifouling coating film which has increased
adhesivensss to an epoxy anticorrosive coating film and in
addition good antifouling properties and geod coating £ilm
strength was formed by combining a specific tin catalyst with
a curable organopolysiloxane antifouling paint compositicn,

preferably combining in a specified ratio, and accomplished the
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ORZ 1p R g ORZr 1) (In the formula (I), R" represents a C1-Clo
hydrocarbon group, and R2 represents a C1-C4 hydrocarbon group. p
represents an integer of 1 to 10, q represents an integer of 1 to 4, and r
20 represents an integer of 1t0 5.) 7 R1 0 OR2 Sn Si \Rii \0 \OR2...... (1
R1 00O-Si(ORZ)3 SnSiR O 0-c-Ccf43 p (Il) 0 R OR2 O-C-CH3 R-
Sn-0O-Si-O-Sn-R H3C-"-OOR2R1p1V) 011RORZR10R 2
O-C-CH3 RI H3C-C-O ORzRJnNORZR p (V) 5 (In the formulas (I1) -
prf\?)erﬁl 186‘? rcft% a C1-Clo hydrocarbon group, and R2 represents a

Cl(%l ygg %”%% gg%gj&gégnonoly51loxane composition of the
present invention is provided as & three-liquid type curable
organopolysiloxane compositicn comprising, (&) a main agent
compeonent centaining an organcpolysiloxane {al) which has at
least two condensation reactive groups in themelecule andsilica
{aZ}, (B} & curing agent compcnent éontaining an organocsilane
and/or a partial hydrelyzate thereof (bl), wherein <the
organcsilane has functional group(s) capable of undergoing
condensation reaction with the condensation reactive group‘of
crganopolysiloxane (al} which has at least two condensation
reactive groups in the molecule, and (C) a cure-accelerator
compenent containing at least one kind of tin compound (ac)
selected from the group consisting of tin compounds represented

by the following general formulas (I) - (V).

(In the formula (I), R* represents a C;-Cyp hydrocarbon group,
and R’ represents a Ci~C, hydrocarbon group. p represents an
integer of 1 to 10, g represents an integer of 1 to 4, and r

represents an integer of 1 to 5.)
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formula (V), n represents an integer of 1 or larger.) Further, the second
curable organopolysiloxane composition of the present invention is
provided also as a 10 two-liquid type curable organopolysiloxane
composition comprising (A) a main agent component containing the
above-mentioned organopolysiloxaﬁe (al) and silica (a2), (B) a curing
agent component containing the above mentioned organosilane and/or a
partial hydrolyzate thﬁneof (BI) , anghat 15 least one kind of tin compound
(ac) selected from the yroudp 8._consisting of tin compounds represented
by the above general j@ﬁﬁulg@sﬂ) - (¥), wherein the tin compound is
combined with the mRin agént coRfbonent((&)or the curing agent
component (B) A]'ggat Ie%st on%_lgiﬁrgﬂrgé%in compounds selected from the 5
group consisting oftin.compgunds eprésented by the above general
formulas (1)-(V), a ;s}l%{an/e%nd-containing tin compound is preferable.
The third curableforgandpolysiiexaneCtgmposition of the present
invention is provided as a three-liguid type. g:,ur&bfg 10 organopolysiloxane
composition to be applied directly to an epoxy resTr% anticorrosive coating
film, comprising (A) a main agent comgonent containing the
above-mentioned organopol&si}oxangw@l)”and silica (a2) , (B) a curing
agent component cprﬁainingi Re ab%ve-m&ﬁ?oned organosilane and/or
15 a partial hydrolyzatertiieredf(bh; tC) a cure-accelerator
component cgggaugng@t leastghe kirid of tin compound (ac) selected
from the group corisisting of tin compounds represented by the following
general formulas (91) - (viiy. (Iv)

%
H3c-ﬁ-~o OR® R

(In the formulas (II) - (V), R' represents a Ci-Cip hydrocarbon
group, and R represents a C;-Cy; hydrocarbon group. In the
formula {V}, n represeﬁts an integer of 1 cr largsr.)
Further, the second curable organcpolysiloxane
composition ©f the present invention is provided also as a
two~liquid type curable organopolysiloxane composition
comprigsing (A) a main agent component containing the
apove-mentioned organopolysiloxane (al) and silica (a2), (Bj;
a curing agent component containing the above mentioned
organcsilane and/or a partial hydrclyzate thereof (bl), and at

least one kind of tin compound (ac) selected from the group
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1 HBCRCHs OS O O H3C R1 CH3 (VI) 20 (In the formula (VI) , R1
represents a C1-Clo hydrocarbon group.) 9 OR0 11111 R3
C-0-Sn-0O-C-R3 Al (VII) (In the formula (VII), R represents a C;-Clo
hydrocarbon group, and R3 represents a C.-C9 hydrocarbon group. 0 4
11 R'0 CH HC OSn-01- NCH I, € HC~CR4R 10111 O (Vi) 5(In
the formula (VIII) , R1 represents a 0 -C,o0 hydrocarbon group, and R
represents a C1-C3 hydrocarbon group.) The fourth curable
coprganidpalysifoXdiie CORNSOSIHEN T BAE SHRSeft et rrRProVideTaRo
as a two-liquid type curable organopolysiloxane composition to be applied
fOGWéé&FU5§h - (V}), wherein the tin compound i1s combined with
the main agsnt component {(A) or the curing agent componant (B} .

As at least one kind of tin compounds selected from the
group consisting of tin compounds represented by the above
general formulas (I}-(V), a siloxane bond-containing tin
compound 1s preferable.

The third curable organopolysiloxane compesition of the
present invention is provided as a three-liquid type curable
organopolysilioxane compeosition to be applied directly to an
epoXy resin anticorrosive coating film, comprising (A} a main
agent component centaining the above-mentioned
organcpolysiloxane (a2l) and silica (a2), (B) & curing agent
componant containing the above-mentlioned organosilane and/or
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 represented

by the following general formulas (VI) - (VIII).
R1
HiC CHy
—0 | 0
i/
%n \‘

xI
w
et

O

xI
39

(In the formula (VI), R* represents a C;-Cyg hydrocarbon group.)
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10 epoxy resin anticorrosive coating film, comprising (A) a main agent
component containing the above-mentioned organopolysiloxane (ai) and
silica (a2) , (B) a curing agent component containing the
above-mentioned organosilane and/or a partial hydrolyzate thereof (bl),
and at least one kind of 15 tin comp%und (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) or Epe cu(r}pg agent component (B). 10 Further, as at least
one kind of tin cgmpound|selectgd frgm the group consisting of tin
compounds refresented By the abole general formulas (VI)-(V1II), at
least one kind of tin compound selected from the grewip consisting of
dibutyltin acetoacetonate, 5 dibutyltin diacetate, dibutyltin dipentoate,

dibutyltin _dioctoate, dibugyltin dineodecanoate, diogtyltin dingodecanoate,
e (V] B?éte%?l maldte) and dioctyltin bis(athyt malate) 18 preferable: '

_nAsto the first to the £0'd[t—fhcuﬁ%lél?oocrg9985?%’?&'%?5“9 10 compositions

€sents . : .
mentioned a%ove, the Fatio’of tin containe tin ‘compound (ac) with
respect to the total amount of organopolysiloxane (al) having at least 2
condensation reactive groups in thg molecule and silica (a2) is preferably
0.001-2.0 % bypweight, mpre&hrejemely 0.01-1.0 % by weight, and the
ratio 15 with respect to tH total @mouftiof components (al), (a2) and (bl)
is preferablycd’ Oﬂsl-fe%slaywetggt, nwe preferably 0.01-0.5 % by
weight. Th%gaboveémentiémed orgaﬁopolysiloxane (al) in the main
S g 4

ﬁ R o]

O ...... (VIIE}
{In the £formula (VIII}, erepresents a Cy;~Cyg hydrocarbon group,
and R* represents a C;-C; hydrocarbon group.)

The fourth curable organopolysiloxane composition of the
present invention is provided also as a two-liguid type curable
organopolysiloxane composition to be applied directly to an
epoxy resin anticorrosive coating film, comprising (A) a main
agent component containing the above~mentioned
organcpolyvsiloxane {al) and silica (aZ), (B) a curing agent
component containing the above-mentioned organosilane and/or
a partial hydrolyzate therscf (bl), zand at least one kind of
tin compound (ac) selected from the group consisting of tin
compounds represented by the above general formulias {(VI) - (VIII),

wherein the tin compound is combined with the main agent

component (A} or the curing agent component (B).
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agent component (A) represents an organopolysiloxane containing 20
preferably at least two functional groups in the molecule, 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-mentioned organtsilane and/or a partial 11 hydrolyzate
thereof (bl) in the curing agent component (B) is preferably an
organosilane and/or a partial hydrolyzate thereof, wherein the

orgafositare castansLkydroxylsgkoupl oXimergromp o atetytiacyraup oom
alkoxy group, more preferably an 5 alkylsilicate or a partial hydrolyzate
Cheherewfr Thenmash by rit tomporearp ¢A) preferablseortatha the above
heat-treated substance (a22) formed by prior heat treatment of an
SeBFFaropBRRIbXANE (al T NAlvihE at FeastIM-cORBEHSHECH FedchREGROUPES
in the molecule and silica (a2) , or such 10 heat-treated substance (a22)
SeARd & orgAh ORBIFSIRIRAETEL 2) sl ing HEAStHWS' Coifdétisaticiia =e
.reactive groups in the molecule. The main agent component (A) may
AL BB Rt HYditforidify & Ebtor pigrmient t&3 suchi &S Bitaiaf whitt® Bﬁ};&’rdje
.black, carbon blgclé, i_rog__oxide red, and cobalt blue. The added amgLun,t

dligtocfé[ﬁgée color 6|glrlﬁéfnt§3’[% the total Amount of Ssz’dnopolygﬁ(?)?éc’r?’ (tajr)“

e DIOL30 005y Wb, v Brefarioly (15 30525y

bi‘é"?&@??hﬁaﬁ?&% agent ;995‘%%%%’1%('.6‘) may additionally conta_in a 20
solvent (a4). The added amount of organosilane and/or a partial

As to the first to the fourth curable organopolysiloxane
compositions mentioned above, the ratio of tin centained in tin
compound  (ac) with respect to the total amount of
organopolysilexane (al) having at least 2 condensation reactive
groups in the molecule and silica {(a2) is preferably 0.001-2.0 %
b? welght, more preferably C.01-1.0 % by weight, and the ratic
with respect to the total amount of components (al), (azZ} and
(bl) is preferably 0.001-1.C % by weight, more preferably
0.01-0.5 % by weight.

The above-mentiocned organopolysiloxane (al) in the main
agent component (A) represents an organcpclysiloxane containing
preferably at least two functional groups in the molecule, more
preferably at the both terminals, independently selected from
the group consisting of hydroxyl group, oxime group, aminc group,

acetyloxy group and alkoxy group.

]

t
!_l.
u

I

The above-mentioned organosilane and/or a part
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hydrolyzate thereof (bi) in the curing agent component (B) with respect to
the total amount of organopolysiloxane (al) having at least two
condensation reactive groups in the molecule and 12 silica (a2) is
preferably 1-20 % by weight, more preferably 3-10 % by weight. The main
agent component (A) and/or the curing agent component (B) may contain
additionally a liquid 5 organopolysiloxane (dl) . The number average
molecular weight (Mn) of this liquid organopolysiloxane (dl) measured by
hyRBCyisa preterabbp400:10000. The ahovinliquid=organepolysitoxaie (dl)
may be, for -example, a non-reactive liquid organopolysiloxane (dll) 10
praépresanted by the fallowing gehéral davamtla £3a) \ard/oy (3 andadsd ,
may be, for example, a reactive liquid organopolysiloxane (d12)
wheapteséted byzhefollewing gerrarak formots{3cpThecondensatonup,
reactive group of the reactive liquid organopolysiloxane (d12) is
acefeferably Arlesst orig kind 1% 8f cofden&atioriesttive HrdapXetdcted
from the group consisting of hydroxyl group, oxime group, amino group,
alhgedoxyarBupa akoXygrotil LY FRA3 RT3TRE3 Si-O-{-Si-O~Si-R 3
R13 R13n+1 RR13 (3a) (Inthe above %eneral formula (3a), R13s may
be idEHtic&%0r™ 2R affErert ARPPESTesert an BIIG/A gratpY ar§Pefdip:s 2

aralkyl group, or fluoroalkyl group, each having 1-10 carbon atoms. n .
heat-~t e%tedjsu%stance %a%2}[%ormedr%y p;%br heat treatment of

an organopclysiloxane (al) having at least two condensation
reactive groups in the molecule and silica (a2), or such
heat-treated substance {222) and an organopolysiloxane (alZ2)
having at least two condensation reactive groups in themolecule.

The main agent component (A) may contain additionally a
color pigment (a3) such as titanium white, iron ozide black,
carbon black, iron oxids red, and ¢obalt blue. The added amount
of these color pigments to the total amount of organcopelysiloxane
{21} naving 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 weilght.

The main agent component (A) may additionally contain a -
solvent (ad).

The added amount of organosilane and/or a partial
hydrolyzate thereof (bl) in the curing agent component (B} with
respect to the total amount of organcopolysiloxane (al) having

at least two condensation reactive groups in the molecule and
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represents an integer of 0 to 500.) 13 R 1' Si (R15-Z) yO (4-x-y) fl ...... (3b)
In the above mentioned composition formula (3b) , R'4 represents
hydrogen atom or an alkyl group, aryl group, or aralkyl group, each
having 1-10 carbon atoms, R1 represents a C2-010 divalent 5 aliphatic
hydrocarbon group which may be iriérrupted by an ether group, ester
group or -NH-, Z represents a monovalent polar group such as amino
group, carboxyl group or epoxy group, or a polyethylene glycol group or

s 1 bolgptepyl gy EBF §Roup ofaliichy #eATRAl NTaY BE BIdEEP it ant *
alkyl group or acyl group having 10 1-6 carbon atoms. Further, x and y

by gatisfithe relationships: 0.01 5 x < 3.99, 0.02 5y <4, and 0.02 <_ x+y <4.)
S4R40SiR5pY 3_y (Sc) 3In the above formula (3c), R4 represents an
unsubsEitUtEd or 28hStit R AR ATent Mdrdtarbsn grdlip oritvaletcsnt
hydrocarbon , 15 group containing ether linkage, R5 represents an, .

COIP%%I&%%Etuted B subtituted Crhjgﬁ%\%glent ﬁ%{i‘r%‘bjé%%ﬁ%d]roup?Y re%%eqs%ln(%s

o- G ondepsalaneaciive Oroupand BISHIERDIS0s 121 2 The rallo of

e organopo en it is combined with the main agent
(uGOMponent (A), with respect 10,20 the,fatal. amoeynt-gt.arganopglysiexage
(al) having at least two condensation reactive groups in the molecule and
pradicafa?) isgrefer@bly 0.01-15 % by weight, more preferably 1-10 % by
weight. Further, when it is combined with the curing agent component (B),
the ratiQ withJespectfe:the prganesiane andianld @ partigd hydelyzate-
thereof (bl) is preferably 0.01-500 % by

example, a non-reactive 1liguid organopolysiloxane (dll)

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

and also may |Dbe, for example, a reactive liguid

crganopolysilexane (dl2) represented by the following general

formula (3c¢). The condensation reactive group of the reactive

liquid organopolyvsiloxane {dl2) is preferably at least one kind
of condensation reactive group selected Irom the group
consisting of hydroxyl group, oxime group, aminc group,

acetyloxy grcoup and alkoxy group.

IS
RE.8i—0 [ Si—0 } Si—R '
13 . 13 n l 13
R R ...... (35.)

{In the above general formula (Ba}f_R“s may be identical or
different and represent an alkyl group, aryl group, aralkyl group,

or fluorocalkyl group, each having 1I-10 carbon atoms. n

represents an integer of 0 to -00.)
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weight, more preferably 50-350 % by weight. As such liquid
organopolysiloxane (dl), silicone olil is preferred. A silane coupling agent
may be additionally combined with S the main agent component (A)
and/or the curing agent component (B) . The added amount of the silane
coupling agent, when it is combined3with the main agent component (A),
with respect to the total amount of organopolysiloxane (al) and silica (a2)
is preferably 0.01-1 % by weight, while the added amount, when it 10 is
combined withRheSéumng agePt:eomponent (B), witldkéspect to the
amount of the organosilane and/or a partial hydrolyzate thereof is
(Ipreherably e TAR50 1R 5y WETHPR SBY cOfirfG M aAtifdhlingfpaingpresents
composition [ii] containing the above-mentioned curable
hyorgsRepaiySiioxarte f%%éﬂﬁSgiﬁan,aﬁ?’elaﬂﬁﬁﬁHingf Eoafifg film fifiYikne
resent. inventign can be formed. This antifouling coating film has

P [ i
=2 580 ddfiésivenesy 18%h 8ho%y resin AtibFUEIVE coa m"gcfﬂn?,lvalen -

especially the epoxy resin anticorrosive coating film [I] which is formed
= B o oW ARG P o RS SHTEH BRI A SRy

=150 (e anamine-hased cuing age0L (6 oL an.shoLcesin ond o,

onally igment (e3) and an anti-sagging agent (

sa@ntfouing.coating flp (1. canbe yised as.an aptifgyling compgsite, .

coating film by laminating directly on 15 the surface of this epoxy resin
po@blcerrosive coating film i As %oqr%%ré%??@ﬁ&@@ £xample,of of which

components contained in the above-mentioned epoxy resin anticorrosive
+ e PANY 200MROSKIeN fi}dhene; may:bescited bisphenektye, eppyiesiBving
1-6 carbon atoms. Further, x and y satisfy the relationships:

0.01 € x < 3.99, 0.02 £y <4, and 0.02 5 xty <4.)

SiR4OSiR5bY(3_b) """ {3c)

fil

(In the above formula (3c), R* represents an unsubstituted or
substituted divalent hydrocarbon group cr divalent hydrocarbon
group c¢entaining ether linkage, R5represents an unsubstituted
or substituted mconovalent hydrocarbon group, ¥V represents a
condensaticn reactive group and b represents 0, 1, oxr 2.)
The ratio of the liguid organopolysiloxzane (dl), when it
is combined with the main agent ccmponent {(A), with respect to
the total amount of organopolysilexane (al) having at least two
condensation reactive groups in the molecule and silica {(a2)
is preferably 0.01-15 % by weight, more preferably 1-10 % by
welght. Further, when it i1s combined with the curing agent

component (B), the ratic with respect to the organcsiliane and/or
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5 as the epoxy resin (el), polyamideamine as the amine-based curing
agent (e2) for an epoxy resin, talc, barium sulfate, mica, titanium dioxide
and carbon black as the body pigment (e3), and polyamide wax as the
anti-sagging agent (e4). The antifouling coating film and the antifouling
composite 10 coating film of the present invention mentioned above can
be painted to coat base materials of an underwater structure, ship or the
like, and can exhibit excellent antifouling properties. [Effects of the

a gaventon} According-to thepersentinventiop: s possible. tor 1Solaninagte,

without a conventional intermediate coating film layer, the cured
we Deganopolysilexarie asatifoulhg-coating filpn havigg: excelertisterlaminas
adhesiveness to epoxy anticorrosive coating film layer directly on the
crganfecelofthecepory (@iticoredsive coatingfilmslayes freatizthg shortening
of a work 20 period of painting operation and cost reduction. BEST
MODPESROR-EARPLING LT THEYNENTION cHeléinafter, therd wiltbe
specifically described the curable organopolysiloxane composition in the
CLhprEgent AUASTI GRS NletcUfablerstganopuiy Siloxee antifdulsgpaimnt
composition [ii] (also may be simply called "antifouling paint compaosition
(Blinm %Bﬁtéfﬁi‘ﬁ& tRBABYVE EomhBoSition thetired 6rgafdpolydiiare 15
antifouling coating film (also may be simply 5 called "antifouling coatin
Rt Hforméd rdin the* 860Ve SRRfIiMY paint cormpositsit fif], the “he
- EPOXY Iagiin# anticorrosive S%Dﬂl:m com ositiog% (also may be sim!os!% )calliesd

~Snticorrosive Pairt compositisn Tif; TRE epoky tefh® S*1c2

preferably 0.01-1 % by weight, while the added amocunt, when it

.
[

is combined with the curing agent compoﬁent (B}, with respect
to the amount of the organcsilane and/or a partizl hydrolyzate
thereof is preferably 0.01-50 % by weight.

By «curing the antifouling paint composition [ii]
containing the above-mentiocned curable organopolysileoxane
compositions, the antifouling coating £ilm [II] of the present
invention can be formed.

This antifouling coating film [II] has good adhesiveness
to an epoxy resin anticorrosive coating film, especially the
epoxy resin anticorreosive coating film [I] which is formed from
an anticorresive paint composition (1] which contains an epoxny
resin (el}, an amine-based curing agent (e2) for an epoxy resin,
and opticnally & body pigment (e3) and an anti-sagging agent
(e4). This antifouling coating film [II] can be used as an

antifouling composite ccating film by laminating directly on
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anticorrosive coating film [I] (also may be simply called 10 "anticorrosive
coating film [1)") and the cured organopolysiloxane antifouling composite
coating film (also may be simply called "the antifouling composite coating
film") comprising the above anticorrosive coating film [I] and the above
antifouling coating film [I1]. 15 A curdble organopolysiloxane compasition
The curable organopolysiloxane composition of the present invention
contains at least (al) an organopolysiloxane containing at least two

theSHdEASAeh TRABHTBJFBUTSITIRE RGeS DOF(&opsilitd, thifaht ! -
organosilane and/or a partial hydrolyzate thereof, wherein the ,
orgahdsHaESHES FRCRiRa grotR SR Eapab e of Wi goiry CoRtENSSion

. reaction with condensation reactive groups of the gbove | .

£ 0rgARopBYSTOARE (2" Sihd T7°Tdc) APTEAt oRE YN oF HLSdmpRtAa
selected from the grou consjstirggf fin comgggroldqs represented k()%(ttj%

“° C(J)%/let(j’e?rffe:Ez}ﬁ5 formuras ﬁﬂ\/ﬁe ora ?eagtloS e kin oﬂfi o %}({) nd -

lected_from_the group isting of tin. co nds.repr t the 5
=S RSP SEN G AT o mﬁa %‘S ({5/%9_?3% S %x%!&g JuRqunds fepresented by

VIII). In the present invention, the term "(a

2o &0 organopqlysiloxane haying at least fwa copdensatin feactive groups

in the molecule" may be simply called "organopolysiloxane (al)" or

1 -GoMmpenent(akl, and the-terms (R} anorganosiane kQangion angriaha
hydrolyzate thereof having functional group(s) capable of undergoing
poCORFEnsatign reaction With copdensatioRgent (ed) .

Thaaﬂtifoulingcoatingfilminmitheantifoﬁlingcomposite
coating film of the present invention menticned above can be
painted to cocat base materials of an underwater structure, ship
or thé like, and can exhibit excellent antifouling properties.
EEffegts of the Invention]

According to the present inventicn, it is poésible to
laminate, without a conventional intermediate coating filmlayer,
the cured organcpolysiloxane 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

period of painting cperation and cost reduction.

BEST MCDE FOR CARRYING OUT TEE INVENTION
Hereinafter, there will be specifically described the

curable organopolysiloxane composition in the present invention,
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reactive groups of the above organopolysiloxane (al)" may be simply
called " organosilane (bl)" or "component (bl)". Further, among the tin
compounds (ac), the above-mentioned 15 term "at least one kind of tin
compound selected from the group consisting of tin compounds
represented by the above general férmulas (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
thgeneral26 formgatasp@QAyQULY may Bencalied Mtincompound fag2) i then
curable organopolysiloxane composition of the present invention is
[1bususdly providet as anthigeckquiddype ot L fiwo-liguid pde compositibh i on
described below. These three liquids or two liquids are each stored
[1separatehpirt ¥&B85815 18tTiRe cams end niREd i shited atiire tinteisRd
painting. As to the above curable organopolysiloxane composition with an
Orgaperratthe thiraBIigOid-ffie, thE foRGWIAG nhaiateht CcBRipoRETHTAT,Y
the curing agent component (B), and the 5 cure-accelerator component
C2({Cfdre Bath Packed separaidly and™ mixdd togetideat thefime 6t 888 VR
an%hii% é:&fe, the main agent comlgo_nent (A) contains an organopolysiloxane
al) ha

viiiFat 1838 two CORBERSAtOH: reaktive’groipsin thehdlecal@ it

silica (a2) The curing 10 agent.componen contains an organosil ne
Ao BarEar Py ehcl SAiS ThSHaBt () T BorhcaterAter Sorapomet

=) containadin conpoundis) (8e) Q. fhe olher nand,as [, he aboye..

curable organopolysiloxane composition with"an aspect of the two-liquid
anticorrosive coating film [I] (also may be simply called
"anticorrosive coating film iIrm and the cured
organcpolysiloxane antifouling composite coating £ilm {also may
be gimply called "the antifouling compositse coating f£ilm™)
comprising the above anticorrosive coating £ilm [I] and the above

antifouling coating film [II].

A curable organcpolysiloxane composition

The curable organcpolysiloxane composition of the present
invention contains at least
(al) an organcpolysiloxane containing at least two condensation
reactive groups in the molecule,
(a2} silica,
{bl) an organosilans and/or a partial hydrolyzate thereof,
wherein the organosilane has functional group(s; capable of
undergeing condensation reaction with condensszticon reactive

groups of the above organopolysiloxane (al), and |



10

20

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 (a2y The curing agent component (B)
contains an organosilane and/or a partial hydrolyzate thereof (bi). Further,
tin compound(s) (ac) are used as being combined with the main agent
(acpraponent (Apoe théndurifigragentoomipohedtt (BYL 89 Fuptherhfoe: #vrr
both cases of the above two-liquid type and three-liquid type, a color
copigment:(@3)forasohremo@Ed) s nigrse epniisided vith thé traih s§amrat
component (A) , and also a liquid organopolysiloxane (dl) or a silane
formuphiig Hgenthayds 56 combined with-fite Pl BgRiRROMFoRBAE EA)°C
and/or the curing agent component (B). Hereinafter, each com ogent 91f
Ergfesd BraaoBoIyeNexane “lf Ssifica (AT RITYARGsAERE (B 1R Compotind
(ac), color pigment (a3), solvent a4é: liquid organopolysiloxane (dl) and
abyF%ilane IiFaGeftare Gescribéd ohe by one. Organopolysiloxane

(al) The organopolysiloxane (al) used in the present igvention.g ontains_at
. . oo g rral =
least to c&fifien fl%%er%%ctl\}eglérec;lugplsofrll the ‘molecule and |sg pélymer

oG SHVCIE Tepeseniecly e 5 Iollovipadsnerel fomuaddive

groupsj11thenmlecule"nmylxasimplycalled"organopolysiloxane
(al)™ or "component (21)", and the term "(bl) an organosilane
and/or a partial hydrolyzate thereof having functional group(s)
capable of undergoing condensation reaction with condensation
reactive groups of the above organopolysiloxaﬁe {al}" may be
simply callied " organcsilane (bl}" or "compongnt ()",

Further,amongthetincompounds(ac),theabove—mentioned
rerm "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
"t least one kind of tin compound selected from the group
consisting of tin compounds represented by the above general
formulas (V)-(VIII)" may be called "tin compound {(acZ)".

The curable organopolysiloxane composition of the present
invention is wusually provided as a three-liguid type or
two-liguid type composition described below. Theze three

liguids or two liguids are each stored separately in vessels
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R11 R11 n R11 .... (1) In the above general formula (1) , R11s may be
identical or different and each represent a condensation reactive group
or a C1-C12 monovalent hydrocarbon group. However, at least two 20 of
R11 must be condensation reactive groups. n represents an integer of
250 to 2500, preferably 350 to 1500 d~urther, the organopolysiloxane (al)
represented by the 20 above general formula (1) usually has the number
average molecular weight of 20,000-170,000, preferably 25,000-100, 000,
1iendcaseally: hasttheadseositys at 255G of 50020007000 nPaisit préferably
1,000-100,000 mPas. 5 The above-mentioned "condensation reactive
groups"” finchite RPAToXYFEEGEP SoPRPdSNPAAbIE GrBtipSuCHPES AP
group, acetyloxy group, alkenyloxy group, iminoxy group, aming _group,
wigmidorgioti: 8%#1%@()?@1‘5&?5}6%‘&5 &E%%fa*hﬂettgé’?iﬂ@?%“é%ﬁbé%ﬁ?“
hydroxyl group, oxime group, amino group, 10 acetyloxy group aréd a{@oxy
COBPGGSAre preferabieSroft fhé Sstaftfpomt GPW%O%eélt/ﬁivit > Nmohig the °

__above-mentioned amino groups, those having a_tqtal.number of 1-10
TR BIGTR e FrRTEPAE- and ITAdSd e T6F etanples = =1 =d

. N-methylamino group, N-ethylamino group, 15 N-propylamino group,
mlﬁﬁ?u?y?ér%‘fﬁ& rgr%ﬁp%ﬁ?NFdﬁrﬁ"Tet?%lélnﬁ%lb group, N,N-diethylamino group,

cyclonewylaming gioun aocibe, g Amang e, shovaameniangdos o
acetyloxy groups, C[-Go aliphatic 6nes or C6-G2 aromatic ones are
oreggggyyﬁsgfgxane (al) having at least two condensation
reactive groups in the molécule and silica (a2). The curing
agent component (B) contains an organosilane and/or a partial
hydrolyzate thereof (bl). The cure-accelerator coméonent (C)
contains tin-compound(s) {ac).

On the other hand, as to the above curable
organopolysiloxane compesition with aﬁ aspect of the two-liguid
type, the following main agent component {A) andthecuringagent
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
reactive groups in the molecule and silica (aZ). The curing

agent component (B) contains an organosilane and/or 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).
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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,
-optionally interrupted by an oxygen atom (ether linkage) between carbon
21 atoms at least at one site, and iiicluded are, for example, methoxy
group, ethoxy group, propoxy group, butoxy group, methoxyethoxy group,
ethoxyethoxy group and the like. The organopolysiloxane (al) in the
preseittinyentian, from dothe stardpoiht Gi¢helreaetivity, preferably ype
contains, at both terminals, functional groups each selected

andndependently:fionythe groupleansistingrof hialtoxylgrous loxnie §rolip,
amino group, acetyloxy group and alkoxy group, and those having a

ma vhydroxytbgroed atboth-ferntintls af #1e neleedls@ciidinyiexg LE® 2
functional siloxane) are especially preferable. On the other hand, the

liquie 2 raanevalknt hiereésroch grodps ipr8aenfe By thE gétferal™ay
formula (1) include, for example, alkyl group, alkenyl group, aryl group,

be gpElBaliaR grotp, “afak§FgrodsHnd tRETRE ThESe MBHG/aleht “H- =79
hydrocarbon groups 15 may be either substituted or unsubstituted. The

ageéﬁo\?é’-ﬂ*?é’ﬁt?&%d(%l)kyl groups may be linear, branched, or alicyclic, and
include, for example, methyl group, ethyl croup, propyl group, butyl group,
2-ethy UG ﬁﬁ’ o%?ﬁ%gr%%%pgﬁght‘hé#ké‘. Re a%rcrpilgeIE é)Lr%L osnlgg }é%féﬁyl

= GUPA NS0 20 EXRTIE, XIWLHIOUP, DEXER Broup, 2Ly craypand

e above-mentioned aryl groups include, for example, phenyl

o1 Goup. toly] graup. xyly! areup, naphthylgroup, digkenyl aroMp (1) and

silane coupling agent are described one by one.

Organopolysiloxane {al)

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

following general formula (1).

T"ﬁ? Ffﬂ - F’?ﬂ
Rffm?imoA—{—sl,iwojj-gim—R”
11 R nog fl}

Tn the above general formula (1), R's may be identical
or different and each represent a condensation reactive group
or a C;~C;» moncovalent hydrocarbon group. However, at least two
of R* must be condensation reactive groups. n represents an
integer of 250 to 2500, preferably 350 to 1500.

Further, the organopolvsiloxane (al) represented by the
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and the like. The above-mentioned cycloalkyl groups include, for
example, cyclohexyl group, cyclopentyl group and the like. 22 The aralkyl
groups include, for example, benzyl group, 2-phenylethyl group and the
like. Unsubstituted methyl group and phenyl group are especially
preferred. Such organopolysiloxanedal) may be combined at a ratio 5 of
usually 20-90 % by weight, preferably 30-80 % by weight with an
antifouling paint composition [ii7 which contains a solvent or the like, and
ab Al ratigehusually5ra5 % by weights yorefesabiy 35-8oreby weight ydth
respect to 100 % by weight of the solid content of the antifouling paint
mo IGOFOPesitien il Lrin ordenta reglizecexpeldntantifoulingopeHanance.,
Furthermore, commercially-available products can be used as the
anOrganepolysiloxane: (al) of the presentinventioh. SBoF example) therkamay
be mentioned "YF3057" (GE Toshiba Silicones) having hydroxyl groups,
preREAD (SHintEsu:ChefMitalrCe:sl.td.) 15 having oxime groups, "KE489"
(Shin-Etsu Chemical Co., Ltd.) having alkoxy groups, etc. Silica (a2) The
silic&d{&2) ased ¢risapiesant inVennor iFcladées hyddphiiesiligacuprs”
(surface-untreated silica) such as 20 wet-process silica (hydrated silica) ,
inghpdrobEdsSilica FaMEY siialdRRdiRRC<ific&)FaHd S?J‘Pf%}tea-‘ﬁeé%éﬁ:’ xy
hydrophobic silica such as hydrophobic wet silica and hydrophobic fumed
9T SHRe. FATESE Ty B tiBed HGAB 0TI % EDMBinatBnthEredf AL tha™"°

above-mentioned wet-gro,cess silica, thouog{h,not 23 N .
group, amido group, aminoxy group, ime group and the like,

and especially hydroxyl group, oxime group, amine group,
acetyloxy group and alkoxy group are preferable from the
standpoint of the reactivity.

hmong the above-menticned aminc groups, those haviné a
total number of 1-10 carbon atoms are preferable, and included
are, for example, N-methylamino group, N-ethylamino group,
N-propylamine group, N-butylamino group, N,Nfdimethylamino
group, N,N-disthylamino group, cyclohexylamino group and the
like.

Among the above-mentlioned acetyloxy groups, Ci-Cio
aliphatic ones or C¢-Cy; aromatic ones are preferable, and
included are, for example, acetoxy group, Propyioxy dJgroup,
butyloxy group, benzoyloxy group and the like.

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

interrupted by an oxygen atom {ether linkage) betwesen carbon
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specifically limited, there may be used, for example, silica having about 4
to about 8% of adsorbed water, a bulk density of 200-300g/L, a primary
particle size of 10-304m, and a specific surface area (BET surface area)
of 10 m2/g or more. 5 As the above-mentioned dry-process silica, though
not specially limited, there may be sised, 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 pm, and a specific surface area of 10 m2/g or more.

at ok The1ahovermentianed hydrephebic fumed sjliea:ismags komethoxy
dry-process silica by surface-treating with organosilicon compounds such

grapmetwitrichiosesilapeshmethyisiehlasosiane; hexamethyldisitazane:y
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane and 15 the like.
grdchhe wateradsorption gvertiments srhall 1aned the water content is usually
0.3 % or less, in many cases 0.1-0.2%. As such hydrophobic fumed
silic& thaugh mot specidlly-dimitets there Thaybesed forexarmple fsifiga
having a primary particle size of 5-50 pm, a bulk density of 50-100g/L ,
thartarspecific Uifabe 202rea o0 MYeiemiore. ivadditioh, & Poth
mentioned below, when the heat-treated hydrophobic fumed silica is -
tetorined by Reatrieimy SHeAPHJERer AittHeaboleshBRtGREGY Trom
organopolysiloxane (al) , it has a water content of usually 0.2% or less,
thy @D 52 907 TesE SRt prsterkoly §105-6 595 inle Bre R ater
adsorbed on the surface of silica is physically, redu%ead and/or ergg\ég{cgfl

2CThHE G r FIOpRIAIRE IkE RS b Ak Fonsity at¢ Yeali the Safme ©

group at both terminals of the molecule (o,@-dihydroxy
functional siloxane) are'especialzy preferable.

On the other hand, the C,~Cy» monovalent hydrocarbon groups
represented by the general formula (1) include, for example,
alkyl group, alkenyl group, aryl group, cycloalkyl group,
aralkyl group and the like. These monovalent hydrocarbon groups
may be either substituted or 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-mentioned alkenyl groups include, for.
example, vinyl group, hexenyl group, allyl group and the like.
The above-mentioned aryl groups include, for example, phenyl
group, tolyl group, xylyl group, naphthyl group, diphenyl group
and the like. The above-mentioned cycloalkyl groups include,

for example, cyclohexyl group, cyclopentyl group and the like.
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as the above hydrophobic silica. 5 Commercially-available products can
be used for such silica (a2) For example, there may be mentioned
"R974", "RX200", etc. of Nippon Aerosil Co., Ltd. The organopolysiloxane
(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 organopolysiloxane (al) and silica (a2),
or a mixture of the heat-treated substance (a22) and an

Theorganopelysi' xane (alhwhickeis natheattteatsic:, Thisds hecausey oy,
making heat treatment of silica (a2) with a part or the whole of the jr

2 -rorganopolysilaxane(alh ih advahcesan effectuefdinprovigtie vaffipity of
both components and suppressing coagulation of silica (a2) can be

andbtakred. Thistreattreatarernimay bep petfornrat, for example, at normal
pressure or under reduced pressure, at temperatures between 100 C or
moréant tes20 decorApostionaeniperatae BEtHEBHERECEMpdNehts Br
less, preferably between 100 and 300 C, more preferably between 140

of Afh200:C2 Ustialfy For HB6EPE0 MiTRf8S163%h 5f§.osﬁiéa/ 43y @Rt with
combined with 100 parts by weight of the organopolysiloxane (al) usuall

=" AThe TG OLEEI par Y 25 Height Preferdbly 286 Fare b5 WErht.
more preferably 5-30 parts by weight. If the aldde gggougt gf Si!ﬂi:%?_é% is

o |5l%hart “fe AB6ve farfye” Uffitiettt fithh Strengtis, filRT hardndss or > -’

prtmxﬂtrggybmgla'?t%b%gb&%ﬁ‘e%%taﬂq_&d%%'é%%%!—.mttQ'%'(?sé Sy pghbe
Bbtdin ne painting ‘opetation; espéciafly by
of the solid content of the antifouling paint composition [1i]
in order to realize excellent antifouling performance.
Furthermore, commercially-available products can be used
as the organopolysiloxane (al) of the present invention. For
example, there may be mentioned "YF30537" (GE Toshiba Silicones)
having hydroiyl groups, "KE45" (Shin-Etsu Chemical Co., Ltd.)
having oxime groups, "KE48%" (Shin-Etsu Chemical Co., Ltd.)

having alkoxy groups, etc.

Silica {az2)-

The silica (a2) usad in the present invention includes
hydrophilic silica (surface-untreated silica) such as
wet—processsilica{hydratedsiiica),dry—processsilica(fumed
silica, anhydrous silica) and surface-treated hydrophobic
silica such as hydrophobic wet silica and hydrophobic fumed
silica. These may be used alone or in a combination thereof.

As the above-mentiocned wet-process silica, though not
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spray coating. If it is more than the above range, the viscosity of the paint
may become excessively large. By using the above-mentioned silica (a2),
the resulting antifouling paint composition acquires increased stability 10
during preparation or storage, and fluidity and thixotropy become )
improved. A coating film with a sufficient thickness is then formed even
on a vertical surface and the like witffa reduced number of painting
operations; furthermore, excellent balance among properties such as
hardness, tensile ,syength extension, 15 gtc.éas _\%/ell as antif,puling, Yy
SPRFopeftis of %E%S%Ttlnéﬂﬁﬁﬁeiénglgta}?ﬁedis@ ganosilane (bl The”*—*2
organosilane and/or a partial hydrolyzate thereof (bl) used in the present
ha?nl\%&t%%oﬁé’vg fdr?ct%ngéjl{g?%hp?%r) (%%%g“gowo? hengderao%ﬁlg RIGEEEEY

de__nﬁjatipn reaction with condensation reactive.groups. of .
H — . * Py ac f
Of%?‘g%mopo%/sil“lbfannrel(r&?)'%ﬁ%ﬁtﬁ5£ Stieast ?v%gf Ucosr%j%%éft%%aresaoctl\/%a C

sudkauRs inthe malecyle, The organosilare, gs this camponent (bl) includes

an organosilane represented by the following general formula (2). 26

R12 R12::R R12:30-QL8 {2 Llamddd2 »- 2} Ji theabgve geperdl not

formula (2) R"2s may be identical or different, and each represent a
spéendensation;reagtiviengraups Pra € s68, menovalent hydrocarbangroupy

However, at least 2,
a water content of 1.5% or less, a bulk density of 50-100g/L,
a primary particle size of 8-20 pm, and a specific surface area
of 10 m*/g or more.

The above-mentioned hydrophobic fumed silica is made from
dry-process silica by surface-treating with organosilicon
compounds such &3 methyltrichlorosilane,
dimethyldichlorosilaﬁe, hexamethyldisilazane,
hexamethylcyeclotrisiloxane, octamethylcyclotetrasiloxane and
the like. The water adsorption over time is small, and the water
content is usually 0.3% oy less, inmany cases 0.1-0.2%. As such
hydrophobic fumed silica, though not specially limited, there
may be used, for example, silica having a primary particle size
of 5-50 um, a bulk density of 50-100g/1 , and & specific surface
area of 10 m*/g or more.

In addition, as mentioned below, when the heat-treated
hydreophobic fumed silica 1s formed by heat treatiné silica
together with the above-mentioned corganopolysiloxane (al), it

has a water content of usually 0.2% or less, preferably 0.1%
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5 or preferably 3 or more of Ri2are condensation reactive groups. m
represents an integer of O to 10, preferably O to 8. The C,-Ce monovalent
hydrocarbon group in the general formula (2) includes substituted or
unsubstituted groups such as alkyl group, alkenyl group, aryl group,
cycloalkyl group, 10 aralkyl group aggd the like as in the case of the
above-mentioned general formula (1). The condensation reactive group in
the general formula (2) includes the same ones as in the case of the

or 9ENEral for %U'?rélf)e%%%\@ and itis preferably ydroxyl,graup @B, < o
group, 15 acetyloxy group or alkoxy group. Further, an organosilane

on derived from paytial hydralysis ¢f the-abave hygrelyzable groupsmsyiehas,

for example, acetyloxy group and alkoxy group can be used as the

Thakeyasmentigaed: sampaaentdl). 20 drthe preseptinvention, especially
the organosilane containing the above-mentioned alkoxy group, that is,

as atkexysiane (alsn-calied ralkyisilieate") or a partial 27 hydrolyzate thereof
can be preferably used. The above-mentioned alkoxysilane includes, for
examplensetraalkylothesiicate (tetradlkoxysileae) sachrasdetfasthyuch
orthosilicate (TEOS) and the like, or alkyltrialkoxysilane such 5 as
s i methyltriaiBethoxysitare; athykrimetioxysierte, raethyittietied sildte and
the like. Especially, in case of using an organopolysiloxane having
"RRYERIxy| Groups bt btk erhindls as éompohéft (al) , itis preferably used
in combination with these alkylsilicates o ' ,
The organopolysiloxane {al) and silica (a2) iIn the main
agent component (A) of the present invention are preferably a
heat-treated substance (aZZ}lformed by prior heat treatment of
the above organopolysiloxane (al) and silica {(22), or a mixture
of the heat-treated substance (az22) and an organcpolysiloxane
(al) which is not heat treated. This is because, by making heat
traatment of siiica (a2Z) with a part or the whole of the
organopolysiloxane (al) in advance, an effect of improving the
affinity of both components and suppressing coaguiation of
silica (a2) can be obtained. This heat treatment may be
performed, for example, at normal pressure or under reduced
pressure, at temperatures between 100 °C or more and the
decomposition temperature of the added components or less,
preferably between 100 and 300 °C, more preferably between 140
and 200 °C, usually for about 30 minutes to 3 hcurs.

Silica (a2) is combined with 100 parts by weight of the

organopolysiloxane (al) usually at the ratio of 1-100 parts by
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1 0 (alkoxysilanes) and/or a partial hydrolyzate thereof as the component
(bl). Commercially-available products can be used as such organosilane
(bl). For example, there may be mentioned "Ethyl silicate 28" (Colcoat
Co., Ltd.), "Orthoethyl silicate” (Tama 15 Chemicals Co., Ltd.) as
tetraethyl orthosilicate, "Silicate 40" éTama Chemicals Co., Ltd.), "TES40
WN" (Wacker Asahikasei Silicone &o., Ltd.) as partial hydrolyzate of
tetraethyl orthosilicate, and "KBN-13" (Shin-Etsu Chemicals Co., Ltd.) as

we Aliyitrialkoxysilane, 20 i the curaple 9@@&0&0'%%@%@%%%@%& oh

the présent invenfion, the ratio of the above organosilane and/or™ a partial

pabydrolyzate thereof {hl) withyrespestiothe fotal; amountofs s 1655 than

organopolysiloxane (al) having condensation reactive groups at both

théerminals and filicas(a?): bbifah+(@r)Hr 28 nigpreferably 1201060y or
weight, more preferably 3-10 % by weight from the standpoint of giving

th exceleptpainfingoworkahilitya anebsuffieiend amdifouling perfermaneercf dhe
coating film to be formed. 5 Tin compound (ac) As to the first and second

ma aspectdef the etradale bergaropealysitixane-pemposition etthe:peasentsy
invention, tin compounds (acl) represented by the following general
spfeymdas i@E(V) afelused astha tinchmpetnds. Thege tinrcompotmest v
may 10 be used alone or in a combination thereof. OR2 | r R1 OR2 ORZ
ol Y RISILORnay beccme excessively large.

By using the above-mentioned silica (a2), the resulting
antifouling paint composition acquires increased stability
during preparation or storage, and fluidity and thixotropy
become improved. A cecating filmwith a sufficient thickness is
then formed 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,
etc. as well as antifouling properties of the resulting film
is obtainsd.

Organosilane (bl}

The organcsilane and/or a partial hydrolyzate thereof (bl)
used in the present invention have functional group(s) capable
of undergoing condensation reaction with condensation reactive
groups of organopolysiloxane (al) which has at lsast two
condensation reactive groups in the molecule. The organcsilane
as this component (bl) includes an organcsilane represented by

the following general formula {(2).
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ORZ PR 2 ORZI) Inthe formula (I) , R1 represents a C1-Clo
hydrocarbon group and R2 represents a C1-CS hydrocarbon group. p.
represents an integer of 1 to 10, q represents an integer of | to 4, and r
15 represents an integer of 1t0 S. 29 R1 0 OR2 Sn Si R1/\O/\OR2 ...
"(II) R10 O-Si(OR2)3SnSiR0O g: -CH3 0 ...._(llI) 0 R OR2 O-C-CH3
| Sn-0-Si-0-Sn-R H3C-C-O OR2 K o(v) 0 RORZRlORZOCCH3
R- Sn-O-[-Si-O-Sn-0O+Si-O-Sn-Rl H3C-C-0OR2R 11 nOR2R 0O (V) 51n
the formulas (1) - (V), R1 represents a CI-C10 hydrocarbon group and R2
represents a C_-04 hyyqiﬁ)carbonpdr"oup In the formula (V) , n represents
an integer of 1 gnddﬁgesr SN R

L5
RZ mFi{‘l.?

in the above general formula (2), R**s may be identical
or different, and each represent a condensation resactive group
or a Ci-Cg monovalent hydrocarbon group. However, at least 2,
or preferably 2 or more of R are condensation reactive groups.
m represents an integer of 0 to 10, preferably 0 to 8.

The (;~Cg monovalent hydrdcarbon group in the general
formula (2) includes substituted or unsubstituted groups such
as alkyl group, alkenyl group, aryl group, cycloalkyl group,
aralkyl greoup and the like as in the case cf the above-mentioned
general formula (1).

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

Further, an organosilans derived from partial hydroclysis
of the above hydrolyzable groups such as, for example, acetylexy
group and alkoxy group can be used as the above-mentioned
component (bl).

In the present invention, especially the organosilane
containing the above-mentioned alkeoxy group, that is,

alkoxysilane (also called "alkylsilicate") or a partial
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Among the tin compounds represented by the above general formulas (1)
(V), a tin compound of which R" is butyl group and 10 R2 is ethyl group in
the general formula (1) is preferred since the compound assures good
adhesiveness to undercoated epoxy paint and brings the usable time for
painting operation to a suitable range. Commercially-available products
can be used as such tin 15 compounds (acl), for example, there may be
mentioned "U-700", 30 "U-780", etc. (Nitto Kasei Co., Ltd.). On the other
nyd B0 A8 10 the g apd foulth aspects of Jberaple alganonolsiane
compaosition of the présent” invention, tin compounds (acZ) represented by

ax40e Tollowing, 5 general formulas (v)-(V1ll aye ysed as e tin compounds.
These tin compounc?s mayY e used alone or in a combination thereof. 1

413G fﬁ}gjgtg)ogle«’—; HICRLCH.3 kﬁoxyg\{li In theformula t(g{:)r&]thyl

represents a C1-C10 hydrocarbon group. OR0 3C11111-0O-S3
or{hgkgﬁgcg%él(%gé%)-g%H)the like, or alkyltrizlkoxysilane such
as methyltrimethoxysilane, ethyltrimethoxysilahe,
methyltriethoxysilane and the like.

Especially, in case of using an organcpelysiloxane having
hydroxyl groups at both terminals as component (al), it is
preferably used in combination with these alkylsilicates
(alkoxysilanes) and/or a partial hydrolyzate thereof a2s the
component (bl).

Commercia;lywavailable products can be used as such
organosilane {(bl)}. For sxample, there may be mentioned "Lthyl
silicate 28" {Colcoat Co., Ltd.}, "Orthoethyl silicate™ {(Tama
Chemicazls Co., Ltd.) as tetraethyl orthosilicate, "Silicate 40"
(Tama Chemicals Co., Ltd.), "TES40 WN" (Wacker Asahikasei
Silicone Ceo., Lid.) =as partial hydrolyzate of tetraethyl
orthosilicate, and "KBM-13" (Shin~Etsu Chemicals Co., Ltd.) as
alkyitrialkoxvsilane.

In the curzble organopolysiloxane composition of the
present invention, the ratio of the above organosilane and/or
a partial hydrolvzate thereof (bl) with respect tc the total
amount of organopolysiloxane (al) having condensation reactive

groups at both terminals and silica (a2}, [(bLy/{{al)y+(a2})}i],



In the formula (VII) , R' represents a C1-Clo hydrocarbon group and R3
represents a C1-09 hydrocarbon group.0 alf 01 R,~ROCH HCO
Sn-0,~ NCH 11 C HC~C1101R4 R O O (VIII) In the formula (VIII), R1
represents a C,-Clo hydrocarbon 15 croup and R represents a C1-C3
hydrocarbon group. 31 Among the tin compounds represented by the
above general formulas (V1)-(VII), diutyltin acetoacetonate (also called
"dibutyltin acetylacetonate"), dibutyltin diacetate, dibutyltin dipentoate,
dibutyltin dioctoate, dibutyltin 5 bis(ethylmalate) and dioctyltin .

i sppyefiylAialEtd y afe pRISHREE "SinCBThE & GoRPRRNGS asSure ot €1t
adhesiveness to undercoated epoxy paing and bringlthe usabltitigne EO{
ErRRintinGg GPErtion: 16 S<uitalit AngR Boriertiaty aviiiabié Products

can be used as such tin %O com‘gggnds (ac2). Fo xa,rhnoplgx Ighergi@rgytboe
angh SHitforet- 266+ HE dibtiitin Hiacetate. “U-220H" as dibutyltin
acetoacetonate, "U-840" as dioctyltin bis(ethyl malate) , etc. (Nitto Kasai
“coo T .J Also, preparation can be performed according to

publiqxhknggvréén%tgogas&uch as by diluting with a solvent like 15 xylene,
toluereamd-the-fke———-

As to the first and second aspects of the curable
organopolysiloxane composition of the present invention, Tin
compounds {acl) represented by the following general formulas
(I)-(V) are used as the tin compounds. These tin compounds may

10 be uéed alone or in a combination thereof.

1 2
orR?

) i
i—0
R? —lp L v g br?

1
—m
i
o)

]
e
T =
O
A

a8 ]

LT
T

Qo

In the formula (I), R* represents a C;-Cyg hydrocarbon group
and R® represents a C1-C; 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.
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These tin compounds (ac) are used alone as "curing accelerator
component (C ) " if the curable organopolysiloxane composition is a
three-liquid type, or combined to the main agent component (A) and/or
the curing agent component (B) if it is 20 a two-liquid type. In the curable
organopolysiloxane composition of fge present invention, the ratio of tin
contained in the tin compound (ac) with respect to the total amount of the
components (al) and (a2) is preferably 0.001-2.0 % by weight, more
preferably 32 0.01r1.0 %oby weight when considering the reaction time of
the paint. Also, the r ,(5 oﬁgg/contained in the above tin compound (ac)
with respect to the @fal\ag}éuht f-components galg , (@2), 5and (bl) is
preferably 0.001-1.0 % by weight; more preférabi’0.01-0.5 % by weight
when considerig th@react@agmﬁ&fathe paint. Liquid
organopolysiloxane {(di}r'the present invention, a liquid
organopolysiloxaneN(dly TQ may be additionally combined with the main
agent componé{nt (A)oand/(?rt "'éﬁﬁ?lg agent component (B) If the liquid
organopolysiloxane (dl) is not é@mbined, the-adhesiveness between the
antifouling coating film formed by the antifouling paint composition [ii] and
an epoxy resin anticorrosive coating 18 film tends to become excellent.
On the other hand, ifigd nonzgactiveg_ligui rsganopolysiloxane (din is
combined, the abqgvé-mentibned afhtifouling coating film has excellent
antifouling properﬁéé?%r%’ffs{é\”ggﬁéﬁ?éﬁiquid

' R

H3C——ﬁ—0 OR
o (TV)
R' or® R ?RZ O~—C—GCH,
1 [ ! . L
R——Sn~-0 Si—0~8n~0 Si—0—5n—-R
| C 2 11 noL2 1
H3C——ﬁ—*0 OR R OR R
O (V)
In the formulas (II} = (V}, R represents a Cy1-Cyg

hydrocarbon groﬁp and R® represents a C:-Cy hydrocarbon group.
In the formula (V), n represents an integer of 1 cor larger.

Among the tin compounds represented by the above general
formulas (I)=(V), 2 tin compound of which R is butyl group and
R® is ethyl group in the general formula (I) is preferred since
the compound assures good adhesiveness to undercoated epoxny
paint and brings the usable time for painting coperation to a
suitable range.

Commerciallv-available products can be used as such tin

compounds {acl), for example, there may be mentioned "U-7007,



organopolysiloxane (dI2) is combined, the above antifouling 20 coating
film tends to have excellent antifouling properties and adhesiveness
between films. As the non-reactivel4 quid organopolysiloxane (dll) of the
present invention, it is preferred to use non-reactive silicone oils which do
not have reactivity with the organopolysiloxane 33 (al) represented by the
following general formula (3a) or c&‘%position formula (3b) or do not have
self-condensing properties. These silicone oils can be used alone or in a
,,U_Q%'Bbinati.on of(ky\iggr r?(ore. .SLbch nom-rgagt‘ive liquid 5

organbp%ff'siloxan“éL(()jll 7 €dnsideted 15 be effective in forming an

antifguling functional laver gn the surfacs, ot the, coating fim.oblained. ¢
R13 R13 R13 R13 E-O_Si-o Si-RE3 R13 RlS%l R13 ... (3a) Inthe
tnabave general formula (3a).,,R 135 Mnay he identica) @@rﬁ@f@erg%%

represent an alkyl group, aryl group, aralkyl group, or fluoroalkyl group,
in®ach:having;1;10. carbon afoms, and -pepresents an integersefiQ 4 509.
Further, the silicone oil represented by the above general formula (3a)
5 geh@ssthe fyimaber average molegularweight ©f usualhe 16:180-20:0004s .
preferably 1,000-10,000, and the viscosity of usually 20-30,000 mPa.s,
ThéseferabbchPo3.000 mRas ak2h €1 chhecsilicone-oitrepresentethby daef .
above general formula (3a) includes, for example, dimethyl silicone oll

wherein Ri3s )
HaC CH,
=010
J/
bn \
N
olo
1 CH
HaC B 5 VT

group.

10 RO e (VII)

In the formula (VII), R* represents a C;-Cyp hydrocarbon

group and R’ represents a C:;-Cq hydrocarbon group.

H IT \.O/ \ﬁH
Hﬁ/ ~o Sn———0_CH
b
HC o) R i
\%:l/ \R4 )
o (VIII)

In the formula (VIII), R! represents a C;~Cip hydrocarbon

15 group and r? represents a ;-C; hydrocarbon group.
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are all methyl groups, or phenyl methyl silicone oil wherein 20 the dimethyl
silicone oil is partially substituted with phenyl groups. Especially methyl
phenyl silicone oil is preferred. Such methylphenylsilicone oils include,
specifically for 34 example, commercially-available products such as
"KF-54", "KF-56" and "KF-50" of Shin-Etsu Chemicals Co., Ltd., "5H510"
and "SH550" of Dow Corning Toray Co. , Ltd. , "TSF431" and "TSF433"

of Toshiba Silicone Co., Ltd., and the like. 5 R'14xSi (R'5-2)y,C)4-x-y)/2

...... @@I{g t@geag%e comgoggispr}__ formulg r@gé l§14t e rebsents hxdro fzn

atom, or répresents aﬁoé{]ﬁyilgroup,egrﬁar“oup, or aralkylgroup, €ath

£ having.1-10- carbony atoms, ﬁ%pifsssetest%a%éa%%%@évags%S‘"B'a"ilﬁ%d

hydrocarbon ‘group which may be 10 interrupted by an ether group, ester

"G gpuR, OF sNH-, Z represents a manqvalent polar,group such as.aming

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

dipatyprepyleng; glycol grayp of whieh terminalamay:be blocked:with an. ;
alkyl group or aryl group, each having 1-6 carbon atoms. Further, x and y

bi 3 esatisirthe-relationships: 0,0k S5 3.9 Q21 Y &4, apd 002 5 - X3y

<4. Further, the silicone oil represented by the above composition formula

s1{3ls) hasthequnpbenavesage rotestiprweightvehusyaly 250:304000: o
preferably 1,000-20,000, and has the 20 viscosity of usually 20-30, 000

epni¥a Bz preferably50+43; 00EmRaislat 251, Preferredrsilicanepidration
represented by the above composition formula (3b) is, for example, one
toirpwhidh-Rakeisrange.

Commercially-available products can be used as such tin
compounds {écZ). For example, there may be mentioned "U-200"
as dibutylt§r1diacetate, "U-220H" as dibutyltin acetoacetonate,
"U-840" as dioctyltin bis(ethyl malate), etc. (Nitto Kasei Co.,
Ltd.) Also, preparation can be performed acco:ding to
publicly~known methods such as by diluting with a solvent like
¥xylene, toluene and the liké.

These tin compounds (zc) are used alons as "curing
accelerator component (C )" if the curable organopolysiloxane
composition is a three-liquidtype, or combined to the main agent
component (A) and/or the curing agent component (B) if it is
a two-liguid type.

In the curable organcpolysiloxane composition of the
present invention, the ratio of tin contained in the tin compound

{ac) with respect to the total amount of the components (al)

and (a2) is preferably 0.001-2.0 % by weight, more preferably
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methyl group or phenyl group, R1' is methylene group, ethylene 35 group
or propylene group. Further, in the case where Z is 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 incfudes 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
0. Pepreserieiibyhesbove toippositicn 110 foRnurea3bpindidaesct the
specifically, for example, "SF8417" of Dow Corning Toray Co. Ltd.,
Pai814700" and "IS14701" of Toshiba Silicone Co., Ltd., "FZ3712" and
"AFL-40" of Nippon Unicar Company Limited and the like as the silicone

oil i Whikh e polarGroup'Z iSEMmoHOUD: EXGrAPREOF e SN G
in 15 which the polar group Z is_carboxyl group include "X142-411" of
(2T odhis STEBRe Coy, LI, "Srea T8 S Dot CATG Toray Co./ LIEZ!
and YHTOT; of Nippon, tnicar, Gompany Linited apd the Jike. Further, .,
examples of the silicone oil in which'the p?)/Iar group is epoxy group
0. #clyde "SESALL of Dow Goraing Tray (0. 20,1t X142-301"of .,
Toshiba Silicone Co. , Ltd., "L-93" and "T-29" of Nippon Unicar Company
pa Lipited and the like. Examples of the silicone oi_ in which the polar group
Z is alkyl group or acyl group include "IS14460", "ISI14445" and "IST_4446"
of Toshika sSiiegnedze 14410 0H37461; ySH8400", "SH3749" and
"SH3700" 36 of Dow Corning Toray Silicone Co., Lt_d., "KF6009" of
Shinidisihe present invention, a liquid organopolysiloxane (dl)

may be additionally combined with the main agent component (A)
and/or the curing agent component (B). If the liguid
organopolysiloxane (dl) is not combined, the adhesivensss
between the antifouling coating f£ilm formed by the antifouling
paint composition [ii] and an epoxy resin anticorrosive coating
film tends to become excellent. On the other hand, 1if a
non-reactive liquid organopolysiloxane (dll) is combined, the
above-mentioned antifouling coating film has excellent
antifouling properties, and if a reactive liguid
organopolysiloxane (dl2) is combined, the above antifouling
coating film tends to have excellent antifouling properties and
adhesiveness between films.

As the non~-reactive liquid organopolysiloxane (d1l) of the
present invention, it is preferred to use non-reactive silicone

oils which do not have rsactivity with the organopolysiloxane
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Chemicals Co., Ltd., and the like. On the other hand, as the reactive liquid
organopolysiloxane (dI2) 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. SIR'OSIR5bY(3-b7 (3c) In
the above formula (3c), R' represents an unsubstituted or substituted
divalent hydrocarbon group or divaféht 10 hydrocarbon group which may
contain ether linkage, R5 represents an unsubstituted or substituted
monovalent hydrocarbon group, .Y represents a congensa jon reactive

(2 rod SRR BTERTecahts 0L 1 o1 2o TREBLBTETHERiGTE EoRdenddtion™
reactive group is Q%%feri )I%/)at least one kind qf conden aIIi_%% reactive_

composi Ory or do n?t nfave sSe
d)roup selécted -from t_hegroup consisting of hydroxyl'group, oxime

o JI2UP: AMING.GLoup, Aceryloxy areyn and alkoxy aroup. Syeh reactive
quid organopolysiloxane Y can be prepared by the reaction of a
condlicane oil repeesented, for exaraple, by, H3C- SIR2:0:jt-SIROH (wherein
R is independently an 20 alkyl group, aryl group, aralkyl group, or
ordalogenated alkyl group.aRR - isdhe-samesas inythecabove fgrpula: () )i
and an organosilane represented by SiR5bY(4_b) (wherein R5 and Y are
fothensame asdn the ahoyerforamulad3de) s, In2:0r3k Imliquisk the
organopolysiloxane (dl) in the present 37 invention is used by combining
codvihthe mainagenteamponent (A) and/or the curing agent component
(B). In the case of combining the above component (dl) with the main
agent component (A) , thessatio of thescomponent (dl) with respect to the
total R R R

| | |
R3—3—§i——o E ?!——O_ ] ?inm

|

R13 R13 n 13

In the above general formula (3a), R*s may be identical
or different, and represent an alkyl group, aryl group, aralkyl
group, or flucrocalkyl 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 (3a) has the number average molecular weight of usually
180-20,000, preferably 1,000-~10,000, and the viscesity of
usually 20-30,000 mPa.s, preferably 50-3,000 mPa.s at 25 °C.

The silicone oil represented by the above general formuls
{3a} includes, for example, dimethyl silicone c¢il wherein Mg
are all methyl groups, or phenyl methyl silicone oil wherein
the dimethyl silicone oil is partially substituted with phenyl
groups. Especially methyl phenyl silicone c¢il is preferred.

Such methyl phenyl gllicone oils include, specifically for



10

15

20

5 amount of the components (al) and (a2) contained in the main agent
component (A), [(d)/{(al)+(a2)}], ispreferably0.01-15 % by weight, more
preferably 1-10 % by weight to obtain sufficient film strength and to form a
good antifouling functional layer. Further, in the case of combining the
above component (dl) with 10 the c Eing 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,

ox %@epreﬁ%&QM§Qa%§%°Q¥ vgﬁ?égs hen ccti')ns denng the wscqsfg%/ go S v

handling the paint and the i Silahe coup ing agent If the present '

nxivention, the maig agent.gompenent (AL andioc the curing agent, < 5 v

component (B) may contain additionally a silane coupling agént. 1t is

anBossibleyiodmprave dhe ; adhesiveness 1a.an epexy: FesiN-apLigorkasive 3 v
coating film by 20 combining the silane coupling agent with the curable

ot organepelysiloxang£ompositien of thejpresent invention. When the
commercial products described above are used as the organopolysiloxane

(al) , a silane cowpfiymy agéntanay, he alkeady-comszned with such
commercial products. However, if not 38 combined, alternatively it may
be cGmbined withthe meaincagernbcomponent (ABand/orthereuring agest
component (B) before packing a two liquid-type or three liquid-type
hyduralsie etganopalysikansecom positioh: BLPgblicly-known siiemer, or
coupling agents can be selected suitably for use dependlng on the
arphliting Fakjet Gfahe swable drgdhopolysitoxdrmaeoniiositorsasdts a

examples in the case of
Cz=Cyp divalent aliphatic hydreocarbon group which may be

interrupted by an Iether group, ester group or -NH-, Z represents
a monovalent pelar group such as amino group, carboxyl group,
epOoxXy group, or & polyethylene glycol group or polypropylene
glycel group of which terminal may be blocked with an alkyl group
or acyl group, each having 1-6 carbon atoms. Further, x and y
satisfy the relationships: 0.01 £ x< 3.99, 0.02 <y <4, and 0.02
S xty <4.

Further, the silicone oil represented by the above
composition formula (3b) has the number average molecular weight
of gsually 250-30,000, preferably 1,000-20,000, and has the
viscogity of usually 20-30, 000 mPa.s, preferably 50-3, 000 mPa.s
at 25 °C.

Preferred silicone oil represented by the above
composition formula (3b) is, for example, one in which rY is

methyl group or phenyl group, R is methylene group, ethylene
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targeting an epoxy resin anticorrosive coating film include preferably
3-glycidoxypropylmethyldimethoxysilane, 10 vinyltrimethoxysilane,
vinyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
N-phenylpropyltrimethoxysilane, N-phenylpropyltriethoxysilane and the
like. In the case of combining such silane coupling agent with 15 the main
agent component (A) , the ratio witt¥Pespect to the.total amount of the
components (al) and (a2) contained in the main agent component (A) is
preferably from 0.01 to 1 % by weight, more preferably 0.1-0.6 % by

9T WEGhAT. FTRREF S the Taise-of Tonbining e $tané& ToaipliRGHyent Wit
]the+curing agent Zq component (B), the ratio with respect to the ,

PO LHTIBENERE(B)Y EBntaathin Te°cuiitd BYeRt Gotpohart BIRpréfet bl

.. 0.01-50 % by weight, more preferably 0.1-30 % by weight. Color pigment

o 3 The AR AR C LR Ha N (AT ot BRESENEdbrio raag 3G o

in i (a3d).if ary, For these calor pigment ),
e BB MO S oaNe S50 Tt Dot ey b e e

tAlOngOLin a 59%5?}@36%&’;é,t""@uc&ry'i“%?o@‘da%”%%re vafigus coloring;

agents such as ye may be 5 contained. The above-mentioned organic

ac$0lay Rigments include carhon -hlagk naphthol red, phtbalocyaning Blue;

and the like. Also, the above-mentioned inorganic color pigments include

gr&@p oxidereed; iron oxiderhlackatitanimmswihiter, balite povwderptale.ahalls
10 iron oxide yellow, cobalt blue and the like. Among them,
unit as a repeating unit is preferably 10-60.

The silicone oil represented by the zbove composition
formula (3b) includes specifically, for example, "SFB417" of
Dow Corning Toray Co. Litd., "ISI4Z700" and "ISI4T701" of Toshiba
Silicone Co., Ltd., “FZ3712" and "AFL-40" of Nippon Unica£
Company Limited and the like as the silicone oil in which the
polar group 2 is amino group. Examplesg of the silicone oil in
which the pplar group 2 is carboxyl group include "XI42-411"
of Toshiba Silicone Ceo., Ltd., "SF8418" of Dow Corning Toray
Co., Ltd., "FXZ4707" of Nippcen Unicar Company Limited and the
like. Further, examples of the silicone oil in which the polar
group 1s epoxy group include "S¥R411" of Dow Corning Toray Co.,
Ltd.,“XI42—301“ofToshibaSiliconeCo.,Lﬁd.,"L-93"amd"Tw29"

™

of Nippon Unicar Company Limited and the like. Examples o

fa

the
silicone oil in which the polar group Z is alkyl group or acyl

group include "ISI4460", "ISI4445" and "ISI4446" of Toshiba

Silicone Co., Ltd., "SH3746", "SHB400™, "SH3749" and "SH3700"™
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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 amount of components
(al)and (a2) contained in the 15 main agent component (A) ,
[(@3)A(a)+(a2)}], is preferably 0.01-30 % by weight, more preferably
0.1-20 % by weight. Solvent (a4) TA& main agent component (A) of the
present invention may contain a solvent (a4) if necessary. The solvent
(a4) includes 20 publicly-known solvents such as aliphatic solvent,
ot gbgmatiersolventoketorid soivemt, Ester sotvent, 'BIRE0 soMvent, sicohattsu
solvent and the like. The above-mentioned aromatic solvent includes, for
Cheafiplé XAeneltcluenarghd fite flééithe ketone solvent includes, for
example, MIBK, cyclohexanone and the like, 40 the ether solvent
includ&s, for¥kample:epropyidngglycofifionokféthylethegtive  liguid
ropyleneglycolmonomethyletheracetate (PGMAC) and the like, and the
Ofgﬁz’b P S8Rent FRERIdES Forexantipler RETHopyE BREGHAE 4Ad teamel e,
N ;I'{lfsg sol\(enis can be combined in appropriate quantities to make the
viscosity of the ARtfSUllY paint SmpoStiorEfothied Hratsrifig foPy the
inting operation. For example, the ratio with respect to the total amount
fo%? f Welc‘ggm%brﬁ%%% (gof}ré“r%%?azﬁ 10 [BA)/((E) FEE5) P IS préfarasly 0-50 %
by weight, more p@fgg%yso-%o % by weight. Further, such solvent may
be combined with the éurlnglagkéﬁft%mponent((%))or the

cure-accelerator.agentG) in 9?@[9%at%gggggg%§s an unsubstituted
or substituted divalent hydrocarbon group or divalent
hydrocarbon group whichmay contain ether linkage, R® represents
an unsubstituted or substituted monovalent hydrocarbon group,
Y represents a condensation reactive group and b represents 0,
1, or 2. The above-mentioned condensation reactive group is
preferably at least one kind of condensation reactive group
selectedfromthegroupconsistingofhydroxyigroup,oximegroup,
amino group, acetyloxy group and alkoxy group.

Such reactive liguid organcpolysiloxane (d12) can be
prepared by the reaction of a silicone oil r@presented, for
example, by HyC-[SiR,-0~],~SiR*0H (wherein R is independently an
alkyl group, aryl group, aralkyl group, or halogenated alkyl
group, R° is the sams as in the above formula (3¢} arnd an
organosilane represented by SiR°,Y sy, (wherein R® and Y are the
same a2s in the above formula (3c¢), b is 0, 1, 2 or 3).

The liquid organcpolysiloxane (dl) in the present
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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
thixotropic properties, an inorganic dehydrating agent (stabilizer), an
anti-sagging agent/antisettling agent (thickener) other coating film-forming

s n§QmRonent, a fungicide. ap anfifungal agent, an anti-aging.agent, an. .-
antioxidant, an antistatic agent, a flame retardant, a thermal 41

= Foaduotion-improving agent and the like,, Stich ppfionat components, o«
contained in the antifouling” paint composition [ii] may be combined in

coREYange wilh the maingaent-component-(A) 1he.curingagent somapanant
(B), or the 5 cure-accelerator component (C) in appropriate quantities that

(n 6o netimpairdheetfget ebthe presentdnvention, ik pperedthan onre diguighof
a two-liquid type or three-liquid type in which the above-mentioned

amotganepolysioxang compesitian is packed2The @ntfaukng paittne main
composition [ii] of the present 10 invention is obtained by mixing, for

agexampley@coording 1o cinventohat methods, theconterts of the patk 6f
a two-liquid type or three-liquid type which are the components

by comstitttingothe raraifeuling paint eomppsitidie|ii], andiftrécessdif, adelirg
optional components sequentially or simultaneously. 15 Epoxy resin

£1ianties sl paitt EonfsusitiondioFhé préferapblenepbRy) Fesiranticoidsive
coating film [l]

Further, in the case of combining the above component (dl) with

the curing agent component (B}, the ratioc of the compcnent (dl)
with respect to the component (bl) contained in the curing agent
component (B, [{d1)/{pl)]l, is preferably 0.01-500 % by weight,
more preferably 50-350 % by weight when considering the viscosity
for handling the paint and the like.

Silane coupling agent

In the present inventién, the main agent component (A)
and/or the curing agent component (B} may contain additicnally
a silane coupling agent. It 1s possible to improve the
acdhesiveness to an epoxy resin anticorrosive coating film by
combining the silane coupling agent with the curable
organopolysiloxane compesition of the present invention.

When the commercial products described above are used as
the organopolysiloxane {(zl}, & silane coupling agent may be

aiready combined with such commercial products. However, if not
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of the present invention is formed usually on the surface of a base
material by curing an epoxy resin anticorrosive paint composition [i ]
which contains at least an epoxy resin (el) and 20 an amine-based curing
agent for epoxy resin (e2) This antifouling paint compaosition [i] may
contain a body pigment (e3), an anti-sagging agent (e4) if necessary.
Epoxy resin (el) The epoxy resin (eBgcontained in the above-mentioned 42
antifouling paint composition [i] includes, for example, bisphenol epoxy
resin, glycidylester epoxy resin, glycidylamine epoxy resin, phenol
complvotac epoxyesn;, trésol epoxy resinprdiferdeid thodiffedepoaoresin,
aliphatic epoxy resin, 5 alicyclic epoxy resin, epoxidized oil epoxy resin
compebtietlikeh) Espetially, BHisplierdrapoxgarsins Stetnas bisfFhenet Acype
and F-type are preferable for excellent adhesiveness to the base
Papfafedial df thEanticofrdsive sEratint film 6 ffied arith dhticGtfosiverabie
propertles thereof. These epoxy resins can be 10 used alone orin a
T BRAMIRAY Shﬁ%%eoFﬁ{ﬁ?ESSWepoxy resin (el) is desirably contained
at the ratio of usually 10-60 % by weight, preferably 20-50 % welght in
the anifeotfosVeépa c%HﬁS&tlSﬁLﬁT tbﬁﬁigiﬁi%% ofv&ht 2 §ndEy He ke
s, and ?%tt raglgeof us%al (g 10-70 Cyﬁe W:sLerl1 ht 15 [Ii)referab GCOu?:/oaB)ie
welg espec??oli o%y Weight “of the%sofid Contant

or Q;}gg sweleamrtlé:o{r:nooosmonlg in ord r;_p ob%aln excellgrﬁt ce of
nticorrosive properties 011? the coating fi I film. ommermaﬁPy avallactﬁ

taP&@?ﬁ%?qul¥33§9dfg%i%cgﬁpg§¥rr051ve coating film include

preferably 3-glycidoxypropylmethyldimethoxysilane,
vinyltrimethoxysilane, vinyltriethoxysilane,

3-mercaptopropyltrimethoxysilane,

‘N-phenylpropyltrimethoxysilane,

N-phenylprepyltrisethoxysilane and the like.

In the case of combining such silane coupling agent with
the main agent component (A), the ratioc with respect to the total
amount of the components (al)} and (a2} contained in the main
agent component (A) 1s preferably from 0.01 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
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 preferasbly 0.1-30 % by welght.

Ceclor pigment (a3)

The main agent component {A) of the present invention may
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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", "Epikote4007P", etc. of japan Epoxy
Resins Co., Ltd. 43 Amine-based curing agent for epoxy resin (e2) As the
amine-based curing agent (e2) for epoxy resin contained in the
above-mentioned anticorrosive pairt9 composition [i], for example,
modified Mannich amines formed 5 by Mannich condensation reaction of
phenols, formalin and amine compounds, and/or aliphatic polyamines can
colvesised Howevenignspreferfed tofuse meslyay poly@ammidezanmecwhich
is formed by condensation of a dimer acid and a polyamine, and has
pigogotive riharyvanmd sesondaky aninérenps v tve moledulérfor ease of
10 handling of paint and enabling preferable usable time range for
P 1 gty Bperafions idsthebfefigally racerithéndéd $8 use arcaminabzsed
curing agent (e2) for epoxy resin in such an amount that the number of
andminG Hi6tps BR e amite st ititfagented) Bhetofids fhaYsante
(chemical equivalence) as the number of epoxy groups of the epoxy resin
SC{Et§*AbRever, in the present invention, the curing agent may be used in
such ehn amount resulting in 0.35-0.9 e%iivalence, referably Q.4-0.8

equIVAIBIEE SF ARG BFOaR HAih Fespect 51 BaVaTErca b sty 207"

bl E%“p;?F”ﬁléﬁ&fh}?e E%B%aai d.guring, a%eféée%}a%ﬁgh%%ffoﬁg’ ak%eo,

ratid of, for example; 1 parts by we@ , prefe =70 parts

£ nWeight with. resnect 10,100 parts by welght ot (e £noxy (8RN (l) oy qe

red, ironocxide black, titaniumwhite, balite powder, talc, chalk,
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 amount of components {al) and {a2) containsd in the
main agent ceomponent (&), [(a3)/{(al)+(a2)}), is preferably
0.01-3C % by weight, more preferably 0.1-20 % by weight.

Solvent {ad)

The main agent compenent (A} of the present invention may
contain a sclvent (a4) if necessary. The sclvent {ad} includes
publicly~known solvents such as aliphatic solvent, aromatié
solvent, ketone sclvent, ester sclvent, ether solvent, alcchel
solvent and the like. The above-mentioned aromatic solvent
includes, for example, xyliene, toluene and the like, the ketone

solvent includes, for example, MIBK, cyclohexanone and the 1like,
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Commercially-available products can be used as such 44 amine-based
curing agent (e2) for epoxy resin, and there may be mentioned, for
example, "Raccamide TD966" (Dainippon ink and Chemicals,
Incorporated) , "Sunmide 307D-60" (Sanwa Chemical Co., Ltd.), etc. 5
Body pigment (e3) The body pigment (e3) which can be contained in the
above-mentioned anticorrosive paintccomposition [i] includes, for
example, publicly-known materials such as talc, silica, mica, clay, calcium
carbonate, kaolin, alumina white, white carbon, 10 aluminum hydroxide,
thmagnesitmeearbonade : barium carbionatesdayium suffate, titaniysrple,
dioxide, carbon black and the like. Especially, talc, barium sulfate, mica,
pritaniemedibxice, ramdrearbphedilaek are preferably used in the present
invention. These body pigments may be used alone or in a combination
Priietesh b Thelbodypigrmehnt (E8Fmaydse eonte@ed, forexarmpie, In Hie
ratio of 5-80 % by weight with respect to 100 % by weight of the solid
angomént bt the afficoirasive paintecombositioadl] ntiisapying Hgehe &y
The anti-sagging agent (e4) contained in the 20 above-mentioned
an&nﬁ@@rr&%i\?%‘paint composition [i] includes publicly-known materials, for
example, organic clay wax such as amine salt, stearate, lecithinate,
alkylsUlfoitate o AT Ca“aRd°2nS PoRetfflere MR Winide wakiantities
tohrxg)gggtenated castor oil .w )é’ gojﬁxa}_mide_ wax, a mixture of hydrogenated

Castor oil wax 45°ahd PolyAmfde wak syhth&fd Particlirts Siicd Tormed

pr@%@?ggﬂgn&n:painting'operation. For example, the ratioc with
respect to the teotal amount of the compenents (zl) and (a2},
[(a4)/{(al)+(a2)}], is preferably 0-50 % by weight, more
preferably 0-30 % by welght. Further, such solvent may be
combined with the curing agent component {BY or the
cure-accelerator agent (C) in appropriate guantities.

Antifouling paint compositicon [ii]

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, 1f necessary, publicly-known
additives in appropriate quantities, such as an agent which
imparts thixotropic properties, an inorganic dehydrating agent
(stakilizer), 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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oxide wax and the like. Of these, polyamide wax is preferably used in the
present invention. This anti-sagging agent (e4) can be contained, for
example, in the ratio of 0.1-5 % by weight 5 with respect to 100 % by
weight of the anticorrosive paint composition [i]. Each of the above
components can be combined with the epoxy resin paint composition [i]
according to conventional methods “dt the ratio as described above during
preparation of the 10 composition, by using, for example,
commercially-available materials. Further, in addition to the above
CEpHpdaents,toptivhabcerponems stk dsiasolvent, a liquid
hydrocarbon resi n, a surfactant, an anticorrosive pigment and the like
whichSare! LRRElitrdn epoXy vasintanticoriosivedoating: fiem anayi besdited
15 in appropriate quantities if necessary. Such epoxy resin paint
Paghpositiiimay dlso'e provickéd @& tvediduiceperesnoditiohe main
comprising a main aggent component containing an epoxy resin (el) and a
agceu“rﬁgcgé‘gﬁ?%ﬁ\p%em CoRtaiHig En ARTHE-REEPEGHkg ‘Gdent@2)PD
Cu@rétlfggling coaginrg film and antifouling composite  coating film. The
mathod for forming AMStTAg coatint fiffRRMTP Shiifsu NG ebirpssite hat
cqating film. The _antifouling ¢ osite coating film of the present 46
i G Res i Toming i E55%5 Tes T ARG BENEn S5 i
urface _base material, followed by painting an antifoulin
Or%:]a%rtl gg?n%ésﬁtigng[%]goqﬁaﬁfﬁ%%@aﬂ%é fi?rzﬁ,%ﬁs? (f/l{:' ding an antitodfing R¥er
tﬁﬁp%mﬂ%guﬁiukioned organopolysiloxane 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-liguid

type or three-liguid type which are the components constituting

-theantifoulingpaintcomposition[ii},andifrwcessary,adding

optional components sequentially or simultaneously.

Epoxy resin anticorrosive paint composition [i]

The preferable epoxy resin anticorrosive coating film [I]
of the present invention is formed usually on the surface of
a base material by curing an epoxy resin anticorrcsive paint
composition {i] which contains at least an epoxy resin {el) and
an amine-based curing agent for epoxy resin (e2). This
antifouling paint composition [i]} may contain a body pigment
(23), an anti-sagging agent (ed) if necessary.

Epoxy resin (el)

The epoxy resin (el) contained in the above-mentioned
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5 The epoxy resin anticorrosive coating film [Ij which is the base of the
antifouling coating film [l1] of the present invention is formed by stirring
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 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
angahficolrosiveqr opertieswanshe 1&robtained; farlexample fby painting e,
" impregnating the epoxy resin paint composition [i] once or more than
b1 ppergtlachiekness 1of, 301 Y50 /raintigs folkivedsty: euring ity ieleh ihree
film thickness of 200-5000 pm. This epoxy resin anticorrosive coating film
SPATHase 2brexcdlftt hdHeEhafe PRXE begRimateid SereRpen thiesin,
_material is FRP, steel, wood, aluminum alloy and the like. Especially,
1%l Rprefetableasthe BaREmateAalbecadse R the aBResiverdssin:
Further, the above base material may be treated by publicly-known
aléﬁé’fa%:éftrsa%%n’ieﬁwgaﬁa%fagﬁﬁge% VtdeP A7 Yo'iftorovi ddhiSiveriess
to the anticqrrosive coating film [I] On the other hand, the abqve
E BRI ORI M58 TOrMAet g Sty S oiag g =nd
r-ahovementioned. antfouling paint composition [il according o, ..
cOnventional 5 methods an painting the mixture on the surface of the

na@BUGarOslye cagling fim {Ul , follawed by&%‘i’l%or aBaut Or3 Jpabout 3,
days in the air either by leaving or by force

anticorrcsive properties therecf. These epoxy resins can be

used alone or in a combination of two or more.

Such epozy resin (el) is desirably contalned at the ratio
of usually 10~60 % by weight, preferably 20-50 % by wsight in
the anticorresive paint composition [1] containing a solvent
and the like, and at the ratic 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 compesition [1)
in order to obtain excellent anticorrosive properties of the
coating film.

Commercially-available products can be used as such epoxy
resin {el). There may be cited, for example, bisphenol epoxy
resins such as "Epikote 828", "Epikote 834", "Epikote 1001M,

"Epikote 10047, "Epikote 807", "Epikote 4004P", "Epikote 4007P",

Fh

etc. of Japan Epoxy Resins Co., Ltd.
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ventilation under heating. The film thickness of the antifouling coating film
[I1] after curing may be controlled 10 according to applications and the like.
The film having excellent antifouling properties and adhesiveness to the
epoxy resin anticorrosive coating film [1] is obtained, for example, by
painting or impregnating the antifouling paint composition [ii] once or
more than once at a thickness of 36+d.50 m/paint, 15 followed by curing to
yield the film thickness of 150-5000 m. Further, the anticorrosive coating
film [I] on which the antifouling coating film [I1] is formed may be cured
completelyr Hroweven itiiscalggpussiltle terpaint thesantifoeding paint
composition [ii] on the anticorrosive coating film during the 20 state of
semitdrytosoash te forms the antifoulingToatingdim fifjforimprovirgs in
adhesiveness and the like. The antifouling coating film [lI] of the present
coffvertioh isiprefefdlily useg s theéantifdithg cHRipEsits edatifig filRf i nt
which is obtained by laminating the antifouling coating film 48 [lI] directly
CoBpAPetsifade of tH%’ép@%??‘?@gﬁ'r afficorroside’esating s fthat 7&hed
without intervening of coating films of other intermediate layers) . ,
bY iEiever, e aRtifotiing paitS coffbSSitut T of thé Prédeht iftentidntan
be alsq used E?/S *pairl]t. dl{egﬂy on Te syrface of the abovedbas}? material
COLRA TSI thE ANt oﬁlhr‘iﬁJ c%éﬁﬁgpfﬂn?/ ﬁﬁj\‘/vnﬁ%hcig in tireGContatt "With tHe
;< Pase matgrial, Udlization of the anifouling coating.film and the. antifouling
composite coating film 10" the e?'ntlf&?inﬁ coating film or ant ouﬁn@

byQ%Begﬁgationof&adimeracidandi&polyamine,andhasreactive

primary and secondary amino groups in the molecule for ease of
handling of paint and enabling preferable ﬁsable time range for
painting coperation.

It is theoretically recommended to use zan amine-based
curing agent (eZ) for epoxy resin in such an amount that the
number ©f amino groups of the amine-based curing agent (eZ)
becomes the same {chemiczl equivalence) as the number of epoxy
groups o©f the epoxy resin (el). However, 1in the present
inventicn, the curing agent mey be used in such an amount
resulting in 0.35-C.% equivalence, -preferably 0.4-0.8
eguivalence of amino group with respect to 1 equivalence of epoxy
group. Further, the amine-based curing agent (e2} can be used,
at the ratic of, for example, 10~80 parts by weight, preferably
20-70 parts by weilght with respect to 100 parts by weight of
the epoxy resin {21).

Commercially-available products can be used as such
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coating film formed according to the above-mentioned methods can be
formed on 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 15 diffusion in various maritime civil
engineering works such as coastal roads, undersea tunnels, port
facilities, canals and channels, or sffips, fishery materials, etc. (for
example, ropes, fishnets, fishing gears, floats and buoys). It is possible to
lower the surface free energy of the 20 surface of a base material, by
amfgraing the aboviesmertiored shtifdaling coating itrror antifoutinge may
composite coating film on the surface of the base material. Such coating
Pefiifiriahing dowsudzeatico chitrgy i iasistarad attashingppbaqliaticand
organisms such as ulva, barnacle, green laver, serpula, oyster, 49 bugula
ChRgrthRa and BFO TREIEVER)if SUTRPAG IS OI§afisiS aidiiefd toise L Co.,
; surface of the coating film, these are removed easily by the stream
“tesigtafits of sea water or fresh water, thus the antifouling properties are
effecgv%continuously for 5 a long time. Therefore, such antifouling
meth : Lio base material of which surface contacts

continuously or intermittently with sea water or fresh water, especially
undezr}vl%/laeters%ﬁrﬁctﬂ%ggfghﬁp g%\%l}l platas fishfets Sar fisRinGE geé&. the

254N IL B0 Jmalialn. (e finclion. ot flese, 13 nAeTyaler SICLIes 0T

a long time or to prevent bloc Ing 6f fishnet meshes. EXAMPLES !
eHerelnatter, hepresent inventionwill be deseribed .10 sitica, mica,
clay, calcium carbonate, kaolin, alumina white, white carbon,
aluminum hydroxide, maghesium 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.
Thesebodypigmentsmaybéusedaloneorjxlacombinationthereof.
The body pigment (e3) may be contained, for example, in the ratic
of 5-80 % by weight with respect to 100 % by weight of the solid
content of the anticorrosive paint composition [i].

Anti-sagging agent (e4)

The anti-sagging agent {e4d) centained in the
above-mentioned anticorrosive paint composition [i] 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 hydrecgenated castor oil wax
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15 further in detail by Examples and Comparative examples. (Preparation
of the curable organopolysiloxane antifouling paint composition) A
three-liquid type curable organopolysiloxane, 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 prepareéd by using 12 kinds of tin
compounds, respectively. Subsequently, antifouling paint compositions
corresponding to each of Examples 1-1 1 and Comparative examples 50
and _BeydenpiSparsd by mbiRg 77 pars byweightofitheeman? Hgehty Lene
component (A) , 18 parts by weight of the curing agent component (B) ,
OX41E BpartSby-Weightst the turesikEel@iater@gent ‘ompdrirt {&yarly
thoroughly using a mixer until a homogeneous 5 mixture was formed,
usﬁ%éfé%‘%&ﬁﬁéﬁﬁﬁtﬁ&ﬁ?@é)}? (bl)* {ad) Bror3@e)  hAd ol were =an
__contained af the mixing amounts listed in Tables 3 and 4. (Preparatjon of
D e nR] Shsir BhinT OSSN Aot Bty L riah dogu -2 L9he
2 QMPOnENt(X) anda curing. 10.agent component (1) for the epoxy res
paint composition each having thie component mixing amounts listéd 1n
COEB‘QQ%&&P%T} _composition for. fprming the epoxy r.esin anticorrosive
coating film was prepared by mixing 65 parts by weight of the main agent
companent £X)-and.13 Dris by-weight of-the curing agenf.companept1s

(Y) thoroughly using a mixer until a homogeneous mixture was formed.
reEE@ﬁEﬁ?ﬁﬂﬂpﬁﬁﬂposition [i] according to conventional methods

at the ratic as described above during preparation of the

- composition, by using, for example, commercially-available

materials. ‘Further, in addition to tThe above components,
opticnal components such as a solvent, a liguid 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 gquantities if necessary. Such epoxy resin paint
compositionmay also be provided as a two=liguid 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 methed for forming antifouling coating film and

antifouling composite coating film

The antifeouling composite coating film of the present
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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 immersion test, and an antifouling test
were performed according to the foﬁ!l&wing instructions. The test results
are listed in Tables 3 and 4. 51 (Tensile test) The above-mentioned
epoxy resin paint composition was applied to a sandblasted steel plate
~with a size of 100 mm x 300 mm x 2.3 mm by a spray coater (P.nest
oYt Sorpdratic fatde™ natiE-NEdér Spray GaRr W7 PG Fdom Ve
temperature, and dried for a day to form an epoxy resin anticofrosive
obatifginthaving™a fﬁﬁ?trﬁ%%ﬁ?é%oﬁfo@ MR By stare, “°--oved
Subg%quentlx, E}Qgiggtiffuli?r% aint compositions p[tegtiregl Lr}]gx%meles

byf—’i “and gcfiom|f)2';1rat“|vél examples i-gﬁlefesébﬁﬁgd 6'the above 10 79

fi%@?dﬁ%ﬁ@co 198 ‘E&é’aéiﬂ‘ga@gl by.A sRrav.coater (Anest wata
e e

orporation, trade name: Wider Spray Gun W-7/-2G) at room

tempgrature, untiL its thickness hecame 150.um; in the dry state, . and, then

dried for a day: As a result, the coating films using the antifouling paint

+nEOBIASItien prepared inGomparative dn,examples 318 werenotewed, «
therefore, only the cured-antifouling coating films formed by the

in@sfifouding paint gompasitions ehExamples ikl apd.Gampaiativenents
examples 1-2 were subjected to a tensile test. The tensile test was

copetfotmednacenedingdethesmeihod 20specitied 1y giS i€ 560864 tion
(1S04624) A stainless steel test

[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 {1} 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 30-150 um/painting, followed by curing to yield the film
thickness of 200-5000 um.

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 like. Especially,
steel 1s preferable as the base material because of the

adhesiveness. Further, the abcve base material may be treated

by publicly-known surface treatment like sand blasting in order
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cylinder (Dolly piece) 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 adherence strength was
measured by a pull off adhesion tester. (Tape delamination test) The
above-mentioned epoxy resin paintgsomposition was 5 applied to a
sandblasted steel plate with a size of 100 mm x 300 mm x 2.3 mm, on
which a masking tape (trade name: "Architectural Masking Tape",

to NiehibareCainddtlyanas glued-at the cepterr using: a-spray:eoatarm(Amegst
Iwata Corporation, trade name: Wider Spray Gun W-77-2G) at room
temperatire pand ditied dor endayptortorm dlfam Epoxy-resinranticamosive!
coating film having a film thickness of 200 .xm in the dry state.

is Sabsequeantys thecantfollingpaikncompasitions beepareddniEtarmplesd
1-11 and Comparative examples 1-8 were applied to the above

- ang@HEEARtcOPESIvE CoRTRRSHIM ctsihglal sprRECESHR? (ARespTWaRE1onal

Corporation, trade name: Wider 15 Spray Gun W-77-2G) at room

- mefdipperaftie, Uit RS tAtkiéss Békames150% inthe i SEfte, dird theéif

dried for a day. As a result, the coati%films of the antifo.ulingrpaint .
EnEoffpositons (reparéd in Edmpatative exaiipfed3-§ WersIhstdurgaeut
0 E:erefore, only the cur,ed-antifouling%composite coating films formed by 20

& anfiftliing paft tormpb&ftich bf &B%eg’ﬁ-iiaa"&g‘%SFn&Yraﬁ?/E%d

antifouling coating film [II] after curing may be controlled
accerding to apﬁlications and the like, The film having
excellent antifouling properties and adhesiveness to the epoxy
resin anticorrosive coating film [I] is obktained, for example,
by painting or ilmpregnating the antifouling paint compesition
[ii] once or more than once at a thickness of 30-150 um/paint,
followed by'curing te yield the £ilm thickness of 150-5000 um.

Further, the anticorrosive coating film {I] on which the
antifouling coating film {II] is formed may be cured completely,
however, 1t 1s also possible to paint the antifouling paint
composition [i1i] on the anticorreosive coating film during the
state of semi-dry to touch to form the antifouling cozting film
[I7] for improving adhesiveness and the like.

The antifouling coating £film [I1] of the present invention
is preferably used in the antifouling composite coating £ilm

which is obtained by laminating the antifouling coating film
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by removing the glued-masking tape, the portion of the different 53 levels
was rasped strongly with finger cushion to delaminate the coating film,
and the maximum 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) The
above-mentioned epoxy resin paint®omposition 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 lwata Corporation, trade. name: Wider Spray Gun
LI PR ¥ r SOm R PBFattité, Shd difeFRE8rd Bay o BIMTAR Epoky S
resin anticorrosive coating film having a film thickness of 200 pm in the
Oy Seate SubbbaUertly, the ‘AtHEHmg PR CompbSoRe Probarea =
of E).%mgle% tlé%rla ea&da tCoTaparatiy(.e.eﬁ%r‘ggles 1-8 .were %QQIie to the aboe/e

ried-anticorrosve coeatlngY fitim using a sﬁ%?’cS&t%ra&nes?ﬂ fvatz

cofrPOIALGN, yade name, \’Q!Ldeesre%r%q%‘f@t\élay‘c%?) B9, used to

temperature, until its thickriess became 150 pm in the dry state, anéithen

pa ftiedforaday. A3 & result, the coating fiims.ofthe antifoyling paint . nq
compos it ions prepared in Comparative examples 3--8 were not cured,

£otherglors, ondy the curedsantifouling 26 composite; coating films tarmed-hy
the antifouling paint compositions of Examples 1-11 and Comparative

wiexamplesas2 were: subjected to a fresh water immersion test. The
cured-composite coating film was immersed in deionized water
maintaingdzat-a semperatithe of 28:Edan bnyonths-The 54 tegreesof the
generated blister was evaluated according to a method

antifouling composite coating film

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

It is possible to. lower the surface free energy of the
surface of a base material, by fofming the above-mentioned
antifouling coating film or antifouling composite coating film
on the surface of the base material. Such coating film having
low surface free energy 1s resistant to attaching of aguatic

organisms such as ulva, barnacle, green laver, serpula, oyster,
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specified by ASTM D714. The size and the density of blister according to
ASTM D714 were determined by the criterion described in Table S.
When, for example, blisters of size 8 (relatively 5 small blister) are found
to be distributed moderately, the evaluation is expressed as SM.
(Antifouling test) The above-mentioned epoxy resin paint composition was
applied to a sandblasted steel plate »ith 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 temperature, and dried for a day to form an

buEROXYESIN icorresive coating film,Raving ,iim thickness of 200 m,/n

the dry state. Subsequently, the antifouling paint compositions prepared

aaiLExamplesd-11and J5Gomparative examples 1-6yuete applieddathe
above dried-anticorrosive coating film using a spray coater(Anest Iwata

ea COIRORfiandrade NameWidenSpr LG WEW({+26) 8t rgeBkh water,
temperature, until its thickness became 150 m in the dry state, and then

t hdeethior-a tiays As agesulipthe: ceating Jilets et the,20-antifonling f1aint o r
compositions prepared in Comparative examples 3-8 were not cured,

a fherefareyanlyrtherefredeantifocilingn campdsitescoating films fermeddiye
the antifouling paint compositions of Examples 1-11 and Comparative
toexamplessl =2 werea Subjeeteddd smaftifeuling testt 55 e testplate or
coated with the cured-antifouling composite coating film was immersed
ingzrdwEited in seawaler sENagwsskdi Bay of Nefjasakighefeckfesordadly

months. Evaluation of the antifouling performance was evaluated by
upﬁgggpﬁ;@bééﬁ@ﬁ@f@s, ship shell plates, fish nets, and fishing

gears. Further, it can maintain <the function of these
underwater structures for a long time or to prevent blocking

of fishnet meshes.

EXAMPLES

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

{Preparation of the curable organcpolysiloxane
antifouling paint composition]

A three~liguid Type curable organopelysiloxane
composition listed in Table 1 comprising a2 main agent component
(A}, a curing agent component (B), and z cure-accelerator agent
compenent (C) was prepared. 12 kinds cof cure-accelerator (C)
were prepared by using 12 kinds of tin compounds, respectively.

Subseguently, antifouling paint compositions

corresponding to each of Examples 1-11 and Comparative examples
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5 6 months and 12 months. 56 m ~l o m I~Ir ml m.H m )~ ~t" NIM Plan

mHax~x~~l"TixXx'V4it NagBw-rA1l1ow.wiw(+lw g~am)~Nn
H m~ml oglE~E~El Rfpv (E{EI[gX0zZXO0XXX;XXiXiX'o000 puw
owwoww lw(w)w wiwiolo oloto~ "~ O PhOin19)oa10nx+1010i M
Mmo0000O-0I00~~00g001-$mMOOIC~-NIINIOXIIOOmM alal
IFF:JINWIANMNINM~:~IMB@NOHUwo04StimfuoillVI(1
1 7C,"aH~Hxm10.0D0i01010 010;0 010 m)I~Il oo~ I~ ~~. 1l ~
gmm)Hi'dUmHmMImMhiuloU mOUuuUV1I%~U"OlUd(, L.

1-uld F bbb bH bl OJIHEHY sakn $@1dh Mok yhe Wi vl kv«

vivviv YAIAtA'JNNNMIINNIVtNa.1OH4"'HNmMR migmgm
cotp&RNGl (), 18 parts by weight of the curing agent component
{(B), and 3 parts by weight of the cure-accelerator agent
component (C} thoroughly using a mixer until a homoéeneous
mixture was formed, wheresin éomponents (aly, (a2), (bl), (ac)
or non-{ac), and {dl) were contained at the mizing amounts listed
in Tables 3.and 4.

(Preparation of the epoxy resin paint composition)

After preparing a2 maln agent component (¥) and a curing
agent component (Y) for the epoxy resin paint compesition each
having the component mixing amounts listed in Table Z, a paint
composition for forming the epoxy resin anticorrosive coating
film was prepared by mixing 8% parts by welight of the main agent
component (¥) and 15 parts by weight of the curing agent component
(Y) thoroughly using a mixer until a homogeneous mixture was
formed.

{Test examples)

For the antifouling composite coating film cbtained from
the epoxy resin paint composition and the curable
crganopclysiloxane paint composition prepared as mentioned
above, & tensile test, a tape delamination test, a fresh water
immersion test, and an antifouling test were performed according
to the following imstructicons. The test results are listed in

Tables 3 and 4.
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GLC <+ UXxX XXX XXLxxx,XIxx". -)0100umww,y)OIOCi,m0100'0
010010000001 FFiyOFHCY4343}y.JL434343 ww-1m
WtcN.HHIH.INHi.1:H.NIOUlulmy61UmNQZzZzZ2zIZZZ
2122 2,Z~.00~mo:-vnm}:nO0nrmM MGM Minl 1n]Mim e~r O
-HC41MlOm1.1:n0imo O~H.~-H~~gm1.D3ytHpiT!4-) NI S-I
mNNO H~VoOr1H-mipl~CYN1H {=OOO(H000010[0
Gnll.LIO'UZAOyUoU-l winl1l0r'HU4tT~0U O m~NINivm O
Upzl~-~COiaol~im~mUit oOUrmymm[UCI COd'HOXI
71 N3 SR $APHEAHa~t7TD 11>~ ~J-fOU1O0WHVIH'moyS-HHE
qOCO04ifl , , _ o

The above-mentioned epoxy resin paint composition was
applied to a sandblasted steel plate with a size of 100 mm x 300
mm x 2.3 mm by a spray coater (Anest Iwata Corporation, trade
name: Wider Spray Gun W-77-2G) at room temperature, and dried
for aday toforman epoxy resin anticorrosive coating filmhaving
a £ilm thickness of 200 um in the dry state. Subsequently, the
antifouling paint compositions prepared in Examples 1-11 and
Comparative examples 1-8 were applied to the zabove
dried-anticorrcsive coating £ilm by & spray cecater (Anest Iwata
Corporation, trade name: Wider Spray Gun W-77-2G) at room
temperature, until its thickness became 350 um in the dry state,
and then dried for a day. 2As a result, the coating films using
the antifouling paint composition prepared in Comparative
exampies 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 ware
subjected to a tensile test.

The tensile test was performed according to the method
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 ¢ceating films using an adhesive (GE Toshiba Silicones

"TSE3S8S") . After making a2 cut around this Dolly plece using a
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(Tape delamination test)

The above-mentioned epoxy resin paint compoesition was
applied £0 a sandblasted steel plate with a size of 100 mm x 300
mre % 2.3 mm, on which a masking tape (trade name: "Architectural
Masking Tape™, Nichiban Co., Ltd.) was glued at the center, using
a spray coater (Anest Iwata Corporatiocn, trade name: Wider Spray
Gun W-T77-2G) at room temperature, and dried for a day to form
an epoXy reginanticorresive coating filmhaving a film thickness
of 200 pm in the dry state. Subseguently, the antifouling paint
compes;itions prepared in bBxamples 1-11 and Comparative examples
i-8 were applied to the above dried-anticorrosive coating film
using a spray cozster {Anest Iwata Corporation, trade name: Widexr
Sprayv Gun W-77-23) at room temperature, until i1ts thickness
became 150 wm in the dry state, and then dried for a day. As
aresult, 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 compcsition of Examples 1-11 and
Comparative examples 1-2 were subjected to a tape delamination
test.

After generating a level difference on the coating film

by removing the glued-masking tape, the portion of the different
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%HCEIH HO4ra'O ItItit0.0tlI-IOOHIlo -----O0.H. mHUc+~m
- a,Sj 0 x Main agent m Curing agent Cure HH CO) d m component
component (3) accelerator (C) 57 (Table 1 additional note) *1: In
Examples 1-11 and Comparative examples 1-8, any one kind of each
from (all-1), (dli-2) and (d12) was used. *2: dimethyldiphenylsilicone oil
(about 70% methyl group and 5 about 30% phenyl group) ca. 450 mPa.s.
Ra represents methyl group or phenyl group. *3: dimethyldiphenylsilicone

1 el @haut 98% methyl.areup.and @boutb%é.phenyd greup) e 130 mRass.
Ra represents methyl group or phenyl group. 10 *4:

+ hdimmethyidighenylsiicoor0il{abautn9bY waetkyt geotkpl and nabedt 5%gth
phenyl group). ca. 100 mPa.s. Ra represents methyl group or phenyl

wa greths Ried C3HS- R -Ei=€HM *Bs: buEkamiples 1-1icand Comparative
examples 1-8, any one kind of each from those corresponding to the tin

shoohpoendsfac) of not, the length would become large.

{Fresh water immersion test)

The above-mentioned epoxy resin paint composition was
applied to a sandblasted steel plate with a size of 100 mm x 300
mm x 2.3 mm using a spray coater {Anest Iwata Corporation, trade
name: Wider Spray Gun W-77-25) at room temperature, and dried
foraday to forman epoxy resinanticorrosive coating filmhaving
a film thickness of 200 pum in the dry state. Subseguently, the
antifeuling paint compositions prepared in Examples 1-11 and
Comp.arative examples 1-8 were applied to the above
dried-anticerrosive 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 ym in the dry state,
and then dried for a day. As a result, the cbating films of the
antifouling paint compositions prepared in Comparative examples
3-8 were not cured, therefore, only the cured-antifculing
composite coating films formed by the antifouling paint
compositions of Exampl.es 1-11 and Comparative examples 1-Z were
subjected to a fresh water immersion tast.

The cured-composite coating £ilm was immersed in deionized

water maintained at a tenperature of 23 °C for & months. The
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15 the present invention, (ac-1)-(ac-7), and those 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 (I) , the
compound in which p=q=r =1, R1 represents octyl group and R2
represents ethyl group.58 Coc Os4amIm'INualmE wNImO al E1
UmE aromitPFu.Ha'!u:roro'NNC.1NI1 NUI~4 N4:; N
aiN; ~uca~+la rotc

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 critericndescribed
in Table 5. When, for example, blisters of size 8 (relatively
small blister) are found to be distributed moderately, the
evaluation is expressed as BM.

{Antifouling test)

The above-mentioned epoxy resin paint compositicn 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 resinanticorresive coating filmhaving

ilm thickness of 200 pm in the dry state. Subseguently, the

I

antifouling paint compeositions prepared in Examples 1-11 and
Comparative examples 1-8 were applied teo the above
dried-anticorrosive coating film using & spray cocater{Anest
Iwata Corporafion, trade name: Wider Spray Gun W-77-2G) at room
temperature, until its thickness became 150 um 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 fthe 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 Nagasakil
Bay of Nagasakl prefecture for 12 months. Evaluation of the
antifoulingperformance was evaluatadby visual inspectionafter

5 & 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 (d1l-1), (dll-2} and (dl2} was used.
*2: dimethyldiphenylsiliceone oil {about 70% methyl group and
about 30% phenyl group). ca. 450 mPaes. R? represents methyl
group or phenyl_group.
*3: dimethyldiphenylsilicone ¢il {(about 25% methyl greup and
about 5% phenyl group). ca. 100 mPaes. R® repressnts methyl
group or phenyl group.
*4: dimethyldiphenylsilicone oil (about 95% methvl group and
about 5% phenyl group). ca. 100 mPae.s. R represents methyl
group or phenyl group. R°: =C3Hg—-, RS: =~CH=CH,.
*5 : Ih Examples 1-11 and Comparative examples 1-8, any one kind
of each from those corresponding to the tin compeunds (ac) of
the present invention, {ac-1)-(ac-7), and those not
corresponding to the tin compounds ({(ac) was used.
*5 @ 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 compcocund in which
p=g=r=1, R* represents octyl group and R? represents ethyl

group.
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Density Size
None None {Evaluated by comparing
legs than few FF with reference photo)
Faw ® small 8
Medium M | 6
Medium - dense MD | 4
Dense D large 2
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L'o-yu UrouN9op.1-UUN~. D. QO Component (parts by weight,
solid content) Result 61 Table 5 Criterion of fresh water immersion test
Density Size None None (Evaluated by comparing less than few FF with
reference photo) Few F small 8 Medium M 6 Medium - dense MD i 4
Dense D large 2 62 CLAIMS A three-liquid 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 organoﬂplQIysionane (al) which has at least two
condensation reactive groups i tie molecule and silica (a2), (B) a curing
agent component containing an organosilane 10 and/or a partial
hydrolyzate thereof (bl), wherein the organosilane has functional group(s)

capable of undergmrAg condeﬁnsaéueg)n1 rleacné)n with the c:ondensaté%r%able
reactive groups of B

organcpolysiloxane compositicn to be used for direct coating
orn an epoxy resin anticorroszive coating £ilm, comprising,

(A) a main agent component containing arn
organoplolysiloxane (al) which has at least two condensaticn
reactive groups in the molecule and silica {(aZ),

{(B) a2 curing agent component containing an organcsilane
and/or a partial hydrolyzate thereof (bl), wherein the
organosilane has functicnal group{s) capable of undergoing
condensation reaction with the condensation reactive groups of
the ocrganopolysiloxane (al} which has at least two condensation
reactive groups in the mclecule, and

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

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

(VITI);
R?
HsC ! CHs
—0 1 O
W/
én \
NL
0| O0—
HaC L1 CHy

{in the formula {(VI1), erepresents a C1-Cqp hydrocarbon group; )



the organopolysiloxane (al) which has at least two condensation reactive
groups in the molecule, and i5 (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 (V1) -
(VII); H3CRCH3 EOC Sn,0 R (VI) 20 (in the formula (VI) , RI
represents a C,-Cio hydrocarbon grotip;) 63 0 R 0 R3 C-0-Sn-O-C-R3 R
.=V (in the Formula (V1) , R' represents a C1-C,o0 hydrocarbon group
and R3 represents a C--C9 hydrocarbon group;) 0 a1’ R R\O~C\CH C
HO " O Sn-011 NCH 1II'l, C HC~CO~R4 R 11

R‘l

i | I
RE-C—0—8n-0—C—R®
1
= 3 (VIT)
(in the formula (VII), R' represents a Ci1-Cio hydrocarbon group

and R’ represents a C;-Cs hydrocarbon group;)

5 {in the formule {(VIII), erepresents a C;-Cig hydrocarbon group

and R* represents a C:-C; hydrocarbon group. )

2. A two-liguid type curable organopolysilcoxane
composition tc ke used for direct coating on an epoxy resin

10  anticorrosive cecating £ilm, comprising,
{A) a main agent component containing an
organcpolysiloxane {al) which has at least two condensation

reactive groups 1in the mceiecule and silica (a2},

{B) a curing agent component containing an crganosilane

Fmd
e

and/or a partial hydrolyzate thereof (bl), wharsin the
organosilane has Ifunctional groupls) capable of undergoing
condensation reacticon with the condensation reactive groups of

the crganopelysiloxane {(al; which has at least twe condensation
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0..... (VI S (in the formula (VIII),. R1 represents a C1-Clo hydrocarbon
group and R4 represents a C3-C3 hydrocarbon group.) 2. A two-liquid
type curable organopolysiloxane composition to be used for direct coating
on an epoxy resin 10 anticorrosive coating film, comprising, (A) a main.
agent component containing an organopolysiloxane (ai) which has at
least two condensation reactive grédps in the molecule and silica (a2),
(B)a curing agent component containing an organosilane 15 and/or a
partial hydrolyzate thereof (h1), wherein the organosilane has functional
group(s) capable of undergoing condensation reaction with the

T SHidetfsatiot Feactive-groupis 61 té orgaopolysiloxane (al) which has at
least two condensation 64 reactive groups in the molecule, and a |
cure-&cCBicTator-Eompdhaht COMBINed Wit the i ddent COmponrdt -

A) and/or the curing agent component (B), wherein the cure-accelerator

e Sont EonthTe A GRS e Rt GF2 i o BBRA (acf Lelcitad o

tﬁéor@x}fﬂg—%@é‘&%%ﬁég”g S, compounds fepresented by Ine abave ¢

formulas (VT) - (VIII). 3. The curable organopolysiloxane composition
¢ according foclaim,l qr.2.whereip atleastone kind of the.tn. iQ compqund

(ac) selected from the group consisting of tin compounds represented by

<dhe aboye-mantionad formulas (V1)1 MY) is,-atleast ore kind oftinr, |
compound selected from the group consisting of dibutyltin acetoacetate,

dibutyltin diacetate, dibutyltin dipentoate, dibutyltin dioctoate, dibutyltin
3. The curable organopolysilozane composition
according te claim 1 or 2, whersein at least cne kind of the tin
compound (ac) selected from the group consisting of £in compounds
represented by the above-mentioned formulas (VI -~ (VIII) is
at least ons kind of fin compound selected from the group
consisting of dibutyltin acetoacetate, dibutyltin diacetate,
dibutyltin dipentoate, dibutyltin dioctcate, dibutvyltin
dineodecanoate, dioctyltin dineodecanocate, dibutylitin

bisg{ethyl malate), and diocctyltin bis(ethyl malate).

4. The curable crgancpolysiloxane composition
according to any of claims 1 fo 3, wherein the amcunt of fTin
contained in the tin compound {(ac) 1s 0.001-2.0 % by weight with

respect to the

o

otal amount of organcpolyslicoxane {al) andsiliica

a2y .



15 dineodecanoate, dioctyltin dineodecanoate, dibutyltin bis(ethyl
malate), and dioctyltin bis(ethyl malate). 4. The curable
organopolysiloxane composition according to any of claims 1 to 3,
wherein the amount of -in 20 contained in the tin compound (ac) is 0.
001-2.0 % by weight with respect to the total amount of
organopolysiloxane (al) and silica (%%). 65 5. The curable
organopolysiloxane composition according to any of claims 1 to 4, wherein
the amount of tin contained in the tin compound (ac) is 0.01-1.0 % by
weight with 5 respect to the total amount of organopolysiloxane (al) and
silica (a2). 6. The curable organopolysiloxane composition according to

any of claims;], fo 5, whegein the amonnt of fin, 10 contained.in. the.yn ;

compound (ac) is 0.001-1.0 % by wéight with respect to the total amount

aRforganopolysiloxane (al), silica; (82) and the.rgangsilapeand/ora «in
partial hydrolyzate thereof (bl) .15 7. The curable organopolysiloxane

cdrompesition, accordingderany:afclaims kto 6, wherein the.amount oftin
contained in the tin compound (ac) is 0.01-0.5 by weight with respect to
rdbedeatakamauntof:organopalysiloxane: (al) | siicac a2k, and thed silica
organosilane and/or a partial hydrolyzate thereof 20 (bi). 8. The curable
{agrganopolysiloxane composition according to any of claims | to 7, wherein
the organopolysiloxane (al) in the main agent component (A) is an
organopolysiloxane
6. The curable organopolysiloxane cemposition
according to any of claims 1 to %, wherein the amount of tin
contalned in the tin compound (ac) 1s 0.001-1.0 % by weight with
respect tc the total amount of organcpoiysiloxane (al), silica

{a2) and the organcsilane and/or z partial hydrolvzate therect

(bi).

7. The curable organcpolysiloxane composition
according to any of claims I to €, whersin the amount of tin
containead in the tin compound {ac) is 0.01-0.9 % by weight with
respect to the total amount of organopolysiloxane (al}, silica
(a2), and the organcsilanes and/or a partial hydrolyzate thereof

(b1l).

2. The curable organcpodiysiloxane composition
according toany of claims 1 to 7, wherein the crganopolysiloxane

al) in the main agent component (A) 1s an organopolysiloxane
( qJ i e N
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66 containing in the molecule at least 2 functional groups selected each
independently from the group consisting of hydroxyl group, oxime group,
amino group, acetyloxy group, and alkoxy group. 5 9. The curable
organopolysiloxane composition according to claim 8, wherein the
organopolysiloxane (al) in the main agent component (A) is an
organopolysiloxane having functiof&l groups each independently
selected -from the group consisting of hydroxyl group, oxime group,
amino group, 10 acetyloxy group, and alkoxy group at the both terminals
__of the molecule. 10. The curable organopol silgxaneﬂcomgosition o
“OxcCordiny b any of Gafifie* 19, Wistein f%%/n&@la%%ﬁa%e 4Ra/6F 55
partial hydrolyzate thereof (bl) in the curing agent component (B) is an
o L & S Py ate ot Haun Rkl BEous:
o:2%¥ime.group, acelyloxy group, or alkoxy, group, 67 11.Thecurable
organopolysiloxane composition according fo any of claims 1 to"10,
wherein the organosilane and/or a partial hydrolyzate thereof (1-_1) in the
curing agent component (B) is an alkylsilicate and/or a partial hydrolyzate
5 thergof. 127iThe curable.organaopolysiloxanecampesition aseardingten
any one of claims 1 to 11, wherein the organopolysiloxane (al) in the main
acagent:campenent it0 ¢A) isan ©rganopolysiexane baving-hyeroxyh groups
at both terminals, and
the main agent component (A) is an organopcolysiloxane having

functicnal groups each independently selected from the group
consisting of hydroxyl group, oxXime group, amino group,
acetyloxy group, and alkoxy group at the both terminals of the

moiecule.

10. The curable  organcpolysiloxzane composition
according to any of claims 1 to 9, wherein the organcsilane and/or
a partial hydrolyzate thereof (bl) in the curing agent component
(B} 1s an organosilane and/or a partial hydrolyzate thereof
having hydroxyl group, oxime group, acetyloxy group, or alkoxy

group.
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the organosilane 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 organopolysiloxane composition 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 20
heat-treating organopolysiloxane (&Y and silica (a2) in advance. 14. The
curable organopolysiloxane composition according to any of claims 1 to
12, wherein the 68 organopolysiloxane (al) and silica (a2) in the main
agent component (A) is a mixture of a heat-treated substance (a22

formed by heatitreatiti e droaltSp6ySifcKane (17aha silica (B2 it - "

adva%‘nce agd a non-:neat treateq organgpo[%{ﬁiloxane (%Il 51i5. The,
accorging to any of Cialng ta 10, erain. the o nosilane

curable Organop81y3| oXane composition ‘according to any of taims 110

amfhopherein the. majn agent component (4) contains additionally a color .

pigment (a3). 10 16."The curable organopolysiloxane composition

co@g&@m te claim 15, wherein the.color. piment a3) is-at leasy4. gpekind
of color pigment selected from the group consisting of titanium white, iron
+Haxide black, carbon black, iron oxide red, and cobalt blue. 15

12. The _Curable organcpclysllioxane composition
according toe any cne of claims 1 to 11, wherein

the organcopolysiloxane {al) in the mein agent component
(A) 1is an organopolysiloxane having hydroxyl groups at both
terminals, and

the organosilane and/or apartial hydrclyzate thereof (bl)
in the curing agent (B) is an alkylsilicate and/or a partial

hydrolyzate thereof.

13. The curable organcpolysiloxans composition
according to any c¢f claims 1 to 12, wherein  the
crganopolysiloxane (al) and silica (2Z2) in the main agent
component (A) 1s a heat-treated substance {(aZZ) formed by
heat-treating organcpelysilexane (al) and silica (aZ) in

advance.

14. The curable organopolysiloxane composition

according to  any of claims 1 te 12, wherein  the
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17. The curable organopolysiloxane composition according to claim 15,
wherein the added amount of the color pigment (a3) is 0.01-30 o by
weight with respect to the total amount of organopolysiloxane (al) and
silica (a2). 20 69 18. The curable organopolysiloxane composition
according to claim 15, wherein the %%ded amount of the color pigment
(a3) is 0.1-20 o by weight with respect to the total amount of
organopoiysiloxane (al) and silica (a2). 5 19. The curable
organopolysiloxane composition according to any of claims 1 to 18,

of’!ﬁ'%%r%’éih Main-agent .¢omponent () contains additionally 2 salvent, , -

(@4). 10 20. The curable organopolysiloxane composition according to

caycokelaims )l 10,19, whergintheradded amaunt, of thesgrganesilang. » 2
and/or a partial hydrolyzate thereof (bl) is 1-20 o by weight with respect to

£ dhe data,amount of carganopelysiexanedal) and silica4a2).115:21k The:ca
curable organope-ysiloxane composition according to any of claims 1 to

( 20), Whereinnthe-added amount af the:arganesitane.and/or ia paial (=1) .
hydrolyzate thereof (hi) is 3-10 8 by weight with respect to the total-
amount of 20 organopolysiloxane (al) and silica (a2). 22. The curable
organopolysiloxane composition according to any of claims 1 to 21,
whereld a liqUide organepslysiloxane fdiyiscadditionaby: eombinee with fre

aggﬁgding to any of claims 1 to 14, wherein the main agent

corpenent (A) contains additionally a color pigment {(a3).

ie. The curable crganopolysiloxane cemposition
accerding to claim 15, wherein the color pigment {a3) is at least
cne kind of coleor pigment selected from the group consisting
of fitanium white, ivon oxide black, carbon black, iron oxide

red, and cobalt blue.

17. The curable organopelysiloxane composition
according to claim 15, wherein the added amount of the color
pigment (a3) 1is €.01-30 % by welght with respect tc the total

amount cf organcpolysiloxane (al) and silica (aZ2).
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70 agent component (A) and/or the curing agent component (B). 23. The
curable organopolysiloxane composition according to claim 22, wherein
the number average molecular 5 weight (Mn) of the liquid
organopolysiloxane (dl) measured by GPG is 400-10,000. 24. The
curable organopolysiloxane composition according to claim 22, wherein
the liquid organopolysiloxane 10 (d1yis a non-reactive liquid
organopolysiloxane (dll). 25. The curable organopolysiloxane composition
according to claim 24, wherein the non-reactive liquid organopolysiloxane

(dil) is a non-reactive liquid 15 organopolysiloxane represented by the.
follow F?g forftias (§é§9%%ﬁefor (3%5?[5’2‘1 ﬁﬁfg%ﬂﬁagﬁm hp¥sition

acPE Qe SEQ=SER]S 113 e Rt Tt 5(38) (ndheabove general,
ormu a%Ba), ISl%s may be identical or dlf?erent, and represent an alkyl

i RMR, arykgroup, aralkyl 20 group, og fluorgalkyl, group, €ach hawing1-10
carbon atoms, respectively, and n represents an integer of 0 to 500;) 71

arBIASIHRIS2)YQ (X2 o2 (3D) 41 theaboyercemposition formula
(3b), R14 represents hydrogen atom, or an alkyl group, aryl group, or
aralkyl group, each having C1-O carbon atoms, Res represents a C2-510
divalent aliphatic 5 hydrocarbon group which may be interrupted by ether
group, ®ster The curable organcpolysiloxans composition

according to any of claims 1 to 18, wherein the main agent

component (A) contains additionally a sclivent {ad).

20. The curapble organopolysiloxane composition
according to any of claims 1 to 19, wherein the added amount
of the corgancsilane and/or a partial hvdrolyzate thereof (bl)
is 1-20 % by weilght with respect to the total amount of

organopolysiloxane (al} and silica {aZ).

21, The curable organcpolysiloxane cemposition
according to any of claims 1 to 20, wherein the added amcunt
of the organosilane and/or a partial hydrolyzate thersof (bl)
is 3-10 % by welght with respect to the total amount of

organopolysiioxane (al) and silica (aZ).

22, The curable organopolysiloxane composition
according to any of claims 1 to 21, whersin a liqguid

organcpolysiloxane (dl) is additionally combined with the main
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group or -NH-, Z represents a monovalent polar group such as amino
group, carboxyl group, epoxy group or a polyethylene glycol group or
polypropylene glycol 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 5 x < 3.99, 0:@2 y <4, and 0.02 <- xy <4.) 26. The
curable organopolysiloxane composition according to claim 22, wherein
the liquid organopolysiloxane 15 (dl) is a reactive liquid -
organopolysiloxane (dI2). 27. The curable organopolysiloxane composition
agaeeorging o claim 26, wherein the-reactivediquid rarganapotysiloxane.
(d12) is a silicone oil having at least one 20 group represented by the
following formula (3c); =Si.R40SiR3bY(3_b) (3c) (in the above formula
(3c), R4 represents an unsubstituted or substituted divalent hydrocarbon
groug or divaleat hydrocarben groupswhich: iay-contain ethemlinkaige, 5
represents an 72 unsubstituted or substituted monovalent hydrocarbon
ACGrOUD; Y représenits a*conderisition reaetiveyrotp ArfiB FEpreserits 02 -
1, or 2.) 5 28. The curable organopolysiloxane composition according to
wedidith 26rwhefeinthe dGidEnsS Ao reactive groti of the rddaive iffhidY
organopolysiloxane (dI2) is at least one kind of condensation reactive
GPg”roh?) elected from the group consisting of hydroxyl group, oxime group,
amino group, 10 acetyloxy group and alkoxy group. 29. The curable
organopolysiloxane composition

24. The curabkle organopolysiloxane compositicn
according to claim 22, wherein the ligquld crgancpolysiloxane
{dl) is a non-reactive liquid organopolysiloxane {dil).

25. The curable organopolysiloxane composition
according to claim 24, wherein the non-reactive liquid
organopolysiloxane {dil) is a non-reactive liguid
organopolysiloxane represented by the following formulas (3a)

and/or (3b);

T?:ﬁ FE?S iT13
RESle—O E ?s~—o j‘ ?i——RTS
13 113 noet .

{in the above general formula {(3a], RrRMs may be identical or
different, and represent an alkyl group, aryl group, aralkyl
group, or flucrcalkvi group, =ach having 1-10 carbon atoms,

regpectively, and n represents an integer of © to 500;)
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according to any of claims 22 to 28, wherein the liquid
organopolysiloxane (dl) is combined with the main agent 15 component
(A). 30. The curable crganopolysiloxane composition according to any of
claims 22 to 28, wherein the liquid organopolysiloxane (dl) is combined
with the curing agent 20 component (B). 31. The curable
organopolysiloxane composition according to claim. 29, wherein the
added amount of liquid oraanopolysiloxane (dl) is 0.01-15 % by weight
with respect to 73 the total amount of organopolysiloxane (al) and silica

(@2). 32. The cyrable Wangp@msg{l%we compositign ; according to claim
29, wherein the added amount of liguid 5 organopolysiloxane (dI) is 1-10

(1% byweightwithrespeet to thedatal ameuni of drganepelysiexane(@hen
and silica (a2). 33. The curable organopolysiloxane composition
=taecording ta elainy 30, wherein thevadded amaeuiat 0fdiguich , 19=crganopog
ysiloxane (dl) is 0.01-500 % by weight with respect to organosilane and/or
¢, apartiathydrolyzate theteof{bhs B4 tEhe clrable ofganbpolysiloxanetic
composition according to claim 30, wherein the added amount of liquid 15
hyeryaropolysiloxane(diris 58v350 96 by weight Wil ’ispettas e ester
organosilane and/or a partial hydrolyzate thereof (b1). 35. The curable
Irerganopolysitoxahe Eemposition acBorthig t¢ ARyt daintd 24p S#ich as
wherein a silane coupling 20 agent is additionally combined with the main

="ageht EoriporTet () andfor ths Kfing Byent Compongént (B) == 7-7=°*

group or polypropylene glycol group of which terminal may be
blocked with an alkyl group or acyl group having 1-6 carbon atoms,
and x and y satisfy the relationships: 0.01 £ x < 3.99, 0.02 =

v <4, and 0.02 £ x+y <4.)

26. The curablie organopolysiloxane composition
according to claim 22, wherein the liquid crganopolysiloxane

(di) is a reactlve liguid crgancpolysiloxane (diZ).

27, The curaple organopclysiloxane composition
according to c¢laim 26, wherein the reactive Iliguid
organopolysiloxane (dl2) is a silicone oll having at least cne
group represented by the following formula (3¢);

=SiR‘0SIR MY 3y T (3c)
(in the above formula {3c), R* represents an unsubstituted or
substituted divalent hydrocarbon group or divalent hydrocarbon

‘ Lo : E sant
groupr which may contain ether linkage, R represants an
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36. The curable organopolysiloxane composition according to claim 35,
wherein the added amount of silane 74 coupling agent is 0.01-1 % by
weight with respect to the total amount of organopolysiloxane (al) and
silica (a2). 37. The curable organopolysiloxane composition 5 according
to claim 35, wherein the added amgunt of silane coupling agent is
0.01-50 o by weight with respect to organosilane and/or a partial
hydrolyzate thereof (bl). 38. An antifouling paint composition containing
the 10 curable organopolysiloxane composition according to any of
urClairms 10,37 3% Anaptifauling-eoating fitm Jermed by-euring they roup, v
antifouling paint composition according to claim 38. i5 40. An antifouling
regampesite coating:kinzcorprising-1liar epoxygesindanticantesivercoating
film formed from an anticorrosive paint composition containing an epoxy
1,resin {el) and an amine-based curing agent (e2) for epoxy resin, and 20
[II" the antifouling coating film according to claim 39 laminated directly on
the surface of [I] 41. An antifouling composite coating film comprising 1]
an epoxy resin anticorrosive coating film formed from 75 an anticorrosive
paint €éémpoditiBn coftdiig an epoid e (&bl ancafine-6ased Turie,
agent (e2) for epoxy resin and a_body pigment (e3), and [lI] the antifouling
a%ﬁﬁﬁﬁﬁfﬁhﬁ?aﬁ%@hﬂﬁﬁ%oEﬁﬁﬁﬁé@ the condensation reactive group

of the reactive liquid organcpcelyslloxane {(diZ) is at least one
kind of condensation reactive group selected from the group
consisting of hydroxyl group, oxime group, aminc group,

acetyloxy group and azlkoxy group.

29. The curable crganopolysiloxane composition
according to any of c<laims 22 to 28, wherein the liguid
organopolyvsiloxane {dl} 1s combined with the main agent

component (RA).

30. The curakle organcpolysiloxane compositicn
according to any oif claims 22 to 28, wherein the liguid
organopolyesiloxane (dl) is combined with the curing agent

component (B).

31. The curable organopolysiloxane composition
according to claim 29, wherein the added amount of iiguid

organopolysiloxane (dl) is 0.01-15 % by welght with respect to
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5 laminated directly on the surface of [I]. 42. An antifouling composite
coating film comprising [l] 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 agent, ang]'i 3)[II] the antifouling coating film
according to claim 39 laminated directly on the surface of [I]. 15 43. The
antifouling composite coating film according to any of claims 40 to 42,
wherein the epoxy resin (el) constituting the epoxy resin anticorrosive

creogting.film [1] js, a bisphenal, type epoxy.resin, and the.aming-pased. ;|
curing agent (e2) for epoxy resin is a poiyamideamine. 20 44. The
antifouling composite coating film according to claim 41 or 42, wherein
the body pigment (e3) constituting the epoxy resin anticorrosive coating
film [Ikis.at least onekingy of body, pigmept selected from the grgup it ion
consisting of talc, 76 barium sulphate, mica, titanium dioxide, and carbon

adlaeldi4h; The antfouling compesiercoating filtaiaccarding to cfaimid2,id
wherein the anti-sagging agent (e4) constituting the 5 epoxy resin

o grticoposiee toating filni [1}h /s a-pdlyaniderwax 46:1A basesoratériap the
coated with the antifouling coating film according to claim 39, or with the

t o aling composites coating /il agesrding fo apybdfclaings 401045, 10
47. An underwater structure coated with the antifouling

33. The curable organcpolysiloxane cemposition
according to claim 30, wherein the added amount cf liquid

organcopoelysiloxane {(dl) is G.01-500 % by welght with respect

to organocsilane and/or a partial hydrolyzate thereci (bl).

34. ~The curakle organcpolysiloxane composition
according to claim 30, wherein the added amount of liguid
organopolysiloxane (dl) is 30-350 % by weight with respect to
the organcsilane and/or & partial hydrolyzate therecf (bl).

35. The curable crgancpolysilicxane compositicn
according to any of claims 1 to 34, wherein a silane coupling
agent is additionally combined with the main agent component

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

3€. The curable organcopclysiloxane composition

according to claim 35, wherein the added amount cf silane
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coating film according to claim 39, or with the antifouling composite
coating film according to any of claims 40 to 45. 15 48. A ship coated with
the antifouling coating film according to claim 39, or with the antifouling
composite coating film according to any of claims 40 to 45. 49. A method
for making a base material antifouling by 20 coating the surface of base
material with the antifouling coating7 gilm according to claim 39, or with the
antifouling composite coating film according to any of claims 40 to 45.

coupling agent is G.01-1 % by weight with respect to the total
amcunt of organopolysilexzane (al) and silica (aZ).

37. The curable crgancopolysiloxane composition
according to claim 35, wherein the added amount of silane
coupiing agent 1is 0.01-50 % by weight with respect to

crgancsilane and/or a partial hydrolyzate therecof {(k1).

38. An antifouling paint compesition containing the
curable organcpolysiloxane composition according to any of

7.

(r3

claims 1 to

39, En antifouling ceoating film formed by curing the

antifouling paint composition according to claim 38.

40. An antifouling composite coating film comprising
[I] an epoxy resin anticorrcsive ceating film formed from
an anticorresive paint composition contalning an epoxy resin
{el) and an amine-based curing agent (eZ) for epoxy resin, and
[IT] the antifcouling coating film acccrding to claim 39

laminated directly cn the surface of [I].

41. An antifouling composite ccating film comprising

p

[L} an epoxy rasin anticorrosive coating film formed from
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an anticorrosive paint composition containing an epoxy resin
{21}, an amine-based curing agent {(e2) for epoxy resin and &
body pigment (e3), and

[(IT7] the antifouling coating film according to claim 29

5 laminated directly on the surface of [I].

4z. An antifouling composite coating Iilm comprising

[T] an epoxy resin anticorreosive coating £iim formed from

an antlicorrosive paint compesition contailning an epoxy resin

10 (el), an amine-based curing agent (eZ) for epcxy resin, a bedy
pigment (3}, and an anti-sagging agent, and

{117 the antifouling coating £ilm according to clazim 38

laminated directly on the surface of [I].

15 43. The antifouling composite coating £ilm according to
any of claims 40 to 42, wherein the epoxy resin (el) constituting
the epoxy resin anticorrosive coating film [TI] is & bisphencl
type epoxy resin, and the amine-based curing agent (22) for epoxy
resln is a polyamideamine,

20

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

of body pigment selected from the group censisting of talc,
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barium sulphate, mica, titanium dioxide, and carbon black.

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

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

46, L pase material coated with the antifouling coating
film according to claim 3%, or with the antifouling composite

coating film according to any of claims 40 to 45.

47, An underwster structure coated with the antifouling
coating f£ilm according to claim 3%, or with the antifouling

composite coating film according to any of claims 40 to 453,

48. I ship cecated with the antifouling coating film
according to claim 39, cr with the antifouling composite coating

film according to any of claims 40 to 45.

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

coating film according to any of claims 40 to 45.



