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DESCRIPTION CURABLE ORGANOPOLYSILOKANE COMPOSITION
AND ANTIFOULING COMPOSITE COATING FILM 5 TECHNICAL FIELD
Thepresentinventionrelatesacurable organ000lysiloxane composition
which is improved in adhesion to an epoxy resin anticorrosive coating film
and in additio 10 is able to form an antifouling coating film having excellent
antifouling properties. The present invention also relates to an antifouling
paint composition containing such curable organopolysiloxane
composition, an antifouling coatirig filnd fariied by curing this antifouling
padnt composition, and an 15 antifouling composite coating filprising this
antifoullng Cfilm and an epoxy resin anticorrosive coati BACKGROUND
ART A coating film formedcurable organ000lysiloxane 20 paint
cofipositidh istsed agian-antifvaling coating fimdBr préventingithel ING
adhesion of aquatic organisms on a surface of at underwater structure
and is useful as a replaeetiit of a faditional aafifduling coating film
containing harmful substances like organometallic compounds. This cured
organopolysilbxane antifouling coating film is laminated as an upper layer
on an epoxy resin anticorrosive coating film which is formed on a surface
of a base material such as steefffofan arftieorrosive standpoint, and
may be preferably used as a cured organopolysiloxane ant fouling ‘
compdsite codtiiff fily.  “AGited Grganbpofysitdxane antifoliling Surable
composite coating film was conventionally composed of a layr of a cared
© BEGAITPOIYSitoxare Entioliffng coatiftg im(Finish €8ty Flayer of ancson
~epoxy anticorrosive coating film (Under Coat) and one or two layers of
= Brganpipbyistioane interédiate codting fifth (Tié Eoat) sarfdwichéd et *©™
.eenfhe Finish Coat and the Under Coat, thus forming layered coating film
l§t.ﬁ}b‘rﬁreﬁfbrftﬁé%ﬁ&eﬁh%if&ﬂ%@@mﬁ%‘%ﬁé%%aﬁﬁgrfil%li?W?&w TaNcis
served to maintain adhesion bgtween the coating films. However, 15 such
“Qharftitodli CotRpdsite>Coating filraViAg the mtiityerdacoating fiff =°
structure was not able to obtain Ionth_eﬁrrrn antifouling ﬁgrpgertj_es and qlvsphlg
*Rad™a probiant bf cdit intreass diie to prolonged painting work perisd > =1
As conventional curable organopolysiloxane paint 20 campositi.ons, those
“HESEBEd 1Y the Toliowing documents have been known. @ Japanese - "
Patent Application Lajd-open NO-2002:500239 (Patent Document 1) _ .
*didcioses an antifouling paint co“anos"uT()r%I of 3" pack combination compir a
afiase soniaining, for examele, . wshydioxchunational loxang: Sty g

silicone oil &nd thé Tike a curing agent containinab tetraethyl orthosilicate,

cSiricone ail and é@%ﬁ(”é% and . catalyst sglution,containing diytyltin ¢

dilaurate and the like. Japanese Patent Application Laid-open
N0.05-505845 (Patent Document discloses, for example, a room
temperature-curablepolydiorganosiloxanecontaining

a,0-dihydroxy-polydiorganosiigxane;an;alkoxysilane curing

A coating film formed from a curable crgancpolysiloxane
paint compesition is used as an antifouling ceating £ilm for
preventing the adhesion of aguatic organisms on a surface of
an underwater structure and is useful as a replacement of a

traditional antifouling coating film centaining harmful

substances like organcmetallic compounds. This cured
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agent, a curing catalyst comprising a metallic or organometallic 10 salt of
carboxylic acid (for example: stannous octancate, dibutyltin dilaurate,
drbutyltin acetate) ant the like. Japanese Patent Application
Laid-open No0.05-507955 (PatentDocument3)discloses,forexample,an
organopolysiloxanecompositioncontaining 15
a,w-dihydroxypolydiorganosiloxane, ketiminoxysilane compound as a
crosslinking agent, a metallic or organometallic salt of carboxylio acid as a
o catalystdforsexXample: stanndus octamoate, ddbabitin dilaurate) dilbdtydtinan
diacetate), heat-treated silica, non-reactive silicone oil and the lire 20
ugdapanése FatentApplication: dwid-cpen No:07-506599(Ratett Documehth
42 discloses, for example, a composition for forming an antifouLg coating
i filnf owhereinithe compesition Contdinsa pelymicrin vitvich a feastse main on
part of repeating units is a unit other than siloxane unit, a curable 4
apohlicrganosi are, ateuriirpageént tiat canrbe isbd wiscd sthgle paek ora 2
two-liquid type such as tetraethyl orthosilicate, a condensation and curing
ceatalyststchcas earboxylie Heid Bak b alimetal Utk as Hif (fordxaraplet 1 -
dibutyltin dilaur 5 di butyltindioctoa e,tin(ll)octanoate,dibutyltin .
acetodestonate P andikes sificone sirdndthe fike! FurHe™ e antfsifimg "9
paint compositions containing such compositions are described to he
T applicibie with pretérsbie hdhesioBATRE pblick-knéwhanticorrdsive =2
coating formed from 10 epoxy paint and the like. ~ = However, when the
EdrHIe organapoiysio & tompositibs deithibed in those patert “oat - @
documents, that is, the conventional paint compositions containin X
LgdrboylicHtid Raltof i éFe°E§8&,lé(€1e%%?Bht%(-"‘i'nté‘r?ﬁf‘ed(igfbd%af%&ﬁPmam
layer 15 (Tie Coat) of organopolysiloxane was necessary in order to form
ATcompdsite caalig fif, Sihed & Ered orgahopolysiioxane anti toufing -~
coating film does not adhere to an epoxy coating film of the underlying. .
Thade (r?]é?eﬁgﬁtj fﬁ&fé"ﬁfﬁb%%r%%? ﬁ?ﬁl ’“p%‘ﬁepsgen P%?erélf’ﬁ\bﬁi%gti'oﬁ” Hnder
. Lgid-ogen 20N0.2002-500239 [fgtgnt\ Dogument 2]: J@fapeggrﬁagﬁyge for
“RApplication Laid-open No.05:505845 TPatent Document 3f: Japanese
atent Application Laid-open. No.05-507955._ (Patent. Document 4]: ..
e At ARSI AGon Lnr-bo5h NOD7 £06500 DISAL SSURE GE*”
114,5INVENTION [Problems to be,solved by the inyenion] . Ap gbiest,

Do b b= A _Lllq b

=5f the p?es%%%llqni/enfion IS, for the purpose of sof\ffng problems

sfggompanying the related art, 1o pravide a curahle organepolysiloxane ..

. )] ) ’ :
composition that affords antifouling coatingas highly excellent intnrlayer

multilavered coating film structure was not able to cbitain
long-term antifouling properties and also had a problem of cost
increase due to prolonged palnting workz periocd.

As  conventional curable organopolysiloxane  paint
compositions, those described in the following documents have
heen known.

Japansge Patent Application Leid-open No.2002-300Z23%

(Patent Document 1) disclicses an antifouling paint composition

of 3 pack combination comprising a base containing, for example,
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10 adhesive properties when laminated directly on the surface of an epoxy
resin anticorrosive coating film as well as excellent a rifoulingproperties,
and to provide an antifouling cc aos coating film comprising an antifoultng
coating film formed from such curable organopolysiloxane composit or,
and an epoxy resin anticorrosive coatihg film. a s for solving the problems)
The inventorsa result of zealous studies foring theabove-mentioned
problemsfoundthatacured organopolysiloxaneantifoul g coatingwhich has
o jrieréaset 20-doHesivanegss ol anepoy ariticotrosivé cbating filllaatdnthe
ion good antifouling properties and good coating film strength was formed
1 bl combiniiitf a’specifieitin catalystiniti a ctirdblé dr§anopolydioxanécate,
antifouling paint composition, 6 present invention.  The first curable
S otgandol§sitoxdite thiposition “ofthd present imverition‘is Prodidedfasats
three-liguid type curable organopolysiloxane composition comprising, (A)
d%\%ﬁiﬁ%@é‘ﬂf’%%@%ﬁeﬁﬁ%nﬂiﬁin@éﬁ organopolysiloxane (al) which
has at least two condensation reactive groups in the molecule and silica
(a2), (BY 8ty agéntémponent Eantaiiting i organosilané andlora 4
 partial hydrolyzate thereof ;loll, wherein the organosilane has functional
| GPOB(5) capabil Tt undérgoiny To coRdensatioR readtioh With'the = *°°F
. condensation reactive group of or ar!ocpq]ygi[oz(a?e (al) which has at least
"?vr\%"c‘o%%é%atﬁi’éﬁ?eéé’tive groups 111 the molecule”and (C.) a “°"t*+0+7
cure-accelerator component containing at least one kind of tin compound.
% (46) ‘Selectbd Trorh Thé Grotip Tonaisting S tin cdpoarits Yépresented s "9
Blte Dlowing aeneral formulas ()5 ) OR Q2 ARAQBRINALZ s

a
salt of carboxylic acld (for example: stannous octancate,
dibutyltin dilaurate, dibutyltin acetate} and the like.
Japansse Patent Application Laid-open No.05-507855
{FPatent Documant 33 discloses, for axample, an
crganoepolysiloxana composition containing
o, w-dihvdroxypolydiorgancsiloxane, a ketiminoxysilans

compound as a crosslinking agent, a metallic or organomstallic

salt of carbeoxylic acld as a catelyst (for examplie: stannou

23]

octancate, dibutyltin <ilaurate, dibutyltin diacetate),
heat-treated sillcs, non-reactive silicone oil and the like.

Japanese Patent Application Laid-open No.07-506529
{FPatent Document 4) discloeses, for example, a composition for
forming an antifouling ceating film, whereln the compositicon
contains g polymer in which at least a main part of repeating

units is a unit other than siloxane unit, a curable
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(In the formula (1), Bi represents a 01-C10 hydrocarbon group, and R2
represents a ClI-C4 hydrocarbon group. p represents an integer of 1 to
10, g represents an integer of 1 to 4, and r 90represents an integer of | to
S.) 00OR2 SnSi\0/\OR2 RO0OSKOR2)3 SnSi RO0-C-CI-1300 71R11 020
--C --CH3 1lll R-Sn -0 --Si-0 --Sn -71411 H3C-C-00R2 11 R 11

polydicrgancsiloxane, a curing agent that can be used as a single
pack or a2 two~ligquid type such as tetraethyl orthosilicate, a
condensation and curing catalyst such as Carb@xylic acid salt
of a metal such as tin (for exampls: dibutvlitin dilanrate,
dibutyitin dioctoate, ©in (1T octancate, dibutvlitin

acetoacetonate! and the like, silicone o©il and the like.

Further, the antifoulling paint compositions containing such

i}

compositions are described to be applicazble with preferable
adhesion on the publicly-known anticorrosive coating formed from
epoxy paint and the like,

However, when the curable organopolysileoxane paint

' composltions described in these patent deocuments, that is, the

conventional paint compositions containing carboxylic acld salt

]

of tin are used, at least one intermediate coating film laver
(Tie Coat) of organopolysiloxane was necessary in order to form
a composlite coating film, since a cured organopolysiloxane
antifouling coating f£ilm does not adhere to an epoxy ccating

film of the underivying bass material.

[Patent Document 1]: Japanessz Patent Application Laid-open

[Patent Document Z]: Japanese Patent Application Laid-open
No.C05-505845

tent Document 3]: Japanese FPatent Appllcation Laid-open
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0 0 R111 OR271 OR2 0--C--CH3 111llI11 R--Sn-0-- F si0O Sn 0 T--Si 0 Sn
R 1,1 2k-n12HI1-13C -C -0ORR.OR7 110 (V)5 (Inthe formulas (IT) -
(V), 71 represents a C1-C1 hydrocarbon group, and 72 represents a Ci-04
hydrocarbon group. In the formula (V), n represents an integer of 1 or
larger.) Flinn,.r,thesecondcurablebiganopolysiloxane composition of
the present invention is provided also as a 10 two-liquid type curabie
organopolysiloxane composition comprising (A) a main agent component
[ Rehtaining thetediove-Mentibtict 6rianBpolysL oxXalie (I aaa's iée {a2)pran
(5) a curing agent component containing the above mentioned organos
Nearte anbfor & partial hydrolyzate thereof (al), and at 15 least one kind of
tin compound (ac) selected from the group consisting of tinrepresented by
the above general formulas (1) - (V), wherein the tin compoun.d is
combined with the main agent component $A) or the curing agent
component (B).  “A3‘dtiedstone kirfidk of-fiy EBMmpdunds selected from
the group consisting of tin compounds represented by the above general
RGIRaIEEY1-pVE % SifoxEre Bend Eont&ihiy thtEompound is preferable.
The third curable organopolysiloxene composition of the present )
inventidhprovited %’lg & MirdEfigid-type  ElirabR 10%erdaiopolySoxRRe = °F
composition to be applied, directly to an epoxy resin anticorrosive coating,
> SOBHIRG (A) & haih HEEBTROReht Con ARG eabove-marFaRed® >

organopolysiloxane (al) and silica (a2), (B) a curing agent
cur%%lep yorganoéo?ysf%axané )éc%positékng £

hat affords
antifouling coating film which has highly excellent interlayer
adhesive properties when laminated directly on the surface of
an epoxy resin anticorrosive coating film as wall as axcellent
antifouling propexrties, and te provide an antifouling composite

coating £ilm comprising an antifouling coating film formed from

uch curable organcpclysiloxane composition and an epoxy resin

¢4

[Means for selving the problems]

The inventors, as a result of zealous studies for soiving
the above-mentioned problems, found that & cured

organcpcelysilosxane antifouling coating filmwhich has increased

g filim oand in

b

adhesiveness t0o an epoxy anticerrosive coati
addition gooed antifouling properties and good coating f£ilm
strength was formed by combining a specific tin catalyst with
a curable organopoivsiloxane antifouling paint composition,

praferably combining in a specified ratio, and accomplished the
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component containing the above-mentioned organosilane and/or 15 a
partial hydrolyzate thereof (b1), and (C) a cure-accelerator component
containing at least one kind of tin compour.d (ac) selected from the group
consist g of tin compounds represented by the following general formulas
(VD) - (VHI). R1 00 3lI113R -#C --0--Sn -0 --C --R i ?I R

formula (VII), RI represents a 01-0,3 hydrocarbon group, and R3
represents a C1-C9 hydrocarbon group.) 0 41l lIRi-O'CH C1H HO'0SnOCH

PHG 0L, 4RECIRON(VIII) 5(In the formula (VIII), P1 represents a C1 C10

hydrocarbon group,
The first curable organcpolysiloxane composition of the

present invention 1s provided as a three-liguid typs curakle

ocrganopolysiloxane composition comprising, (A} a main agent

—

component containing an organcpolysilexane {al) which has a
least two condensation reactive groups in themolecule and silica

(az), (BY a curing agent component containing an organosilan

[

Iy B

and/or a partial hydrelyzate fthereof (bl), whersin the
organosiiane has functional group({s; capable of undsrgoing
condensation reaction with the condensation reactive group of
organcpolysiloxane {al) which has at least two condensation
reactive groups in the molecule, 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 (I) - (V),

P
T

{In the formula (I}, R° represents a Ci~Cy hydrocarbon group,
and R? represents a ,-Cy hydrocarbon group. p represants an
integer of 1 to 10, g repressnts an integer of 1 to 4, and ¢

represents an integer of 1 to 5.
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and R4 represents a C1-C3 Hydrocarbon group.) The fourth curable
organopolysiloxane composition of the present invention is provided also
as atwo-liquid type curable organopolysiloxane composition to be applied
directly to an 10 epoxy resin anticorrosive coating film, comprising (A) a
main agent component . containing thie above -mentioned
organopolysiloxane (al) an srnca (a2), (B) a curing agent component
conta ing the above-mentioned organgssfane and/or a partial hydrolyzate
thereof (b1), and at Ieaﬁqne/ﬁmj gfqPS tin compound (ac) selected from
the group consisting of tin pothdsrepresentedbvthe abovegeneral
formulas (VI) - wherein the tin gompasid.is carmpbined with the main agent
componentor the curjng agent component (3). 0 Further,as at least
one kind of tin comfqund. < Iec}é?:i‘ﬁ%@?ﬁﬁe group consisting of tin
compounds represents by%m above general formulas (VT (VIII), at least
one kind of tin com&@undééec}%di@mét}se group consisting of dibu in
acetoacetonate, S dibutyltin diacetaté, dibutvltin dipentoate, dibutyltin
dioctoate,dibutyltindineodecanoate, floctyltin dineéédécanoate, dibuthis
(ethyl malate) and dioctyltin bis(ethyl malate) is preferable. As to the first
to the fourth curable organopolysiloxane ]1 compositions mentioned
above, the ratic of tin corfaineddrin compeund (ac) with respect to the
total amount of orga@{qgéliy%gg_(ép_eg@@r@%ing at teast 2 condensation
reactive groups in the molecule jand silica (a2) is preferably 0.001-2,0 %
by weight, mor& radly 0.01°R0 %y weight, and the ratio with
respect to the total aghount of components (al), (a2) angz(\;]]) is preferably
0.001-1.0 % by weight, more preferably 0.01-0.5 -7'5 by weight. The
above-mentioned organopolysiloxane (al) in the main agent co onent (A)
repress an orgqnopolysiloxane containing 20 preferahbjy at least two
functional grodps in the ecul%, more préférablyCat-the-Bdth terminals,
independegﬂy*§§J§QLeBH§mc§hegtqgtp_¢Qn§jst@g_éﬁhg(élroxyl group,
oximegroup, amino groug, acetylaxy grupland a hexy group. The
above:rmer ofed organ Sihe arftl/or a parfét hydfolyzate thereof (01) in
the curing agent component (B) is preferably an organosilane-and/ara
partial hydrolyzate thereof, wherein the organosilane contains hydroxyl

( BroUpCXme. graup, @astvioxu,group aralkemy group, more preferably an.,
1 Isilicate or a partial hydrolyzate thereof. The main agent component

gALpreferablyreontains.a heat-treated substance{a22) formed.BY Prior, «ne
heat treatment of an organopolysiloxane (al) having at least two

£ goRdensation reactive. groups snthe melecule and silica (a2} er-such 10
heat-treated substance (a22) and an organopolysiloxane (al2) having at
least two.¢ondensationseactive-groups ruthegneleculg:gzrofbeypainxzne
agent component (11.) may contain additionally a color pigment (a3) such

casiitaniumwhite, iror oxideblack, carben hlack; kon oxideied, ando as =
cobalt blue. The added amount 15 of these color pigments to the total

T@mauniz k-ergangpelysitoxage (al) having.ableasttwe eandensationosition
reactive groups in the molecule and silica is preferably 0.01-30 1 by

cweights mare preferably Guz-20 Y%mby: weightcmhermain agenticompeonent: he
(A) ay a.cbhtaih a 20solvent (a4).

above-mentioned organopolysiloxane {(2l) and silica {(a2), (B)

o
{
[
s
I
3
U

gent component containing the above mentioned
crgancsilane and/or a partial hydrolyzate thersctf (bl), and at

least cne kind of tin compound {(ac) selected from the group
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Tne added amount of organosilane and/or a partial hydrolyzate thereof
(b1) in the curing agent component (B) with respect to the total amount of
organ000lys loxane ) having at least two condensation reactva groups in
the molecule and 12 silica (a2) is preferably 1-20 % by weight, more
preferably 3-10 % by weight. Thedmain agent component (A) and/or
the curing agent component(B)maycontainadditionallyaliquid 5 organopo
ciloxane (d.1). The number average molecular weight (Mn) of s liquid
CeFgarfopolysifo’afié (N Feasuréd ByeGPo9s prefekably 400220080 SRReral
above liquid organopolvsiloxane (di) may be, for  example, a
LRGRteactive liquid brgandpclysiexdtfe (d11 20 epresentadBythered with
following e e al formula (3a) and/or (3h), also may be,for example,a
readtiveliGarr organepolysiog {d12fe presémed sy ae ol gwing geteral B/ -
formula (3c). The condensation reactive group of the reactive id ‘
organdpcliis2-oxa’é (812) fs'préferably at feast SHeRingers 6f €& from the
condensation reactive group selected from the group consisting of
Iy Xy GO, BXinte group, &’ Giotip, BBERISKY §idup dnd-afkoky © 7 S
roup.. (3a) . (Inthe above general formula (3a) , R13s may he ‘
g%@?ﬁiﬁél of 20 itreTent and répresént Sn &ikyi o, AVIGHap - ardiRyl tin
_group, or fI,uproqu\yl‘gr% p, each having 1-10 carbon atoms. represents an
“infteger'of 010 5007 115 R ,SmkR -) (3b) (In the above-me ioned
compagiion farmuia, (30) , AL4 ropresents hydrogen atomor anallol .

LILE L : ) ﬁdb%z;"“ o]
group,aryl group, ora alkyl grodp,
present invention is provided as a three-liguid type curable
organopelysilozane composition te be appilisd directly to an

epoxy resin antlicorresive coating £ilm, cemprising (A) a main

e
T

agent component containing the above-mentioned
organopolysiloxane (al) and silica (a2), (B) a curing agent
component containing the above-mentioned corganosilane and/or

a partial hydrolyzate therecef (bl), and (C; a cure-accelerator

&3]

component contalning at least one kind of tin compound |

jall

<

selected from the group consisting ¢f tin compounds represented
by the Iollowing general formulas (VI) - (VIII).
R
=0 |0
«|/ \
\ Sn
N
Oi Q==
HaC ' CHq

(VI

(In the formula {(VI), R' represents a C:-Cyp hydrocarbon group.)
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each having 1-10 carbon atoms, O represents a C2-C14 diva aliphatic hy
ocarbon group which may be interrupted by an ether group, ester group
orresents a monovalent polar group such as amino group, carboxyl group
or epoxy group, or a polyethylene glycol group or polypropylene glycol
group of which terminal may be blocked with an alkyl groupor acyl group
having 1-6 carbon atoms. Further, x and y satisfyationships: 0.01x < 3.99,
0.02 <y <4, and 0 02xa-y <4.) SiR40SiR51,(3b) (3c) (In the above
formula (30), R4 repgesents.an un bstituted or substitutevalent
hydrocarbon group gr divalent hydfpcarbon 15 group containing ether
linkage, R representsar uriubstitttedior substituted monovalent
hydrocarbon group, Y represents a condensation .r.quﬂ group and h
represents 0, 1, or 2.) The ratio of the liquid organopolysiloxanewhen it Co
ined with the main agent component (A), with respect to 20 the total

(aotiit of sfgatfopolysilexane @hRAGRG aticast two eoHdeTsation 97 oup.
reactive groups in the molecule and silica (a2) is preferably 0.01-15 % by

2Witight, Thsre” prateraly 181696 B hrsight Burthier “When it is combined
with the curing agent component (B), the ratio with respect to the organos
an and/or 14 a pa.rtcal bydrolyzate tRereof (b1) is preferably 0.01-500 %
by weight; more greferably 50-350 %g)y weight. As such liquid
organhpolysiloxahe (dlI), silicone oilis preferred. A silane coupling agent
may be addﬁen&iy&ombiri%q‘v_vﬂ[bthe re@g agent component (A) and/or
theg agent compo (B). Thejadded amptint of the silane coupling agent,
when itis c ineePwith tHé main aggnt component (A), with respectto
the total amount 0f organoholysiloxaneand silica (a2) is preferably 0.01-1
96 oy weight, whilo the added amount, when it 10 is co.mbined with the
curing agent component (B), with respect to the amount of the

(Proangsilne gndior,a partial i.ydrglyz te therel is preferably by weidht. ..

By curing the antifouling’paint composition [ii] containing the

a.ﬁQOMe'rE‘&BPQQ%Q-&Qrle?]lQV anopglysiloxane 15 compositions, the

ant/fouling coating film [li] of the present inven on can he formed.

ing coang film El{l1-has good adhesiveness;to.an epQXYIESIN « s on of the

anticorrosive coating film, especially the epoxy resin anticorrosive coating

oF ke farme 20 an anticorrosive paint.eampoesen {ij which contains.an,, r.p1

epoxy resin (el), an amine-based curing agent (e2) for an epoxy res and

- optienally: 3 body.pigment {e13); and ananti-saqging agenti(ed-This o an

antifouling coating film I1] can be used as an antifouling composite coating
ofilm Pylaminating direetly 00 coating film, comprising (&) a main
agent componant . containing the abovemm@ﬁtioned
organopelysiloxane (al) and =silica (a2}, (B) a curing agent
compeonent contalning the above-mentioned organcsilane and/or

a partial hydrolyzate therveof (bl), and at least one kind of

tin compound {(ac) selescted from the group ceonsisting of tin

=

compounds represaented by the above general formulas {(VI) - (VIII),

o

wherein the tin compound is combined with the main agent

et

component (A} or the curing agent component (B).



N

15 the surface of this epoxy resin anticorrosive coating film As a preferred
specific example of components contained in the above-mentioned epoxy
resin anticorrosive paint composition LH, there may be cited hisphenol
type epoxy resin 5 as the epoxy resin polyamideanine as tlfle

amine-based curing agent (e2) for ariépoxy resin, talc, barium sulfate,
mica, titanium dioxide and carbon black as the body pigment (-3), and
polyamide wax as the anti-sagging. agent (e4). The antifouling coating film
and theueitifeilingcemposité TO-edatitg fifnt: of e presentifventicis from
mentioned above can be painted to coat base materials of an underwater

CBfr EHIED SHif5 61 e ke CAntr Cart ERAIICEXCEIRE AFRTGEIG Bropertiess ve

[Effects of the Invention] According to the present invention, it is possible
It 359aminatel vithdut a conventionaf intetmediate Coatingilm fayer e d

cured Ic‘)/réqzzlnopolysiloxar]e antifouling coatinghaving interlamanar
S Guhesivenesd'th Epaxy dnficorrdssve doating film Yayer directly dhthena =&

surface of the epoxy anticorrosive coating filmlaver, realizing shortening of
SHWbTR 20" peridd6f painting operation’ and cost rétiiction ¢ BESTMODE "
_FOR CARRYING OUT THE ,INVENTIO,the[lei__ngfterht’here will be L
4 spetifichfiy described tie 16 the curabl& Brganpsiysioxane antfablivg ="
_ paint composition [ii] (also maybe Simpl}/&,g‘a{! ed "apuliTg paint composition
Ty ontEiniG the above émposition, th“éiEéreraadrgaﬁépglnyélio%?fét3’”“ e
.. antifouling coating film (also may be.simply called "antifoul coatifilm [lI-1")
bf&’r?ﬁ‘e“d"ﬁ%ﬂ ?ﬁ‘eaé%vé %rﬁffoedl?r%mﬁ%ﬁt composition [ii], the epoxy resin
anticoyosive paint.composiion [l also may.be simply calledtantieoniosive.
paint composition [i]), the epoxy resin anticorrosive coaﬁng film Iﬁalso
cg%;ogﬁéuggl ﬁg%%qéég ”Qgggg?%ﬁ%?%%&%mﬁﬂ%Q@ﬂ?%@%?%%ned%zztia
or(janopollya 0-ane antTfou omposite coatlng%llm (also may be simply

<Salled -the antifouling compasite coating.film") gomprising, the é}r[%%[’ﬁﬁ of
m . 1n

anticorrosive coating film [I] and the above antifouling coating fi

o£Ytakle organgpolysiloxane caon ., , The guable.organpnalysiloxane. . ; .

composition of the present invention contains at least

roups in the molecule and silica {a2) is preferably 0.001-2.0 %

ie]

by welght, more preferably $¢.01-1.0 % by welight, and the ratio
with respect to the total amount of componénts {aly, {aZ) and
(b1} is preferabiy 0.001-1.0 % by weight, more preferably
0.01-0.5 % by weight.

Tha above-mentioned organcpolysiloxane (al) in the main
agent component (A) represents an organopolysiloxane containing

preferably at least twe functional groups in the molecule, more

preferably at the both terminais, independently selected from

the group consisting of hydroxyl group, oxime group, amino group,
T

acetvloxy group and alkoxy group.

The above-menticned organcsilane and/or a partial
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(al) an organopolysiloxane containing.east two condensation reactive
groups in the molecule, 20(a2) silica, (hl) an organos ane and/or a partial
hydrolyzate thereof, wherein the organosilane has functional group (s)
capable of undergoing condensation reaction with condensation reactive
croups of the above organopolysiloxane (al), and (ac) at least one kind of
tin compound selected from the group consisting of tin compounds
represented by the above general formulas (I)-(V), or at least one kind, of
hYiArcorpetsd sefacted frdm thergrouh consisting oftin -comipourids (B8) is
represented by the above general formulas (VI)-(VIII). In the present
pineritionlihe fermoyakan brgarapblysiloxanetiaviny drleastawe thereof,
condensation reactive groups i the molecule" maybe simply called
whpganbpalv oxarer @l crrectponant(dly < ant thetBrm(bhames group,
organosilane 10 and/or a partial hydrplyzate thereof having functional

2 EROUP @Y Capable st undérgaing tondeAdation reatfief with‘Coridensation 3
reactive groups o above ordanopolys oxany (al)"may be simply called "

2 bfga dsilané tl PIL"@oRipdnent (JUNE Furfiferanibig the-tin compounds
(ac), the above-mentioned 15 term "at least one kind of tin compound
selectedFrofrthe gfoli corSi8thi 6Ftin cBimpotindsTepresented by ties @
above general formulas (1)-(V)" may be called "tin compound (ad) , the

"t&im SarRastoRekihd oF Corfipsind ¥elettddrBim the @?&tcéﬁﬁéﬁﬁﬁ%f o

_tin compounds represented by the bove general 20formulas (V)-(VIIl)"

“nay B8 CalEd ¥iir corpbuntitac2y® V13 r?etcdr%%ﬁférokg‘a'hop%ﬁg’ﬁf&%ém
‘composition of the rq,seng_ipventiqn is qsuall¥ dggovide,d as zt%ee-li{qgid .

LH7ge of tworNiguittypé compodition destrised befow. These three fiquids ="

g1 two liguids are eqch stored.separgiely In vessels, 18 pans, and mixed.

and stirred at the time ot ainting.”* “'AS to thé above curabfe ~ 27 194/

. organopolysiloxane composition with an aspect cf the tsree- liquidttype, .

O NOWNG RGin ALGAC EOBOREAL {9 (he uring Gent SorsoneAt (81
and the qure-agoelerator component (C) are each packed separately.and,

. e mal = LE L @
mixed togethaernat the time of use. (n'this case, the main agent

590Panent (4) contal.ng, an, organgpalyszigxans (al) haying atleast g .,

condensation reactive groups in the molecule and silica (a2). The curing

20601 component.(B) contpins.an arganogilane and/or a pattiali oy amount

hydrolyzate thereof (b1). The cure-accelerator component contains tin

- £ampound.(s)(3¢) LR -the other hand.as g the,above curable ;o1 : oxane

organopolysiloxane composition with an aspect of the two-liquid 15 type,

(1hs following main;agent componeni(A)And.the.curing agept component ..
(B) are each packed separately and mixed together at the time of use.

ndN this casg, theimainagent compaonent {A) coptains an organepelys , more
oxane (al) having at least two condensation 20 reactive groups in the
phegleculeland sifloa((a?) The.eurknt .

h

The maln agent component (&) may additionally contain a
solvent {(ad).

The added amount of organosilane and/or a partisl
hydrolyzate thersof (bl) in the curing agent component (B) with
respect to the total amount of organcopolysiloxane {al) naving

at least fTwo condensation reactlve groups in the molecule and
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t component (B) contai an organos ane and/or a partial hydrolyzate
thereof (bl). Further, tin compound(s) (c) are used as being combined w
the ma age). t component (A) or the curing agent component (B). 19
Furthermore, in both cases of the above two-liquid type and three-licuid
type, a color pigment (a3) or a solverit4) may be co t n d with the main
agent component (A), and also a liquid organonolys o ane (d1) or a silane
couplino agent may 3 be combined with the main agent component (A)
s Bhdfor the curing jent domponenty(R) Hetraihaftercsachredmponémntoflo &
these organop ysiloxane (al), silica2), organc lane (Pi), tin compound (ac),
bgolstt ehpigment (a3), solvent (ad), liguid craancpclysiloxane 011) and 10
silane coupling agent are described one by one. Organopoioxane (al)
The orgzhopdlysilGtie-(af) Tssd i the Presertinventiorcotitdingcat agent
least condensation reactive groups in the molecule and is a polymer
CHARMG A structute repfeseénted By thé A 5folffrd geheralformala (132 9
the above general formulaFiis may be identical or different and each
OTEpTESEnt Atorfderisation reactivegratp era TISEEE mBRoFAIRRE S weight
hydrocarbon group. However, at least two 90 of 211 must he ’
{¢ondensation resetive grotps R teprasente 3R inteder5F56 16 J50(5:FC s
preferably 350 to 1500. Further, the orgabopolysiloxane (al) represented
PhytRE>50'Ab0ve generar formula (1) usually has the number average
molecular weight of 20,000-170,.000, preferably 25,000-100,000, and  _
usuall?rﬁ%s?%’ Viscosity'at'25 5@6‘95’8&-&%@60{666%¢§.‘55 pféterabfyy =°*
_4,000-100,000 mPa.s. . Jhe above-mentioned "condensation rgact@vel
Sgrotips™inciude ydroxylgroup, o“h%"r‘cﬂyzgkﬂ@dg?gﬁﬁ slich &8 &lKoxy 9+
roup, asetylox: p,.alkenyloxy group, iminoxy.group, amino, group, ami
ol o e SR LN e
_group, oxime group, amino group, 10 ac tyloxy group andﬂqﬂlkgx@gro P .
d%'rie prcé?esr%bleg?ﬁo\rjn tr?%es’tandﬁ%#r)lt of ts?1aemrgérha%tivitya PEEERR O P ou 1

organopolysiloxane (d12) represented by the following general

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

liguid organopelysiloxane (dl2) iz preferably at least one kind

¢
[te]
3
O
o
)]
16}
€
]
n
O
3
»
£
Fy
I
O
=3
+
-
@
e
Il
O
[t
]

of condensation reactiv
consisting of  hydroxyl group, oxime group, amino group,

acetylcoxy group and alkoxy group.

f’?13 RT3 ?13
i
SUET VPN P VRPN P I
s L lis dn bis
R R RT (3a)

{In the above general formula (3a), R*7s may be identical or
different and represent an alkyl group, aryl group, aralkyl group,
or fluercalkyl group, each having 1-10 carbon atoms. 1

represents an integer of 0 to 300.)
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Among the above-mentioned amino groups, those having a total number
of 1-10 carbon atoms are preferable, and included are, for example,
N-rethylamino group, ylamino group, 15 N-prosylamino group,
N-butylamino group, N,N-dimethylamino group, N,N-diethylamino group,
cyclohexylamino group and the like, Ainong the above-mentioned
acetyloxy groups, aliphatic ones or C 6-Cm aromatic ones are preferable,
and 20 included are, for example, acefoxy group, propxlo\xy group,
butyloxy group, BenzoyiGxy grotp andithe like ARy the
above-mentioned alkoxy groups, those having total number of 110 carbon
( Glome steprefétable: OptiordiiFnterrapted By 4n-6xygen atom eii&ssnts
linkage) between carbon 91 atoms at least at one site, and included are,
DY EET pie Thetioky: gfduipy, e thoxyFgrdtp, Propoky grotp™ iy 'oxy ofoup
methoxye ho>§/ grfoupl ethoxyethoxy grqup and the like. = The
¢ BrganiapolySiloxarie (&lj i thé présent invefiiort Tromthe Stndpoiht Grtfig"
. rqa%tivjt , preferably contains, at both _,term_inglzc,,_‘fugctjpnal groups each
°‘%éféc?ég?naéﬁéﬁaéﬁﬁfﬁ&ﬁ‘%ﬁé group'dohé sting bf Hydrxylgroup! <=7+
oxime group amino group, acetyloxy group and alkoxy group, and those
i e B GHot ot Dot e OB B the MOTerite (o Barg ™
. 1Q%funcﬁtio[1alisirloxare ebsppecigllég 3|f()3r:ﬁ_e'_feirabI‘re,S on the other pggd, thgw
“CeesTImonovalertieydrocarbon groups represerited by the géneral °~ ¢

f rmurl _(:1);inclu9e for exampple alkyl croup, alkenyi.group, aryl group,, .
polyvetiyviene Fool GrOup Of 2o %q%gg%ﬁam%¥¢fco$crp%?cx.w?lca
cycloa rgrou%,éralRy group and the’like. The,entonovalenthydrocarbon

E ups, &y e i ‘r&s(‘lu sLt te. %rl}é %uug{'um O?:Tc., grou avin

above-mentioned a groupsmaffbe linear, branched, or\ahcyc ¢, and

1include, for example, meth. 321.0r.0tp,.ethylgroun, propyl group. UV, 4 o, .

group, 2-ethylbutyl group, octyl group and the like The above-mentione

alkeny! groups include, for 20 example, vinyl group, hexenyl group, ally

Oggé%g agﬁd\th“é'll G T%égébo%véim%raidhﬂe% éyfy @ro%u&s 'nc{]}%/ie’g,J for
example, phenyl grogpgtlp&ybg&o#pyxxlg/l group, n gh}hyl groun,

dephenylg--up and the like. The aboVe-mentione cycloalkyl groups

(include, forexampley cyplohexyl group..eyclopentyl group,and dhe likeeqy o1
The araikyl groups include, for example, benzyi group, 2-phenylethyl

= @rup anddheslike, Unsubs futed: methyl greup andiphenyhgroupiare - rhon
especially preferred. Such organspoly loxane (al) may be combined at a

gFalig, usually20-9Q-eight, preferably 30-8Q Mo-byweight withapstituted
antifouling paint composition [ii) which contains a solvent or the like, and

oat auste of wsually:25:95 b dny-weight -preferably.35-85, Yoby-cightwiths »
respect. to 100 % by weight of ths solid content of the antifouling paint

ceampositian f 1048 otaettorealize excellepfouing=performance.cr 2. )
Furthermore, commercially-available productscan be used as the
organapelysilaxane fabraf thecpresent inventiony, £0r example;therehen it
maybe mentioned "YF3057" (GE Toshiba Silicones) having hydroxyl

i groups,iE45" (BhincEtsu: Chemieat Copbtahptb having oximergroups; to
"KE489" (Shin-Etsu Chemical Co., Ltd.) having alkoxy groups, etc. Silica

ti@2). otz 1l Heesifita(a?) usedindhepreseatmvention:arcludes hyidraphilicic
silica (surface-urn eated silica) such as

condensation reactive groups in the moleculs and silica (a2)

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

component {B8), the ratio with respact to the organosilane and/or
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20 wet-process silica (hydrated silHc-) -process silica (fumed silica,
anhydrous silica) and surface-treated hydrophobic silica such as
hydrophobic a and InydropSos ¢ fumed silica. These may be used alone
or in a combination thereof. As the above-mentioned et-process silica,
though not 23 specifically limited, theré 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 o 10-30 pm, and a specific surface
2gréa (BET Stifface dreafof 107H2fy oF fiofes PreAgHe Bbcvelmedivhet »v
dry-process silica, though not specially limited, there may be used, for
"g%&mple "§iica Rafihg e Water-content of PBo'6réss, a btitk 88A8ity 6f11d
50-100g/L, a primary particle size of 8-20 pm, and a specfc surface area
CEP IO g7 O htre f0THE ‘above mentiond hytfophéhig fdfted silica is
made from dry-process silica by surface-treating with organosilicon .
compauridssiichasmthyltvetimeh§idichigidsiane 21y combined with
. exam.qthgldisilazarpg, hexamethylc t(%lfﬁts loxane, e
- BetdmathyieyLiotstrabibkane and 18 tHe fike The Wate? SHEonstisHdver="
{gr)ne [ smalld and the ater content iﬁs.usugllyo.‘S%lo_r less, in many cases |
10/1-0.2% ASSUCH Rydrophobic fimed Siliéa theugh Hof €padially c™ *+ 18
limited,there maybe used, for example, silica_haying a primary. grt'cle :
08 o5 50 pih 4 bk Herisiy of SO-TO0GTE - anid 4 specifc Sirtace 26 ©¢
c2req ot19 mfa.or more, ., n.addition, as mentiuned,below, when the
heat-treated hydrophobic fumed silica is formed By heat treating silica”’
o Ingether with the,above:menlipped organopolysiloxane (al, i has awater,

content of usually 0.2% or less, “preferably 0.1% or less, more pféfe“?h%?y v

10-05:0:1%. since the water adsgrbed. on t%%ﬁBH%% of %’;C,a is;physically. .

reduced and/or removed. The operties like the hulk density, etc. remain

«[he same as.the,aboye hydrophabie siica.,  , Campercially-ayailable, .

products can be used for such silica (a2). For example, there may be

- mentioned;"RIZ4, rRX200;, ete. ahNippon AerogikCo., 'itd.  The
organopolysiloxane (al) and silica. (a2) in'the main agent component (P)
of the present,inventian,are preferably a,10 heatrtreated. substance.(a22);
formed by prior heat treatment of the above organopolysiloxane (al) and

sHicaa2)or ammixture-olthehaattreated-syhstance(a22) 3pd AR i 1 oxane
organopoly loxane (al) which is not heat treated. This is because, by

«Paaking heat ireatment:of silical (82) with @ partor the whole,ef the 1I9rezant
crganopolysiloxane (al) in advance, an effect of improving the affinity of

1 hotheamponentsandosuppressing coagulation of silica (8.2) can be
obtained- This heat treatm performed, for example, at normal pressure or
under reduced pleasuren at temperatufes-hetween.1@0.L of more anddhes s
20 decomposition temperature of the added components or less,

t preferably-betweenr100:and 306G ; morecpretergbly:lietween-:40 and,200;
C, usually for about 30 minutes to 3 hours. Silica (a2) is combined

emithy00parts bytweight of the:organapalysiloxang ((altyustaly: ai dhedtioron
of 1-100 parts by 25

an anticorrosive paint composition [11 which contains an epoxy

S

5
Y

resin {el), an amine~based curing agent (e2) for an epoxy resin,
and optionally a body pigment {e3} and an anti-sagging agent
{ed}. This antifouling coating film [II] can be used as an

antifculing compogite costing film by laminating directly on



[

Y
[

20

weight, preferably 2-50 parts by weight, more preferably 5-30 parts by
weight. If the added amount of silica (a2) is less than the above range,
sufficient film strength, film hardness or thixotropy may not be obtained,
and a desired film thickness may not be obtained by one painting
operation, especially by spray coating>If it is more than the above range,
the viscosity of the paint may become excessively large. By using the
anove-mentroned silica (a2), the resulting antifouling paint composition

L BRRireSIntréasea stability 10 ddnifg Preparatict of Stofigel 2hd fdidity’ | -
and t gpY become improved. A coating filmwi with a. sufficient thickness is
then fOInBdRVETTSN EVERTET Sdifacs Al the ke VR A fetiut et itmber

. of painting operations; furthermore, excellent balance among properties .

“Buch 4% hardnéss ensife Srength - éxtension. e *as well'as antifouliRg ™"

roperties of the resulting film is obtained, Orqa osilane (bl) T

_ I ane (bl) The .
- “'dfganositane éﬁ“tjj/or“él%a tigtl“al*’\(y(‘?rftj)Iﬁ;z"'{th%dth“e"r"ec“)}]b (?Orll)oﬁsé& 7 th present

iny?ntion have functional groulo\gslrcapable 20 of unde;going, . .
S The @ROXY resin (il L DoLVamldzsamnineg a3 Tne ardne~hased curing
condensation reaction with‘condensation reactive groups o
afo{%uB:&o}y5|lgégnawhlgh0@as at least two condensation rea

fu

as at n tive .
i6lecule” Thecrgancsilane as this corfponent (al) ?n%gﬂ%é's“én nes
of silane represented by the following general formula 2). 26 R12 |
R R ST OS R TS R R i above e+ =
pé‘ir%%%éé)_wﬁlzzi may, be identical or diffetent, and gach represent a

" cohdensation reactive group or a Ci-Ce monovalent hydrocarbon group.

Howevey, atleast.g, or, preferably,3-onore,of, R 2, are :98{19%%338%03 ite

reactive groups. m represents an’integer of 0 to 10, preferably D to

~dheGi:C& monqualenthydrocarhon group in the.general iormula(2) can pe

induces substituted or unsubstituted groups such as alkyl group, alkenyl

p8FoUR,A.grouUp; cycloal KM&QE@%& 10 aralkylgro;p.and-the E%‘%w@éﬁ@f@‘? ship
case of the above-mentioned general formula (1). The condensation

o feactive groupsithe gensral formula(2) includesthe same ones.asinthe;
case of the general formula
[Effects of the Invention]

According to the present invention, it is possible to

laminate, without a conventioconal intermediate coating £i1

=
-
5]
g
o
P

the cured organopolysiloxane antifouling coating film having
excellent interlaminar adhesiveness to epoxy anticorrosive
cocating film layer directlv on the surface of the epoxy
antilcorrosive coating £ilm layer, realizing shortening of a work

periocd of painting operation and cost reduction.

BEST MODE FOR CARERYING CUT THE INVENTION
Hereinafter, thers will be specifically described the

curakble organcpelysilozane compesition in the present invention,
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above, and it is preferably hydroxyl group, oxime group, 15 ace_yloxy
group or alkoxy group. Further, an orgalcrilane derived frompartial
hydrolysis of the above hydrolyzable groups such as, for example,
acetyloxy group and alkoxy group can be used as the above-mentioned
component (ol). 20in the present inverition, especially the organosilane
containing the above-mentioned alkoxy group, that alkoxys a e (also
_ called "alkylsilicalor a partial 27 hydrolyzate thereofcan be preferably
L—%%ea?ﬁ?éoiﬁo%—%@ﬁﬁ’ﬁﬁé’&‘aﬂk%&?@ﬁfaﬁé?"' ichities: #6r 8kample; crposition
_tetraalkylorthosilicate (tetraalkoxysilane) such as tetraethyl ortho T ate
FFEOS)y andthe ke, orakyitiakoxysiiane saep 519 paint composition
asmethyltrimethoxysilane,ethyltrimethcxysilane, methyltriethoxysilans and
[{he like. “CE<pecidily, in“cise of USihg anorgaNEHdySikxané Raving 254
hydroxyl groups at both te;grg[ngirs; as component (al), it is preferably used .
T CBRTation Wk thede anjiiihtes 10 (4Ikoxyianés) Ariior & parial
ydrolyzate thereqf as the component, . Commerdially avallable, ..
pro&ucts Can be lised as Stich organaosilane (bal. For exampﬁe, there may
nrb:—e~' 8Q%i§qu "EtQ)qll_\%icact:%FQS" égolcgﬁt Co.:? “Lid.), "Q}_rlthoet%/l §7il’jcat%';oﬂ.‘ .
“(Tama 15 Chemicals Co., as tetraethyl orthcsilicate, “Sificate 407 (Tana™ "
hemicals Co,, Ltd.), "TES40 WN" (Wacker Asahikasei Silicone Co., Ltd.)
i 0 o A rmetT ool 16 A KoM L3" (SRec i =
- Shemicals Co,, tdy) asaloltrloxysiane. 20in the curable grganopays .,

xane composition of the present invention, the ratio of the above
aQrgangsilane. and/or.a partiak DXQVO'P’:?fte @fg%ofrg%l} with respect fo the, | .
total amount of organopclysiloxane (al) having condensation reactive Is
» preferally 1:20 % by weight more-preferably; 3-10 %byweightfram the,.,. . 4

standpoint of giving excgllen_f painting workability_ and sufficient antifouling
- performance of the coating Him 19 be formed: SUn-campoynd (ac) =1 s Asay

to the first and second aspects of the curable orauanopolysiloxane
p&ompasifion of the present invention, tin .compounds;(agl) represgptedby, -
the following general formulas (1)-(V) are used as the tin compounds.

-Jhesedincompoundsmay- 10 be-used alene of i & combination; theeoho .

antifouling coating film [ITI].

A curable organopolysiloxane composition

=

he curable organopolysiloxane composition of The presant
invention contains at least

{al) an organopolysiloxane containing at lsast two condensation
reactive groups in the molecule,

{a2) silica,

{(bl) an organosilane and/or 2z partial hydrelvzate thereof,
wherein the organcosilane has functional group(s) capable of
undergoing condensation reacticon with condensation reactive

groups of the above organcpolysiloxane {al), and
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7iitheformula (1), R' representsa Ci-Clo hydrocarbon group and R2
represents a Ci-C4 hydrocarbon group. p represents an integer of 1 to 10,
p represents an integer of 1 to 4, and r 15represents an integer of 1 to 5.
99 RIOOR2 SnSi \0/ \OR2 9 Ri00-Si(OR-)3 // SnSi Ri00--C--CH3 0 0 R1lI
OR 20--0--0H3 111i R --Sn -0 --Skt0--Sn -R1 1121’1 H3C--C--00RR 11
0 ) . . .

{ac) at least one kind of tin.compéund,selected from iﬁe'group
conslsting of tin compounds represented by the above genaral
formulas (I;~{V}, or at least cne kind of tin compound selected
from the group consisting of tLin compounds represented by the

formulas (VI)-(VIII).

o)
3
&]
<
¢
)]
6]
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In the present invention, the term " (al)} an

organcpelysiloxane having at least two condensation reactlve

et

groups in the molecule™ may be simply called "organopolysiloxan

&

{al)" or "component {(al}", and the term "(bl) an corganocsilane
and/or a partial hydrolyzate thersof having functional group(s)
capable of undergeing condensatlon reaction with condensation
reactive groups of the above organopoelysiloxane (al)" may be
"

simply called organosilane (B1)" or “component (bhl)".

Further, ameng the tin compounds {ac), the above-mentionad

-

term "at least one kind of Tin compound selsacted from the group

3
o
=
€]
l_!
I

ting of tin compounds represented by the above general
formulas (I} (V)" may be called "tin compound (a2l) ", the term
"at least one kind of tin compound selected from the group
tin compounds represented by the above gensral
formuias (V) ~-(VIII)" may be called "tin compound {ac2)®.

The curabkle organcpolysileoxane composition of the present
inventicn is usually provided as a three-liguid type or

two~ligquid typs composition described below. These three

liguids or twe liguids are each stored separatsly in vesse
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(V) 1HaC--C--0110 Inthe OR2R1 11 0OR210HO0--C--CH311SnR
11 R Plrepresents a (V)

-
joa
ha
b

cans, and mixed and stirred at the time of painting.
As to the above curable organopolysiloxane compositicn
with an aspect of the three-liguid type, the following main agent
component (A}, the curing agent compenent (B), and thes
cure~accelerator componsnt [C} are sach packed separately and
mixed together at the time of uss.

In this case, the maln agent component {A) contains an
organcpolysilcexane (al) having at least twe condensation

& R

reactive groups in the molecule and silica {(a2). The curing

-

agent componeant (B} contains an organocsilane and/or a partial
hydrolyzate thereof (bl). The cure-accelerator component (C)
contains tin compound(s) {ac).

On the other  hand, as o the above curable

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.

H
o]

n this case, the main agsnt component (A) contains an
crganopelysiloxans  (al) having at  least two condensation
reactive groups in the molecule and silica {a2). The curing
agent component (B) contains an organosilane and/or a partial
hydrolyzate thereof (bl). Further, tin compound(s) (ac) are
used as belng combined with the main agent component (A) ér the

curing agent compeonent (B).
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Ci-C10 formulas SH-0--en-0-1 R 211 OR (ll)- Si0O nOR 12 (V),
hydrocarlon group and R2 represents a Cr--C4 hydrocarbon group. In the
formula (V), n represents an integer of 1 or larger. Among the tin
compounds represented by the above general formulas (1)-(V), a tin
compound of which Rl is butyl grouplgnd 10 R2 is ethyl group in the
general formula s preferred since the compound assures good
adhesiveness to undercoated epoxy paint and brings the usable time for
paintifyf bpefativi fo a'stitiblé rafgés °f “heoRndreialiravafidbe ©vre
products can be used as such tin 15 compounds (acl), for example, there
*fay beShentiohéd "BYRS0", 206 °678H: StE B Kasei COL Lid 5oL Verdn'he)
other hand, as to the third and fourth aspects of the curable
Mo¥gafiopolysiiokand tothpositiBhi of the présértingation, i compBuRds® 2
L (ac2) re re§entedq by the folloyviria%eneral formulas (V(%:Q{Ill) are used as
tife'tif CORpouRds Thesé tif compoufitismiy be Gséd dtond 8r fifa™ " ™2y

__combination thereof. ,
pe com f%ed,wztg the main agent component (A} and/or the curing

agent compoenent (B).

Hereinafter, each component of these organcpelysiloxane
{aly, silica {(a2), organcsilane {bl), tin compound (zc¢), color
pigment {(a3), soclvent {(a4), licuid organopolysiloxans (dl) and

silane ceoupling agent are described one by one.

Organopolvsiloxane {al)

The crganopolysiloxane {al} used in the present invention
contains at least two condensation reactive groups in the
molecule and is 2 pelymer having & structure represanted by the
following general formula (1).

1 14 14

WRTI

-7

Y

o N - " 11 — o

In the above general fcormula (1), R s may be identical
or different and ezch represent a condensation reactive group
droc

or & C1-Cqi1z monovalent h rbon group. However, at least two

£

W

of R must be condensation reactive groups. n represents an

B

ct

integer of 250 to 2500, preferably 350 to 1500.

Further, the organcpolysiloxane {al) represented by the
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H3COH30 _0''SHNOO- H3CH3, (V) In

20

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

The above-mentioned "condensation reactive groups"
include hydroxyl group, or hydrolyzable group such as alkoxy
group, acetylcxy group, alkenyloxy group, iminoxy group, amino
group, amido group, aminoxy group, oxime group and the like,
and especially hydroxvl group, oXime group, aming groun,
acetyloxy group and alkoxy group are prefsrable from the

standpeint of the reactivity.

D

Among the above-nmentioned amino groups, those having a
total number of 1-10 carbon atoms are preferable, and included
are, for example, N-methylamino group, N-sthylamino group,
N-propylaminc group, N-butylamino group, N,N-dimethylamino

group, N,N-~diethylamino group, cyclohexylamino group and the

“mong  the above-menticned acetyloxy groups, C:~Cig
aliphatic ones or Cg-Cy; aromatic ones are preferable, and
included are, for example, acstoxy group, propyloxy group,
butyioxy group, benzovloxy group and thes like.

Among the above-mentioned alkoxy groups, those having =z
total number of 1-10 carbon atoms are preiferable, optionally

interrupted by an ocxygen atom (ether linkage) between carbon

5]



group. the formula(TI)represents a C-C hydrocarbon R1 00
33 R-C-0- rl--0-i0-R

atoms at least at one site, and included are, for example, methoxy
group, ethoxy group, propexy group, butoxy group, methoxyvethoxy
group, ethoxyethoxy group and the like.

The organopolysilexane (al) inthepresent invention, from

(B2

the standpoint of the reactivity, preferably contains, at both
terminals, functional groups each selected independently from
the group consisting of hydroxyl group, oxime group, amino group,
acetyloxy group and alkoxy group, and those having a hydroxyl
group at beoth terminals of the molscule {(a,@-dihy roxy
10 functional siloxane) are especially preferable.

Cn the other hand, the C;-Cyymonovalent hydrocarbon groups

]
iy

represented by the general formula (1) include, for example,

alkyl group, alkenyl group, aryl group, cycloalkyl group,
aralkyl group and the 1ike. Thesemonovalent hydrocarbon groups

15 may be either substituted or unsubstituted.
The above-mentioned alkyl groups may be linear, branched,

or alicyclic, and i np] de, for example, methyl group, ethyvl group,

propyl group, butyl group, Z-ethylbutyl group, octyl group and

the like The above-mentioned alkenyl groups inciude, for
20 examplie, vinvi dgroup, he vl group, alivyl group and the like
The above-mentioned aryl groups include, feor example, phenyl
group, tolyl group, xylyl group, naphthyl group, diphenyl group

and the like. The above-mentiocned cycloalkyl groups include,

for example, cyclohexyl group, cyclopentyl group and the like.
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11R (V) Inthe formula (VIl), R represents a CI-CID hydrocarbon
group and R3 represents a C1-03 0 hydrocarbon group. 0 4ErRC li R
N907 N-CH C -N(O | i

The aralkyl groups include, for example, benzvyl group,
Z2-phenylethyl group and the like. Unsubstituted methyl group

Ferred.

H}

and phenyl group are

®
&
[
e
m
[..ul

ally pr
Such organopolysiloxane {al) may be combined a% a ratio

]

Ly 20-90 % by welght, preferably 30~80 % by welight with

l a

of usua
an antifouling paint composition [ii] which contains a solvent
or the like, and at a ratic of usually 25-95 % by weight,

preferably 35-85 % by weight with respect to 100 % by weight

O

£ the sclid content of the antifouling paint composition

p=
-

in order te realize excellent antifouling performance.

I

]

Furthermore, commercially-avallable products can be used
as the corganopolysilcxzane (al) of the pressnt invention. For
example, there may be mentloned "YF3037" {GE Toshiba Silicones)
having hydroxyl groups, "KE45" (Shin-Etsu Chemical Co., Lzd.)

having oxime groups, "KpB48%" (Shin-Etsu Chemical Coc., Ltd.)

[N

having alkoxy groups, etc.

€2
=
[
o
9!
1
o
o

The silica {a2) used in the present invention includes
hydrophilic silica tsurface-untreated silica) such  as
wet-process silica (hydrated silica), dry-process silica (fumed

)

ica, anhydrous silica) and surface-treated hydrophobic

i,kj

si

i

;.J

silica such as hydrophobic wet silica and hydrophobic fumed
silica. These may be used alone or in & combination thereof.

Es the above-mentioned wet-process silica, though nor



HC9.- CH Sn0O 11. 11 HCOR il O (VI In the formula (VIII' F.1

represents a C3-C10 hydrocarbon group and R represents a 01-03
hydrocarbon group.

e -

specifically limited, there may be used, for example, silica

having akout 4 to about B% of adsorbed water, a bulk density

of 200~300g/L, aprimary particle size owIO. pmu and a spacific
surface area (BET surface area) of 10 mt /g or more.
5 As the above-mentioned dry-process silica, though not

specially limited, there may be used, for example, silica having
a water content of 1.5% or less, a bulk density of B0-100g/L,
a primary particle size of 8-20 pm, and a specific surface area
of 10 m*/g or more.

10 The

above-mentioned hvdrophobic fumed silica is made from

dry-process silica by surface-treating

=

b2oA
Lt

ith organosilicen

compounds such a

o

metnyltrichlorosilane,
dimethyldichlorosilane, hexamethyldisilazane,
hexamethylcyclotrisiloxane, octamsthylcyclotetrasiloxane

15 the like. The water adsorption over timse is small
content is usua¥ly 0.3% cr Less, inmany cases 0.1-0.2%

hydreophobic fumed silica, though not specially 1i

may be used, for example, silica having a primary particle size

of 5-50 pum, a bulk density of 30~100g/L , and a speci

20 arsa of 10 m¥/g or more.

In additicon, as mentioned below, when the heat-trp

hydrophebic fumed silica is formed by heat treating sil:
together with the above-mentloned organopoliysiloxane

{aly, it

nas a water content of usuallyv 0.2% or less, preferably (.1%
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31 Among the tin compounds represented by the above general
formulas (VI)-(VIII), dihutyltin acetoacetonate (also called "dibu yitin a
tylacetonaie™), dibutyl tin diacetate, dibutyltin ddpentoate, ddb tyltin
dioctoate, dibutyltin 5 bis(ethylmalate) mmidiociyitin his t.ylmalateg are
preferred since these compounds assure good adhesiveness to
undercoated epoxy paint and bring the usable time for painting operation
to a suitable range. Commercially-available products can be used as such
o1 0leompolings (acB)t Forlekanip & theré'may beomehtioned™e-2005aged
dibutyltin diacetate, "0-220E as dihutyltin acetcaceton te, "0-840" as
CHiSES t ety T falate) B (Nitthtaaseicc 62 L Litd PAIST: prapafsion Cap s -
performed according to publicly-known methods such as by diluting with a.
TpIventiike 18564 ToltiéRe aid the ik These tif CompBtids fare same
used alone as "curi- accelerator component (C )" if the curable
2 rgaricpeiysifxane Conhpositiofiis acthree-liquid type or combined to the
main a er' component (A) and/or the curing agent component (10) ifitis
20 a tWETHGERE type: ¥ ~2 Vi thie"ciirable brgahBpoiisiloXané dmpositior of

the present invention, the ratig of tin contained in the till compoundj(%%)_m"

S tedpct (6 the total Amotit oF tfie compbhemts {alf 32601t 0% by

N g\(e;%q:uwhgg considering the reaction time of the Paint. Also, the ratio of
fi’dontaingdin thé dbovetin eompound-(ac) withrespect to the total
amount of components (al), ( and (b1).is preferably,0.001-1.0 1 by weight,
more préferably 0-0'L-0%8 % By WSight Wheh' Considering the’ reactiontima

_of the paint. Liauld op o s loxane (ell) In the present invention, aliquid .

oG G Retine 16 1ty B aElGmSTAly Coat e i T8 oA,

component (A) and/or the cyring agent component (B).Ifthe . .

h%rgaﬁdﬁ'cﬁ;s‘ﬁbidhbesf(ﬁ)qfé"’nd? E%r}ntﬁﬁé‘ae t%egé{d‘ﬁ'éé|£\j/zennecsfi‘f'bT(éfV\“/(e”(;:Ct’rf1 fe °

antifouling coating film formed by the antifouling paint composition [ii] and
an POXY resi anticorrosive coating 15 ﬁ[[:wwat%nds tO%gcgme’ éxce0n the —©

o Ptherhand, if anon-reactiye. 1id organopolysilo ane ((ll),is,combined, the .

/

(2l}) which i= not heat treated. This is because, by making heat

et}

treatment of silica (a2) with & part or the whole of the
crganopolysilozane {al) in advance, an effect of improving the
affinity of both components and suppressing ccagulation of
silica {aZ) can be obtained. This heat treatment may be
performed, for sxample, at normal pressurs or under reduced
pressure, at temperatures beiwesn 100 °C or mere and ths
decomposition temperature of tThe added components or less,
preferably between 100 and 300 °C, more preferably between 140
and 200 °C, usually for about 30 minutes Lo 3 hours.

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

N

organopelysiloxane (gl) usually at the ratio of 1-100 parts b

et
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above-mentioned, antifouling coating film has excellent
antifoulingproperties,andifareactiveliquid oraanopo ysiloxane (d12) is
combined, the above antifouling 20 coating film tends to have excellent
antifouling properties and adhesiveness between films. As the
non-reactive liquid organopolys )xané& ¥d11) of the present invention, it is
preferred to use non-reactive silicone.pils which do not have reactivity with
the craanopoly oxane 33 (al) represented by the following general
“¥oritila (B&) o composition fefmitRa (3h)6r-¢o' hot Have selkésadsnsing- 30
properties. These silicone oils can be used alone or in a combination of
PHE6DPIFE: Btich noh-réschvE figuid ofganspolysiioxanefd1ipis s than
dered to be effective forming an antifouling functional Iayer on the surface
Ciof tie e atingG filff obfined SRRR 133t SRR &labdve §erdrat #6miula”
(3a), R5s may be identical 10 or different, and represent an aIkyI rou
T%?ﬁ‘loﬁro%va?ﬁlﬁylndfbuﬁeoPﬁhﬁﬂﬁﬁﬁyl Grotip2e & habihgt 140 & %rbo“ﬁ"es
atoms and n represents an integet of 0 to 500. Further, the silicone
o rbBre%’e%t«%d‘bs‘/tﬁ aBove geterarformuls ( Syﬁéstihélhurﬁl%@r@éivérhbﬁe
molecular Welght of usually 15180-20,000, preferably 1,000-10,000, and
S%@%@&ét&ﬁ -usdally 26-36.900 B4, 4, pretarably 803000 mba a5 ¥
Ehe SI|ICO e oil re[f)resented bﬁ/ the above eQeraI formula (@) includes,
“Yor éxar dlm%¥hy Liidone i wherdin- Y e,

]

By using the above-mentlonad silica (a82), the resulting
antifouling @aint composition acguires 1ncreased stability
during preparation or storage, and fluidity and thixotropy
become improved. A ccoating £ilm with a sufficient thickness is
then formed even on a vertical surface and the like with 2 reduced
number of painting operaticns; furthermore, excellent balance
amcong properties such as hardneés, tensile strength, extension,
etc. as well as antifouling properties of the resulting film
1s obtained.

Organcsilang (bl)

The organcsilane and/or a partial hydrolyzate thereol (bl
used in the present invention have functional group(s) capable
of undergoing condensation reaction with condensation reactive

groups of ocrganopolysiloxane {al} which has at least tw

O

condensaticn reactive groups in the molecule. The organcsilane
as this component (bl) includes an organcsilane represented by

the following general formula (2}.



n

are all methyl groups, or phenyl methyJ silicone oil wherein 20 the
damethyl silicone oil is partially substituted with phenyl groups. Especially
methyl phenyl silicone oil isefe. ed. Such methyl phenyl silicone oils
include, specifically for 34 example, commercially -available products
such as "1(5-54", "1(5-56" and "KF-50%of Shin su Chemicals Co., Ltd.,
"55510" and "55550" of Dow Corning Toray Co., Ltd., "TSF431"
and."TS5433" of Toshiba ' icone Co., Ltd., and the ' xSi (3b) In the
above composition formuFLaz(Bb), R tepresents hydrogen atom, or
represents an alkyl.greup; aryl group, or gralkyl group, each having 1-10
carbon atoms, Riﬁm%im@ =8-1® divalent aliphatic hydrocarbon
group wiich may be 10 ingfrupted by'an ether group, gster group or -NH-,
S represents a monovalent polar group such as amino group, carboxyl
group, epoxy group, or a polyethylene glycol group or polypropylene
glycol grolid offRichterffinaiay HeBlodked Wit gPi%?@p B AcyFgrotiyit teal
each having 1-.6 carbon atoms. Further, x and y 15satisfy the
® FefationShips: 0.61 %< 390, G854 AhdP0 52 By St 107 Edrthdr fRes”oup
silicone qil represented by the above composition formula (3b) has tha
®huthibeéraves Hoiécular weight 6rusiialy?256530,006 % frateralily 1225t 2/
ql,QWOO-AI_ZO‘ngg, 7a8d has the 2Qviscosityusually 20-30,000 mPass, .
© préferably"50-3,000"MPALS &f 25 C21° “Préfefta sifitorné off represanteds
by the above composition formula, (3b) is, for example, one n which 224 is
mm%fﬁillegj’ﬁ)rﬁ%sora Shéﬁlﬁeﬁgﬁp?é.af)S ‘ngm%et{hylghg%]%ﬁﬂ &thylétie 35
group or prapylene group. Further, in the case where Z is a polyethylene
glycol @?é)up\’b? %oI%%%g%h%n@ygglggxr%ﬁb“o Which terminal r%g)? bé eneral
:blogked an alkyl oraup or agyl group, each haying 6 caibon gtoms, tis..,, .,
a y]llgrou'p includes methy\lgroup, 5 ethyl group, propyl group. buty gréup
and-the Jik thig oup includes ketoxime group, acetyl group,
ag 91@@1 Sréﬂg, g%%?ﬂég %ﬂ%ﬁ%’ g%¥¢ grou éf%a&k%L group,

propionyl group an e nuniber oT%@étﬁﬁene or

= 0xyRIopylene unit as.a repeating.unjt iﬁﬁ%.r%fgE%blé/fl'g?gse(_)'a9g%gi—lmentioned

represented by the above composition 10 formula (3b includes
gSRecifiealty, for, example, "SF8417" of Dow Corning Toray Co. Ltd.,
"1514700" and "1514901" of Toshiba Silicone Co., Ltd., "F.7,3712" and

"AFL-4Q-0f NNipponr Unicar Company Limited and the like.as the silicone

oil in which the polar group 1 is amino group. Examples of the silicone oil

1 Hr154vhichithe polar group 2 is carboxyl graup inelude "XI42:411" = rmu1 4
Toshiba Silicone Co., Ltd., "SF8418" of Dow Corning Toray Co., Ltd.,

(1FX24£0¢, ot Nippan WaigarLempany Limted.and hesup, oxMel group,
examples of the silioone oil he polar group is epoxy group include
& 'SEG4L1Y of Dovy Corningeray oy .

Further, an organosgilane derived from partial hydrolysis
of the above hydrolyzable groups such as, for example, acetyloxy
group and alkoxy group can be used as the above-mentioned
component {bil).

In the present invention, especially the organosilane

containing the above-mentioned alkoxy group, that is,

alkoxysilane (alsc called Yalkylsilicate™) or a partial
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20 Ltd., "X142-301" of Toshiba Silicone Co., Ltd., "L-93" and "T 9" of
Nippon Unicar Company Limited and the like. Examples of the silicone oil
in which the polar group 2 is alkyl group or acyl group includ 514460",
"1514445" and "1514446" of Toshiba of Dow Corning Toray Silicone
Co0."K56009" of Shin-Etsu ChemicalszCo., Ltd., and the like
Ontheothernand,asthereactiveliquid organopolvslloxane (d12) in the
present invention, for example, 5 a silicone oil which has at least one ‘
h@?ﬁﬁﬁYéﬁﬁé%entéh%W% follofing geheraPiofiitd& £3¢) cantbeused 7@
preferably. 40SiRst17(3-3)(3c) , . Inthe above formula. (3c), R4
abEpREdBRts AR5 ubstitlfed 8F suB&fituted bivalétit hydrocatbon gFoGs e
_divalent 1§ hydrocarbon _roug which may contain ether linkage, PS5~
Erspreseht C‘a&r/?ﬁﬁéuﬂﬁtﬁﬁ S or Substituted iigriévkient Hydrdtarbon® =Y+
group,, _jrg%%%ser%tEs a condensation reactive %rqup and p}re%rﬂfgs,eﬁnﬁts 0,1,
ooFY The' ahovementionad Eondensation Teaative gréap s profaratly at ="
. least onerlféi)rlq of ggnde@%atipn__ri%acti;/e grout 15%%@?%@@ fron] the group
& Consisting of hydroxyl group, ‘oxime group, amino-group: acetylosy group ="
matnf(]:l a}"é%)_% (?r%upf.silansmu%glgagtrivﬁe ngLLP!jg organopolysiloxane (d12) can
“he B/repare “the reaction of a silicorie oil represented, for example, by
HOC{BIRZ 0 13 SRACH (whore B g ndependenty an 20 gl ..

aryl group, aralkyl grotip; of halogenated alkyl group. P4'is the same s in

h%&%@?ﬁi’e RI@@G%'Q 30)) and an organgsiiape represented by . 1),
W an rﬁ

R
erein | are the same as in the above formula (?ic),l, or 3).

pﬂl¥%4%§ﬁ,POQ§Q8K§ﬂ?méQS$¥%§%E%§7QH%%FK¥H§§§?%?Xyisilica:es

combiningthe main agent component (A) and/or the curing agent
(£omponent(B)..In the £ase of comhiningtheaboyecomponent (di) with.the,, .
main agent component (A), the ratio of the component (d.1) with respect
~40.the total amount of the components (al) and (a2) contained in the main
agent component (A), [(d1)/((al)+(a2) 1], is preferably 0.01-15 % by
weight; Jnaes-preferably 1519 %6 by weightte obtain-sufficient film strength, -,
and to form a good antifouling functional Further,case of combining the
oabaveLonmpanent (dl) with: 10:the.curingragent.compenent, (B),.the ratioy 1
of the component (d1) with respect to the component (b1) contained in the
s Curingagentcompenent(B) [(d. 1Yh1) ], is preferably 0.01-500% by (Tama
weoght, morepreferably50-350 id by weightwi-Len considering the
cwiseosity for handling. the paistand the like: ercoupling-agent tithe-z e 40"
resention, the main agent component (A) and/or the curing agent
(camponeat(BEmmay-contain addjtionallyy 40 wN"  (Wacker Asahikasei

Silicene Co., Ltd.) as partial hydrolyzate of tetraethvl
arthosilicate, and "KBM-13" {Shin-Etsu Chemicals Co., Ltd.) as
alkyitrialkoxysilane.

In the curable organopolysiloxans composition of ths
present invention, the ratic of the above organocsilane and/or
a partial hydrclyzate thersof (bl) with respesct o the total
amount of organopolysiloxane (al) having condensation reactive

¥

groups at both terminals and silica (a2), [(bli/{ial}+{azy}]l,



a silane coupling agent.lt is possible to improve the adhesiveness to an
epoxy resin anticorrosive coating film by 20 combining the silane coupling
agent with the curable organopolysiloxene composition of the present
invention. When the commercial products described above are used
as the organopolysiloxane (al), a silai& coupling agent may be already
combined with such commercial products. However, if not 38 combined,

_alternatively it may be combined with the mail component (A) and/or the

1 Ui &gént'compohént (BY before packing & tworlidiid-type brithrees 1 ght
liquid -type curable organcoolysiloxane composition. PubKnown silane

T eoliphg ageRts’Eanbe SelettetSuitably for- 696 depeRdintforf the2bi- ity
painting target of the curable organopolysiloxane composition, and _ =~

*dRanipiés it the cale'dftargeting’an epoXy resiranticarmosive- cating filnt ©
include Breferably 3-glycidoxypropylmethyldimethoxysilane, 10

b?/inlgﬁﬁfillrf‘reh“ihoxysiIane,viny6,ysi|ane, 3-mercapto) opyitrimetnoxysilane,

Neplen ipropyitrimetno ysilane, N-phenylpropyltriethoxysilane and the like.

- In the%é%e%%%‘?—\ag%;uch silane coupling agent with n the main
agent pgmpgne_r];[ (A).the Latior\{\éith S[gsp%g_kt to tque total amoug'% of the bl
compdients aly Ahd (a2) confaitied i The maiti -t component (A) g " 251
referably fram 0.01 to 2. % by.gnt, more preferably 0.1-0.6 % by weight. .
B e AL 5t CORBAG 06 ST CoURTTg Baent Wil he sy ™

agent 20 co nent (B) %tge rati }\j/vith espect to the component %I 1 e
e VA ity B Companbit (1) K eI g O G 5D 6y

( Weighty ore prefs r§$l¥}9el%%qq 8 by welght Colar pigment (a3) . The main.
agent component ) of the present invention may 39 containa color

10 pPigment (a3)itnecessary. Earthose color piaments (as), various
publicly-known organic anb, pigments may be used alone or an a
combination of gwo or more, and fprther,Tariouzs coloring agents such as a

R - OR
dye may be 5 (%orrta?fgq r Fo

.

OR SOt Si—OR
{[ OR? —!p 3 —JQJT o2

T

In the formula (1), R' represents a C;-Cyg hydrocarbon group

and R® represenis & C,~C, hydrocerbon group. p represents an

15 represents an integer of 1 to 5.



The above-mentioned organic color pigments include carbon black,
naphthol red, phthalocyanine blue and the like. Also, the above-mentioned
iorganic color pigments include iron oxide red, iron black, titanium white,
halite powder, talc, chalk, 10 iron oxide yellow, cobalt blue and the like.
Among them, titanium white, iron oxide black, carbon black, iron oxide red
and cobaltblue can be preferably used in the present invention. The
ratio of the above color piglgent (%@Mith respect to the total amount of
components (al) and (a2) gontaiped in the 15main agent component (A),
Pa3)/{(al)+(a2);], is pre,i%(abl)/iﬂ\ol-:%o % by- weight, morete y 0.1-20 5
by weight. Solvent (aﬁ} The mainca@zent component ( of the present
invention m contain a solvent (a4) if necessary. The solvent (a4) includes
20 publicly-knomm\soy@r{ts sten @Aiiphatic solvent, aromatic solvent,
ketone solvent, estegrsolvent, ether solvent, alcohol solvent and the like.
The above-mentjgne omﬁﬁpsg)m@ﬂgincludes, for example, xylene,
toluene and the like ketone 40 théetherso Tent,:
.propylerieglycolmonbmebhyleth&r, propyieneglyc ™ (111}
Lonomethyletherapetate (PGKAC) and the and the alcohol solvent
includes, for example, i%opropyl 9Icoho| %nd the like. These solvents
can be combined in appropriat&quarities-taCiesthe viscosity of the
antifouling paint cogipc 'ﬂggjém@@ éggfgable for pal ing operation. For
example, the ratio wit respect to the tptal amount of the components (al)
and (a2), 10 [(R%)1(GTf+(a2)}IP preférably 0-50 1 by weight, more
preferably 0-30 1 bg weight. Further, such solvent may.bgzggmbined with
the curing agent component (B) or the cure-accelerator agent (C) in
appropriate quantities. paintAntifoulingcomposition [ 15The
organopolysilpxane antifouling paint composition [ii] of the present
invention cotains a cupBble dfganopolys$idxaneCcoRtpésition comprising
at least A ahove-henfioned Gemporients, o'

i | i

HiC—6—0 or? R "R R
V)

In the formulas (II)y - (V), r! represents a C{~Cip
hydrocarbon group and R® represents a C;-C, hydrocarbon group.
In the formula [V}, n represents an integer of 1 or larger.

Amcng the tin compounds represented by the gbovs qane%al
formulas (I)~(V), a 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 o underccated epoxy
paint and brings the usable time for painting operation to a
sultable range.

Commercially-available products can be used as such tin

compounds (acl), for example, there may be mentioned "U-700",
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and in addition! may contain, if necessary, publi-i- ow 20 imparts
thixotropio properties, an inorganic dehydrating agent (stabilizer)an
anti-sagging agent/antisettling agent (thickener), other coating
film-formingcomponent, a fungicide, an antifungal agent, an anti-aging
agent, an antioxidant, an ant staticageft,aflameretardant,athermal 41
Such optional components contad in the antifouling paint
compositionmaybe combin advance with the main agent component (A),
"the' Eliring Agent ¢Briponert{BY, 6rthe 5 ré-accelerator component (C) in
appropriate quantities that do not impair the effect of the present
inventfdh, 17 ore thaméhe ligiid ot & ffotigtid type'of threelligaatype int
which the above-mentioned organppolysiloxane composition is packed.
“Hie GhtifSulifg part coRpesition T ot e prasent 10 nvehtidhifs cresent
. obtained by nixing, for example, according to conventional methads, the
~LORtEMS of the PadiCBPa tROigUid “typé G threiiglid typé Wrarkthe v 119
_components constjhr the antifouling pant compositionand if necessary,
950y optioHAT cBmponents séquertiallySiftiitaABoildhy 15Epoxy FagiH2S -
Tgntigqﬂrgqsive Paint %gm ﬁositi_on o ,The refe“\rableﬁep?%?% resin . -
anticorrosive coating il {I] 6f the presént 1.7 htioh g BHULLAOROT
the surface of a base material by curing an epoxy resin anticorrosive paint
composition [i] wblebt¢g tains ’it leastcan epoxy resin (el) and 20 an
amine-based curing ageRt fox ¢ resin (e2).This fouling pa t
composition [i' may contain a‘{‘%gdy pigment (e3), an anti-sagging agent
(ed) if necessary. N\ P

L CH: .y

HsC b

I)
In the formula (VI), R! represents a C-Cip hyvdrocarbon

group.

o

In the formula (VIT), R represents a C1-Cip hvdrocarbon

3 . ~ 5
group and R° represents a C;~Cs hvdrocarbon group.

i
4 |
R _C

g F?'{ \O/ \ﬁH

Hﬁ/ e sn——0.__CH
‘ L >
HC o} R [l
\i/ \R4 8

c e (VITT)

In the formuia (VIII), R repraesents a C;-C;s hydrocarbon

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



Epoxy resin (el) The epoxy re n (el) contained in the above-mentioned
bisdhenol epoxy resin, glycidylester epoxy resin, giycidylarnine .epoxy
resin; phenol novolac epoxy resin, cresol epoxy re dimer acid modified
epoxy resin, aliphatic epoxy resin, 5 alley lic epoxy resin, epoxidized oil
epoxy resin and the like. Especially, Bisphenol epoxy resins such as
bisphenol A-type and F-type are preferable for excellent adhesiveness to
the base material of the anticorrosive coating film formed and
anticoffo’ive pfopértiesHierest: These 6p6Ry rexins can b0 tigedcalone |
or in a combination of two or more. ~ Such epoxy resin (ell is desirably
CeBREdiAEd af the fatid of usdailF 18260-5 Biyrwéeight Shietérably 20550 98 byed
. Weight in the anticorrosive paint composition ru containing a solvent and
tHe Tike -and at thé T5tig of tshially 19-70 % by weight S preferabRFE6-60° -
% by weight with respect to 100 % by weight of the solid content of the_
HRGEErbsive ﬁéﬁ?%ﬁ?ﬁﬁsﬂiorﬁ‘[ﬁﬁﬁéﬂwﬁto obtaif €xekfient d=prtyltin
. anticorrosive properties of the coating film. . Commercially-available
O pPOdICE Chf Bé tiséd A SUCH Bpoxy 20fesin. (& FThére may be tiea o’
example, bisphenol epaxy resins such as "Epikote 828" kote 834", o
S Rpfkdta 100 BIHOR, *EPikbte80 7 iKote 4004 3% “Epikotedo 72" 8t
_of Japan Epoxy Re%i?r]:s?(:o%ud Qmirllem-b#aﬁs_eg cyrin ager_ltﬁ‘for epoxy .
“Fesin (82) "As the aminé-based curing agentior epoxy festi containedin <=
- ;h% abgy_-rgggtiqﬂqepd anticorrosive paint composition [i], for example,
~médified Mannich amines formed 5 by Mannich condensation reaction of
phenols for_gmaIJichl2 iaﬂd amgnie? %%@goungg_ﬁ gpg/ocrﬁ@!ipph@atg:sré)l%lygg"lip_es can,

Commerc —av s TS Cali ne 207 ES ich Tin
be useéj Ji%wever, it is preferred to Use mainly a pciLs/arcidea’nine i

c?:H}%%'ﬂazlﬁléorﬁnaecgz by cqndensation.of a dimer agid and %\8?1'%’ ?Q?w!@ﬁ’ and,
as reactive primary and secondary amino grouﬁ)s in the molecule for

= £288,0f 19.handling of paint and E?@Q'”&%%‘Ef@é@ J?&%@Q!&Q'@gc%gggafgé,

ing operation It Is theoretically recommended to use an amine-

»GUERg-agent (e2).for epoxy.resin i, sugh an amount tha the number of ..,
amino groups of the aa-based curing agent (e2) becomes the same

Lt(q!_e;micai@%iyal?&egea%%@r Of-8POXY 9rouRS- QL e EPOXY .. v ding o
resinHowever, in the present

publicly~known methods such as by diluting with a solvent like
xylene, tToluene and the like.

These tin compounds (ac) are used alone as “curing
accelerator component (C )" if the curabls organocpolysilozane
compesition is a three-liguid type, or combined to the main agent
component [A) and/or the curing agent component (B} if 1t is
a two-liguid type.

In the curable ocrganopclysiloxane oompesition of the
present inventilon, the ratio of tin contained in the Lin compound

(ac) with respect to the total amocunt of the components (al)

and {aZ) is preferably 0.001-2.0 % by welght, more preferably
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invention, the curing agent may be used in such an amount
resu_0.15-Oequivalence,preferably 0.4-0.8 equivalence of amino group
with respect to 1 equivalence of epoxy 20 group. Further, the
amine-based curing agent (e2) can be used, at the ratio of, for example,
10-80 parts by weight, preferably 20-70 parts by weight with respect to
100 parts by weight of the epoxy resin (el). Commercially-available
products can be used as such 44 amine-based curing agent (re_2) for
© epoxy Tésin, dnd e T 6E meRfioned foF example? “Ratta id& 5966
Dainippon Ink and Chemicals, Incorporated), "Sunmide 307D-60"(Sanwa
PChemical Co., Ltd.), etc. BodS7.2LaThe3)  The body pigment (e3)
which £can be 'pongaiged in ;Q:q above-mentioned g}joirosivegpgiﬂ,nt .
compositioninclides, for 8xample; publiclyzknown materials such asa:™

, Silica, mica, IciLun_,rﬂc%r(g)%nma{;[ed kaolin., alumina white, white carbon, 10,

{ - Wi 1 spag 1 LT S A [EER > ST YIS L &
‘aluminum hydroxide, maghesiunm carbonate, baritmicarbonate. oariurt 2 7
o gglf%el, \tltggl%nggdf_%)gggﬂ gaga%p@pkoa%d }%1(9 like. Es_peual%, talc, barium

| ‘
sulfate, mica, titanium dioide, and carbon black are prefera ”IyEljitseérd{:”]lrr'f”’tjﬁéy

o Presentnyention. These body pigments maybe used algne orina. ¢ ..
comte%nationt e“écblnglé The o§y plémeﬁt( ) m%y3 be %on?alniéafﬁ?oﬁr bae
ple, in the ratio of 5-80 % by weight with respect to o by weight
pgmml in th io of 5-80 % b ight with 100% b igh
of the solid content of the anticorrosive paint composition [1]. Anti-sagging

aaent{e4), .Theanti-s ing.agentted)contained inthe 20
above%'ro Rk m%%i%%im%ﬂ‘m‘%%?es publicly-known materials,

for example. arganic.clay. waxsuch as ﬁ%@?&é'&ﬁﬁ%@?y@i@%@ (d1)
e

alkyisulfbnate of Al, Ca and Zn, polyethyune wax, amide wakx,

~Pydragenated castor f”é@!%ﬂ?@&{aﬁl@ﬁ wax, amixture-of:hydrogenated
castor oil wax 45 and polyamide ax, synthetic particulate silica,

aPelyethylene oxide:wax and-the likeQfthese, polyamide waxise 1iguid

preferably used. in the present invention. This anti-sagging agent (e4 can

o hecitained; fernexample; in the ratie-of 8-k Yeby, weight S.withJespaet: «

to 100 96 by weight of the anticorrosive paint composition Each of the
nabeyercampanents san hecembined with the epexy resin paintntifouling

composition [i] according to conventional methods at the ratio as
pdeseribed-above during:preparation of thekOscomposition; Mysusing-for+ i ng

example, commercially-available materials. Further, addition to the above
£ tompoaents, opticnal cempenrents such as a:solyvent, adiguid hydrocarben =

resin, a surfactant, an anticorrosive pigment and the like which are used in
nan-epexy:fesin anticorrosives coating fitm anay be @dded 1= combined, the
above-mentioned antifouling coating film  has  excellent
antifouling proparties, and if @ resctive iiguid
organopcliysiloxane (dlZ) 1s combined, the above antifouling
coating £ilm tends to have excellent antifculing properties and
adhesivensss petween films,

As the non-reactive liguid erganopolysiloxane (d11l) of the

present invention, 1t is preferred to use non-reactive silicone

oils which do not have reactivity with the organopolysiloxans
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15 in appropriate quantities if necessary. Such epoxy resin paint
composition may also beprovided. as a two-liquid type composition
comprising amain agent component containing an epoxy resin (el) and a
curing agent component containing an amine-based curing agent (e2).
20Antifouling coating film and antifoutifiq composite coating film e method
for forminantifouling coating fil.m and antifouling composite coating film
46 invention is obtained by forming an epoxy resin anticorrosive coatng
{dilm [IF BR1FESTfEte'Of a Dake Matktial, follGiied by pairftifglars  (73) or
antifoullng paint composition [ii] on the coating film, thus yielding an .
CERRFSUling CoatifgTitmIl]. 5The epoxy fesinantictiissive coating AT fif ¢
which is the base of the ant ng coat [lI] of the present invention is formed
PHYEStiTTnG Snd MR- componefts Corstififting the abdve-méntioried 17 &

epoxy reain paint composition [i] according to conventional methods, then

CYERPAIAG G110 Mpréghating‘the tture o tHe'surtats of #ié bate liquid
material, followed by curing for a oet().5 to about 3 daysinthe .
Cmophere “THE filnd thireds of the aRticorbsive Poatir(f] after SarhGg® -
- may be controlled_according to aPP1 catigns and the like. having excellent
£ AHEBHoSkEoPert 18 bBiinel: for Slarhplé by painting or Mprghating "
_th : Epoxy ,rcfsin aint composition once or more than once at a thickness
"U‘f‘%b-fSO priv/painting, followed by curing to yield the film thickness of
200-5000 pm. This epoxy resin anticorrosive coating film [I] has 20
excellent adhesiveness to abase material even when the material is FF3,
steel, wood, %I_ inum ilioy é@_dothé] Iiké!.__EF;pecially, steel is preferable as
the base material because qf he atihegjyeness. Further, the above base
material may be teated by pu IicIy-rf<n6wn surface treatment like
sandblasting in order to improve adhesiveness to the anticorrosive
coating film, 1. 9n the other.hand the abpve-antifouling.coating filem [Ukis.,;

also formed by stirring and mixing the above-mentioned antifouling paint
o19%@%%'9gﬂ@(,:cgﬁﬁnjgetiglr@b@@@tmgllkyl group, aryl group, aralkyl

group, or fluocrcalkyl group, each having 1-10 carbon atoms, and
n represents an integer of 0 te 300,

Further, the silicone ¢oll represented by the above general
formula (3a) has the number average molacular weight of usually
180~20,000, preferably 1,000~10,000, and the viscosity of
usually 20-30,000 mPass, preferably 50-3,000 mPa.s at 25 °C.

The silicone oll represented by the above general formulsa
{3a) inciudes, for example, dimethyl silicone ¢oil wherein R¥ s
are all methyl groups, or phenvl methyl silicone oll wharein
the dimethyl silicone oil is partially substituted with phenyl
groups. Egpecially methyl phenvl silicone oil is preferred.

Suchmethvl phenyl silicone oils include, specifically for
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5 methods and paintingture on. the surface of the anticorrosive coating
film [Il, followed by curing for about 0.5 to about 3 days in the air either by
leaving or by forced ventil under heating. The film thickness of the ant4
fouling coating film [IT] after curing may be controlled 10 according to
applications and the like. The film havihg excellent antifouling properties
and adhesiveness to the epoxy resin anticorrosive coating film [I] is
obtained, for example, by painting or impregnating th.e antifouling paint
& I Ssition T BHSte 6 mdré tan BheE afaickireds®of 3051507 m/paint > "+
+15followed by curing toyield , tpTl e Loom thickness of 150-5000 1.1.m. . _
Frther, fi&'antiCortosive coa iy fiin i] dwhich the-antifouling coating™”
_film, [l is formed may he curedcompletely, however, it is also possible to. .,
R ARG, S LTSt I o e e Chisohg Eosare i
ing the 2Q state of semi-dry.to touch tq form the antifouling coati
Ogu%‘:fgkhﬁj‘[ﬁ? f%rliﬁr%’ﬁ'r%r\}?nggédhegi\g/é‘r‘e’ Oan% hé aﬁﬁ%’u‘ling coating film [l1]
of the present i. nv%mtion gﬁjpreﬂ‘?rgbly used in the az%gfuling composite
ouli

coating film which is dbtained by Tamifiatifig the antifouling coating film 48
ve %gath_%gﬂ.‘n%y@ﬂts

[ dir%%tlyﬁ_%% thaebsourface of the.e_poxy re glrrj~g q@t1005%§ ;
coating films of other intefmediate yers).

Ve com}gf S1LC1 00
n{ENRE!, e Antiobing el carpagtiongl e Areaent Iventiarea pe,,

(that is, without intervening
so used to paint directly onsurface of the above base material and form
=118 aptifauling coating film. U1} which is in.direct coniact withvthe base. .. .

material, Utilization of the artifouling coating f Im and the antifouling

c.Gomposite, geating fﬁmi%%% antifouling.coafing film qrantifouling ..., e

composite coating film formed according to th above-mentioned methods

; £an.he formed on the.surface of various-hase materials; for examples son+ s

underwater structures such as water feed/exhaust ports of a 1/nuclear

a Rower-plant, filmsifor Preventing sjudge 1p:diffusionp variousJnaritime.,
civil engineering works such as coastal roads, undersea tunnels, port

ofagilities; capals,and chanpels, or ships; fisherynistenisls etes (fer ropyviene
example, ropes, fishnets, fishing gears, floats and buoys). It is possible to

o lawern the surface free-anetey of ther20,swsface ef:abase materdak by group
forming the above-mentioned antifouling coating film or antifouling

o gompasite-eoating fitm on the. surface-efthe:base-material: -Such-coatinga v
film having low surface free energy is resistant to attaching of aguatic
satlsfy the relationships: 0.0 £ x< 32.892, 0.02 £y <4, and 0.02
S mty <4,
Forther, the siiicone oil represented by the above
composition formula (3b} has the number average molecular weight

of usually 250-30,000, preferably 1,000-20,000, and has the

vigcosity of usually 20-30,000 mPae«s, preferably 50-%,000 mPass

Preferred silicone o¢il represented by the above

s - N - - . e mld s
composition formula (3b) 18, for example, one in which R 1s

4

methyl group or phenyl group, R™ is methylene group, ethylene



-

[

[

w

oraanisms such as ulva, barnacle, green laver, serpula, oyster, 49 bugula
neritina and the like. Even jf such aquatic organisms adhere to the surface
of the coating film, these axe removed easily by the stream resistance of
sea water or fresh water, thus the antifouling properties are effective
continuously for 5 a long time. Therefdre, such antifouling method is
effective to the base material of which surface contacts continuously or
intermittentlysea water or fresh water, especially underwater structures,

g 5shell Pratesofish plets, Hidshing gédrsFurther itc &t Afairtafit the? 25 2
function of these 10 underwater structures for a long time or to prevent =
P HIGEGHRY ot figtnet Heshes MEX AMPLES OPY L eng atainatér’ the preséht
invention will be described 15 further in detail by Examples and A
t CHrhparaiive’ exaMpRS  tPréparatihGHHecurabiesrgandpolysioxafie ©8ch

_ antifouling paint composition) three-liquidtypecurableorganopolysiloxane
n%‘&%n%‘sﬁ%r?ﬁ&a@w Fabfe 1-omprising & Trath aaéﬁflé?&ﬁu Bieht 26(4)- 8

curing agent component (B), and a cure-accelerator agent Q%mponentwas

e Piépardd’ I kitterof cltetabeleratsr () WetePreparsd by Using 12 -7+ °
kinds of tin compounds, respectively. Subsqu%rétJ_)g/,?n

a%f&hr%%%?ﬁ"{c& ‘pb%ﬁ? Sk@LOXJ_me Group,

group and the like, and the number of oxyethylene or cxypropylene

group, proplonyl

unit as a repeating unit iz preferably 10-60.
The gilicone oll represented by the above composition
formula (3b) includes specifically, for example, "SFB417" of

Dow Corning Toray Co. Ltd., "ISI4700" and "ISI4701"™ of Toshiba

{:lj

Siliceone Co., Ltd., "FE3712" and "AFL-40" of Nippon Unicar
Company Limited and the like as the silicone oll in which the
polar group Z is amince group. Examples of the silicone oil in
which the polar group 72 1s carboxyl group include "XI4Z2-411"

of Toshiba Silicone Co., Ltd., YSF8418" of Dow Corning Tora

<

Co., Ltd., "FXz4707" of Nippon Unicay Company Limited and th

4}

like. Further, sxamples of the silicone ¢il in which the polar

~"i"‘lf

group Ls epoxy group lnclude "3IFE4 of Dow Corning Toray Co.,

Ltd., "XI42-30." of Teshiba Silicone Co., Ltd., "L-93" and "T-28"

B}

es of the

IMJ

of Nippon Unicar Company Limited and the 1ik Examp
silicone cil in which the polar group 2 is alkyl group or acyi

group include "IST4460", "ISI4445" and "ISIZ4467 of Toshiba

Silicone Co., Ltd., "SE3746"™, TSHBLOO™, "SH37432" and "SH3700"
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50 1-8 were prepared by mixing Ti parts by weight of the main agent
component (A), 18 parts by weight of the curing agent component and
5 parts by weight of the curb-accelerator agent compOnent (C) thoroughly
using a mixer until a homogeneous 5 mixture was formed, wherein
components (al), 2' (bl), (ac) or non-{&c), and (dl) were contained at the
mixing amounts listed in Tables 3 and 4. (Preparation of the epoxy resin
aint composition) After preparing aﬁmain_qﬂggnt c”_r’nrponer),t (X)anda _
O%ﬂ% Goragétit o?ﬁ'ﬁ)ésnghtjc?j’f&‘r the-epoxy resin’pairt Conposition e&cri
the component mixirlg amounts listed in Table 2, a paint composition for
Py the-Spoxy-fesin anticorrdsive'ddating film was epared by mixing
85 parts by weight of the main agent componep;ng) and . Licuid
lipartstyweict¥ing ageht Eompshist 15(Y) thorotighly TidiHg & Fixer tndi'a®
‘homogeneous mixture was formgcif Test examples] . . Fort € nmnle
© R itSEinG Somposits doatirg it Obtained fronT the 8poxy tesin paint ==
_ compositionthe curable 20 organoporysalcHane paint composition .
= 5%%%?8& “ésoﬁﬁ“"envtdi%fﬁég gﬁdsvé‘ a egﬁéc%/fé' test, a Ta%é’ dre“lé“(rln%é%ﬁ‘otnetest
fresh water immersjon. test, and an antifouling test were performed :
£ eo1ding 16 1hG Tollowing Hefiuations. The (o6t resUlts Aré iSiee i Tables
3and 4. 51 (Tensile test ;QQi'lx;kjevabove-m_e,ntiopfjag.‘epoxy resin paint
composition was applied to a sandblasted steel platé with a size of 100
mm x 300 mm.x 2.3 M-y 2 spray baater, (Anest wata Gorparaion; Uade

name: Wider Spray Gun -77-2G) at room temperature, and dried for a day

»o farm. an.epoxy resin, anticqrrosiye, coating, film hayving a film thickness of .

200 pm In the dry state. Subsequernitly, the antifouling paint compositions

nprepated in Examples 1-11 and Comparative.examples 18 were.applied. . 5

o the above 10 dried-anticorrosive coating film by a spray ccater (Anest

a>Wwata,corporation, frade name: Wider, Spray-GuR-Ws £4:2G) ab oo up,
temperature, until its thickness became 150 p.m in the dry state, and then

v dried.for & day «As & result the coatingfilms usingthe antifoulingpaint s o,
composition prepared in Comparative examples 3-8 were not cured,

1 therefore, only:the eutedrantifouling coating:fis farmed by dhe-antifowing is
paint compositions of Examples .1.-1.1 and Comparative examples were

o subjected {0 adensilestestrbhe:tensile tesionas pedfoimed.according tg thep
method 20 specified by JTS K 5600-5-7 (1504624). A stainless steel test

= gylinder(Pelly pirce)having-a £ress sectionatarea-of 2 cm2 was ghaedrtoup,
a test plate which was coated with cured antufouling composite coating

afitms using.an aghesive-(GE kashiba Silicanes:\TSE399Y). After making a
cut around this Dolly piece using a 52

Such reactive lliguid organopcolysileoxane {dlZ} can Dbe

prepared by the reaction of a silicone oill represented, Ifor
example, by HsC-[8iR:-0-1,~5iR'0H (wherein R is independently an
alkyl group, aryl group, aralkyl group, or halogenated alkyl
croup, %' iz the same as in the akove formula {3c)) and an
organoszilane representad by SRY 4 (wherein R” and Y are the

same as in the above formula (2¢), o is 4, 1, 2 oxr 3).

The liguid organopolysiloxane {(d1) in the present
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cutter, the adherence strength was measured by a pull off adhesion tester.
(Tape delamina on test) The above-mentioned epoxy resin paint
composition was applied to a sandblasted steel plate with a size of 100
mmx 300 =Ix 2.3 mm, on which a masking tape (trade name:
"Architectural Masking Tape”, Nichibari Co., td.) was glued at the center,
using a spraycoater (Anest Iwata Corporation, trade name: Wider Spray
.Gun W-77-2G) at room tempe ore, and dried for a day to form 10 an
L BPBXY tE85indhtitdrfosiie E6aELNEG filtA Having afitmithicknesstof 2000AmEnt
the dry state. Subsequently, the antifouling paint compositions prepared in
(Examiple$ I-19"8nF EbMhiarative exaniile 198 e applidd td firaeve of
driedanticorrosive coating film using a spray coater (Anest iwata
e paAt N, tFatle AT I Spray Gidn WA TT-265 dtrbomaeriperatargient
until its thickness became 150 gm in the dry state, and then dried for a
"Gay. W% TSI the Eoating fifing O thé Ghtifdiiling pairit Compasitiohstotal
repared in Comparative examples 3-8 were not cured, therefore, only the
@ -Sﬁgé:a’ﬁﬁfoﬂ'ﬁﬁg%%ﬁjﬁﬁ&&i%%oéﬁﬁé fifMe fofived BY S0 e dndfoulifg mein
aint composition of Examples, 1-11 and Comparative examples 1-2 were_
*0aBjecE 15 % Hpe tetaminatioh et Afer gener ARG+ Ve difbrdhce. -
_on the coating. 53 levels was rasped strongly, with finger cushionto ,
© Geistinate (he SoRHIRG T SAd e mesimUn VAluE BF e dalafingiad o
fIieﬁnrpgth.wgs measured. If the adhesion is sufficient, the delamipation .
should e 0’mm_ if not- the Tengtiy would become Tarde - BlETesh fater™ Y &~ -
FL[Q@%?’O% tga%ti)ie CaThe ove-mentioned epaobxa{vrgsin aint cqmpo,_s'}:tlion

. e 0T COTRD LT The o nent Pl owith
was applleé {6 a sandblasted steefﬁf}a(%e With & size of 160 mmx 300 huhix-"

-2.:3 m.using a. spray coater (A nest lwata Corporatiqn, trade name: .

TIE o 1] wITC i Hens ( R the 3OO = O T ¥l
Vﬁider%pr y %urrll W-7r%-2067%t rooer}‘n tempelrgﬁlrg, and q&ﬁe(dcf}g?)g %glfl%o{dj :

« 0. AN g0y dsin antiganasive coatinafimbaving.a tirg Jiekness 01200,

pm in thé dry state. Subsequently, the antifouling paint composition

-Prepareddn Examplgs E-11,3nd Q%nz%@gxggmp'&fw%éaw%erga&@'ieggqt,

to the, above dried-anticorrosive coating film using a spray coater (Ane

nivata Corporations rade name:, Wider-Spray, GUn W~ 7-2G) atroom . .4 + y

temperature, until its thickness became 150 wn in the7 state, and then

sdredfaraday. As.atesult, thecoatingfilms of the antifouling paint
compositions prepared in Comparative e amp 3-8 were not cured,
therefere; only the.euredsantifouling 20 composite coating films formed by
the antifouling paint compositions of Examples 1-11 and Comparative
example 1-2subjecied 10 afresh water immefsion testent cF®cnent ()
cured-composite coating film as immersed in deionized water maintained

aAkadtemperature at;23.C.for 6-mpaths: The )54.degree-of generated blister .,
was evaluated according to a method specified by ASTM 0714. The size

aand the.densityof blister aceardingto ASTMQEZ14 were-deterpinedby e
the criterion described in Table 5. When, for example, blisters of size 8

a{retatively: 5=smalt blistesrare,/ found to be di ributeckmeoderately,thes:1m by
evaluation is expressed as 8M. (Antifouling test) Theahovmentioned

cepbxy redir pairt compesition wasapplied tosasandblasted steel plate abie
with a size of 00 nmax 300

organcpolysilcxane composgsition of the present invention.

When the commerciazl products described above are used as
the organopolysiloxane (al), a silane coupling agent may be

already comblned with such commercial products. However, if not
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10 ram x 2 sing a spray coater (Anest iwata Corporation, de name: Wider
Spray Gun W-77-2G) at room temperature, and dried for a day to form an
epoxy resin anticorrosive coating film having a film thickness of 200 }tm in
the dry state Subseguen,ly, the antifouling paint compositions prepared in
Examples 1-11 and 15 Comparative @xamples 1-8 were applied to the
above dried-anticorrosive coating film using a spray coater(Anest iwata
Corporation, trade name: Wider Spray Gun W-77-2G) atroom
CeBmpetature - BoFRs thickness bedame 1 SR Btk R Staté handethenp g ent
dried for a day. As a result, the coating films of the 20 antifouling paint
CEOHPG s é?eba@étﬂii/rpeoﬁfp%réw*el@ﬁarﬁar@gts-@wg%@w%u@ before
therefore, only the cured-antifouling composite coating S formed by the
PHnitoding paift CompaSitions BF Exdihiplds'E11 arfd Corfipartie curable
examples 1-2 were subjected to an antifouling test. 55 The test plate
OTEHES With the“CUred-artit8afiig coMposite coating film was immersed
and settled in seawater of Nagasaki Bay of Na prefecture for 12 months.
Evalu&tior of the ahitbuliig performante Was éfaliated By vishals = ved
ins_p(-f tion after 5 6 months12 months. 7-7lamples/ Comparative ]
Sueji(éar‘f—ljp %S;ho,r. %g'-;:r(\g)‘g(s,r}g;_réq\émbé@% Peatngng target of the curabls

crganopolysiloxane compositicon, and examples in th

-ty

)

cazgse o

i

1lm include

=

Hh

T

&

rgeting an epoxy resin anticorrosive coating
preferably 3-glycidoxypropylmethyldimethonyvsilane,
vinyltrimethoxvsilane, vinyitriethoxysilane,
3-mercaptopreopyltrimethoxysilane,
N-phenvlpropyltrimethoxysilane,
N~phenylpropyltriethoxysilane and the like.

In the case of combining such silane coupling agent with
the malin agent component {A), the ratio with respect to the total

amount of the compcenents {al) and [alZ) contained in the main

agent componsent (A) is preferably from 0.01 to 1 % by weight,
more preferably 0.1-0.6 % by weight. Further, in the cass of

comibpining the silane coupling agent with the curing agent
component (B), the ratioc with respect to the componsnt {(bl)

contained in the curing agent compon

{

nt (B) is preferably
0.01-50 % by weight, more preferably 0.1-30 % by weicght.

Color pilgment (&83)

The main agent compenent {A) of the present invention may
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Nmc C)F a)coA ccF)F 0m 0aH4 OFoc IOCa . e OH 20 0. AFAFI °
amen apuit : KC-86-117191 | EM41057 EKTL-575 MA-100

3%

centain a color pigment (a3) 1f necessary. For these color
pigments (a3), various publicly-known organic and . iborganic

plgments may be usad alone or in a combination of two or more,

Fh

and further, wvarious ccloring agents such as a dys may Le
centained.

The above-nmentioned organic colory pigments include carbon
black, naphthol red, phthalogvanine blue and the like. Also,
the above-menticoned inorganic color pigments include lron oxide
red, ironoxide black, titaniumwhite, balite powder, tale, chalk
iron oxide velliow, cobalt blus and the like. Among  them,
titanium white, iren oxide black, carbon black, iron oxide rad
and cobalt blue can be preferably used in the present invention.

The ratio of the above color pigment (23) with raspsct to
the total amount of compeonents (al) and (a2} contained 1n the
main agent component (A), [(a3)/i(ali+(a2)}], iz preferably
0.01-30 % by weight, more prefexably 0.1-20 % by weight.

Solvent {a4d)

The main agent component (A} of the present invention may
contaln a solvent {ad) if necessary. The solvent {a4) includes
publicly-known sclvents such as aliphatic solvent, aromatic
solvent, ketone solvent, ester solvent, ether solvent, alcohol
solvent and the like. The above-mentioned aromatic solvent

inciudes, for example, xzvliene, folusne and the like, the ketone

sclvent includes, for example, MIBK, cyclohexanone and the like,
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the - ethar sol veﬁt ”i“inﬁiudés¢' . for. ' anmp_w,
propylenag ycolmonomehuyl ther,

propylensglycolmonomethyletheracetate (PGMAC) and the like,

and the alceohol solvent includes, for example, iscpropyl alcohol

i{n

and the like.
These golvents can be combined in appropriate quantiti

tomake the viscosity of the antifouling paint composition formed

- -

preferable for painting opsraticn. For example, the ratio wit!

respect te the total amcunt of the components (al) and (aZ),

[
|
w
o
.
e,
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preferably 0-30 % by welght urther, such solvent may

combined with +the c¢uring agent component (B) or th

€3]

cure-accelerator agent (C) in appropriate guantitie

Antifouling paint composition [4i]

% by welght, more

15 The organcpolysiloxane antifouling paint compesition [ii]

of the present invention contains a curable organopolysiloxans

composition comprising at least the above-mentioned components,

4] o

and in additien may contain, 1f necessary, publlcly-known

additives in appropriate guantities, such as an agent which

20 imparts thixotropic properties, an inorganic dehydrating age

(“)

{stabilizer}, an anti-sagging agent/antisettli

b
ﬁ,}
K

{thickener), other coating film-forming component, a fungicid

an antifungal agent, an antl-aging agent, an antioxidant,

il
[

antistatic agent,

retardant, & thermal
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1tll r, ? i inindoeingew [GE Toshiba Silicones GE Toshiba Silicones
Osubishi Chemical Wacker Asabitasei Silicone GE Toshiba Silicones
Shin-Erten Chemicals Shin-Etsu Chemicals - Hitter Kasei Nitto Kasei Nitta
Kasei Nitta Kasei Nato Kesel Hitto Kesel Nitto Kesel; Nitta Kasei Hihto
laser Hitt() Kase/ " ,--; .......-- Amouht (parts by welght) 1- (501 661 4)-
10_:0T 01) FI)FI) FHFFF FtPF)2rFO 4,-

conductionrlm&rovlng agent and the ll&e.

Sucﬁ.optioﬁal‘comgoneﬁts containéd in the antifouling

int composition fiilmay be combiﬁed.in advancea with thae main
agent component (A), the curing agent component (B}, or ths
cure-accelerator component () in appropriate guantities that
do not impair the effsct of the present invention, in more than
one liguid of a two-liguid type or three-liquid type in which
ﬁhe above-mentloned organopcelysiloxane compesition is packed.
The antifouling paint compesition [11] of the present
invention is cobtained by mixing, for example, accoxding to

conventional methods, the contents of the pack of a two-liguid

o
et
9]
e

type or three-ligquid type are the components constituting

the antifcouling paint compesition {11}, and 1f necessary, adding

optional components sequentially or simultaneously.

fode

ant

1
-

Epoxy resir corrosive paint composition [d]

The preferable epoxy resin anticorrosive coating film [I]

of the present invention is formed usually on the surface of

6]

a base material by curing an epoxy resin anticorrosive paint
composition [1] which contains at least an epoxy resin (21) and

an amine-based curing agent for epexy resin  (eZ). This

i.m‘t.‘

antifouling paint composition [i] may contain a body pilgment
{e3), an anti-sagging agent (ed) if necessary.

Epoxy resin (&l)

The epoxy resin {el) contained in the above-mentioned
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0 00 F)cc' FFFF)rncfinnmenF)cFF)F-FO FO)FO ?, ,-1 --- General
term/Chemical formula 00-J5IMCH4), 0;-H Surface-treated hydrophobic
silica (02-1) Titanium white (a352) Carbon black Xyiene_ Total
H5(3.20-[Si(00014)4-0-1"-C,H 113C-JSI/NE-0-14-54114 '2 H4C- |
SiR*2-0-]"-CH; *3 riSiE24-0-14-S1R*40:Si-R*10-(4-07110 (chHE) '4 N

- Xylene Totall (ac-3) dibutyltin diacetate (ac'4)' dioctyltinbis(ethylmalate)
(ac-5) dibutyltin acetylacetonate (ac-6) dibutyltin dirmodecancate (ac-7) -
aigiocthiftin Bhe sdecanoatd @byt dilabirate dfé%f)‘flﬁ‘ﬁ%s(d}é&?l rfifetsy- =

dibutyltin oxide
hisphenol epoxy resin, glycidylester epoxy resin, ginLQy;am;ne

apoxy resin, phancl novolac epoxy resin, cresol apoxwy resin,
dimer aclid medified epoxy resin, aliphatic epoxy resin,

alicyclic epoxy resin, spoxidized oll epoxy resin and the like.

jza]

{
O

specially, bilsphencl epoxy resins such as bisphenol A-type and

=

e are preferable for excellent adhesivensss to the base

i

-t

-

material of the antilcorresive coating film  formed and
anticorrosive properties thereof. Thase epoxy resins can be
used alone or in a cmmbination of two or mors.

Such epoxy reszin (el) is desirably contained at the ratio
of usually 10-60 % by weight, preferably 20-30C % by weaight in

ant

-]
<l

rhe anticorrosive paint composition [1] ceontaining a =solx
and the like, and at the ratio of usually 10-70 % by weight,
prefaerably 10-60 % by welight with respect to 100 % by weight
of the solid content of the anticorrosive paint composition [1]
in order to cbtain excellient anticorrocsive properties of the
coating film.

Commercially-~available products can bs usad as such epoxy
resin {(el). There may be cited, for example, bisphencl epoxy

resins such as "Epikote 828Y, "Eplkote 834", "Epikote 10017,

"Epikote 10047, "Epikote B0, "Epikote 400427, "Epikote 4007P7,
etc. of Japan Epoxy Resins Co., Lid,



dimmtyltin oxide Tin octylate Xylene , E Total 11 Component (Jell
Orcanopolysilosane (a2) Silica (a3) Color. pigment (a4) Solvent ] (hi)
Organosilane (d11-11 (dl) I hon-reactivc Grgan | (d11-21 polysi 1
ncm-reactive '1 losane (d12) reactive _Solvent - 11 1

43

Amine-based curing agent for epoxy resin (e2)

Az the amine-based curing agent {(eZ) for epoxy resin
contained in the  abova-mentioned antlcorrosive paint
composition [i], for example, modified Mannich amines formed

ion reacticon of phenols, formalin and amine

[

by Mannich conden

compounds, and/or aliphatic polyamines can be used. However,

‘., ]
w
‘_J
n
g

creferrad to use mainly 2 polyvamideamine which is formed
by condensation of a dimer acid and a polyamine, and has reactive

primary and secondary amine groups in the mclecule for sase of

]
£
[£2]
Y]
i
[
]
r‘E

handling of paint and enabling preferabl ime range for

painting operation.

B

It is theoretically recommended to use an amins-based

curing agent {eZ2) for epoxy resin in such an amount that the

number of amino groups of the amine-based curing agent (e2)

=

o
[

20

becomes the same {(chemical eguivalence) as the number of epoxy
groups of the epoxy resin (el}. However, in the present

invention, the curing agent may be used in such zan amount

LQ‘

resulting in  0.353-0.% eqguivalence, prerferably 0.4-0.8

Fiy

equivalence of amince group with respect to 1 equivalence of epoxy

oup. Further, the amine-based curing agent {(eZ) carn be used,

Ul
ks

t the ratio of, for example, 10-80 parts by welght, preferably

-

i

20-70 parts by weight with respsct to 100 parts by weight of
the epoxy resin (el).

Commercially-available products can be used &s such



0CC000/mHO 01 shm >lend FActo agent component (A) Canng
agent component(0) Cure- accea erator(C) 57 (Table 1 additional
note) *1: In Examples 1-11 and Comparativeexamples 1-8, any one kind
of each from (d11-11, d11- -2)(d12) was used. *2 dimethyldiphenyis icone
oil (about 70% methyl group and about 30% phenyl group) ca. 450
mPa..s. parepresents methyl group or phenyl group. '

aminembased curing agent (eZ) for epoxy resin, and there may

17

be mentioned, for example, "Raccamide TDS66" (Dainippon Ink and
Chemicals, Incorporated), "Sunmide 307D-60" (Sanwa Chemical Co.,

Lta.), eto.

Body pigment {e3l)

[
-

The body pigment (e3) which can be contained in the
above-menticned anticorrogive paint composition [1] includes,
for example, publiclv-known materials such as talc, gilica, mica,
clay, calcium carbonate, kaolin, alumina white, white carbon,

10 aluminum hydroxide, magnesium carbonate, barium carbonate,
harium sulfate, titanium dioxide, carbon black and the like.
Espacially, talc, barium sulfate, mica, titanium dioxide, and

carbon black are preferzbly used in the present invention.

These body pigments mey be used alone or in a combination thereot
& ratio

15 The body pigment {(e3) may be contained, for ezxemple, in the
of 5~80 % by weight with respect to 100 % by weight of the sclid
content of the anticerrosive paint composition [1].

Aanti-sacging agent (&4)

The anti~sagging agent {ed) contalned in the

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

as amine salt, stearate, lecithinate, alkylsulfionate of AL, Ca

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

wax, polyvamide wax, & nixture of hydrogesnated castor oll wax
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..thyldiphenylicone oil (about 95% methyl group and about 5% phenyl
group). ca. 100 mPas. pa represents methyl group or phenyl group. 10 *4:
dimethyldiphenylsilicone oil (about 95% methyl group and about 5%
-phenyl group). ca. 100 mPa.s. Ra represents methyl group or phenyl
group. -C3H6-, : -CH=CH2. - *5.: In Examples 1-11 and Comparative
examples 1-8, any one kind of each from those corresponding to the tin
compounds (at) of 15thepresentinvention,(ac-1)-(ac-7),and thosenot
2 eOrEsspoting to the tiNYEOMPoE fae] Mas uded- #651hithe, po_yethylens
above-mentioned formula (1), the compound in which p represents butyl
ogroap et R2répresentstethyl Grotps 20 P lircthedboveméntishedrably
formula (1), the compound in which RI represents oc,,y1 group and R2
USEPréSehts dth§EGrotip. Biitd eheii, Talé 52 Bariip Stifate BAL (e4) can
Disparlmn 6650 1 Raccamide T0966 aningsminun Ajapan Epoxy Resin .
DEWCTAIERSGY0 SakarGRBMiCal IhBUEH§ KiSuntoto Chermicals £Y weight

Dalnlppon Ink and Chemicals | 1 amount General term (parts by i Welght) I
w+§@|re@ pect te 100 % by welght of the antlcorrodive paint

composition [1].

Each of the above components can be combinad with the epoxy
rasin paint compesition [i1] according to conventlenal methods
at the ratio as.degcribed above during preparation of the

i

composition, by using, for example, commercially-availabl

] e
materials. Further, in addition to the above components,
cpticnal components such as a solvent, a liguidhydrocarbon resin,

a surfactant, an anticorrosive pigment and the like which are
used in an epoxy_resin anticorrosive coating £film may be added
in eppropriate guantities 1f necessary. BSuch epoxy resin paint
compositionmay also be provided as a two-liguid type composition
comprising @ main agent component containing an epoxy resin {(el)
and a curing agent component containing an amine-bassad curing
agent {(e2).

-

Entifouling ccating film and antifculing composits

coating film

The method for forming antifouling coating fiim and

Eaaty

entifouling composite coating film

Q

The antifouling composite coating f£ilm of the present



(¥ 2]

15

20

Talc 25 | Barium sulfate | 10 | Polvamide wax 1 2 | Xylene 1 9|
‘Methylisobutviketoad 9 | Total I65, ._.... 44 | Polyamideamine 11 10 |
Xvienel (2 I n-butanol 1 -- " Total 1 15 I juanodoxog (el) Epoxy resin (eS)
‘Body pigment (e4) Anti-sagging agent Solvent -2_ (e2) Amine-based
cuaring agent Solvent sage C Curingéagent 1 component | ()
invention is chtained by forming an epoxy resin anticorrosive
coating film [I] on the surfacs of a base material, followed
by painting an antifouling paint composition [11] on the coating

film, thus vielding an antifouling coating film [II].

The epoxy resin anticorrosive coating f£film [I] which is

d

—t

the base of the antifouling coating film [II] of the present
invention is formed by stirring and mnixing components
constituting the above-mentionsed spoxy resin paint composition
[1] 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 antilcorrosive ¢oating £ilm [I1 alter
The film having excellent anticcrrosive properties can bs

cbhtained, for example, by painting or impregnating the epoxy

o]

resin paint composition [i] once or more than once at a thickness
of 30-130 um/painting, followed by curing to yield the film
thickness of 200-5000 um.

This epoxy resin anticorrcsive coating fidm [I] has

ewcellent adhesiveness €0 & base material even whnen The material

2]
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Especia

steel 1g preferable as the base material Dbecause of the

achesiveness. Further, the above base material may be Lreate

£

by publicly-known surface treatment like sand blasting in order
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to improve adhesiveness Lo the an

Un the other hand, the abcve

is alsc formed by stirring and mi

antifouling paint composition [ii}
methods and painting the mizxture
anticorrosive coating £ilm [1],

0.5 to about 3 days in the

ventilation under heating. The
antifouling ccating £ilm [IL] after

cations and the
excellent antifouling propertias and

resin anticorrosive coating £ilm {I]

aCC

followed by

O[z.0'or 0O amccc!coa

corresive coating film [I].
> antlfouling coating £11m [IT]

xing the above-mentioned

ording to conventional
onn the surface of the

curing for about

curing may be centrolled

1ike, The film
adhes

iveness to the epoxy

is obtained, for example,

by painting or impregnating the antifculing paint composition
[1i) once or more than once at a thicknesss of 30-150 pm/paint,

followed by curing to yield the £ilm

Further, the anticorrosive oo

-

wy film [17] is fo

el

antifouling coatin

however, 1t is also possible to pa

composition [iil on the anticorrosiv
state of sami-dry

{I1I} for improving adhesiveness

The antifouling coating £ilm [II1 of the pr

thickness of 150-5000 pum.

ating film [I] on which the
rmed may be cur mplately,
int the antifouling paint

ve coating film during the

to touch to form the antifouling coating £ilm

sgent invent

is preferably used in the antifouling composite coating film
which is obtained by laminating the antifouling ccating film
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[II] directly on the surface of the epoxy resin anticorrosive
coating film [I] (that is, without intervening of coating films
of other intermediate layers). However, the antifoulling paint
composition (11} of the present invention can be also used to
paint directly on the surface of the abovs base maiterial and
form the antifouling coating £1ilm [I11] which is in direct contact

with the base material.

C]

Jtilizaticon of the antifouling ceoating film and the

antifouling composite ceating rilm

The antifouling coating film or antifouling composite

=
coating film formed according to the above-mentioned methods

can be formed on the surface of various base materials, Ifor

example, underwater structures such as water fead/exhaust ports

of a thermal/nuclear power plant, films for preventing sludgs

diffusion in various maritime civil engineering works such as

3

coastal roads, undersesa tunnels, port facilities, canals and
channels, or ships, fisherymaterials, etc. (for exampls, ropes,

buoys) .

o8

fishnets, fishing gears, ficats an

It is possible to lower the surface free ensrgy of ths
surface of a base material, by forming the above-mentionad
antifouling coating £ilm or antifouling composite ccoating film
on the surface of the base materizl. Such ccating film having

low surface free energy is reslstant to attaching of aguatic

rganisms such as ulva, barnacle, green laver, serpula, oyster,
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bugulia rneritina and the Iike. Even if such aguatic organism
acdhere to the surface of the ceating Film, thess ars removed
easily by the stream resistance of sez water or fresh water,
thus the antifouling properties are effective continuocusliy for
such antifculing method is effective

a long time. Therefore,
to the hase material of which surface contacts continuously or
especially

ot

Ter or fresh water,

intermittently with sea water
underwater structures, ship shell plates, fishnets, and
gears. Further, 1t can maintain the function of thsse
10 underwater structures for a long time or to prevent blocking
of fishnet meshes
EXAMPLES
Hereinafter, the present invention will be descfibed
15  further in detail by Examples and Comparative exémpl .
{Preparation of the curable crgancpolysiloxane
antifeouling paint composition)
A three-liguid type curable crganopolysiicoxans
composition listed in Table 1 comprising a main agent componsant
20 {A}, a curing ggent component {B}, and a cure-accelerator agsnt
component () was prepared. 12 kinds of cure-accslerator (O}
were prepared by using 12 kinds of Tin compounds, respectively
Subseqguently, antifouling paint compositions
nding te each of Examples 1-11 and Comparative examples

COrrespoy
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i—8 were prepared by mixing 77 parts by weight of the main agent
compenent (A), 18 parts by weight of the curing agent component
{(By, and 5 parts by weight of the cure-accelerator agent

component (C) thorcughly using a mixer until a homogenesus

bl

mixture was formed, wherein components {(al}, (a2, (bl}, {ac)

cr non-(ac), and {dl) were contained at the mixing amounts listed

in Tables 3 and 4.

s

(Preparation of the epoxy resin paint composition)

I

fter preparing a maln agent component (X)) and a curing

agent component (Y) for the spoxy res

E...'
)
o
m
ot

int composition each
having the component mixing amounts Listed in Tabkle 2, 2 paint

composition for forming the

o
<
et

b
by
i
n
L
-
@

nticorrosive coating
fiilm was prepared by mixing 85 parts by weaight of the main agent
component (X) and 15 parts by welight of the curing agent component

(YY) thoroughly using a mixer until a homogenecus mixture was

th

ormsd.

[Test examples]
For the antifouling compesite coating £ilm obtained from

the epoxy resin  paint composition and  the curable
organopolysiloxane paint composition prepared as mentioned
above, a tensile tesi, a tape delamination test, a fresh water

lmmersion test, and an antifouling test were performed according

v3

to the following instructions he test resulis are listed in

Tables 3 and 4.
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{(Tengile test)

The above-mentioned epoxy resin paint composition was

L0

appliad to a sandblastad steel plate with a size of 100 mm x 300

mm X 2.3 mm by a spray coater (Anest Iwata Corporation, :trads

name: Widsr Spray Gun W~77-25) at room temperature, and dried

h

oraday to forman epoxy resinanticorrosive coating filmhaving
a film thickness of 200 um in the dry state. Subseguently, the

antifouling paint compositions prepared in Examples 1-11 and

Comparative examples 1-8 were applilied to the above
dried-anticorresive coating £limby a spray coater {Ansst Iwata
Corporation, trads name: Wider Spray Gun W-77-23E) at room
temperature, until its thiskness bacame 150 pm in the dry state,

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

the antifouling paint composition prepared in Comparative
axamples 3-8 waere not curad, therefore, onLy the

cured-antifouling coating films formed by the antifouling paint

compositions of BExamples 1-11 and Comparative examples 1-2 were

Jl

gt
L.

subjected to a tensile te
e

The tensile test was performed according to zhe method

specified by JIS K 5600~5~7 {IS04624) ., & stainless ste

ﬁ)
[
(s
0
N
ot

cylinder (Dolly pisce) having a crosgs sectional area of 2 cm
was glued to a test plate which was coated with cured antifouling
composite coating films using an adhesive (GE Toshiba Silicones

"ISE398") . After making & cut arvound this Delly plece using a



o

Y
[Sa]

20

00 001,CDa-r0Oca, :01r-00q0O

wn
3

cutter, the adherence strength was measured by a pull off

N

adhesion tes

-t

er.

{Tape delamination test)

The above-mentioned epoxy resin palint composition was
applisd to 2 sandblasted steel plate with 2 size of 100 mm x 300
mm ¥ 2.3 mm, on which a masking tape (treade name: "Architectural
Masking Tape™, Nichiban Co., Ltd.) was gluad at the center, using

a spray coater {(Anest Iwata Corporation, trade name: Wider Spray

]
=
3

T
o}
-~

|
™o
]
¢}
rt
3

oom temperature, and dried for a day toe form
an epcxry resin anticorrosive coating filmhaving a film thickness
of 200 pm in the dry state. Subsequently, the antifouling paint
compositions prepared in Examples 1-11 and Comparative examples
1-8 were applied to the above dried-anticorrosive coating fiim

using a spray coater {(Anest Iwata Corporation, trade name: Wider

ne

e
147}
65}

Spray Gun W-77-2G) at room temperature, until its thic
Y

became 150 pm in the dry state, and then dried for a day. B&s

aresult, the coating £f1lms of the antifouling paint compositions

prepared in Comparative examples 3-8 were rnot cured, therefore,

s

the antifouling paint compositicn of Examples 1-11 and
Comparative examples 1-2 were subijected to a tape delamination
test.

a level diff

i
B

After generatin rence on the coating film

by removing the glued-masking tape, the porticon of the different
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the coating film

levels was rasped strongly with finge
Wa s

measured.

cushion to delaminate
i, and the maximum value of
If
should bhe §

i

[

the adhesion is su
mim, 1f not,

he delaminated length
the
{Fresh wate

icient, the delamination
rtength would becom
mmer sion

large.
est)
The above-mentioned spoxy resin

mi X 2

LA

appiiaed to a sandblasted ste

3mmusing a spray coater
name: 7

.

aint composition was

ze of 100 mm x 300
foraday

~a Corpo:l
Wider Spray Gun W-77-2G) at room temperature, and dried
o form an epox
a

ration, trad
L
film thi

]

yr°S1Pa1tLCOZEOalJ*CO

ass of 200 pm in the dx
antifouling paint compos

g filmhaving
state. Subsequently, ths
itions prepared in Examples I-11 and
Comparati examples 1-8 were applied to the above
dried-anticorresive coating film using a spray co
i5 ITwata Cor Dcravlop, trade name: Wider
Tempearatt

atear

{(Anest
Gun W-77
then dried for a

3

) AL room
As a

re
re

-2G
ire, until its thickness bacame 150 um in the dry state,
day.

R
fan

sult, the coating films o
antifouling paint compositions prepared i
3-8 were not

urad
composite

£ the
n Comparative examples
therefore, only the iraed-antifouling
coating films formed by the antifouling paint
compositions of Examples 1-11 and Comparative examples 1-2 were
subjected to a fresh water immersicon test
The cured-composite coating filmwas immersed in deionized
water maintained at & temperature of 23 °C for

g

L&
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degree of generated blister was evaluated according to a method

]

specified by ASTM D714. The size and the density of blister
according to ASTM D714 were determined by the criterion described

in Taklse 5. When, for example, blisters of gize § [(relatively

{

small blister] are found to bs distributsed moderately, the

]

a1

evaluation is expressed as BM.

N

19

(Antifouling test)

The abové-mentioned epoxy resin paint composition was
appiied to a sandblasted steel plate with a size of 100 mm »x 300
mm X 2.3 mmusing & spray coater (Anest Iwata Corporation, trade
name: Wider Spray Gun W-77-2G) at room temperature, and dried
for aday to formanepoxy resinanticorresive coating £ilmhaving
a £ilm thickness of 200 pm in the dry state. Subseguently, the
antifouling paint compositions prepared in Examples 1-11 and

Comparative examples 1-8 were pplied to the above

o
&

fom

dried-anticorrosive ccating film using a2 spray coater (Anest
Iwata Corporation, trade name: Wider Zpray Gun W-77-2G) at room
temperature, until its thickness became 150 um in the dry state,
and then dried for a day. As & resuit, the coating fiims of the
antifouling paint compositions prepared in Comparatlive examples
3-8 were not cursd, therefore, only the cured-antifouling
compesite ceoating fiims Iformed Dby 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 ceated with the cured-antifouling composite
coating film was immersed and settled in seawater of Nagasaki

Bay of Nagasaki prefecture for 12 months. Evaluation of the

bt

antifouling performance was evaluated by visual inspection after

& 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 sach from (dii-13, {(dil-2) ang {(d12) was used.

*2: dimethyldiphenylsiliceone oil (about 70% methyl group and

L

=

about 30% phenyl group). ca. 450 mPae.s. R represents methyl
group or phenvl group.

*3: dimethyldiphenvlsilicone oil (about 85% methyl group and
about 5% phenvl group). ca. 100 mPae.z. R* represents methyl

group or phenyl group.

[to]
o
o

¥4 dimethyldiphenylgilicone oll (about methyl group and
about 5% phenyl group). ca. 100 mPa.s. R® represents methyl
group or phenyl group. R%: -CiHg~, R™: ~CH=CH,.

*5 ¢ In Examples 1-11 and Comparative examples 1-8, any cne kind

of each from those corresponding to the tin compounds {ac) of

the pressnt invention, {ac~1)~{ac~-7), and those not

O

corresponding to the tin compounds {ac; was used.
*5 : In the above-mentioned formula (1), the compound in which

5 s 2 . -
p=g=7r=1, = represents butyl group and R® represents ethyl

*7 ¢ In the above-mentioned formula (1), the compound in which

=g =1 =1, R" represents octyl group and R® represents

i
4]
o
j
b
E_J

group.
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Table & Criterion of fresh water immersion test
Density Size
None Moxe [(Evaiuated by comparing

less than Few | FE with reference photo]
Faw b smalil 3
Medium M i 5]
Madinm ~ dense MD ! 4
Lanse 0 lLarge Z
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CLAIMS

17 An antifouling compeosite coating film comprising

[I} an epoxy rasin anticorrosive coating film formed from an
anticorrosive paint composition containing an epoxy resin (el), an
amine-based curing agent (eZ) for epoxy resin and a body pigment (&3},
and

iII] the antifouling coating film which is formed by curing an
antifouling paint composition containing a curable
organcpolysiloxane composition and which is laminated directly on the
surface of [I], wherein

the three-liquid type curable organcpolysiloxane composition
is a fthree-iicuid typé curable organopolyslilioxane composition
comprising,

{A) a main agent component containing an organocopcoclysiloxane
{al) which has at least two condensation reactive groups in the
molecuie and silica {(aZ2),

{(B) a curing agent component contalning an organosilane and/or
a partial hydrolyzate therecf (bl), wherein the organosilane has
functional group{s) capable of undergoing condensation reaction with
the condensation reactive groups of the organopolysiloxane (al) which
has at least two condensation reactive groups in the molecule, and

{C) a cure-accelerator compcenent containing at least one kind

of tin compound {ac) selected from the group consisting



EL 0,,0!'090ulL . ,.;ma .00c.):::.

62a

of tin compounds represented by the following formulas (I} - (V);

OR? R’ .g OR?
2 [ r i—0 éﬂ"01 éi——ORz
I boly | be

{in the formuia (I} , R* represents a C1-Cyg hydrocarbon group ,
P Y g J¢

R® represents a C,~Cy; 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;)



N 6;.icia 0.ac ritnnium white (ai-l) and Carbon black. (a3-2) Partial
hydrolyzare of orgenosilane (hi) non-reactive ordanepolysilosane (d11-1)
non-reactive organopolysilosane (0Xl32) reactive otganopolysilosane
(012) dibutyltin diacetate (ac-3) dioctyltin bis(ethyl stellate) (ac-4) dibutyltin
acetylacetonate (ac-5)

R 0o oR?
NSNS
5n Si
7N SN s
R o} OR . ..... (I1)
R 0 0—Si(OR)),
~N_ NS
Sn Si
SONLON
R o o——lcj:w»»»{:H3
O ------ (III)
0
3 2 {
| Ci)R (la—c—c;w%3
RL—Sn—D—?i_Om\?n—R1
HsC—C—0 OrR® R
O ...... (Iv)
i
RO LR R oR oCon
RL?n—O%?W—O--?n-O~}~—?i-—O—?n—R1
HoC—G—0 orR® R " OrR® R
O ------ (v)
5 (in the formulas (II) - (V), R' represents a C:-Ciy hydrocarbon

group, R2represents51C1—64hydrocarbon,group, and in the formula

(V)}, n represents an integer of 1 or larger.)

Z. An antifouling composite coating film comprising

10 [I] an epoxy resin anticorrosive coating film formed from

an anticcrresive paint composition containing an epoxy resin

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

fIT] the antifouling coating filmwhich is formed by curing

15 an antifouling paint composition containing a curable



&3

dibntyltin dineodecanoate 1 (ac-6) , Tensile test (018 K 5600-5-7, 150
4624) 1 DIPal | Tape delamtnation test 1 ai i Fresh water immersion test 6
months 12 months 1 ,,,,; 63a

organopolysiloxane composition and which is laminated directly
on the surface of [I1, wherein

the curable crganopolysiloxane composition is two-liguid
type curable organcpolysiloxane composition comprising,

(A) amain agent component containing an organcpolysiloxane
(2l) which has at least two condensation reactive groups in the
molecule and silica (a2,

(B} a curing agent component containing an organosilane

and/or a partial hydrolyzate thereof (bl), wherein the



10

ciolCl-Md-.;00 (JOTm(2)a, 1104 0 ala, 001 HO 00 000 -4j 4400
.010, Component(p6005 by oeeight,solid content) Result
64

organcosilane has functicnal group(s) capable of undergoing
condensation reaction with the condensation reactive groups of the
organcpolysiloxane{al) which has at least two condensation
reactive groups in the molecule, and

at least one kind of £in compound (ac) combined with the main
agent component (A} or the curing agent compeonent (B), wherein the
tin compound is selected from the group consisting of tin compounds

represented by the above-mentioned formulas {(I) - (V).

3. The antifouling composite ccating film according to
claim 1l or 2, wherein at least one kind of tin compound (ac) selected
from the grecup <onsisting of tin compounds represented by the
above-mentioned formualas (1) - (V) is a tin compound having a

siloxane bond.
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61 Table 5Criterion of fresh water immersion test Density Size None less
than few INone CF (Evaluated by comparing with reference photo) Few F
smell8 Medium M 6 Medium - denséjMD DenselD large 62

4, The antifouling composite coating film according to
any of claims 1 to 3, wherein the amount of tin contained in the
tin compound {ac) is 0.001-2.0 % by weight with respect to the

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

5. The antifouling composite coating film according to
any of claims 1 to 4, wherein the amount of tin contained in the
tin compound (ac) 1s 0.01-1.0 % by weight with respect to the total

amount of organopclysiloxane (al} and silica (a2).
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CLAIMS An antifouling composite coating film comprising [1lan
epoxy resin anticorrosive coating film formed from an anticorrosive paint
composition containing an epoxy resif (el), an amine-based curing agent
(e2) for epoxy resin and a body pigment (e3), and [I1] the antifouling
coating film which is formed by curing an
antifoulingpaintcompositioncontainingacurable 10organopolysiloxane
corapositionrandwhith:isilaminated: directhpontbec sunface of i pwhereiny of
the three-liquid type curable organopolysiloxane composition is a
claithrelediguid typereurablecorganopolysiloxansseampaosition eamprisingerpound
15(A) a main agent component containing an organopolys loxane (al)
(ac) whiclohasiatileasttwg cardensatianeaetive geoups imthermoleculecand of
silica (a2), (B) a curing agent component containing an organosilane
orgadhishor aipattialhydsalyzate thereof £b1), avhereinthe-orgareuliase has20 2
functional group(s) capable of undergoing condensation reaction with the
part cONndensation keactive greups:afthe organopolysiloxane (al) whim has at
least two condensation reactive groups in the molecule, and (C) a
cure-accelerator component containing at least one kind of tin compound
(ac) selected from the group consisting 62a of tin compounds

representeeily dhe:felloving forpulas: @) cMi QR2:5 LQR2O R Qo any of
claims 1 to 6, wherein the amount of tin contained in the tin compound
{ac) 1is 0.01-0.5 % by weight with respect to the total amount of
organopolysiloxane (al), silica (22), and the organosilane and/cr a

partial hydrolyzate thereof (bl).

8. The antifouling composite coating fiim according to any of
claims 1 te 9, wherein the organopolysiloxane {al) in the main agent
component (A) 1s an ergancopolysiloxane 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.

9. The antifouling composite coating film according to ¢laim

8, wherein the organopolysiloxane {(al} in
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OR21.20R SnR qSil20R (I) (inthe formula (I), Rl represents a
CI-CI hydrocarbon group , R2 represents a CI-C4 hydrocarbon group, p
represents an integer b of 1 to 10, g&épresents an integer of 1 to 4, and r
represents an integer of 1 to 5;) 63 R1

the main agent component (A) is an organopolysiloxane having
functional groups each independently selected from the group-
consisting of hydroxyl group, oxime group, amino group, acetyloxy

group, and alkoxy group at the both terminals of the molecule.

10. The antifcouling composite ceoating film according to
any of claims 1 to 2, wherein the organcsilane and/or a partial
hydrolyzate thereof (bl) in the curing agent component {(B) is an
organcsilane and/or a partial hydrolyzate thereof having hydroxyl

group, oxime group, acetvloxy group, or alkoxy group.

1t. The antifeouling composite coating film according to
any of claims 1 to 10, wherein the organosilane and/or a partial
hydrolyzate thereof (bl) in the curing agent component (B) is an

alkylsilicate and/or a partial hydrolyzate thereof.

12. The antifouling compesite coating film according to
any one of claims 1 to 11, wherein

the crgancpolysiloxane {(al) in the main agent component (A)
is anorganopolysiloxane having hydroxyl groups at both terminals,

and



16

15

20

OOR2 SnSi 2 ROOR (Il) R100--Si(0R2)3 SnSi RO0--C-CH3 1100 71?720
----C CH3 1111 IR --Sn -0 --SH-0 --Sn -R1 1111 H3C--C--00OR2 R 11 0 O Il
OR271 072 0-C-CH3 1 R1-I{1 68

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

curing agent (B} isanalkylsilicate and/or a partial hydrolyzate thereof.

13. The antifouling compesite coating film according to any of
claims 1 to 12, wherein the organopolysiloxane {al) and silica {(aZ) in
the main agent component (&) 1s a heat-treated substance (az2)} formed

by heat-treating organopolysiloxane (al) and silica (a2) in advance.

14. The antifouling composite coating f£ilm according to any of
claims 1 to 12, wherein the organopolysiloxane {(al) and silica (&2} in
the main agent component (A} is a mixture of a heat-treated substance
(a22) formed by heat-treating the organopolysilcoxane (al) and silica (a2)

in advance and a non-heat treated organopolysiloxane (al}.

15. The antifouling composgite ceating £ilm according te any of
claims 1 to 14, wherein the main agent component (A) contains additionally

a color pigment {a3).

16. The antifcouling composite coating film according to claim

15, wherein the color pigment (a3} is at least
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R-Sn-0Si0 Sn 0Si 0 Sn R 1-121 1-11 1 H3C-C-00RRN OR2 R 11 0 -1 5(1, .

the formulas (1) - (V), R1 represents a ClICo hydrocarbon group, R2

represents a C1-C4 hydrocarbon gr@gp, and in the formula (V), n

represents an integer of (1 or larger.) 2.An antifouling composite coating

film comprising 10 [I] an epoxy resin anticorrosive coating film formed

from an anticorrosive paint composition containing an epoxy resin (el), an
one dnine-hasedcauringagenrt(e2} forepaxy resanda hody pigment{@3)ing of

and [I1] the antifouling coating filmwhich is formed by curing an
titéﬂﬂﬁ@ﬂ%ﬂ@i&ﬂnﬁ@@%WKEﬁ&31§Q8Eﬂﬂhﬁh%§@fagﬁé§§§-iron oxide red, and

organopolysiloxane composition and which is laminated directly on the
cobsSuface@f [I], wherein the curable organopolysiloxane composition is

two-liquid type curable organopolysiloxane composition comprising,

(A) a mainagentcomponentcontaini ganorganopelysiloxane (al) which has

at least two condensation reactive groups in the molecule and silica (a2),

(B) ycuring-agent gamponent containing an 0&%%%%%{'%n%ﬁ29/%fc%8§&tﬁlg to

hydrolyzate thereof (bl), wherein the 64 organosilanbhas functional group

c12i@) eapabjeofdindergaing condensation reaction with the condensation_ 5,

reactive groups of the prganopolys loxane(al) which has at least two

0. o1condensation r%ﬁg}ﬁ@mu@%ﬂn the molecule and at least one kind of ¢

tin(ac) combined with the main agent component (A) or the curing agent

org50RNENt (B), wherein the tin ggmpound is selected from the group

consisting of tin compounds represented by the above-mentioned
formulas (1) - (V). 103.The antifouling composite coating film according to
claim. 1 or 2, wherein at least one kind of tin compound (ac) selected from

the.group cansisting.of tin. compounds represented by the,

197oup ¢l g.oftin, . i
above-mentioned formulas (1 - 1 ﬁpﬁ%anop%%ﬁggha%i%ﬁ‘aas%?(ﬁﬁéng ko
claigpw%, wherein the added amount of the color pigment (a3) is

0.1~20 % by weight with respect to the total amount of

organopolysiloxane {al} and silica (a2).

19, The antifouling composite coating film according to any
of claims 1 to 18, wherein the main agent component (A} contains

additionally a solvent (a4d).

20. The antifouling composite coating film according to any
of claims 1 to 19, wherein the added amount of the organcsilane and/or
& partial hydrolyzate thereof (bl) is 1-20 % by weight with respect

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



10

15

290

15 65 4. The antifouling composite coating film according to any of
claims 1 to 3, wherein the amount of tin contained in the tin compound
(ac) is 0.001-2.0 % by weight with ré&spect to the total amount of
organopolysiloxane (al) and silica (a2). 5. The antifouling composite
coating film 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 respect to
thezotal anmountef otganepolysiexane (abzandsilica{a?)cGbing tdb.any of
The antifouling composite coating film according to any of claims 1 to 5,
claimghereirethexamaunt ofdinceatained indhe itin compatind {ag)His 0908110 a1
% by weight with respect to the total amount of organopolysiloxane (al),
hydrsiliea {a2)-andtheorganasitane and/or a.5parial bydselyzatertheracfi(Bhount
7. The antifouling composite coating film according to any of claims 1 to 6,
of oWhereinmthe arnewat ofitin containeddn the tin compound (ac) is 0.01-0.5
% by weight with respect to the total amount of 10organopolysiloxane (al),
silica (a2), and the organosilane and/or a partial hydrolyzate thereof (bl).
8. The antifouling composite coating film according to any of claims 1 to 9,
whegein theorganopolysiloxang.(al) indhe mainagent 1o component (A) o«
is an organopolysiloxane containing in the molecule at least 2 functional
=11 @Houps selected each independently.from the;group.consisting ofhydroxyl ; .
group, oxime group, amino group, acetyloxy group, and alkoxy group.
como 202 Therantifouling compasite coating.film.according 1o, ¢laim 8, wherein, . .«
the organopolysiloxane (al) in 67 the main agent component {A) is an
(8) . Organopolysiloxane having functional groups each independently selected
from the group consisting of hydroxyl group, oxime group, amino group,
acetyloxy group, and alkoxy group at the both terminals of the molecule.
10. The antifouling composite coating film according to any of claims 1 to
9, wherein the organosilane andjor a partial.hydrolyzate thereof (bl) in the, ,
curing agent component (Ig) is an organosilané and/or a partlé? T '
whereh¢ roi%%ate Hz)n%reer()f g%\élrna%g yd&%%!t%?agro%’:‘ug%lame (%rrgup’o%ce‘%llgxyliquid
group, or alkoxy group.

crganopolysiloxane {dl) measured by GPC is 400-10,G0C.

24, The antifouling composite coating film according to claim 22,
wherein the liguid organcpolysilioxane (dl) i1s a non-resactive liguid

organopolysiloxane {dll}.

25. The antifouling composite coating film according to claim 24,
wherein the non-reactive ligquid corganopolysiloxane {(dll) is a non-reactive

liquid crganopolysiloxane represented by the following formulas {3a)
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11. The antifouling composite coating film according to any of claims 1 to
10, wherein the organos lane and/or a partial hydrolyzate thereof (bl) in
the curing agent component (B) is ahi15alkylsilicate and/or a partial
hydrolyzate thereof. 12. The antifouling composite coating film
according to any one of claims 1 to 11, wherein the
organopolysiloxane (al) in the main agent component (A) 20 is an
and/orgarigpolysiloxane having hydroxyl groups at both terminals, and 68
the organosilane and/or a partial hydrolyzate thereof (bl) in the curing
agent (B) is an alkylsilicate apd/or a partial hydrolyzate thereof. 13. The

antifouling comﬁﬁ)site co tirib film cco?ding to any of 5claims 1 to 12,
wherein the g@@mpw{@@%(ﬁzqgiswﬁ (a2) in the main agent
component (A) i3 heat-treated s t@ﬂee (a22) formed by heat-treating

organopolysiloxane (al) and'silica (a2) th advance. 14. Theé'antifouling
composite coating film according to any of 10claims 1 to 12, wherein the

(in ©iganepelysioxane (abh.and silicas(@2xiridhesain agentcerpeent @kisent,
a mixture of a heat-treated substance (a22) formed by heat-treating the

and ganepalysitoxans (ahl-and silicg (a2)dnRdwance ang adgy)-heattreated 1 xy1

organopolysiloxane (al). 1515.The antifouling composite coating film

grouBCCOEdingreany, of claims. 1ierl4,1whereindbgdnain,agent compoRent-Aer ¢ s
contains additionally a color pigment (a3). 16.The antifouling composite

an igeatng film according tg claim 2015, wherein the color pigment (a3) is at
least 69 one kind of color pigment selected from the group consisting of
titanium white, iron exide; black,gagon black, iron gxide red, and cobalt

q-x-

blue. 517.The antifouling composite coating film according to claim 15,

. . . . a0 0
(in Whersin the added.amoyntof the,colps pigment (a3) 15001306 DY, o, aton,
weight with respect to the total amount of organopolysiloxane (al) and
or answfﬁxga%%fngn aryl group, or aralkyl group, each having C,-Cyy carbon
atoms, R represents a C;-Cyy divalent aliphatic hydrocarbon group which
may be interrupted by ether group, ester group or -NH-, Z represents
amonovalent polar group such as amino group, carboxyl group, epoxy group
or a polyethylene glycol greup 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 < 3.98,

0.02 <y <4, and 0.02 < x+y <4.)

26. The antifouling composite coating £ilm according to claim
22, wherein the liguid crgancpclysiloxane {(dl) 1s a reactive liquid

organcpolysiloxane (diZ).



10

15

20

1018.The antifouling composite coating film according to claim 15,
wherein the added amount of the color pigment (a3) is 0.1-20 % by weight
with respect to the total amount of ofganopolysiloxane (al) and silica (a2).
1519.The antifouling composite coating Im according to any of claims 1 to
18, wherein the main agent component (A) contains additionally a solvent
(a4). 20.The antifouling composite coating film according to any 20 of
clainis 1 to 9 whereinthel addedamaeuntof the organasilaneandiof ng to
partial hydrolyzate thereof (bl) is 1-20 % by weight with respect to the total
claiamointofoarganopolysilkxane4al) and sticar @) of®l ysi1&brEhed12) is
antifouling composite coating film according to any of claims 1 to 20,
a siwheieindhe added amourtefithe orgasesiloasand/or aqpaftidle following
hydrolyzate thereof (bl) is 3-10 % by weight with respect to the total
formmeUNE ef grganopolysiloxane (al) and silica (a2) . 5 22. The
antifouling composite coating film according to any of claims 1 to 21,
wherein a JHquid geganepolysitoxane (dI) is-additignally combined with
the main agent component (A) and/or the curing agent component (B) 10
(in Z3helhaantifouling.gemposite coating film aceording:to claim.22, wherein
the number average molecular weight (Mn) of the liquid
sub=Qrganopelysiloxane (di), peasured by GRG s 400-10,000.1524.Jhe, - - 1on
antifouling composite coating film according to claim 22, wherein the liquid
grod rgav@@palys"faé@neé@%{%ernors@?eq'_veﬂmﬁg@an%m'y%g@@e%- an
5.The antifouling composite coating film according to claim 24,

unsu%@vyhﬂfa‘t@ée&he_o%ongwiyﬁdilggad %gﬁeeaglgﬁ@ox%pwé&%ﬁo% group, ¥

non-reactive liquid organopolysiloxane represented by the following

repf%ggg%%sQ&@oZééﬂgg%ﬁggnfeactive group and b represents 0, 1,

or 2.}

28. The antifouling composite coating film according to
claim 26, whérein the condensation reactive group of the reactive
ligquid organopclysiloxane (dl2) is at least one kind of
cendensation reactive group selected from the group consisting of
hydroxyl group, oxime group, amino group, acetyloxy group and

alkoxy group.

29. The antifcouling composite coating film according to
any of claims 22 to 28, wherein the liguid organopolysiloxane (d1)

is combined with the main agent component (A4).
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R13 R13 R13 131 R-Si-0Si 0 1 131 131 13 (3a) (in the above general
formula (3a), RI3s may be identical or different, and represent an alkyl
group, aryl group, aralkyl group, or flubroalkyl 5 group, each having 1-10
carbon atoms, respectively, and n represents an integer of 0 to 500;)
R14xSi(R15-Z)y0(4-x-y)/2(3b) -14 (in the above composition formula (3b),
N represents hydrogen atom, or an alkyl group, aryl group, or aralkyl
grodp,. eacH havingQ1-010 carbdri 10 atamg, RGrepresents@&C€2:C101 lm to
divalent aliphatic hydrocarbon group which may be interrupted by ether
any group,zaster giotp GB-NklreZ eepredents aomodaovatent potargroup seelk (d1)
as amino group, carboxyl group, epoxy group or a polyethylene glycol
is grobpospolypropylene glyeohgroaipofwhichntesminal may be blocked
with an alkyl group or acyl group having 1-6 15carbon atoms, and x and y
satisfy the relationships: 0.01 H x < 3.99, 0.02 Hy <4, and 0.02 H x+y <4.)
26.The antifouling composite coating film according to claim 22,
wherein therliquigharganopalys oxane 4dl) issafeaetivediquidm according to
20organopolysiloxane (d12 ). 72 27. The antifouling composite
claicoating filAeaecordingtosclamn 26nwhereinthe rgastive iguidopolysiloxane
organopolysiloxane (d12) is a silicone oil having at least one group

(d1)repsesented by thedollguingformula,(3e33IRA0SIRSY e total amount of

organopelysiloxane (al) and silica (a2).

32. The antifouling composite coating film according to
claim 29, wherein the added amount of liquid organopolysiloxane
(dl} 4is 1-10 % by welght with respect to the total amount of

organopolysiloxane (al) and silica {az).

33. The according antifouling composite coating film to
claim 30, wherein the added amcunt of liquid organopolysiloxane
(dl) is 0.01-500 % by weight with respect to organcsilane and/or

a partial hydrolyzate thereof (bl).
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b (3-b) (in the above formula (3c), R4 represents an unsubst tuted or
substituted divalent hydrocarbon group or divalent hydrocarbon group
which may contain ether linkage, R5 fepresents an unsubstituted or
substituted monovalent hydrocarbon group, 'Y 10 represents a
condensation reactive group and b represents 0, 1, or 2.) 28. The
antifouling composite coating film according to claim 26, wherein the
conglensatidhaeactivef gralip of theneactive I diguid orfgdmopolysilokane to
(d12) is at least one kind of condensation reactive group selected from the
claigradp consisting ofdydroxyl gnoupzoxime group camine geayp iacettexy dl )
group and alkoxy group. 2029.The antifouling composite coating film
is b@aegbodingtoranyrof claims 22rte28r whetet-thenbguid-organapalysilpxane a1
(dl) is combined with the main agent component (A). 73 30.The according
nhydrantfostingeempesitecoating film to any of claims 22 to 28, wherein the
liquid organopolysiloxane (dl) is combined with the curing agent
component (B). 531.The antifouling composite coating film according to
claim 29, wherein the added amount of liquid organopolysiloxane (dl) is
0.03s15 % byweightsith respeekiathe-total ameynt of m according to any
organopolysiloxane (al) and silica (a2). 1032.The antifouling composite
of ccaating film-asaording @ claim 29; whereinthe added-amount ofdiguidna11y
organopolysiloxane (dl) is 1-10 % by weight with respect to the total
compamQuNt aforganapolysiloxane (alkapdsilica £82)1533. TheAcerting agent
antifouling composite coating film to claim 30, wherein the added amount
conp@hligyid @rganopolysiloxane (dl) is 0.01-500 % by weight with respect to
organosilane and/or a partial hydrolyzate thereof (bl). 20 74 34. The
antifouling composite coating film according to claim 30, wherein the
added amount of liquid organopolysiloxane (dl) is 50-350 % by weight with
respect to the organosilane andjora partial hydrolyzate-theregf(Bl). 4: 5 ¢
35. The antifouling composité coating film according to any of claims 1 to
101 hLENASIANe couping agentp afdliealy.SoTibiNeL I e A
agent component (A) and/or the curing agent compone t?§§ 36. The
antifouling,composite coating film according to claim 35, wherein the
b B S oo G, Ao b0 A Rt gl

ang O hiecgot?g%n_ount of organopolysiloxane (al) and silica (a2).

37. The antifouling composite ccating film according to
claim 35, wherein the added amount of silane coupling agent is 0.01-50 %
by weight with respect to organcsilane and/or a partial hydrolyzate

thereof (bl).



37. The antifouling composite coating film according to claim 35, wherein
the added amount of silane coupling agent is 0.01-50% by weight with
respect to organosilane and/or a partial hydrolyzate thereof (bl). 75
38.The antifouling composite coating film according to any of claims 1 to
37, wherein the anticorrosive paint composition further contains an
anti-sagging agent. 76 39. The antifouling composite coating film
according toranyof claims rigte 3G, vsherenv the epairesur(elyding to any of
constituting the epoxy resin anticorrosive coating film [l] is a b sphencl

claitypelepoxyresinszandithe amine-based curing agent (e2) for epoxy resin 5
is a polyamideamine. 40. The antifouling composite coating film
accondingadowclaimr-b o138, wierein thehody: pigrpentfed)reonstituting the  an
epoxy resin anticorrosive coating film [I] is at least one kind of body 10

antipiglgentsedeeted. from the group consisting of talc, barium:sulphate, mica,
titanium dioxide, and carbon black. 41. The antifouling composite
coating film according to claim 38, wherein the anti-sagging agent (e4)
constituting the 15 epoxy resin anticorrosive coating film [I] is a polyamide
wax. 42. An antifouling composite coatingcomprising [1lan
epoxy resin anticorrosive coating film formed from an anticorrosive paint
composition containing an epoxy resin (el), an 20amine-based curing
agent (e2) for epoxy resin and a body pigment (e3), and [11] the
antifouling coating film which is formed by curing an
antifoulingpaintcompositioncontainingacurable organopolysiloxane
composition and which is laminated directly on the 76a
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surface of [l), wherein the three-liquid type curable organopolys
loxane composition is a three-liquid type curable organopolysiloxane
composition comprising, 5(A) a main agent component containing an
organopolysiloxane (al) which has at least two condensation reactive
groups in the molecule and silica (a2), (B) a curing agent component
containing an organosilane and/or a partial hydrolyzate thereof (bl),
wherein thelorgaargsilane asy 10-functional groapisiccdpaliefcording to
undergoing condensation reaction with the condensation reactive groups
any affthelerganopotysiloxane@hawhichrkasat least dworcondensationt i tuting
reactive groups in the molecule, and (C) a cure-accelerator
the cpmponent containing at teastenekintref tin campound @e¢)issleetedl type
from the group consisting 76b of tin compounds represented by the
epoxfollowdneg formdlas d1xm (V) -RIOORL SnSing RNGD/ | OR2MRiPersq0R2esin
SnSi Ri00--C--CH3 11 0 710R20 1111 R --Sn -0 --SH-0 --Sn 11211
is HCI4arQRRkhe.

40, The antifouling composite coating fiim according to
claim 1l cr 38, wherein the body pigment (e3) constituting the epoxy
resin anticorrcsive coating film [I] is at least one kind of body
pigment selected from the group consisting of tale, barium sulphate,

mica, titanium dioxide, and carbon black.

41, The antifouling composite coating film according to
claim 38, wherein the aniti-sagging agent (ed) constituting the

epoxy resin anticorrosive ccating film [I] iz a polyvamide wax.

42, An antifouling composite coating film comprising

[I1 an epoxy resin anticorrosive coating film formed from an
anticorrcesive paint composition containing an epoxy resin {el), an
amine-based curing agent (e2) for epoxy resin and a boedy pigment (&3},
and

[11} the antifouling coating film which is formed by curing an
antifouling paint composition containing a curable

organopelysiloxane compositicon and which 1s laminated directly on the



500H --C--CH3-R1 (IV)R1OR2R10R2 1R--Sn-011111 SiO--Sn
-0 SiIOSn R 1 H3C--C--0 -121 ORR1 n1211
T6a

surface of [I], wherein

the three-liguid type curable crganopeclysiloxane composition
is a three~liquid type curable organopolysiloxane composition
comprising,

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

(B) a curing agent component containing an organosilane and/or

a partial hydrolyzate therecf (bl), wherein the crgancsilane has

10 functional group (s} capable of undergoing condensation reactlion with
the condensaticn reactive groups of the organcpolysiloxane (al) which

has at least two condensation reactive groups in the molecule, and

{C} a cure-accelerator component centaining at least one kind

of tin compound {ac) selected from the group consisting



ORR 11 0 (V) (in the formulas (11)-(V),121 represents a 01-010
hydrocarbon group, R2 represent3&®1-04 hydrocarbon group, and in the
formula (V), n represents an integer of 1 or larger.) 10 76¢ 43.An
antifouling composite coating film comprising [I] an epoxy resin
anticorrosive coating film formed from an anticorrosive paint composition
containing an epoxy resin  (el), an amine-based curing agent (e2) for
of tgpoxyoresiruants aSepoths pigieeht{g3 ), rends {1] the amtifdldingcioating film -
- which is formed by curing an antifouling paint composition containing a
(V) xcurable organopolysiloxane composition and which is laminated directly
on the surface of [I], wherein the curable organopolysiloxane 10
composition is two-liqlﬁix{typ u@ﬂé"{organopolysiloxane composition
comprising, (A)amainagegicomginentcontainingan organopolysiloxane
(al) which has at IeastRw\fo en\set}@gn.r.ea.ctive groups in the molecule
and silica (a2), 15(B) a curing agent componéﬁtléontaining an
organosilane andfgr a paytial hydrodyzsié thereof (31), wherein the
organosilane has f ]t;(on\al oup(s) capable of undergoing condensation
reaction with the condepsation reactive groups of the organopolysiloxane
(al) which has at Rast t con 20 reactive groups in the
molecule, and at least one king, of tin comp_o%gac) combined with
the main agent component (A) or the curing agent component (B),
wherein the tin compound is selected frorg the group consisting of tin
compounds representeRq by tth@bove-mantioned formulas (I1) - (V).

O—C—CH,
R &n-0—Si—0—tn-R"
HiC—G—0 SRR
o (IV)
0
R' orR® R oR® O~§C!,—-CH3
Rj—-—fl‘:n—O——-E—éi—O—én—O%éi——Omén—R1
H3cmﬁm<|3 b2 R n bRz R
o (V)
(in the formulas (II) -~ (V), R! represents a C1~-Cyy hydrocarbon

group,R2representsa(h—c4hydrccarbongroup,andjjzthefbrmula

(V), n represents an integer of 1 or larger.)
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76d 44. A base material coated with the antifouling composite
coating film according to any of claims 1 to 43. 45. An underwater
structure coated with the antifouling 77 composite coating film according
to any of claims 1 to 43. 46. A shipgcoated with the antifouling
composite coating film according to any of claims 1 to 43. 47. A
method for making a base material antifouling by coating the surface of
baselmatedial withtthéantifouingeognypgdsite coatingrfiimfacoordingo aayng
of claims 1 to 43. ABSTRACT [Problems to be solved] To provide a
curable ergamopolysitoxanezcamposition iwkerein the ¢caimpasifiomcad berom
laminated directly on the surface of an epoxy resin anticorrosive coating

an dimiand-carsform am antifouting ceating filne whichihas:.improvedoxy resin
antifouling performance compared to the conventional art. [Means for

el )soldng dhe peohiemsbA dwesliguichtypetor three-ligquid &rpegurablein and a
organopolysiloxane composition, wherein the composition contains at

bodyeastararganepelysiexane having at least two condensation reactive
groups in the molecule (al), silica (a2), an organosilane and/or a partial

[ 11 hydrelyzate thereat(bl): wherein theeiganesitanehas furctianal reupR(s) an

capable of undergoing condensation reaction with the condensation
ant ireagtive.groups0f the abeveorganopelysiloxane: talh ang at lgast onerapie

kind of tin compound selected from the group represented by a predefined
orgaenerahiormuldare composition and which is laminated directly
on the surface of [I], wherein the curable organopolysiloxane
coemposition is ‘two—liquid_ type curable organopolysiloxane
compesition comprising,

(&) a main agent component containing an
organopolysiloxane {(al) which has at least two condensation
reactive groups in the molecule and silica (az2),

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

at least one kind of tin compound {ac) combined with the main
agent component (A} or the curing agent component (B}, wherein the

tin compound is selected from the group consisting of tin compounds

represented by the above-mentioned formulas (ITI} - (V).
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44, A base material coated with the antifouling composite

coating film according to any of claims 1 to 43.

45, An underwater structure coated with the antifouling



77

compesite coating film according to any of claims 1 to 43.

46, A ship coatedwith the antifouling composite coating

fiilm according to any of claims 1 to 43.

47, A method for making a base material antifouling by
coating the surface of base material with the antifouling

composite ceating film according te any of claims 1 to 43.



10

15

78

ABSTRACT
[Problems to be solved]

To provide a curable organopolysiloxane composition,
wherein the composition can be laminated directly on the surface
of an epoxy resin anticorrosive coating film and can form an
antifouling coating £film which has iImproved antifouling
performance compared to the conventional art.

[Means for solving the problems]

A two-liguid type or three-liguid type curable
organopolysiloxane composition, wherein the composgition
contains at least an organopolysiloxane having at least Two
condensation reactive groups in the molecule (al), silica (az2),
an organosilane and/or a partial hydrolyzate thereof (bl),
wherein the organosilane has functicnal group(s} capable of
undergoingcondensationzeactionwiththecondensationzeactive
groups of the above organopolysiloxane {al), and at least one
kind of tin compound selected from the group represented,by a

predefined general formula.



