1 DESCRIPTION CURABLE COMPOSITION, ANTIFOULING PAINT
COMPOSITION, ANTIFOULING COATING FILM, 5 BASE MATERIAL
WITH ANTIFOULING COATING FILM AND ANTIFOULING METHOD
FOR BASE MATERIAL TECHNICAL FIELD [0001] 10 The present
invention relates to a curable composition an antifouling paint
composition, an antifouling coggg l&]ase material with an
antifouling coating film and an anti oullng method for a base material, and
more specifically, it relates to a curable composition based on a silicone
15 rubber, an antifouling paint composition an antifouling coating film, a
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TECHNICAL FIELD
[00C1]

10 The present invention relates to a curable composition,
an antifouling paint compesition, an antifouling coating film,
a base material with an antifouling coating film and an
antifouling method for a base material, and more specifically,
it relates to a curable composition based on a silicone

15 rubber, an antifouling paint composition, an antifeouling
coating film, a base material with an antifouling coating

film and an antifouling methed for a base material.

BACKGROUND ART
20 (0002]
Ship ocutside plates, underwater structures, fishnets
and the like are used in water, particularly in seawater over
a long periocd of time, and therefore if many undersea lives

such as hydrozoans, Bugula neritina, sea lettuces, green
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In order to solve such problems as described above, antifouling paints
are applied widely on the surfaces ofzship outside plates, underwater
structures, fishnets, instruments making use of seawater and the like for
the purpose of 10 preventing undersea lives from being stuck. [[0004]
Antifouling paints comprising an organopolysiloxane as a principal
1av&PIPanent do.not contain an antifouling agept such as cuprous oxide
and the Ii%(% an%l are r?ontoxi%, gr?(?olg ?ng?:é ogg tﬁe‘;}a hg\}ié‘l é%éeﬁl v dglyOW
proKNOWR,00RSLEOLexarple, 16:, 2522854 (patent document 1) discloses
curable organopolysiloxane comgposmons comprising a primary !
ori Qgéopngqgg}qﬁt mprise (Aég an organopolysiloxane in which 20 both
é;nds of a mo ecﬁr &air?sg% GIbCI‘?&dI E)#eqaasﬂ%ﬁolsg“r%%%%? §S. iishnets
; hydrolyzahle rou ,.(B) an arganasilane represented by a formula
ane R'aSiX9 _a, W%"ere% grj;z‘ rgcsgen%sea %gﬁ@s% gﬁtuted or substituted
(0dB9 ovalent hydrocarbon group having 1 to 8 carbon atoms, X represents
a hydrolyzable group and a represents 0 3 or 1, or a partial hydrolysate

theregof C) an organopolysiloxane having at least one group

repr%ge%?egc% by %Ofosr?n%uYae -§ﬁg SiR3BYS Vs n%’ié&ﬁé?@ﬁe?e?ﬁ@f

fepresents a no -substituted ar substituted divalent hydrocarbon group or
ant 5@3%&?6%%@%%0%@5% g?gﬁglﬁg\(/%ngh et¥erbord RS Yepresenta ship
out gggésuéalsg%uéed or sgbstitu%ed monovalent hydrocarbon %roup, Y

represents a hydrolyzable group and b is 0 1ror2, HH6Gided thatwheRents
makfgat%%g“gﬁe@gggg%%¥bggd the like for the purpose cf

preventing undersea lives from being stuck.
o004y

Antifouling paints comprising an organopolysiloxane as
a principal component do not contain an antifouling agent
such as cuprous oxide and the like and are nontoxic, and
therefore they have been widely known.

[0005]

For example, JP-~B 2522854 (patent document 1) discloses
curable organcpolysiloxane compositions comprising a primary
component that comprises (A} an organcopolysiloxane in which
voth ends of 2 molecular chain are blocked by a silanol group
cr a hydrolyzable group, (B) an organocsilane represented by a
formula R',5iX4.,, wherein R* represents a2 non-substituted or
substituted monovalent hydrocarbon group having 1 tec 8 carbon

atoms, X represents a hydrolyzable group and a represents 0
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group having an ether bond, excluded is an organopolysiloxane 10 in
which two or more trimethylsiloxy groyips are bonded to a Si atom directly
linked to a carbon atom of the above™hydrocarbon group, and cured
products of the composition. [0006] JP-B 63-2995 (patent document 2)
discloses nontoxic 15 antifouling paint compositions obtained by mixing a
hemical reaction cuyable silicone rubher, petrolactam or a
or gétrgl'acfaarﬁ/;lﬁ%f’da 6a}[‘a¥ﬁ! rPnJi%aFe?’ gnd 3%fieBhe Bithaliig Hlow
Orggirslgo%i V. éllpl'é 01-25%677. Igpate@t ciocument 3) discloses underwater
“93ntifouling coating agents eomprising 2720 réattign CaPadiERiicsHe Fehb&ty 2
and a specific copelymer as essential components. JP-A 03-255169
forTﬁaﬂgnF &%J%%\%’\fﬁrs&&e% AsKie ﬁﬁfomﬁgiéiht%%rﬁﬁﬁmts a
nonggs%griging g rgaction curable silicone resin composition and a silicone
résin having ait alkoxy Yroug ata holEcdiar-&nd. JEBA F500®7 4 patent O
- ddo%qmegt 5 %scloseg nontoxic antifouling paint compositions comprising
ta) H réaction curaBe Siicone” Hibbet, (b} & WateF FE5eilenP Bfyanic
ropSOM o%nd and (c) a_hydrolyzable silyl group-containing acryl copolymer
“PHbtamed’s by Yeacting asiane TnboundHaving A sh SEHORAGRIID or a
n dketox m group as a h%drolyzable group with a copolymer [I] of (i) a ‘
7 FRaAT IS BHGR ester VY (1 BFlesPore TBAGHEP LelcBe FomnS b 1o

3 gmeth) crylic acid and a (m+eth acrylic, lower hydroxyalkyl ester. 10 [0007]
' IPSK 26015981 (Patédtit dotlifient 6) thscidSesdraprnt hydrocarbon

group having an ether bond, excluded is an organopolysiloxane

in which two or more trimethylsiloxy groups are bonded to a

51 atom directly linked to a carbon atom of the abhove

hydrocarbon group, and cured products of the compesition.
[0006]

JP-B 63-2995 (patent document 2) discleoses nontoxic
antifouling paint compositions cbtained by mixing a chemical
reaction curable silicone rubbker, petrolactam or a
petrolactam/liquid paraffin mixture and a silicone oil having
a low viscosity. JP-A 01-251677 (patent document 3)
discloses underwater antifouling coating agents comprising a
reaction curable silicone rubber and a specific copolymer as
essential components. JP-A 03-255163 (patent document 4)
discloses nontoxic antifouling paint compositions comprising
a reaction curable silicone resin composition and a siliccone

resin having an alkoxy group at a molecular end. JP-B
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compositions comprising an organopolysiloxane having a
condensation-reactive functional group at both ends of a molecule and a
hydrophobic silica. JP-A 2001-181509 (patent 15 document 7) discloses
curable compositions comprising an organopolysiloxane having a
condensation-reactive functional group at both ends of a molecule, a

250 9@%%?@@&%‘icéo%“mﬂn_%n@y%@pgiﬂ% gtica, [0008], @&{%%Wg}é%ri A011ing

antifouling property of antifouling coating films obtained from the above

pa i rantifoyling. paints is ea&%fﬁ? igﬁagqndégg t% ajlar gt?h)%%ntc%g%Tgon§.@§cone

such as silicone oll and Tike which are released with the passage of time,

ruo@d therefare when releasing these, %@R?%erc‘:téa%‘;}asﬁﬁé’ hed o)

antifouling property has been lowered to make it difficult to exert
Antifouling. property o lo eriod of time, Patent doc ment 1. JP-B
P aa ook ot 3 SR8 32608 Bl arent Son ant JEHR e

-221677 Patent. docu t 4. JP-A 03:255169_Patent document 5: JP-B
oY " E856h Paten dacumens b A S00L Ea0b18 Al SGEuen 7

e A P, WSS SE B ETON Erom e ..
(i)tQSB%Q%HFH%P$T¥ESa1ky1 ester with (ii} at least one
monomer selected from (meth}acrylic acid and a {meth)acrylic
lower hydroxyalkyl ester.

[0007]

JP-A 2001-~139816 (patent document 6) discloses curable
compositions comprising an organopoclysiloxane having a
condensation-reactive functional group at both ends of a
molecule and a hydrophcbic silica. JP-A 2001-181509 (patent
document 7) discloses curable compositions comprising an
organopolysiloxane having a condensation-reactive functional
group at both ends ¢f a molecule, a hydrophobic silica and a
hydrophilic silica.

(0008}

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

therefcre when releasing these components finishes, the
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15 involved in the conventional techniques described above. It is an
object of the present invention to prqvide a paint composition and an
antifouling paint composition making it possible to form an antifouling
coating film which can exert an excellent antifouling performance over a
long period of 20 time and particularly can exert an excellent antifouling
.perfarmance over a long period of time without containing.a silicone oil
1 GHIC TRARES | oksy 16 rémove SdRGre e, TO0TOT Alsd: ah bBIBCE ©°
exel:ocf tke%gresnetn£ yqoven:;ion is t%‘gr%qjde 6 an antif_puling coating, film whijch
can exert an excellent “ahtifotimg pefforiarice GVet & fohg Perfod o tifife

and, particularly can exert an_excell tifouling performance over a
Ion%ag%%%% c?%??lcf’r\uem\/evﬂﬁo&t'cgfté%ir?gg%% itdne oil 5 and which makes it
easy_to remoCye adhered Oil\_/es an% ltj% ﬁ%?éldg a base material, an

undéhwater structire and-a sﬂi%_ fate which are coated with the

abave coating film. [0011] Further, an object of the present invention is to

10%1501:\/‘%125a§%‘ﬁﬁ?6%%g 'et‘h%apfongé_b% & Pridterial which can exert an

excellent antifouling performance over a long period of time and

par i%ﬁgw can %‘%’gﬁ%% éxcellert aﬁﬁfbﬁﬁﬁg% %erformance over a long
jod of time without containing a silicone oil. 15 MEANS TO SOLVE

'FI)'eHr PROBLEN[0612] A turdblB contboiition of the present invention is

Patent document &: JP-A 2001-13981%6

Patent document 7: JP-A 2001-181509

DISCLOSURE CF THE INVENTICN
PRCBLEM TO BE SOLVED BY THE INVENTION
[0009]

The present invention aims to solve the problems
involved in the conventional techniques described above. It
is an object of the present invention to provide a paint
composition and an antifouling paint composition making it
possible to form an antifouling cbating Tilm which can exert
an excellent antifouling performance over a long period of
time and particularly can exert an excellent antifouling
performance over a long period of time without containing a
silicone o¢il and which makes it easy to remove adhered lives.

ro010]

Also, an object of the present invention is to provide
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obtained by mixing: (A) 100 parts by weight of a reaction curable silicone
rubber 20 with: (B) 1 to 100 parts b)éweight of an organopolysiloxane
mixture comprising a product obtained by an R20OH elimination reaction
of: (Bl) an organopolysiloxane represented by the following Formula (1):
[0013] OR'OR2 2 R20 Si0 Si-OR 212 Formula (1) : OR n-1 OR [0014]

n a@q‘é’@%‘?ﬁ’iiﬂé:o%n%%él ’Piifrr"fmwi teger of 2 or more and akplur@li%%%f

o 1 Can exar I, e &
R2 each is independentfy a ion-substitutéd or €ubstituted Mono

: ing 1 to 8 carbon_atoms,.and (B2) an
antlryngﬁqcﬁfq;)g&g% aving ovoi:éagt tgnoéqgtrl?c?grleo ng time

organopolysiloxane having at' 0 Tepresentéd’ By the

Jollowing F la (2). i lecule:, Formula (2): =SIR30H wherein, in
pa e e S T A i o iar b eamanee

roup or a divalent, hydrocarbon group having an .ether bond, provided
VS nat wha i () T e B ABerboR Ghoug Fdomgo1

that wher R3 15 in Formq a &) st _ ' (

provide a base material, an underwater structure and a ship

outside plate which are coated with the above coating film.
[6011]

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

MEANS TO SOLVE THE PRORLEM
(060121 |

A curable composition of the present invention is
cbtained by mixing:

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

(B) 1 to 100 parts by weight of an organcpclysiloxane mixture
comprising a product obtained by an R?CH elimination reaction

of:

{Bl) an organopolysiloxane represented by the following
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linked to a carbon atom of R3. [0015] 20 The organopolysiloxane (B2)
preferably has a phenyl group. 8 [0916] The curable composition may be
obtained by further mixing 0.1 to 200 parts by weight of a silicone oil (C),
provided that the reaction curable silicone rubber (A) and 5 the
organopolysiloxane mixture (B) comprising the product are excluded from
Fomtggasili(spp? oil (C), based on total 100 parts by weight of the reaction
curable silicone rubber (A) and the organopolysiloxane mixture (B)

1008 prising the product. [0017] 10 The silicone oil (C) is preferably a
methylphenyl silicone oil and/or a polyether-modified silicone oil. [0018]
The silicone oil (C) is preferably an organopolysiloxane having at least
one group represented by ':'Up@?f Iowing@p{?-‘nula (3) in a molecule:
Formula (3) : -SIR'OS4R5bY3 b wheyein, ir‘ Formula (3), R4 is a
non-substituted or s { F@/ dg}(ﬂ group or a divalent
hydrocarbon group having anjether bpnd, 20 R5 IS a non-substituted or
substituted monovalent h dréﬂtbo groupb\é'gs a hydrolyzable group

-1

angr szl on 2,

(00147
wherein, in Formula (1), n is an integer of 2 or more and a
plurality of R® each is independently a non-substituted or
substituted monovalent hydrocarbon group having 1 to 8 carbon
atoms, and
(B2) an organopolysiloxane having at least one structure
represented by the following Formula (2) in a molecule:
Formula {2): =SiR’CH
wherein, in Formula (2), R® is a non-substituted or
substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond, provided that when R3
in Formula (2} is the divalent hydrocarbon group having an
ether bond, excluded is an organopolysiloxane in which two or
more trimethylsiloxy groups are bonded to a Si atom directly
linked to a carbon atom of R3.
[0015]
The organopolysiloxane (B2) preferably has a phenyl

group.
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provided that when R44 in Formula (3) is the divalent 9 hydrocarbon
group having an ether bond, excludgd is an organopolysiloxane in which
two or more trimethylsiloxy groups are bonded to a Si atom directly linked
to a carbon atom of R4. 5 [0019] The curable composition may be
obtained by further mixing additives selected from the group consisting of

008 6c-;urlng catalyst, an antifouling agent and a colorant. [0020] 10 An
curable composition of the present invention comprises: (a) an

or polysilopxane havm ahydro up /or an . alkoxyl group and
(b)g?a}rl]r?ro%%ct %Etalnedngy an ﬁf&ﬁ%%aﬂ%g rgealc%%ﬁi of: 1%%% E
anopolysil res nted b the foI wm Formula ]gORZ
%g i E)Z y %@1 %Eorm% R ([’6“6’22{ Fﬁ rein,
0 1) is an.integer of 2 or,m oreada lurality of R™ gach is
pm‘ﬁﬁ&izégr%en Iy%1 Ron-sub gu?ecforrf subs |[tﬂu]te8$non0\r;¥a1?enlf 65 and
the'D@Hgﬁgggfﬁggfgﬁgﬁggml(%gﬁgﬂxﬂ3 comprising the product are

excluded from the silicone oil (C), based on total 100 parts
by weight of the reaction curable silicone rubber (A) and the
crganopolysiloxane mixture (B) comprising the product.

[0017]

The silicone oil (C} is preferably a methylphenyl
silicone oil and/or a polyether-modified silicone oil.

[0018]

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

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

R° is 2 non-substituted or substituted monovalent
hyvdrocarben group,

Y is a hydrolyzable group and

b is 0, 1 or 2,

provided that when R* in Formulaz (3) is the divalent



atoms, and (B2) an organopolysiloxane having at least one structure
represented by the following Formula (2) in a molecule: 5 Formula (2):
=SiR30H wherein, in Formula (2), R3 is a non-substituted or substituted
divalent hydrocarbon group or a divalent hydrocarbon group having an
ether bond, provided that when R3 in Formula (2) is the divalent
nya@iQearhon argup having an 10 ether band, excluded isan
organopolysiloxane in w ich two or more trlmeihﬁsﬁ:oxy group§ aré
ozgdiondacjo.a sl.atom directly inked fo 2 carbon atom ol B3, 10023 An
antifouling paint composition of the presen{ncig invention ¢ mprises‘the
ahle c ition. 0024). .An antifoyling coating, film of the present
gro%éer%%%?é%?%%odﬁ?orﬁ the a%ﬁ?orﬁlié{é‘ ﬁ%?n %grglp%%l ioh. [0025] 26 2™
atoPase g_:ga}erial with an antifouling coating film of the present invention is
coated with the antifouling coating film. [0026] An underwater structure
5 {00‘%'] an antifouling coating film of the present invention is coated with the
antifouling 11 coating film. [0027] A ship outside plate with an antifouling

coating film, of the presentinvention is cqated with the antifouling

mixing additives selected from the group consisting of a
curing catalyst, an antifouling agent and a colorant,

[0020]

10 An curable composition of the present invention

comprises:

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

(b) a product obtained by an R*OH elimination reaction of:

15 (Bl) an organcpolysiloxane represented by the following

Formula (1):

[0021]
(’)RZ OR?
R20T—SiO Slim--OR2
2 2
Formula (1): OR n-1 OR
00227

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

a plurality of R? each is independently a non-substituted or
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5 coating film. [0028] An antifouling method for a base material of the
present invention comprises coating, g surface of the base material with
the antifouling coating film. 10 EFFECTS OF THE INVENTION [0029]
When the curable composition of the present invention, particularly the
antifouling paint composition is used, an antifouling coating film which is

subLXCRIRIIN Alongeun 19 tfading propsity and,a weler droplet sliding, .,
property on a surface and has a surface having-a small a%lhesmn,
atonherghy adhered lives are readily removed, can be formed. [0030] The

antifouling coating film of the present invention 20 and the base material

(n2 i the-anitadling oaung i afihe plegentinvention, Ine yadenwater

structure with the “antifouling coating film of the presen invention and the

e e A g c g T oL e, ese e on
are excellent’in a long-term antifouling 1o property and a‘Wwater HropIet
sliding property-on a surfaee,; and have a surface having a small adhesion,

whereby adhered lives are readily removed. [0031] 5 According to the

heA08fouling ethiad o the presant invention for a base material, fouling of

the base material can be prevented oveér a long perlod)ofetlme, and lives

substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond, provided that when R®
in Formula {2) is the divalent hydrocarbon group having an
ether bond, excluded is an organopolysiloxane in which two or
more trimethylsiloxy groups are bonded to a 21 atom directly
linked to a carbon atom of R,
[(0023]
An antifouling paint compoesition of the ?resent
invention comprises the curable composition.
[0024]
An antifouling coating film of the pressnt invention is
formed from the antifouling paint composition.
[0025]
A base material with an antifouling coating film of the
present invention is coated with the antifouling coating film.
[0026]
An underwater structure with an antifouling coating

film of the present invention is ccated with the antifouling



1C

15

20

adhered onto the base material can readily be removed. 10 Brief
Explanation of the Drawings [0032] Fig. 1 is a drawing showing a slidi.ng
angle meter used for measuring a static friction coefficient of the coating
film. 15 Fig. 2 is a drawing showing a sliding angle meter used for
measuring a static friction coefficient of the coating film. Fig. 3 is a
coadfawing:showing a peel tester used for measuring an adhes_ion of the _
coating film. 20 Fig. 4 is a GPC chart of a mixture produced in Synthetic
[Oo@epﬂmple 1. Fig. 5is a GPC chart of a mixture produced in Synthetic
Example 2. 13 BEST MODE FOR CARRYING OUT THE INVENTION

s e R o B i 1m

antifouling coating film, the base material 5'w e an ng<

- fi the antifouling methad for a base material according.to }Ee
ot %%sﬁ?r?\%ﬁtio%%g%gﬁ:Jb%nex"b?aiﬁg(? L ﬁ%mﬁegﬁe%ﬂs.%%}é (-

ble. position: 10 The curable composition of the present invention
Coaéq{)%of&%%g]by mixing a reaction curable silicone rubber (A) with a

[0 O%qanopolysiloxane mixture (B).

An antifouling method for a base material of the
present invention comprises coating a surface of the base
material with the antifouling coating film.

EFFECTS OF THE INVENTION
[(6029]

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

[00307

The antifouling coating film of the present invention
and the base material with the antifouling coating film of
the present invention, the underwater structure with the
antifouling coating film of the present invention and the
ship ocutside plate with the antifouling coating film of the

present invention are excellent in a long-term antifouling
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[0035] <Reaction curable silicone rubber (A)> 15 The reaction curable
silicone rubber (A) comprises an organopolysiloxane (a) having a
curing-reactive functional group, an organic group and a siloxane bond as
a principal component. Examples of the curing-reactive functional group
include a hydroxyl group, an alkoxyl group and a ketoxym 20 group, and
%)g_agg,pl f th [ include a. methyl ar a phenyl _gro
prOpand a vignﬁy(?g%o?pg% ?ug rig%pﬁ?ac%ij\?g %ﬁﬁl%%?%%g p}’ ang the %%gra%;l% ©
and 9[QYR ate direetly hopded fo a Sia m'?iﬁgﬁeog%%?p%g%@e ape, [0030]
14 The reaction curable silicone rubber may be a silicone Ribber 6
live%neéggmpggggtﬂfng folg (g\(y%acomponent type prepart_ad by blending at
least one of multifunctional silane compounds in which a hydrolyzable
F008roHp (for example, an 5 acetoxy group, a methoxy group, a ketoxym
"~ group, an enoxy group, an amide group and the like) is bonded to an
orgRpgRolysiioxane 5,2 IR iking agentand g least gne ol.organic
phthenat

metal compounds (for example, na es, octy?a“ites, SEt%J):(FdSeS and

O e O O e A A et

. 1 Se . .
curing catalyst. silicone rubbér o one-co?“npone pe W%Ié?’l IS Ccure

can BJ0BT. IemPerRte. o undereang

ydrolysis, dealcgholjzation,
acetic acid ellmlna?i‘{)%::deommna%o%, %C(i?xﬁgm%ﬁg %ﬁm‘?r?a%io%léfﬁds the

adheél%(&lsf Bﬁ%fgr%'% sflicone fubbers cured, 15,8t ambieni temperature from
the viewpoint of an easiness In a
Brief Explanation of the Drawings

[0032]

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

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

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

Fig. 4 is a GPC chart of a mixture produced in

Synthetic Example 1.

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

Synthetic Example 2.
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coating workability. Further, products (for example, silicone rubbers cured
by deoximation and silicone rubbers ,cured by dealcoholization) having
less stimulant property of by-products produced in curing are most
preferred. In the 20 silicone rubbers of two-component type, the
organopolysiloxane (a) is blended preferably with an organic tin
compoung £for example. Abutyltin diurate,and ine | uring
catalyst. [0037) 15 Specific examples of t&?éa reactiorl;&f\:?t%r%ﬁe&s\ﬁlicone
Eooguéqber (A) include KE44RTV and KE445RTV (trade names,
manufactured by Shin-Etsu Chemical Co., Ltd.) and TSE389 and
YF3Q57 (trade;name Mt ug clllureghb To hj%a ilicone Cq., .5 Ltd.) as
commergial proﬁuctsﬁ%OSE%LT e’react%nagztré fe-sificone raulbfb%r (A) has
comp® M$GOsity (23C, Bt R 58tﬁi VISCO eter, ac ording to JIS Z 8803) of
mpos r% g §f é%ﬁ‘)%(?zS?; jr_rb, 56% nase ma%grlal

usually 0.025 to 1,500 Pa-s, prefera 0 ass, more

Wi thFr@lfx%raQ é}% 3911.23919 %SQS %Q%@ a %&ar?ﬂ@r@g‘gg&bﬁ%% lt 90:].'0](_) i@%ssrﬁe thod

0039] <(B) Organopolysiloxané mixture> The organopolysiloxan
fFor MixtUre ( gsc {@i ure of a 15 product obtained by an R20H eliminatjo
°t reactior? of: (B% aﬁioragﬁgﬁfglligi?ox%%etr%e%re%%%fe%%y the’ Forﬁ%\jivci)ﬁlg Sha :
be e§£T5E%Qé:%Qﬂ8L in more details.

[0034]

Curable composition:

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

[G035]
<Reaction curable silicone rubber (A)>

The reaction curable silicone rubber (A} comprises an
organopoliysiloxane (a} having a curing-reactive functional
group, an organic group and a siloxane bond as a principal
component. Examples of the curing-reactive functional group
include a hydroxyl group, an alkoxyl group and a ketoxym
greup, and examples of the organic group include a methyl
group, a phenyl group and a vinyl group. The curing-reactive
functional group and the organic group are directly bonded to

a 81 atom in the organopolysiloxane.

{00361
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OR2 OR2 2 R20 6i0 Si-OR 212 Formula (1) : ORn_1 OR 20 [0041] and
16 (B2) an organopolysiloxane havi%g at least one structurg represented
by the following Formula (2) in a motecule: Formula (2): :S|R30H and an
unreacted organopolysiloxane (Bl). 5[0042] (Bl) Organopolysiloxane: The
organopolysiloxane (BI) has a dynamic viscosity (Ost\geéld \/2i?comefter, "
according to JIS Z 8803) of usually 2 x 10-6 to 90 x 10-6 m2/s, preferably
3 x @%66 %oe‘??(tfé)-% M2t £0 25EL fE043] ARESRUl& (1ynAvs BR 2

., integer of 2 or more, preferably 4 to 6 and is selected so that the viscosity
. “’b%”otﬁ% or§ERSFoIfdilcxaRe BRFRNISH the ¥Ry BestifeeriBCaliove. t ype

00441:1 In Formula (1) , a plurality of R2 each is independently a -

PreR3hsSligatin e § oY SiBstituted AonovaenPhydrecarorrgroliprRaving 1aoe

carbon atoms. 20 [0045
comé%ungs f% which[a hjdrolyzable group (for example, an

acetoxy group, a methoxy group, a ketoxym group, an enoxy
group, an amide group and the like) is bonded to an
organopeclysiloxane as a cross-linking agent and at least one
of organic metal compounds (for example, naphthenates,
octylates, peroxides and organic amines of lead, iron, cobalt,
manganese, zinc and the like) as a curing catalyst. The
silicone rubber of one-component type which is cured at room
temperature or under heating by hydrolysis, dealcoholization,
acetic acid elimination, deoximation, hydroxylamine
elimination and the like is preferably silicone rubbers cured
at ambient temperature from the viewpoint of an easiness in a
coating workability. Further, products (for example,
silicone rubbers cured by decximation and siliccne rubbers
cured by dealcoholization) having less stimulant property of
by-products produced in curing are most preferred. In the
silicone rubbers of two-component type, the
organcpolysileoxane {a} is blended preferably with an organic
tin compound (for example, dibutyitin dilaurate and the like)
as a curing catalyst.

[0037]
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R2 is usually a non-substituted or substituted monovalent hydrocarbon
group having 1 to 8 carbon atoms, and specific examples thereof include
alkyl groups such as methyl, ethyl, propyl and butyl; 17 alkenyl groups
such as vinyl and allyl; aryl groups such as phenyl and tolyl ; cycloalkyl
groups such as cyclohexyl; aralkyl groups such as benzyl and

2-pg8gglgg~nlycl:yléand Sl%rsougg otbtained b substituting a part or all of

hydrogen atoms contained ih the above Groaps with & halgr ‘atont &

O O L e S e oproPY

and 2-cyanoethyl). From the viewpoint o

thyl.and ethyl are preferred, 10 and methyl is particularly preferred.
e G e hh e of s By Sloxane (Bl iAokias sethgt nd
_-siicate 51, ethyl silicate 40, ethyl silicate 45, ethyl silicate 48, propyl
YE > ' 4 . 3 7
3Z?I Fc:Zte( gﬁ utyl Silicate. e oRt tHE Giawpdint 3F AneasthessGRTe Co-

Ltd _synthses(i:s mrpﬂetpé/l, asilicate %1 agd ethyl silicate 40 are preferred, and
methyl Sicats 5118 pRricatary referred. [0047] (B2)
[Oog@%nopolysiloxane: 20 The organopolysiloxane (B2) is an
organopolysiloxane having at least one structure represented by the

following. Formula (2) in a. molecule:; Formula (2): =SiR30H
@ﬁegreactgon(gurablewsgiicone réb er (A} has a

viscesity (25°C, B type rotation vigscometer, according to Jis
Z 8803) cof usually 0.025 to 1,500 Paes, preferably 0.025 to
500 Paes, more preferably 0.5 to 200 Paes and particularly
preferably 1 to 100 Pa-s.

[0039]
<(B) Organcpolysiloxane mixture>

The organopolysiloxane mixture (B) is a mixture of a

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

(Bl) an organopolysiloxane represented by the following
formula (1):

[0040]

Formula (1):

[0041]

and



provided that when R3 in Formula (2) is a divalent 18 hydrocarbon group
having an ether bond, excluded is an organopolysiloxane in which two or
more trimethylsiloxy groups are bonged to a Si atom directly linked to a
carbon atom of R3. 5 [0048] In Formula (2), R3 is a non-substituted or
substituted divalent hydrocarbon group or a divalent hydrocarbon group

(52) h%f}%@&;ﬂe% R L PR (e

wherein p and q adch are mdependent anin eger o]

lSetzgaecIllfJC ﬁ?ﬁ]clgldpe mgth}ylergﬁ erq:} Iene %gliev\r(lfgoﬁﬁ ot a

butylene he amet ene an oxye yene. Ffom thé Vie

Cor@%%tf%litg g}e reagtlg %grable 15 silicone rubber (A) with the

organopolysiloxane mixture (B), ethylene, propylene and

o PIop e are preferr ropy thyene is particularly
an pgirefgr}%%}é gBE % The %rgano?pﬁysnoxane (Ig%%ﬁas a dynamic viscosity 20

500( wald viscometer, according to JIS Z 8803) of usually 5 x 10-6 to 1000
; 10"6 m2/s, preferably 30 x 10-6 to 300 x 1.0-6 m2/s at 25C. [0051] The

(B1 )orgq:n%p%lé%i#oxgnf §}B{§%gr:eferably has a phenyl 19 group because of a

The organcopolysiloxane (B1l) has a dynamic viscosity
{Ostwald viscometer, according to JIS 7 8803) of usually 2 «x
107% to 90 x 107° mi/s, preferably 3 x 107% to 7 x 107° m?/s at
25°C.

(00431

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

[0044)

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

[0045]

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

ethyl, propyl and butyl;



1¢

15

20

[0052] Specific examples of the organopolysiloxane (B2) include
compounds represented by the following Formulae (4) 5 to (7) : 0053]
CHs H3 18 CH3 CH3 si-O si si 0 si-C3H5 off (4) CHs 01(3'M R, CHs
Cif CHs Re IlOC3Hg 4i 00 0 CHs CHs R7 fl (5) D1-.H siC3%r-OHH
CH3R3CHsRg ,fisCH3CH3-~i-0i-0iDI1i05i-Cli(6) CHs CHs M

R7ﬂ@§|5j§105|r_?0g 34H3ICHs § lC}_!—Iﬁ Cjiz S é—kf?ﬂ.iCBBSO -C2H40H
(7) CHs CHs, ii7 CHs [0054] wherein, in the respective formulae, R7 and

R8.are A %qrgt&r% substifuted op, substituted menguajent hydrocarbpn

group, an ast one of R7 and R8 is a non-substituted or substituted

grouBenavalanthydrocarhon.group selected from groups other than 20
methyl, including aryl groups such as phenyl and tolyl,

aralkyl groups such as benzyl and 2-phenylethylyl; and

groups obtained by substituting a part or all of
hydrogen atoms contained in the above groups with a halogen
atom, a cyano group or the like (for example, chloromethyl,
3,3,3-trifluoropropyl and 2-cyancethyl). From the viewpoint
of an easiness in synthesis, methyl and ethyl are preferred,
and methyl is particularly preferred.

(0046}

Specific examples of the organopolysiloxane (B1)
include methyl silicate 51, ethyl silicate 40, ethyl silicate
45, ethyl silicate 48, propyl silicate and butyl silicate.
From the viewpoint of an easiness in synthesis, methyl
silicate 51 and ethyl silicate 40 are preferred, and methyl
silicate 51 is particularly preferred.

[0C47)

(BZ2) Organcpolysiloxane:

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

Formula (2): =3iR%0H

provided that when R in Formula (2 is a divalent
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aralkyl groups such as benzyl and 3-phenylethyl, and halogenated alkyl
groups such as trifluoropropyl; and m, n and 1 are natural numbers. From
the viewpoint of the 5 antifouling prof)%rty, the compounds represented by
Formulae (4) and (7) are preferred, and the compound represented by
Formula (7) is particularly preferred. [0055] (B) Organopolysiloxane
h d}r:nixtgg% 10 The or%%%%polysiloxane mixture (%) is a mixture of a product
T oBtaied by FhoRE ithatiBn Teddtion6ttfe Groanbp6Nsickate (BI)
or @egeinffterﬁlso referred to as_"component (BI)") and the .
I OrGANOPONSHIBRARE (BD) (HetENaft¥FalSs réferad s 48 cdimpohknt Y
&B%)") and the 15 unreacted organopolysiloxane (Bl). The R20H is
ST OBRSAURRE B S ofart DR GFoup-ih Formula (1) il &9 OH grotirin
. Forrgul (2). [0056] A combination of the organopolysiloxane (Bl) and the
OIEOQorganOponsionane (B2) is preferably, from the viewpoint of a
‘0 g patibility of the organopolysiloxane (B1) with the organopolysiloxane
; § g; a combination of methyl silicate 51 and the compound represented
by Formula (4), a combination of methyl silicate 51 and the compound
repr%%eﬁf%ﬂsf&?or‘r%bl'a 71 @7, & chrbirmation of ety Silicate 4b sihdtheed
a4 cgreg%ound represented by Formula (4) and a combination of ethyl silicate
1Va6HNd e VoA réredentad by ForiE D), hib iR Grarheilagy oup

referably a combination of methyl silicate

a

aving an ‘ether bond (a group represented by "= (CHy) p—0O=

(CH2) =" ,wherein p and g each are independently an integer of
1 to &6).

[0049]

Specific examples of R’ include methylene, ethylene,
propylene, butylene, hexamethylene and propyloxyethyene.
rom the viewpoint of a compatibility of the reaction curable
silicone rubber (A} with the organcpolysiloxane mixture (B},
ethylene, propylene and propyloxyethyene are preferred, and
propyloxyethyene is particularly preferred.
[0050]
The organopolysiloxane (B2} has a dynamic viscesity
{Ostwald viscometer, according to JIS Z 8803) of usually 5 x
107° to 1000 x 10°° m®/s, preferably 30 x 10™° to 300 x 107°

m*/s at 25°C.

(0051}

The organopolysiloxane (B2) preferably has a phenyl



5 51 and the compound represented by Formula (7) [0057] The
organopolysiloxane mixture (B) can e obtained by using the
organopolysiloxane (B2) in a range of 0.5 to 6 mole, preferably 1 to 3
mole based on 1 mole of the 10 organopolysiloxane (Bl) to subject them to
condensation reaction (dealcoholization reaction) . When a use amount of
grodbeproanopolysiloxane(B2) isyless than.Q-5mole, a surface of a coating
ilm obtained from the curable composition is inferior in a water droplet
roo8liging property in a certain 15 case, and when it exceeds 6 mole, a
preferred viscosity of the organopolysiloxane mixture (B) is not obtained

In aycetain case JNNSEL The 069@”%‘%%!)&%!'%9&8@9 mixiyre (B) centains a

20 condensation product of the component (Bl) and the component (B2)

inciaNgthed %QOQ&Q%Q&@c'leé”%o%’@”?@iQEE%):QR&B%S}&%Y?% Ofg

for example, the condensation product : the component’(

5 to @o)mponent (B2) 80t0 90 : 10to 20 : 0 (weight ratio, the total is 100 parts

10

y weight). 22 0059] In a condensation reaction of the component (BI)

[ oo%@cﬁ the component (B2), a condensation reaction catalyst is preferably
used. Examples of the condensation reaction 5 catalyst include: tin
carboxylates such as tin octylate, tin naphthenate and tin oleate;

SRR
Cﬁs"‘%i“’ﬁ ?i%} S1-0+ !S,iwtsﬁa-il}i (4)

CHy LGy =n “R7 4, CH,

o CHy pe
Rﬁ*ﬁaﬁs“]Si“ﬂ ér(} -.‘lsi%I
éﬁs éHz - é’ 5 (5)
CHy
e éi”ﬂg!‘fa”ﬂﬁ
i,

-G
[ii”ﬁ iSi*CH;: 4y

-
CHa ngg Jm Lé’ 'Jn
?Hg EEIH;; I;IB ?33
CE3~?E*Q ?i~9 ?z~ﬁ Si-CsHg-0 -C H,0H {79
CHs CHz —@ =7 s GHs

[0054]
wherein, in the respective formulae, R’ and R® are a non-
substituted or substituted monovalent hydrocarbon group, and
at least one of R’ and R® is a non-substituted or substituted

monovalent hydrocarbon group selected from groups cother than
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tin compounds such as dibutyltin diacetate, dibutyltin dioctoate, dibutyltin
dilaurate, dibutyltin dioleate, 10 dibutyltin oxide, dibutyltin dimethoxide and
dibutylbis(triethoxysiloxy)tin; titanic esters and titanium chelate
compounds such as tetraisopropoxytitanium, tetra-n-butoxytitanium,
tetrakis(2- ethylhexoxy)titanium, dipropoxybis(acetylacetonate)titanium 15
dti (o] C I n p as
e haphthenale EE?@%%&"%nsﬁ%g%m%%“?@?gt%??oﬁ%ﬁ ihexoate,

= e B B ARG oD Hepnonate

and al xyalumlnum compoun 20 amiho oup- bstltuted

hal%%@%’@&%”%iﬁy mm |Q8%opgltr|m§ EP%( |Iane and

3(aminoethyl opyltrlme oxysilane; gﬁg anmi xess ﬁas

and Qegkaénkqg*g Q%CA%%%% aming. phosphate, dimethylhydroxylamine

and diethylhy roxylamlne >3 Use amolint of?hé)con ensatlon Feaction

ant i glﬁ@lg Q)o]; e&f all¥égntcedm?€;solstl)gg as_it is_an effecti a/eg%n%%ui%ae

the catalyst, an |t is Usua arts Ey%velght Sse

%q{g, )5 eéth éthecomggnent@lé andCSthe co ponent%B%?té %OJ

The con ensatlo reaction t€mperature is ngfn%pem calﬁpllml ed, and

Forp{ﬁﬂ% 'Ir; ﬁ g %e of usually Y119 120G, preferably 15 to 80C. The reaction

[0055]

{B) Organopolysiloxane mixture:

The organcopolysiloxane mixture (B) is a mixture of a
product obtained by an R°CH elimination reaction of the
organopolysiloxane (Bl) (hereinafter also referred to as
“component (B1)”) and the organopolysiloxane (B2)
(hereinafter also referred to as “component (B2)”) and the
unreacted organopolysiloxane (B1). The R%0OH is produced by
reaction of an OR® group in Formula (1) and an OH group in
Formula (2).

[0C56]

A combination of the organopolysiloxane (Bl} and the

crganopolysiloxane (B2) is preferably, from the viewpoint of
a compatibility of the organopolysiloxane (B1l) with the

organopolysiloxane (B2), a combination of methyl silicate 51
and the compound represented by Formula (4), a combination of

methyl silicate 51 and the compound represented by Formula
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specifically limited as well, and it is usually 10 minutes to 72 hours,
preferably 1 to 48 hours. [00611 S%elcific examples of the
organopolysiloxane mixture (B) include X-31-2396 and X-31-2442 (trade
names, manufactured by 15 Shin-Etsu Chemical Co., Ltd.). [0062_1 The
organopolysiloxane mixture (B) has a viscosity (25C, B type rotation
ViSCO r,. accordin JIS Z.8803) .of usually 3 to 1,000 mPas,
) o torate BO%G 300 et Ad 20 mire refetanty 35 to S ARk
The curable composition of the present invention is_ produced by.
rem[rr%%(%%tfo %Xﬁf%y%ggm C%TP th%nréagtiocnq%féﬁg*sﬂfﬁoﬂé_rﬁEBé’rl(A) with
.. .1 10,100, parts hy weight, 24 preferably 5 to 60 parts by weight a_nd more
Slllp?%f%?aﬂ%@ 1?)%% ﬁé %a?t%ng)yo\lf%%l ht %?%1%58@5%%8@5#&@%%1@1|X{Jr)ef(Béj?ld
is E;go%4]C<uqtahle5lgom opents> 5 The curable composition of the present

invenition Thay ‘contain o ﬁiérlgo%p%ﬁ sEUCh s £5il6he Bit (3,14 cate

curing, catalyst, an antifouling agent and a colorant. These components
LAy %eex%%r}ﬁce)&%%elo%vep[ﬁﬁ%%]gtl%%émcgﬁ%r@ﬁl%@)>('ﬁ)ie curable

position of the present invention is capable of forming an antifouling
coating film having an

The organopolysiloxzane mi%ture (B} can be obtained by
using the organopolysiloxane (B2) in a range of 0.5 to & mole,
preferably 1 to 3 mole based on 1 mole of the
organcpolysiloxane {Bl) to subject them to condensation
reaction (dealcoholization reaction). When a use amount of
the organopolysiloxane (B2) is less than 0.5 mele, a surface
of a coating film obtained from the curable composition is
inferior in a water droplet sliding property in a certain
case, and when it exceeds 6 mole, a preferred viscosity of

the organcpelysiloxane mixture (B) is not obtained in a

certain case.
[0058]

The orcanopolysiloxane mixture (B) contains a
cendensation product of the component (B1l) and the component
{BZ2) and the residual compenent (Bl) and component (B2) in a
proportion of, for example, the condensation product : the
cemponent (Bl) : the component (B2) = 80 to 90 : 10 to 20 : 0

(weight ratio, the total is 100 parts by weight).
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excellent long-term antifouling property even if it does not contain a
silicone oil, but the curable compositjon of the 15 present invention may
contain the silicone oil (C) . The silicone oil (C) is not specifically limited
as long as it is a non-reactive (non-condensing) silicone oil or a silicone
oil bleeding out from the coating film of the present invention. From the

{OO\@'@ point of a compatibility of the 20 reaction curable silicone rubber (A)
and the organopolysiloxane mixture (B) with the silicone oil (C), the

S”ilcﬂmeaonc(oqgager%geafﬁ{%%lyPﬁfr%%éhgclpnheonylsmgﬁhnag\??# gnent (Bl) and

poiyether-modified silicone ol a silicone ol a group

repre d_by, following Formula.(3) (hereinafter 25 also referred to
the %B%Sggerda %%:, Q CC%C&:?)“:SE ih‘it §|EQ%% cigwa%af

" H 5'—
as "silicone oil Formu erein, i Formula

£ g ' -substituted or s%b tituted divalent hydrocarbon group or

e TSl kLA S R

cat %Pg;%ubls i%Litgg or substituted monovalent hydrocarbon group; Y is a
ydro

yzable group; and b is 0, 1 or 2. 10 [0066] It is thought that, among

the silicone ilsﬁge%i,t e _methylphenylsilicone oil and the .
pol)iﬁﬁeﬁ%%?l Si |§osnes%cﬂ¥blgesd 6t off tHe' é&rtfa?de of-the ERting At e

and V\gt;pnth?]tgg%sage of time to be gradually released into seawater. It 15 is

thoughO Kat thé silicone oil having a group represented

tin compounds such as dibutyltin diacetate, dibutylitin
dioctoate, dibutyltin dilaurate, dibutyltin dicleate,
dibutyltin oxide, dibutyltin dimethoxide and
dibutylbis (triethoxysiloxy)tin;

titanic esters and titanium chelate compounds =zuch as
tettaisopIOpoxytitanium, tetra—n-butoxytitanium, tetrakis(2-
ethylhexoxy)titanium, dipropoxybis(acetylacetonate)titanium
and titanium lsopropoxyoctyl glycol:

organic metal compounds such as zinc naphtheﬁate, zinc
stearate, zinc Z-ethyloctoate, iron 2Z2~ethylhexocate, cobalt 2-
ethylhexoate, manganese 2-ethylhexoate, cobalt naphthenate
and alkoxyaluminum compounds;

aminoalkyl group~substituted alkecxysilanes such as 3-
aminopropyltrimethoxysilane and N-8{aminoethyl) -y -
aminopropyltrimethoxysilane; and

amines such as hexylamine, dodecyldodecylamine

phosphate, dimethylhydroxylamine and diethylhydroxylamine. A
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by Formula (3) reacts with the component (A) and the like, which are
coating film forming components, tozfgrm a cured coating film, and when
the coating film is dipped in seawater over a long period of time, the
silicone oil is hydrolyzed 20 with the passage of time to allow a terminal
group to be turned into a group having an alcoholic hydroxyl group

(:pIR40H) and.bleeds out on the surface of the coating film, whereby
nee aadhesion of afg }ﬁﬁdg%%aeff?é’ |as1;E ﬁr%r\l/eﬁtee%%ﬁd)é)?] %IC p%%ﬁicl&aﬁ%les of

spadh t sjlicgne oilinclude KF-50-100 and KF-50-300
P %?n%a%%abéwrzfﬁgé%?n-ﬁ%ul%rﬁi%aﬁgof TtdY and TSR43F amount as

e ( tured by, To hipg Silicone Ca,, Ltd.). Specific examples of the
th p%ﬁ%%%g’mggiée& éiliéoné1 soﬁ?r?;ﬁ'dng 6071 tmBRdfadtréd By SHin-

su Chemical Ltd.) and TSF473Q (manufactured by Toshiba
bas%ﬁg&ng&oﬁtﬁ?[o%%%fSrh}%ysil‘féaoln‘%‘%n having 8 BrSiis Fepré8entedd
the bé’o%*n?é? 10 fguoé ?g Formula (3) may be a silicone oil proposed by the
n

presénit applicant and the like which is described in JP-B 2522854

ocrmula (3): --SiR40SIR5bY3-b wherein, in Formula (3), R4 is a
non-substituted or 15 substituted divalent hydrocarbon group or a divalent

hydlrgcargoga%rggg having an ether bond; P5 is a non-substituted or
substituted monovalent hydrocarion groggeratire is not

specifically limited, and it falls in a range of usually 1 to
120°C, preferably 15 to 80°C. The reaction time is not
specifically limited as well, and it is usually 10 minutes to
72 hours, preferably 1 to 48 hours.

(00617

Specific examples of the organopolysiloxane mixture (B)
include X-31-23%6 and ¥X-31-2442 (trade names, manufactured by
Shin-Etsu Chemical Co., Ltd.).

[0062]

The organopolysiloxane mixture (B) has a viscosity
{25°C, B type rotation viséometer, according to JIS Z 8803)
of usually 3 to 1,000 mPaes, preferably 20 to 300 mPaes and
more preferably 25 to 250 mPaes.

[C063]

The curable composition of the present invention is

produced by mixing 100 parts by weight of the reaction-

curable silicone rubber (A) with 1 to 100 parts by weight,
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Y is a hydrolyzable group; and 20 b is O, 1 or 2. The silicone oil (3)
preferably has a number average n%%lecular weight of 250 to 20,000,
preferably 1,000 to 10,000 and a dynamic viscosity (25C, Ostwald
viscometer, according to JIS Z 8803) of usually 20 x 10-6 to 30,000 x
10-6 m2/s, 27 preferably 50 x 10-6 to 3,000 x 10-6 m2/s. [0069] Specific
xamples pof R4 in Formula (3) include a non- substituted or substituted
pre%vrang?lighy%rggar%%:npgargﬁﬁ st¢h ‘43" 8 e MYRNEC SR Prémiendl to
utylene and hexamethylene; and a divalent hydrocarbon group having an
€ e?hr)é{:rsb(%r?{d l"F%;"%F‘)éﬁ'étenf)e*d by *-(CHZ COXC HETG-* ARSRIAD And & e4éh are
{Od%‘ﬂ pendently an integer of 1 to 6. [0070] 10 R5 includes the same
groups as the groups given as the specific examples of R2 in Formula (1)

<Ot1‘?§9 ig u%ugy}%a non- substituted or substituted monovalent hydrocarbon
group Qﬁa?vmg %58 carbon atoms. Specific examples thereof include

alkyl groups such as methyl, ethyl, propyl and butyl; 15 alkenyl groups
sugﬁ}%es \%Hﬁ%ﬁ aftyfi™ a8 grodps géct%’fﬁ? pRERYITAHd folyIS e elenlgR Y
Comgaroups s%ch as cyclohexyl; aralkyl groups such as benzyl and .
SherIethyyE RS GToURs SHEhetf by sibstitGiigapatt dicalk of2@uring
drogen atoms caontained in the above groups with a halogen atom, a

Cat%ygr%'grS&p%?ﬁ%ef%(lfBﬁei‘%Bk,‘Eﬂ rémethyprant. These

components shall be explained below.
[0065]
<8ilicone cil {(C)»>»

The curable composition of the present invention is
capable of forming an antifouling coating film having an
excellent long-term antifouling property even if it dces not
contain a silicone oil, but the curable composition of the
present invention may contain the silicone oil (C). The
silicone oil (C} is not specifically limited as long as it is
a nen-reactive (non-condensing) silicone oil or a silicone
0il bleeding ocut from the coating film of the present
invention. From the viewpoint of a compatibility of the
reaction curable silicone rubber (A) and the
crganopolysiloxane mixture (B) with the silicone oil (C), the
silicone oil (C) is preferably a methylphenylsilicone oil, a
polyether-modified silicone oil and a silicone oil having a

group represented by the following Formula {(3) (hereinafter



10

15

20

3,3,3-trifluoropropyl and 2-cyanoethyl). [0071] Y is a hydrolyzable group,
and specific examples of Y 28 incluf;rj]e alkoxy groups such as methoxy,
ethoxy, propoxy, butoxy, methoxyethioxy and ethoxyethoxy; acyloxy
groups such as acetoxy, propionoxy, butyloxy and benzoyioxy; 5
alkenyloxy groups such as isopropenyloxy, isobutenyloxy and
1-eth]yl-2-m§th%/évigygo>@‘/s; 4iTinoxime %gr ups Su,ch_ as dimethylketoxime,

aj”somét%yﬁalfﬁﬁ etoxime, diefhyﬁ%fg)ﬁm N yc(lg erltanoxime and

cyc Oh%(gpoxnﬁ_ ;;Ogmg;gg; ups such as N-methylamino,

N-etfylamirio, N- propylamifio: N-butylamino, N,N-dimethylamino, N,N-

whe di%tgylaﬂgng and clyclo exylaqrmin,o; amide grou )S such as
1ENLmethylacetaniida N éthylacethinide RRd NERRSthyibdRZ4mite:; and 15
minoxy groups such as N,N-dimethylaminoxy and N,N- diethylaminoxy.
sub %6Tﬂt)/§gegijfi\éae&%lﬁ¥p @‘é’ oF HePdiftcBhe?GiP ) ifdiude Coffpsiiids
hd described in JP-B 2522854: 20 [0073] 29 DHs CHs $ DH3 R 3 b fG CHs
YOS TP Y sPD St RAL Y -3¢ her bond;

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

Y is a hydrolyzable group; and

b is 0, 1 or 2.

[0066]

It is thought that, among the silicone oils (C), the
methylphenylsilicone ¢il and the polyether-modified silicone
oll bleed out on the surface of the coating film with the
passage of time to be gradually released into seawater. It
is thought that the silicone oil having a group represented
by Formula (3) reacts with the component (A} and the like,
which are coating film forming components, to form a cured
coating film, and when the coating film is dipped in seawater
over a leng period of time, the silicohe cil is hydrolyzed
with the passage of time to allow a terminal group to be
turned into a group having an alcoholic hydroxyl group
(£8iR°0H) and bleeds out on the surface of the coating film,

whereby adhesion of an undersea life is prevented.

[0067]
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lailDH3CR3MRNCHs 4H3H3Re RsbSi-D-D3Hei-SiSiD
Si-0 DHs H3 M Ede tn] E EH3 R3b | g:aH 0i Y3b CHa DH3 Ha R6 CHa E
|1 DH3 CHs-Si-DSi-DSi DS|OS| -DH31il'CH3 DH3CH3mR'

n C3H10i-Y3 k R3 [0074] wherein R3 is a non-substituted or substituted
monovalent hydrocarbon group, and R7, R8, Y, b, 1, m and n are the

same, 5-as desgribe % (?gve 00751 Ex@mplﬁtsgg%) ?,Q%rgzno ol)éllloxi e

having an alcoholic roxyI group repres u

d rese o) I 4) 5) or (6) described i in, P-B10
mcg%ggggf 'ISP?E% |(§:o%t§%n 5) %adlgglgg{é)ro uce‘fiébayza proéﬁessy descrnbeEdti'?f1

Cher]D2 2522854, 30, 307% X riduclie it s bl
preferably 0'1 to 200 parts by weig oreprefera Iy
Silicone Co., Ltd.). Specific examples of the polyether-
modified silicone 0il include KF-6011 (manufactured by Shin-
Etsu Chemical Ceo., Ltd.} and T8F4730 (manufactured by Toshiba
Silicone Co., Ltd.).
[0068]

The silicone cil (3) having a group represented by the
following Formula (3) may be a silicone oil proposed by the
present applicant and the like which is described in JP-R
2522854

Formula (3): =SiR'0SiR%Ys.y
wherein, in Formula (3), R? is 2 non-substituted or
substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond;

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

Y is a hydrolyzable group; and

b is 0, 1 or 2.

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

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



100 parts by weight and further preferably 10 to 100 parts by 5 weight
based on total 100 parts by weight of;the reaction curable silicone rubber
(A) and the organopolysiloxane mixture (B). [0077] If the blending
amount of the silicone oil (C) falls in 10 the range described above, an
antifouling coating film which is excellent in both of an antifouling property

pre ke toating «filnystrengthyispobiained ywhenzthe curable paint
composition of the present invention is used, for example, as an
[ coattifouling paint. On the other hand, if the blending amount 15 of the
silicone oil (C) is smaller than the range described above, an antifouling

propeely of ke antifquling coating Him isyedueed ima ceflain case, and it

it exceeds the range described above, a strength of the antifouling

subsx&MBQewn&E3@ﬁ@@@g@&éé@ﬂﬁﬁw§¥$h@0HQQZ§E§§%5W9é¥8ﬁgsghch as
Compounds described in JP-B 2522854 can Suitably be used as the

5 metH&E@@é%ﬂ@WESEEQéPtﬁ%@%%ﬁ@héne¥ﬂggyggngngﬁgxﬁgﬁgﬁﬁégﬁqgﬁe;

tin octylate, tin naphthenate and 31 tin oleate; tin compounds such as

and dibutylimdiacetate; dibytyltin, d%&?ﬁﬁn@@%&é{&%@!'%ﬁ@z dibutyftin

dioleate, dibutyltin oxide, dibutyltin dimethoxidé and 5
rep@@@M@%ﬁrﬂﬁlhOxy(sffllf?ﬁ(ygﬂﬁi—ti(téﬂig‘:) %ste,rs and E'é%”g‘ %fheéatg each are

compounds such as
independently an integer of 1 to 6.
[0070]

10 R® includes the same groups as the groups given as the
specific examples of R® in Formula (1) and is usually a non-
substituted or substituted monovalent hydrocarbon group
having 1 to 8 carbon atoms. Specific examples thereof
include alkyl groups such as methyl, ethyl, propyl and butyl;

15 alkenyl groups such as vinyl and allyl;

aryl groups such as phenyl and tolyl;

cycloalkyl groups such as cyclohexyl;

aralkyl groups such as benzyl and Z-phenylethylyl; and
groups obtained by substituting a part or all of

20 hydrogen atoms contained in the above groups with a halogen
atem, a cyano group or the like (for example, chloromethyl,
3,3,3-trifluoropropyl and Z-cyanocethyl).

[0071]

Y is a hydrolyzable group, and specific examples of Y
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tetraisopropoxytitanium, tetra-n-butoxytitanium, tetrakis(2- ethylhexoxy)
titanium, dipropoxybis(acetylacetonage)titanium and titanium
isopropoxyoctyl glycol; 10 organic metal compounds such as zinc
naphthenate, zinc stearate, zinc 2-ethyloctoate, iron 2-ethylhexoate,
cobalt 2- ethylhexoate, manganese 2-ethylhexoate, cobalt naphthenate

: nc13pdalkoxyaluminum compounds; aminoalkyl aroup-substituted

alkoxysilanes such as 3- 15 aminopropyltri e’thoxysnaﬁé and >°*

but JYiP(amineethyl-ys Jngﬁg@pé/lgggégt oxysilane; amine compounds and

salts thereof such as hexylamine, ecyldogécylamine phosphate,

dimethylhy ro&(l ine&p diethylh %rox lamine; 20 guaternar
amm(?niumgsa’fts@;fqé as rénazys/ltrylie{%y gﬁ#ﬁorﬁﬁﬁp ace gt@f 1ov%véyrtf\é\%t(f/Xy
and ?%g{ggﬁ gg{?lkali metals such as potassium acetate, sodium acetate and

ithium Oxalate; and silanes or siloxanes having a guanidyl group such as

32 tetra EI@Q uanidylpropyltrimethoxysilane , .
tetraémetﬁ}ﬁgua%id%o%ﬁﬁm%(%ﬁadﬁrﬁetf%g)%?slﬂgﬁg%%oxy’ zsobutenyloxy

tetr Iguanidylpropyltris(trimethylsiloxy)silane. [0079] 5 The curing
4 teramethylgu ethylsrioxy
= catalys?s arge l?s%%}(lﬁiavr%é%géﬁf/ 6f 10 parts by weight or less, preferably

5 parts by weight or less and_mare preferabl art by weight or less
baé%'£1 gr%/ }ibrggpa?trs()%@%vesi&ﬁ%l of tﬁe%ﬁ%&?ﬁéﬁ s(%&)C.)%{yﬁglree‘ferred lower

net L EBLLIYSING s 9:00%, DALY WEIGNt OF MOM&, - -t anoxime and
cyclohexanoxime;

amino groups such as N-methylamino, N-ethylamino, N-
propylamino, N~butylamino, N,N~dimethylamino, N,N-
diethylaminc and cyclohexylamino;

amide groups such as N-methylacetamide, N-
ethylacetamide and N-methylbenzamide; and

aminoxy groups such as N,N-dimethylaminoxy and N,N-
diethylaminoxy.

(00721

Specific examples of the silicone cil (3) include

compounds described in JP-B 2522854:

(0073]
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10 particularly 0.01 part by weight or more. [0080] <Antifouling agent>
The antifouling agent may be either jgorganic or organic. 15 [0081]
Compounds which are conventionally known can be used as the
inorganic antifouling agent, and among them, copper and inorganic
copper compounds are preferred. [00821 20 Examples of the organic
antlfoullng a ent include metal pyrithiones represented by the following

?a( ea iuranmdisuffilie, carbamat® tempounds such as
mg I|h| ate and mapgan e
éthyl Uil dif hlocar a a'eS 26@3, 6 % égﬁﬁ)Pois%bhtﬁé'IO‘rﬁtrile,
N,N-#ignet z;iicgllo- phemylurear, CH,
4,5dichloro-2-n-oc 3(2H)| hlazollne 2,4,6- trichlorophenylmaleimide
and 3-mbthylthio- 4[?5 dtyldm "ycl pr%)pyl -sfiazine; 5 [0083] R2 R |
R R-bl 4-Sofk [0PB4]- Sx— Si" Si-0
A
{} Ha 5—{; Ha jm LE ¥ 4
?Hs ?3b
W?i“ﬂ:}ﬁsﬁ"“s;“’?amb .
CHa
CHs CHs 5 —~R® = rCH, -
| l B | EHs
Chy-5i-0-Si-0+ Si-0 Sig ‘””‘méi""‘ﬁﬂa
| - {
| ] I CHy
CHs —C H 3 ""“Em g7 ' “Csﬁsﬁ?i*?aub“ r
R%,
[0074]

wherein R°

hydrocarbon group, and R/,

is a non~-substituted or substituted monovalent

g ; .
R, Y, b, 1, m and n are the same

as described above,

[CCT75]

Examples of an organopolysiloxane having an alccholic

hydroxyl group represented by =SiROH include the compound

represented by Formula

2522854.

(4),

The silicone oil

described in JP-RB 2522854,

(5) or (&}

(3)

described

in Jp-B

can be produced by a process
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wherein R' to R4 each represent independently hydrogen, an alkyl group,
an alkoxy group or a halogenated alkyl group; M 10 represents metal
such as Cu, Zn, Na, Mg, Ca, Be, Pb, Fe and Al; and n represents a
valence. [0085] Among the organic antifouling agents, preferred are
copper pyrithione (in Formula (vi), M = Cu), zinc pyrithione 15 (in Formula
[ooy§3 M = Zn), N,N-dimethyldichlorophenylurea,
2,4,6-trichlorophenylmaleimide, 2-methylthio-4-t-butylamino-
6-cyelepropyl-saazine; 4.g-dichlore-2-n-octyl-4- isothiazoline-3-one and
2,4,5,6-tetrachIoroisophthaﬁlg)?litrile. 0386 2 ,&rr%]o%é tﬁren%l’ﬁélanigp
pref0fioulingagents, metal pyrithiones 34, andfor ;
4,5-dic;rlﬁoro-2-n-octyl-4-i§)thiazoli%sé- l%e ér’e %?e%‘%rr%é?gﬁé Winbirted ©
100 Ysedheregf is piejerred;singg the, agtifouling perfgymance is exgellent, In
particular, copperf pyrithione and/or
we i ¢hB-dichlorp-25n-petyl:4-isofpiazoline: 3.5 one are preferably used, and
(%Z)mbined use thereof is moreagprelgesrfebdx./ [615817%%#1 t %eztn ﬁoﬁl%agcpaﬁﬁp
curZompasitign.centaining the anic antifouling agent, the organic
antifouling agent is 10 c%}l%ta{iar:ggd %?e eftca‘tbéfy f?\ggﬁaqgo o%%%% ug&ﬁ@%_l to
mixta0-% Q)é )V\_/eight, preferably 0.5 to 10 % by weight. Further, the above
organic antifouling agent is contained preferably in an amount of usually
{Oog.i}to 150 parts by weight, preferably 0.1 to 100 parts by weight as the
solid content based on 100

If the blending amount of the silicone oil (Cy falls in
the range described above, an antifouling cecating film which
is excellent in both of an antifouling property and a coating
film strength is obtained when the curable paint compcesition
of the present invention is used, for example, as an
antifouling paint. On the cother hand, if the blending amount
of the silicone oil (C) is smaller than the range described
above, an antifouling property of the antifouling coating
film is reduced in a certain case, and 1f it exceeds the
range described above, a strength of the antifouling coating
film is reduced in a certain case.

[0078]
<Curing catalyst>

Compounds described in JP-B 2522854 can suitably be

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

tin carboxylates such as tin octylate, tin naphthenate and
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15 parts by weight of the solid content of the reaction curable silicone
rubber (A). [0088] <Plasticizer (chlgrinated paraffin)> Examples of a
plasticizer include TOP (tricresyl 20 phosphate), chlorinated paraffins and
polyvinyl ethyl ether. The plasticizers can be used alone or in combination
of two or more kinds thereof. The plasticizers contribute to an

tin IRrQ¥ementin a clutch resistance of the coating film (also referred to as
"antifouling coating film") comprising the 35 antifouling paint composition.

[0089}, ﬂeaw%gewﬁmaa%%mmga@iﬁc@x%%ﬂn&% ltin

functions also as a 5 stabilizing agent and can further enhance a storage

aiociabilly, of the antfouling paint composition, Examples.of the _ inorganic
dehydrating agent include anhydrous gypsum {CaS04), syntﬁetlé zeolite

dibu%@?}loi%n%i@g? %%é&?‘@%'%ﬁh%‘ﬁ%%@géh% ike) and silicates, and

anhydrous gypsum and 10 Molecular Sieves are preferably used. The

d1 bURQRGANIC t%@%%@é\fgsgq%gﬂ:n@%pe used alone or in combination of two

or more kinds thereot. [0090] e curable composition containing the

Inorganie, 1> getdrating oeat. 1he [noragnic dehvdrating, agent may be
contained in the curable composition of the present invention 'in an

et Amouptatyusually about -1 0 1Q 20 by weldht .+ - im, tetrakis (2-
ethylhexoxy)titanium, dipropoxybis(acetylacetonate)titanium
and titanium isopropoxyoctyl_glycol;

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

aminoalkyl group-substituted alkoxysilanes such as 3-
aminopropyltrimethoxysilane and N-p(amincethyl) -y~
aminopropyltrimethoxysilane;

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

Jquaternary ammonium salts such as
benzyltriethylammonium acetate;

lower fatty acid salts of alkali metals such as

potassium acetate, sodium acetate and lithium oxalate; and

silanes or siloxanes having a guanidyl group such as
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preferably about 0.1 to 5 % by weight. [0091] 20 <Metal carboxylate> The
curable composition of the present kwention may further contain a metal
carboxylate. [0092] The metal carboxylate having a molecular weight of
36 usually 50 to 1000, preferably 100 to 600 are used. Carboxylic acid
constituting the metal carboxylate is preferably carboxylic acids having an

t et Alieyelio stiuciire push as\naphthenic acid, cadoxylic acids having an

aromatic S ring structure such as a-(2-carboxyphenoxy)stearic acid,

tetf@ﬁ@n@@%ﬁﬂsﬁ@@g%@%@&@m@q{m%%sﬁ1%@“@]%% acid,

rosin-based resin acids and fatty acids are preférred. [0093

tetANik8309i0g 20epYantisettling agent;(thixptapic agent)z ; Examples of

an anti-sagging agent/anti-settling agent (thixotropic agent) include salts
[oofariexample, stearates, lecithin salts and alkylsulfonates) of Al, Ca or Zn
derived from an organic clay, hydrogenated castor oil wax, polyamide 15

wavgrasmixtuke, gf bathw Polyethylene wax, amide wax, synthetic. . o

fine powder silica and polyethylene oxide wax. Polyamide wax, synthetic

by dinepowder silica, pc;gyleé@@%%fg%i%e M&@%?Oﬁ%ﬂ&ﬁiye%% a0 .ng
organic clay are preferably used. Examples of the anti-sagging agent/anti

mor£0:5eMHing-agent include commereigl products under. the trade - parts

by weight of the component (A}. A preferred lower limit

thereof in using is 0.001 part by weight or more,

particularly 0.01 part by weight or more.

L0080

<Antifouling agent>

The antifouling agent may be either inorganic or
organic.

(00811

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

[0082]

Examples of the organic antifouling agent include metal
pyrithiones represented by the following Formula ({(vi),
tetramethylthiuram disulfide, carbamate compounds such as
zinc dimethyldithiccarbamate and manganese 2-

ethylenebisdithiccarbamate, 2,4,5, 6~
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names "Dispalon A630-20X" in addition to "Dispalon 305" and "Dispalon
4200-20" manufactured by KusumoL%ChemicaIs, Ltd. [0094] The
anti-sagging agent/anti-settling agent is blended 37 in the curable
composition in an amount of, for example, 0.1 to 10 % by weight. [0095]
<Colorant> 5 Various organic and inorganic pigments which are

tetz@@ﬂ%%%@!ﬂ?ﬂﬂ’{‘é’l%%”? ,;u§ed e colorant. ;I'he organic pigments
include carbon black, pht aﬁ)"éygr’lir?g 'l:t)!ﬁuec%: lsﬁui%ya“naﬁlﬁgﬂanﬁo%lg%& iur e
5 The icpi ts4n for example,.pigments ich are neutral

4, 5 JNEINoIgANIc pigments Jncjyde, P , Juhic
andcnon-reactive, 1gls§ch aigt%ér% %v%?t(re%l r@'Jle)ZdCir*o*r:r:ll Skid‘é,’ g:r%/te powder,

- 1 Sllica, galcium,carbonate, talc %!?1 k and iron axide powder; anf o
pigments (active p?gn%erjftcsif whic a%lrén %gl %F\ J'r%algti\;ce \gvli*[ﬁy ABeieP©
su g_i apaint, such as zinc flower (ZnO, zinc oxide), lead white,

eye reé}?ea OXi jt%%% %:lb%?énd lead 15 suboxide powder. Various colorants

[OOS?@ as dyes may be contained therein. The various pigments are
blended in the paint composition in an amount of, for example, 0.5 to 45
% by weight in total. [0096] 20 <Other coating film-forming component>
. R 7. . . .

(eating fllm}-{fgrmlng components other than the reaction curable silicone

BT (A andyhe like may be contained as long as they do not act

kthe dbjects of the present
L, " -+

-~ iyi)

(00843
wherein R' to R? each represent independently hydrogen, an
alkyl group, an alkoxy group or a halogenated alkyl group; M
represents metal such as Cu, Zn, Na, Mg, Ca, Ba, Pb, Fe and
Al; and n represents a valence.

10085]

Ameng the organic antifouling agents, preferred are
copper pyrithione (in Formula (vi), M = Cu), zinc pyrithicne
(in Formula (vi), M = 2Zn), N,N-dimethyldichlorophenylurea,
2,4,6-trichlorophenylmaleimide, <-methylthio-4-t-butylamino-
o-cyclopropyl-s-triazine, 4,5-dichleoro-2-n-octyl-4-
igsothiazoline-3-one and 2,4,5,6-tetrachloroisophthalonitrile.

[0086]

Among the organic antifouling agents, metal pyrithiones
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invention. Examples of the "other coating film-forming 38 component”
include poorly water-soluble or non-\Q/@ter-squble resins (hereinafter also
referred to as "poorly/non-water- soluble resins") such as acrylic resins,
acryl silicone resins, unsaturated polyester resins, fluororesins, 5
polybutene resins, silicone rubbers, urethane resins (rubbers), polyamide
and Jesing winyj chigride copalymer resins, . chlorinated.rubber m%esins),
chiorinated olefin resins, st)?reég- U%Zd‘lesr?éoc%ééozl?/rlnjé??e ing ¢ &xe
ethylene-vinylacetate . copolymer. resins, vin Ichlori%e resins, alkyd
prek’ f ¥ ! . T
resins, 10 coumarone Peesﬁs,Sfﬁalkﬁglfygf%cry%tep(%g p%?yrrﬁgrss(lsﬂﬁe the
ant fesins);and peyoley Lresins.ﬁ[0097 <Other fillers, flame retardants,
thixotrépy%-dpgovi ing agents, eaetxc%% %%E%ty-i%Br@?ﬁgtéﬁéﬂ@?adﬁé’é?‘?eer
r £ompongnts and 15 the like> Fillers _thp_er_'gha the compounds described
Py above includer)metal b%(i&é%cs%éﬁra% mf?nn%zge%%s%ea]rt%ﬁ%%hao%@&eﬁn?iné*

oxide, fitaniy ide and alumina and Qm ounds obtained by subjecting
one thge%g gompo?ﬁ%?’o surfade iarggn%ﬁ? Wit?’lg?o gitdhe C6mMpoands Mesk

pregggpggyes such as calcium carbonate, magnesium carbonate and zinc
carbonate; asbestos, glass fibers, carbon blacks, quartz powder,
w@é%}inum hydroxide, gold powder, silver powder, surface-treated calcium
carbonate and glass balloon. The above fillers may be used alone or in

inati ftwa or more kinds thereof.
39 fgngkéﬂﬁgkgééu gngoﬁglnt composition containing the

crganic antifouling agent, the organic antifouling agent is

o

contained preferably in an amount of usually 0.1 to 20 % by
weight, preferably 0.5 to 10 % by weilght. Further, the above
organic antifouling agent is contained preferably in an
amount of usually 0.1 to 150 parts by weight, preferably 0.1
to 100 parts by weight as the solid content based on 100
parts by weight of the solid content of the reaction curable
silicone rubber (A).

(00883
<Plasticizer (chlorinated paraffin)>

Examples of a plasticizer include TCP (tricresyl

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

referred to as “antifouling coating f£ilm”) comprising the
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[0098] The thixotropy-providing agent includes polyethylene glycol,
polypropylene glycol, derivatives thgreof and the 5 like. The flame
retardant includes antimony oxide, paraffin oxide and the like. The heat
conductivity-improving agent includes boron nitride, aluminum oxide and
the like. The adhesive component includes substances having at least

ant 0Rg of; %o%odsi%ttc%%ﬁlglokgxyiiw_group, an epoxy group, a 10 hydrosilyl

group, an acryl group, a hy&roxysﬂyl group and the like and mixtures of
{Oﬁ@@ ]substances. [0099] <Solvents> The curable composition of the
present invention may or 15 may not contain a solvent. The components

<1n Cpl;&gggggd gggv r‘%i?%%h?’eg é)er r?{s}oersed in the solvent can be used, if

necessary. Ex mples o _the solvent used include §o|ve_nts which are

arommtic SO EHE ICABHe SoNeRE! 63t 0 Sofiéms ethet baRohis dnd
e S0l s AaLAS WHBR. o SHE indhecand e e the £
O oot oA elier Spe(ate (PIAC) S e i e 40  Aloohol

Lo Llﬂventsielud Iiso ro yl alcohollgrclz the like.. [0100] The solvent can be
S T A AP S hotRrEy, 18 B

eI}
In an arpitrary aI’TTOUI% and IS 'used Ih an'a

I .
synggggggig%gi?¥e adsorbents (trade name: Molecular Sieves

and the like) and silicates, and anhydrous gypsum and
Molecular Sieves are preferably used. The inorganic
dehydrating agents can be used alcone or in combination of two
or more kinds thereof.
[003901
In the curable composition containing the inorganic
dehydrating agent, the inorganic dehydrating agent may be
contained in the curable composition of the present invention
in an amount of usually about 0.1 to 10 % by weilght,
preferably about 0.1 to 5 % by weight.
(0091
<Metal carboxylate>
The curable composition of the present invention may
further contain a metal carboxylate.

[00382]

The metal carboxylate having a molecular weight of
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5 weight, preferably 1 to 50 parts by weight based on 100 parts by weight
of the reaction curable silicone rubbgy (A). Further, the solvent is used in
such an amount that usually 1 to 99 % by weight, preferably 5 to 50 % by
weight in the curable composition of the present invention. The curable
10 composition which is optionally diluted by the solvent has a viscosity

usua@5. S1ps vispamelpbNo 3 katyn affof exarmple, 8baut. 901 to 50
Pass/25C, preferabiy about 0.01 to 20 Pass/25C considering a coating

carciiaperly (saqaing Jbrepedy). and ailn thickness. ohialne by coating

once. 15 [01011 Production of the curable composition: “The curable

pre feMROSItion of the presentinyention ¢ bg?pgef%‘gﬁ%%tié@%@@%m

mixing the reaction curable silicone rubber (A) an

sucromanepalysiiorane e E).A0d, f 20-neressany e slicane OlE).

the curing catalyst, the antifouling agent, the t xotropy-ﬂb?gvialrhg agen

:nother plasticizer, ' anic del ti ent (stabilizing agent), the
ringthet plasticizer, the.nargap Pf'&y%% encha/ esn‘%iﬁgﬁé%of‘o%%%ﬂ, e

anti-sagging agent/anti-settling agent ening

ros 1448 dbe othel £opting 41, firg-fourying component. the splvent (example:

xylene) , a fungicide, a mildewcidé, an antiaging agent, an arntioxidant,

napr@R aRtistatic agent, the flame retardant, the heat conductivity-improving
P agent, an adhesion-provid?r]?gsggenteasnld% ?ﬁelﬁl?e %ngre%t%ﬁtgé/d clds”are
pre fRAOPQLtions at one time or in an arbitrary order. [0102]

[0093]
<Anti-sagging agent/anti-settling agent (thixotropic agent)>
Examples of an anti-sagging agent/anti-settling agent

(thixotropic agent) include salts (for example, stearates,
lecithin salts and alkylsulfonates) of Al, Ca or %n derived
from an organic clay, hydrogenated castor oil wax, polvamide
wax, a mixture of both waxes, polyethylene wax, amide wax,
synthetic fine powder silica and polyethylene oxide wax.
Polyamide wax, synthetic fine powder silica, polyethylene
oxide wax and those derived from an organic clay are
preferably used. Examples of the anti-sagging agent/anti-
settling agent include commercial products under the trade
names “Dispalon A630-20X” in addition to “Dispalon 305" and
“Dispalon 4200-20” manufactured by Xusumoto Chemicals, Ltd.

{0094}

The anti-sagging agent/anti-settling agent is blended
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In stirring and mixing the respective components, mixing or stirring
devices which are conventionally known 10 such as a loss mixer, a
planetary mixer and a Shinagawa mixer can be used. [0103] The
reaction curable silicone rubber (A) is a moisture- curable type, and
therefore the curable composition of the 15 present invention is produced

| fe e Iki mperature and humidity avoiding hi g

o %r%pg%gﬁgﬂagng %%%%%%%8% 1§E] i\rﬁﬁfgﬁﬁna gcba |rcfé: fif?’ﬁ9 g Ig ge U

to f@atgrigwmgxf:l\@p;ifouling 20 coating film and an antifouling method: The
antifouling coating film of the present invention is formed from the

r o @ifouling paint composition comprising the curable composition of the

present invention. [0105] 42 The organopolysiloxane mixture (B) and a

<coTydrglyzable group contained in the reaction curable silicone rubber (A)
(each of the reaction product of the organopolysiloxane (Bl) and the

organonaly: 'Io&&a ) and the unreacted 5 organopolysiloxane (Bl) and

a hydrolyza%le gr%%ré!c%natgigleér}ﬁ “the resction Cirabie &iidsHe Abber
{A))-are subjected to a cross:linking reaction to form the antifouling

-on c%ating fiIrr? ! ft%%gp%sgr?ﬁn\}?gnt‘fo%fg v?/ﬁicﬁ%%dcé? Hfives are fe8s
liabl adhere or from which, if they adhered to, they are 10 readily

org 53¥% rﬁﬂ%s om é% dar%gxE%I%S%édﬁpg%%bﬁgyanzne blue,

remove d whose surface ¢an be main

fomed

Prussian blue and the like. The inorganic pigments include,
for example, pigments, which are neutral and non-reactive,
such as titan white, red iron oxide, baryte powder, silica,
calcium carbonate, talc, chalk and iron oxide powder; and
pigments {active pigments), which are basic and reactive with
an acld substance in a paint, such as zinc flower (Zn0, =zinc
oxide), lead white, red lead oxide, zinc dust and lead
suboxide powder. Varicus colorants such as dyes may be
contained therein. The various pigments are blended in the
paint composition in an amount of, for example, 0.5 to 45 %
by weight in total.
[0096]

<Other coating film-forming component >

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

invention. Examples of the “other coating film-forming
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over a long period of time, whereby the antifouling coating film of the
present invention exerts an antifouligy performance over a long period of
time. [0106] 15 As described above, the organopolysiloxane (B2)
preferably has a phenyl group. The organopolysiloxane (B2) having a
phenyl group is inferior in a compatibility with the reaction curable silicone

comgbRBER(A); Accordingly it is, estimated that jf 8 phenyl group is present on

at least a 20 part of the side chain, a part derived from the reaction

resﬁ%%aQ@é¥@¥HEE%@Peé@%BSE@F@E¥89f%%”Qéﬁ“%%%?ﬁxyﬂﬁﬁgﬁk r-
ale

organopolysiloxane (B2) in the coating film. It Is also esti rom the

soldJinger E@Léthgtrtpesqg@rqingsﬁlrgg%& the separation i7ca% ysed.in.an order of

a part derived from 43 the organopolysiloxane (132? art derived from

- £he reation curalJs iicone fubber, (A the base maleril (3 wo-layer
eredt

separation structure is formed). It is consi at the eaSn“ﬁIfloSu’Iing

poLyeoRiBgdim.afithe presents further impraved 5 in an antifoulin

performance by the two-layer separation structure. fOri%ﬁelfulr Ser, when

(ruxiBe seone ol idsed e, ligane ol () Bleeds oul on 1he surface of

the coating 10 film, and the antifouling action 1s continued ovef a long ’
ch1deriodkaf{ime, (01081 1nlhg hase material with the antifauling coating film,
styrene-butadiene copolymer resins, ethylene-vinyl acetate
copolymer resins, vinyl chloride resins, alkyd resins,
coumarone resins, trialkylsilyl acrylate {co)polymers (silyl
resins) and petroleum resins.

t0097]
<Other fillers, flame retardants, thixotropy-providing agents,
heat conductivity-improving agents, adhesive components and
the like>
Fillers other than the compounds described above

include metal oxides such as diatomaceous earth, ilron oxide,
zinc oxide, titanium oxide and alumina and compounds obtained
by subjecting these compounds to surface treatment with
silane compounds; metal carbeonates such as calcium carbonate,
magnesium carbonate and zinc carbonate; asbestos, glass
fibers, carbon blacks, guartz powder, aluminum hydroxide,
gold powder, silver powder, surface—treat@d calcium carbonate

and glass balloon. The above fillers may be used alone or in



10

15

20

the underwater structure with the antifouling coating film 15 and the ship
outside plate with the antifouling coatjng film (hereinafter also collectively
referred to as "base material and the like with the antifouling coating film")
of the present invention, the surfaces of the base material, the
underwater structure and the ship outside plate (hereinafter 20 collectively

comdeferedio as "base material and the like?) are coated respectively with

the antifouling coating film of the present invention. [0109] In t_he base
[ogwaterial and the like with the antifouling 44 coating film according to.the
present invention, the surface of the base material which is brought into

coniael with seanaler o feshwaler s spated with fhe anlioyling, cogfing

. e
film of the present invention. 5 [0110] The base material includes a

g1 ydishneba(ishigg, squiament, ah exisiing gntifoyling eoating fim and the

=1
like inad nto the un ater structure an ship outside rlp ate. 90

Likd0 A Ihe R op oL toring e S0l i one oo T s e,

material of the present invention is characterize ng

R MU it e s b

antifouling paint 15 composition and then curing it to form a coating film.
incﬂga%%]boron nitride, aluminum oxide and the like. The
achesive component includes substances having at least one of
groups such as alkoxysilyl group, an epoxy group, a
hydrosilyl group, an acryl group, a hydroxysilyl group and
the like and mixtures of the substances.

[G099]
<Solvents>
The curable composition of the present invention may or

may not contain a solvent. The components described above
dissolved or dispersed in the solvent can be used, if
necessary. Examples of the scolvent used include solvents
which are blended usually with antifouling paints, such as
aliphatic solvents, aromatic soclvents, ketone solvents, ester
solvents, ether solvents and alcohol solvents. The aromatic
solvents include xylene, toluene and the like: the ketone
solvents include MIBK, cyclohexanone and the like; the ether
solvents include propylene glycol monomethyl ether, propylene

glycel monomethyl ether acetate {PMAC) and the like; and the
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The antifouling method for a base material of the present invention is
characterized by coating the surfacgzof the base material with the
antifouling coating film of the 20 present invention. 10113] A method for
coating the surface of the base material with the antifouling coating film of
the present invention includes, to be specific, a method comprising

a1 cofRAlNGARAR dmpregnating thesurace of the base majgrialwith the,
antifouling paint composition of the present invention and then curing the

1 o1antfouling paint composition to form an antifouling coating film. 5 [0114]

In the present invention, the base material which is an object of the
antifouling, mathed is. preferableany of an ynderwater structure - a ship 5 o
outside plate, a fishnet and a fishing equipment. 10 [0115] To explain in

useqdetiltheaptifouling:paint.connpositien ofthe presentdnvention s applied
once to plural times according to an ordinary method to the surfaces of

we 1g¥AMOUS, PERAUALS including shin,qutside plates; yndepuaterStCtures 15, v 5
such as feed-water inlets and drain outlets in thérmal and atomic power

by wdations, sudge. diffusion preventing, films;for ; varjous,ogean civik ) |
engineering works such as coastal roads, submarine tunnels, port

rurdiacilities,canals gadwater ghannels, and fishery materials.such asropes,

fishnets, fishing

to 92 % by weight, preferably 5 to 50 % by weight in the
curable composition of the present invention. The curable
composition which is optionally diluted by the solvent has a
viscosity (25°C, B type viscometer, No. 3 rotor) of, for
example, about 0.001 to 50 Pass/25°C, preferably about 0.01
to 20 Pa+s/25°C considering a coating property (sagging
property) and a film thickness cobtained by ceoating once.

(01017

Production of the curable composition:

The curable composition of the present invention can be
prepared by stirring and mixing the reaction curable silicone
rubber (A) and the organopolysiloxane mixture (B) and, if
necessary, the silicone oil (C), the curing catalyst, the
antifouling agent, the thixotropy-providing agent, the
plasticizer, the incrganic dehydrating agent (stabilizing
agent), the anti-sagging agent/anti-settling agent

(thickening agent), the cclorant, the dye, the other coating
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20 equipments, floaters and buoys, whereby obtained are ship outside -
plates, underwater structures and thg like each coated with an antifouling
coating film having excellent antifouling properties, particularly a
long-term antifouling property and, even if the composition is applied
thickly, a 46 suitable flexibility and an excellent crack resistance. [0116]

£ 11nU13 5,16 Q0fRulnaoatpg dirg obipined by applying the antiiquiing

paint composition of the present 5 invention on the'surfaces 0 varidus

Fundragdues %%ﬁ%@f&%fé&%ﬁ%@?%ﬁﬁ%ﬁ%&%ﬁ?ﬁ%&@”9 property that i

can continuously prevent adhesion o such as sealettuces,

B R e e 2 oD

period of time. I0 [0117] Further, if the an%Fo%%]ﬁg’paln compasition of the

Qresentiovention is applied to the surfaces, of underwater . structures,
" Adhesion gf un er§8%%? es can be prevénted fo make CFtvplo%sls{bci’e ggent and

intain th cti of the underwater 15 structures, over a long period
che gﬁ%i}rqr:%e.llftl tr?e%rr%tl gl?l]gnegé a%r?t%%%p%%ﬂi%na()%f the %r%&énn% ifventionis
arbiatplpéig t%yg%rs_urfaces of fishnets, clogging of the networks of the
fishnets can be prevented. In addition thereto, the environment is less
[01'&!‘?53’ to be polluted. 20 [0118] The antifouling paint composition of the
present invention may be directly applied to fishnets and may be

In stirring and mixing the respective components,
mixing or stirring devices which are conventionally known
such as a loss mixer, a planetary mixer and a Shinagawa mixer

can be used,
[0103]

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

[0104]

Antifouling coating film, a base material with an antifouling

coating film and an antifouling method:

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

[0105]



15

20

applied to surfaces of ships or underwater structures coated in advance
with an undercoating material such as a rust 47 preventive and a primer
Further, the high solid antifouling paint composition of the present

invention may be applied for repairs to the surfaces of ships, particularly
FRP ships, and underwater structures which have already been 5 coated

Wit'%&@“‘é%é%@ﬂ%{“ﬁ@%%”%ﬁ@Lﬁ:@ig?@o”gnén%@'ﬁ%ﬁ?ﬂé able

composition of the present invention. The thickness of t

grofoating film thys 191”‘%%%09%'3%&%@5‘38%19&82@55H‘JQ%%%‘*E»%% Ct%re;%

and the like is not specifically limited, and is, for example, about 30 to

(eactO p/time. [QL19]; The antifouling ceating filgmﬂ%}gfpt%ﬁefs‘?{‘fré@%ﬁgoﬂB:L>

which is obtained in the manner or the coating fi e” surfaces of

and WAEHSPRIACIBA RAITS:of.is 40 |Indenvalt 1o stuiclyies is formed

from the antifouling paint composition of the presentinvention, is less

i t i t i tal polluti h llent. .
org%gﬁg?gﬁ@%%&% rayonmental BOLKO fz“adﬁeogsﬁggge;ggg%%me in

Ing property against a wide range o red” onto

- i t t . 20[0120] E PLES Th
the _Sé‘é%sci%@,%éﬁﬂ"é{%fé ngﬁﬁgag%%ge @%ﬁek X LIS PIese o &

invention shall more speci amed bélow with Tefeterice to

croFHEMMIEs M LEIE N5, PLECHEE LAY MRt YL PSSELIY °PIn
of the present invention to which undersea lives are less
liable to adhere or from which, if they adhered to, they are
readily removed and whose surface can be maintained in smooth
over a long period of time, whereby the antifouling coating
film of the present invention exerts an antifouling
performance over a long period of time.

[0106]

As described above, the organopolysiloxane (B2)
preferably has a phenyl group. The organcpolysiloxane (B2)
having a phenyl group is inferior in a compatibility with the
reaction curable silicone rubber (A). Accordingly, it is
estimated that if a phenyl group is present on at least a
part ¢f the side chain, a part derived from the reaction
curable silicone rubber (A) is separated from a part derived
from the organopolysiloxane (B2) in the coating film. It is

also estimated from the finger touch of the coating film that

the separation is caused in an order of a2 part derived from
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means be limited by these examples. [0121] X-31-2396 (trade name) and
X-31-2442 (trade name) manufactyred by Shin-Etsu Chemical Co., Ltd.
were used as the 5 organopolysiloxane mixture (B). These
organopolysiloxane mixtures (B) were synthesized according to the
following procedure. [0122] Synthetic Example 1 10 Synthesis of

the X:3J=23961132 9 9f anorganopolysiloxape having.an alcgholig hydraxyl .
group which is represented by: [0123] Me le Ih le Me-ii-O ii-O ii-0

curabESHEQ-C2HA0R Me Me BN 2 MBe - 1048 4 5{0124] 19 g of asificate o
compound represented by: [0125] | Me WMee MeO-SiOSIO Me ~ 13

sepzOMe OMe +(82) [P126L:49 -and 8.1 g of fin octylate.were mixed.under,

heating at 60C and reacted for 24 hours to obtain a mixture of a reaction
antifouling coating film of the present is further improved

in an antifouling performance by the two-layer separation
structure.
[0107]

Further, when the siliceone ©il (C) is used, the
silicone c©il (C) bleeds out on the surface of the ceoating
film, and the antifouling action is continued over a long
period of time.

[0108]

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

[C109]

In the base material and the like with the antifouling
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product of the organopolysiloxane represented by (sl) and the silicate
compound represented by (s2) and,the silicate 5 compound represented
by: [0127] iMe iMe MeO-SiO_Sio Me /3 OMe OMe (s2) [0128]
Production of the above mixture was confirmed by 10 measuring a
molecular weight distribution by GPC. The GPC chart is shown in Fla. 4.

coat1hg following compeinds and the like: 10129]; Me Me Ph le OMe iMe -
Me-ii-O ii-O ii-O ii-C3H60-C2H40-ii-O SlOMeMeMe34F5h2MeO Me

of tOMe3d5 (3} Me Me Ph:Me Me-. 53:§L%11c0 850, SEGIHEQ- %'%éo .

Me 34 Ph 2 Me OMe iMe OMe MeO- | I-O-Si-O ii-O SI-OMe OM
sea@MBZOMe. {550 10130) ars.considpricchg conianes ity

reaction product. [

coating film of the pxesent invention.
[0110]
The base material includes a fishnet, a fishing
equipment, an existing antifouling coating film and the like

in additien to the underwater structure and the ship outside

plate.
(0111}

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

(01123

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

(01131

A method for coating the surface of the base material

with the antifouling coating film of the present invention

includes, to be specific, a method comprising coating or
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Synthetic Example 2 5 Synthesis of X-31-2442: 132 g of
organopolysiloxane having an alcohglic hydroxyl group which is
represented by: [0132] M le IM e IP h Me-ii-O ii-O ii-O C3H60-C2H40H
Me Me 34 Ph 2 (ss) 10 [0133] 35 g of a silicate compound represented
by: [0134] OEt rr OEt EtO-SiO -{-SiO4Et 1 OEt OEt (s6) [0135] 15 and

1mp Q= 901 finoctylate were mixed under %%astggm%h%%% a%dw@%t%%@f 24

hours to obtain a mixture of a reaction product of the organopolysiloxane

anc 1eRIeBeAtedRY (55) and the, silicate co @%U(@g%e&%‘ﬁ%é’@%%?g%

the silicate compound represented by: 3

theéﬁéu%ﬁggaéggtan@%%ouling paint composition te form an
antifouling coating film.
(01147

In the present invention, the base material which is an
object of the antifouling method is preferably any cof an
underwater structure, a ship outside plate, a fishnet and a
fishing equipment.

(0115]

To explain in detail, the antifouling paint compeosition
of the present invention is applied once to plural times
according to an ordinary method to the surfaces of various
products including ship outside plates, underwater structures
such as feed-water inlets and drain outlets in thermal and
atomic power stations, sludge diffusion preventing f£ilms for
various ocean civil engineering works such as coastal roads,
submarine tunnels, port facilities, canals and water channels
and fishery materials such as ropes, fishnets, fishing
equipments, floaters and buoys, whereby obtained are ship
outside plates, underwater structures and the like each
coated with an antifouling coating film having excellent
antifouling properties, particularly a long-term antifouling

property and, even if the composition is applied thickly, a
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[0137] Production of the above mixture was confirmed by 5 measuring a
molecular weight distribution by GPg, The GPC chart is shown in Fig. 5.
The following compounds and the like: [0138] Me | Me 4Ph OEt OEt |
Me-ii-O ii-O i-O C3H60-C2H40-ii-O ii-O Et Me Me 34 Ph 2 OEt OEt4 10.
..(s7) and M le IM e h Me-ii-O si-O i-O C3H60-C2H40 Me Me 34 Ph 2

suit@E OB QEL HIO:-O- Q40 1FQFL. OFL QEL\QFL 3 QR ~§%8a) 1Q139]
15 are considered to be contained in the reaction product. ][ 148] 52
1 o 15Rroduction of curable composition> Example 1 50 parts by weight of

KE44RTV (one-component RTV silicone rubber, manufactured by

ShigrEtsu.Ghemical Ga. L., 3 yiscosity: ;:7% P%%%?ré‘so‘@%a{ gaction,
curable silicone rubber (A), 15 par?s by weig it of the mixtire ?)? 1-5396)
appﬂ¥9gﬂc%ﬂe antifouling paint composition of the present
invention on the surfaces of various products and curing it
is excellent in such an antifouling property that it can
continuously prevent adhesion of aquatic lives such as sea
lettuces, barnacles, green lavers, serpulas, oysters and
Bugula neritina over a long period of time.

[0117]

Further, if the antifouling paint compesition of the
present invention is applied to the surfaces of underwater
structures, adhesion of undersea lives can be prevented to
make it possible to maintain the functions of the underwater
structures over a long perlod of time. If the antifouling
paint composition of the present invention is applied to the
surfaces of fishnets, clogging of the networks of the
fishnets can be prevented. In addition thereto, the
environment i1s less likely to be pclluted.

(01187

The antifouling paint composition of the present
invention may be directly applied to fishnets and may be
applied to surfaces of ships or underwater structures coated

in advance with an undercoating material such as a rust



10

15

20

in Synthetic Example 1 as the organopolysiloxane mixture (B) and 35
parts by weight of xylene were mixeg,and stirred for 10 minutes to
produce a curable composition. 10 [0141] Example 7 A primary agent and
a curing agent component each shown below were sufficiently mixed to
produce a two-component type curable composition. 15 [0142] <Primary

prevAgENE3, £0parts,by Wejght of Y%‘@Q@é%ﬁ}/\flo-ggregp&nssﬁt RTV. silicone

rubber: principal agent, manufactured by Toshiba Silicone éo., Ltd.) as

ant 1R feactipn curable silicane ubber 20 %?e<%%@g%§g§§§?#5§§%§%t%ay be

weight of the mixture (X-31-2396: curing agent nthetic

app EXaMple.1 9@@@3 9@8"%‘?%5”5%‘99&”%%“3#% <§hig§gy,0-h%t art by weight,

NEOSTAN U-100 (dibutyltin dilaurate, manutacture 0 Kasei Coy,

“ a curin nd parts by weight.xylene Wh[;:hw re
R Cmbarerte 5 Sikes IR The recction Sirable SEAnG Pioer (- nere=e"

components 5 other than
coa{@gegia&q %tgﬁ%k ilcgnryinué%scaofé@f)lare a Cu,{abclg %%er#]:t’hLojlﬁgg;h solid
Examples 2t0 6 ar?ér Comparative xampﬁgs fato%
antifouling paint composition of the present invention. The
thickness of the antifcouling coating film thus formed on the
surfaces of ships, underwater structures and the like is not
specifically limited, and is, for example, about 30 to 250
um/time.
[(0119]

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

[0120]
EXAMPLES
The present invention shall more specifically be

explained below with reference to examples which are the

preferred embodiments, but the present invention shall by no
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10 Curable compositions were produced by the same method as in
Example 1, except that the blend cgmponents and the blend amounts
were changed as shown in Table 1. [0144] Examples 8 to 10 and
Comparative Example 6 15 Curable compositions were produced by the
same method as in Example 7, except that the blend components and the

mearfleBd amounis werg changed s shownn Table 1. 10145154 O M O O
ONOO VNOUINO NV/ NNr.W;IINIMO yi(H MNNN roN

{OllgiﬂjN r{YlOIINOI IDMrio.n~nr'~o o.nrMof OlrHo~r rM

X-31-2396 (trade name) and ¥-31-2442 (trade name)
manufactured by Shin-Etsu Chemical Co., Ltd. were used as the
organcpelysiloxane mixture (B). These organopolysilcxane

mixtures (B) were synthesized according to the following

procedure.
[0122]

Synthetic Example 1

Synthesis of X-31-23%6:

132 g of an organopolysiloxane having an alcoholic

hydreoxyl group which is represented by:

(01237

we Te Th Te

Me Me 34 Ph 2 Me I -5
[G124]

12 g of a silicate compound represented by:

01257

-OMe OMe

/L)

MeO Sio \SiO/ Me
3

OMe OMe C e (82)

[012¢]
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WLULOO "ron(rrio Nrao(~",~ R~(O(N(NOO ro+'xo0,w
lool, In Q1~IOOONO r00 f;~~,.~00OOOI~NM (INInNOM
OCIOiINN~O +~.-IO~InO OIC~U(U~C~~1v N2z; ~FJC
iION+~-i~X~UpOU#MOI~+OMif-IEOi O'~HaMcC-l~o .-l
MmM2-HSJELGMrONNOUUNALNmMLUG U(~OOO.-1EC

and 'é(y % %“th% %%&M%Qﬂgyé\l Mijz;(e% Cbﬁc@r heating at 60°C

and reacted for 24 hours to obtain a mixture of a reaction
preoduct of the organcpolysiloxane represented by (sl) and the
silicate compound represented by (s2) and the silicate
compound represented by:

[01z27]

(01287
Production of the above mixture was confirmed by
measuring a melecular weight distribution by GPC. The GPC

chart 1s shown in Fig. 4. The following compounds and the

like:
[0129]
i\lﬂe Me Ph Me OMe OMe
e gi—mo}_%su_o [ cio—oimo—tol 4ot
!\Ide hifle 34 [th 2 Z\[/Ie (l)Me (!)Me 3
< (s3)
hlfie Me Ph Me .
o Ao gi_oHsn_o L cmo—cing
I\lfie I\ilie 34 F!”h 2 I\|/ie ?Me OMe Cl)NEe

MeO——S‘i——O——SimO Si—0+-Si—0OMe

OMe CMe OMe /o OMe

© v - (s4)
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CaxxU)>10mxxinHxxGxwz>H55 NHN O~XHN oa~ UIH
OXFNNMN XHoUNO W({lgoNHNWCLOH"GrowoNO >,
mCUa(N rLUCC -, tIGCL80>>,0U M00Oa >H-H>, LU-H
NON>C)C)NMC) NNI)NN-HU1)Wo0 OO _HHO'~Nro-H
NN UUNU-HHN>>Wro NNO NC),~-HOwJ-)> -HU>-H -H
[OlgMJ-H-HJJNCI >>U)4-)>SUOU)NN-H'H-HN-HG-HOON
CoC) >NUCroUUOH!'H O-H> (tICCNNU)b mb> 0>>-HO

are QLPERAESLOIR contained in the reaction product.
[0131]

Synthetic Example 2

Synthesis of X-31-2442:

132 g of organopolysiloxane having an alcoholic
hydroxyl group which is represented by:

[0132]

I A
Me—Si—0+-8—0 Sl
P

, i / \ I_O/ C3HgO—C,H,4OH
Me Me 34 2

[0133]

- -+ {s5) ,

35 g of a silicate compound represented by:

[0134]

OFEt OEt

EtC Si0 / &O\ Et
Y/

OEt OEt c e {56)

[0135]
and 0.1 g of tin octylate were mixed under heating at 90°C
and reacted for 24 hours to obtain a mixture of a reaction
product of the organopolysiloxane represented by {s3) and the
silicate compound represented by (s6) and the silicate

compound represented by:



OOH7'OC)FC, TBH'H UU0Z3ta+R)OF7NHI HHOHI+)CU.
-HOO CUNHOUU UUNUNQ)ONUU -HHCOCU.RO(UN
OCUOUUONOUOCC-HUOHO-HUHHHH UUHHU (6
JJHUNIMNN HNNHUa-H-HXUU43 GCCCUCH-HvV]mm
-HOC)U-HO O 1))wm-5UU)CroA34NOO WWANH,COAU
(0HkCUUH GHNUUH>UNN GG.CUHR.G7A'HH -HHN Co
HNN> .C.CO,7.CNro0J-)-OoNCoCOHNNNtHUH,7NU
y)CZ3 ;) ) ROWHIHWOH S40W.CHCNAU-VYNd43 T3D
'O d8t0 Rgel Z3COrtroAWN ONNCHNNwAG(NOO S,HH Co
'CS‘CH |C CCG>N>1

-
EtO S0 Sio Et
AT

OEt  OEt e e (s6) .

[0137]
Procguction of the above mixture was confirmed by
5 measuring a molecular weight distribution by GPC. The GPC

chart is shown in Fig. 5. The followi'ng compounds and the

like:
101381
l\lfle I\IG Th OEt OEt
Me_SEi——-O S| Sli—O C3HEO——C2H4OWS|i“O S|i~0 Et
Me Me Ph /2 C|)Et OEt /4
10 s (3
and
E\lfie Me Ph
Me“-S|I——O Sll Slt———o CaHgO—C,H,L 0O
Me i I-Lh 2 OEt OEt OFt
EtO—S'i—~O-Si—O SIE—O S|.i-—OEt
C’)Et (I)Et Ci)Et 3 \OEt
+ (s8)
[0139]

15 are considered to be contained in the reaction product.

(0140}
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N7AGO>UUUACWU'OBwSLA"romrobromo> www'ovc3
oGwHzowN G.CaNH({fIH-ECCNHCGCHCWC,CC .1~ >,
Galse,)UcU"~-roUmR+0>1 Ororort>wU43NUU rtV-aw
RCHNWNHHHWGGS-1CH4CLUO OONNGGGT3NNN

GGNU AAACNHrOAS5y.)rtN AAAroa-HSHRfHOS5 'H C

<p %Qé%&@c@f&é‘% HHGCWWHNHU-H+)CN'HU N
B ﬁHCHroNaONGH%)Q“GECHOOOWGmCOaoooc

Examgféo*NH5me UUU4)N-HNCUCOX-HHHXGHGTr3-HO

O-HOHHHUNUU> FUCOUmMNMH-HNHzZzroww >

>:E%l$§%a§:%¥|We£5§ 85H£§£hh&N'W£% é%#d%ﬁé%&’@%b“ aa

axwxLCHO

silicone rubber, manufactured by Shin-Etsu Chemical Co., Ltd.,
viscosity: 70 Pas®s) as the reaction curable silicone rubber
(A}, 15 parts by welght of the mixture (X-31-2396) produced
in Synthetic Example 1 as the organopolysiloxane mixture (B)
and 35 parts by weight of xylene were mixed and stirred for
10 minutes to produce a curable composition.
[0141]

Example 7

A primary agent and a curing agent component each shown
below were sufficiently mixed to produce a two-component type
curable composition.

[0142]

<Primary agent>

70 parts by weight of YF-3057 (two-component RTV
silicone rubber: principal agent, manufactured by Toshiba
Siliccone Co., Ltd.) as the reaction curable silicone rubber
(A)
<Curing agent>

15 parts by weight of the mixture (X-31-2396: curing
agent) produced in Synthetic Example 1 as the

organcpolysiloxane mixture (B),
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15

w,3w >vU coUHH NC)C)-HC)wCXCNOoONWU GGC>40
I-H> CaAUH'OT5 000Ho0aH23HOOH (0430GC Q,CLEE
Eo.>, 0OEaE.-CC>0000000.C+)10 O, )Na)CUUUCH+)N
>raUN'OCNO)b, 11ImO>xro}JNNC)0,5HOO0OHOHCO AH
HCiHGGGHHOaHNrou 0000'(3a,NOO O UYNU.......
uJ ( 0.6\ ' 15 % 1461 <Evaluation
megllbﬂlsga(wlg'(g?%% c?l ﬁ'i%%%g\lc@%%f)ﬁ%ﬁ?gj (lz_gaHtldr\]Iggl %?ID%C? of gglé o??h%gﬁéi%%e '
man FRIAOSRNprodhced iathe 3 anners described abays, 1g palll, o+
composition was applied to_a glass plate of 100 x 100 x 1 mn7 so that 4
and thickness of a dried coating film was 150 gm, and was dried at room
temperature for 5 days to obtain a test plate. This test plate was put on a

slidilnﬁg.%n%lgfggteg}(rq;grl_][@n@gx%fgg E_310 %)h gng Ow% __Enl of distilled vgérater

was allowed to quietly fall “on a’coating film surface one’th((a':?é%%oprfe?trel Fom
otn P injeglion, syringe while majntaining the plage horizontal, Then, a
were mixed and stirred for 10 minutes to prepare a curable
agent.

[0143]

Examples 2 to 6 and Comparatfive Examples 1 to 5

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

[0144]

Examples 8 to 10 and Comparative Example 6

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

[0145]



* IInits in the table:

Table 1

gradient angle of the test plate was gradually raised to measure an angle
(S) at which the water droplet started 15 falling. This measurement was
repeated three times to determine an average value of the angles (8).

hep, astafic Tfridtion coeffi¢ient a {a = tan 8)[of the ¢oafing film was T,
etermipned based on the @verage valug of the angle;(e)| The results are

100

Tahle 2..20/[0147],(2) Adhesion of coating film; On each pf the'
igomposiiionswroduced in the; manners described @abave, the paint
position was applied to |a surface of a steel plate of |70 x 150 X 0.8 "

100

=
B

v;/hich was 57 cpated in advance \with a zing epoxy shop primer (a,
qigknes;s of a dripd ¢datingifilm: 20 pm) and an epox¥ nustipreventivg <

= S Q. W0n..Q
=]

100

aint (afthickn eSS|of & drjed coating fil: 200 pm , SO hat g thickness of a
ried €agating film was 150 P, andiwas dried 5 at foom tem{peratu e fpRS

LD

100

ays-to-obtaina-testptate-An—atumintm=-made-cylinder ({b-6-mm-height:
mmywas adhered on a cdated surface of theabove test plate with ar
puo,_y_adhegp . o uminum-made cvlinder was..pulled

100

100

4 [
orizantally by means of a peeling testidevice|(Fig. 10 3) to me asuLe the
dhesion. This measurement was repeated three times|to detgrmine

pey)
S3

verage value|of the adhesion. The re %Its ane shown in Table| 3. [014
3) Antifouling performangce of coating film: 15/0nl each of tHepaint

0O OB TONOOT
100

' A bt
om trofiSproguceaHtn

jan] Wy
&3] T~ —

106

65
15
-
100

14.3114.3114.3114.2

100

23
100

25

welght by parts
Example
6
50
25
100

25
100

3
50
20

30
100

2
65
10
25
1G0o

1
50
15
35

100

{trade name)
(A}
(1}
(k23
(*9)
{C)
{*k5)
(*6)
{(*7)
{(*8)
(*10}
(%11}
{(*¥12)

Component
Reaction curable silicone

rubber
(B}

Organopolysiloxane mixture
(%4)
(*13)

Ethyl silicate. 40WN

KE445RTV
TSE389 {*3)
X-31-2396
X=-31-2442
Silicone oil
H-22~-163C
KF-50-3000
NEOSTAN U-140

KE44RTV
YF3057
TSF431
KF-6011
BCA-0O11
Xylene
Total




Remarks:

manners described above, the paint composition was applied to a surface
of a sand blast-treated steel plate of 100 x 300 x 2.3 mm, which was
coated in advance with a zinc epoxy shop primer (a thickness of the dried
coating film: 20 pm) and an 20 epoxy rust preventive paint (a thickness of
the dried coating film: 200 pm), so that a thickness of a dried coating film
was 150 pmizare was.dried at room temperature for 5 days to obtain a
test plate. This test plaffe was dipped and I(—;J't standing still in Miyajima
wBay of leosﬁlma prefecture for 36 58 moriths, and then the surface
rsthered? was visually observeobto evalua:te an antifouling performance of
th@ccratlnug fitm. The results are shownzin Eable 4, [0149] 5 The following
~evalustior crttertg wergapph@l [Olfgoﬁ\locadhered lives: proportion of
>theﬂau*éa &f aghesion of; livesbasedon g sgrface grea of the coating film
His 8 % Adhereddives 1@) %: pmportlgn 6f the areg of adhéesion 10 of lives
Sbased“rbnra s‘&rf&ce area of thg coatifig film.is 10 % Edh@red lives 20 %:
apr cgpoéﬁon ofthesarea &f adhésion of livés B“ased 8n @ siifface area of the
Pcoating flkrn is 2@ % Adhered ﬁves 5@ %@ pr@porUOH ogj)thg area of
adheston U}of Hves base%i on agurface alg,(?a gf the goajjng;fllm is 50 % 15
FAdbered EL\/e§ 70 %: prgportion of the arga of adhésian of lives based on a
suﬁ‘ac% afea’f the coating filg is 7(13’/0 Adhered Ffve§ 10’0 %: proportion
of EFle area o?a(ﬁwesmn of |IV®S based aﬂ ansurface acneacof the coating
Ufllm |5010@ %O

5—-—1

r
Ltd
synthe
Lt
Ltd
accordi
accordi

Ltd.,
Ltd.

Ostwald viscometer,

B type rotation viscometer,
25°C,

manufactured by Shin-Etsu Chemical
manufactured by Shin-EBtsu Chemical
manufactured by Toshiba Silicone

manufactured by Shin-Etsu Chemical Co.,
25°C,

manufactured by Shin-Etsu Chemical Co.,

manufactured by Shin~Etsu Chemical Co.,
manufactured by Toshiba Silicone Co.

manufactured by Shin-Etsu Chemical Co.,
manufactured by Nitto Kasel Co.,

m'/s
two-component RTV silicone rubber, manufactured by Toshiba Silicone Co.,

80 x 107°
condensation product of ethyl silicate, manufactured by Wacker Chemie A
organopolysiloxane mixture, manufactured by Shin-Etsu Chemical Co.,

one~component RTV silicone rubber,
one-ceomponent RTV silicone rubber,
one~component RTV silicone rubber,

organopolysiloxane mixture,
dimethylphenyl silicone oil,

pelyether-modified silicone oil, manufactured by Toshiba Silicone Co.,
dibutyltin dilaurate,

dimethylphenyl $ilicone oiil,
epoxy-modified silicone oil,

ocrganopolysiloxane,

0:

*1

*2

*31

#

*5

*

m'/s

*7 .

n’/s

*8 1

viscosity:

*G

*]

¥11:

*12

*13:

Measuring conditions of viscosity:
Measuring conditions of dynamic viscosity:
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[0148)
<Ewvaluation methods>

(1} Static friction ceoefficient of coating film:

On each of the paint compositions produced in the
manners described above, the paint composition was applied to
a glass plate of 100 = 100 x 1 mm sc that a thickness of a
dried coating film was 150 um, and was dried at room
temperature for 5 days to obtain a test plate. This test
plate was put on a siliding angle meter {(refer to Fig. 1 and
2}, and 0.2 ml of distilled water was allowed to guietly fall
on a coating film surface on the test plate from an injection
syringe while maintaining the plate horizontal. Then, a
gradient angle of the test plate was gradually raised to
measure an angle (8) at which the water droplet started
falling. This measurement was repeated three times to
determine an average value of the angles (€). Then, a static
friction coefficient o {o = tan ©) of the coating film was
determined based on the average value of the angle (6). The
results are shown in Table 2.

[0147]

(2) Adhesion of coating £ilm:

On each of the paint compositions produced in the
manners cdescribed above, the paint composition was applied to

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

[0148]

(3) _Antifouling performance of coating film:

On each of the paint compositions produced in the
manners described above, the paint composition was applied to
a surface of a sand blast-treated steel plate of 100 x 300 x
2.3 mm, which was coated in advance with a zinc epoxy shop
primer (& thickness of the dried coating film: 20 um) and an
epoxy rust preventive paint (a thickness of the dried coating
film: 200 pm), so that a thickness of a dried coating f£ilm
was 150 um, and was dried at room temperature for 5 days to
obtain a test plate. This test plate was dipped and left

standing still in Miyajima Bay of Hiroshima prefecture for 36
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months, and then the surface thereof was visually observed to
evaluate an antifouling performance of the coating film. The
results are shown in Table 4.
(01487 .
5 The following evaluation criteria were applied.
[0150]
No adhered lives: proportion of the area of adhesion of
lives based on a surface area of the coating film is 0 %
Adhered lives 10 %: proportion of the area of adhesion
10 of lives based on a surface area of the coating film is 10 %
Adhered lives 20 %: proportion of the area of adhesion
of lives based on a surface area of the coating film is 20 %
Adhered lives 50 %: proportion of the area of adhesion

of lives based on a surface area of the coating film is 50

R

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

of lives based on a surface area of the coating film is 100 %
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21210 Formula (1) : OR n_1 OR wherein, in Formula (1) , n is an integer
of 2 or more and a plurality of R2 e%ch is independently a non-substituted
or substituted monovalent hydrocarbon group having 1 to 8 carbon
atoms, and 15 (82) an organopolysiloxane having at least one structure
represented by Formula (2) in a molecule: Formula (2): SIR30H wherein,
in Formula (2), R3is a non-substitﬁsheg or substituted divalent
hydrocarbon group or a divalent 2 drocarbon group having an ether
1 bgn%%ro ided that WheQ_R3 in thormuIa (2) is the divalent hydrocarbon
" gfouphaving an B2 Gther 58hd. eXEItiEd iS"2n BrganSholysiloxane in
ich two or more trimethylsiloxy groups are bonded to a Si_atom directly
(&) Iintggd £S5 A Carbdn o of K3 5a2.gﬁwae CUraBle toMPoSitiSrt A GuReribEd e
Wit in claim 1, wherein the organopolysiloxane (B2) has a phenyl group. 3.
hI"he curable composition as described in claim 1 or 2, obtained by further
ixing 0.1 to 200 parts by weight of a 10 silicone oil (C), provided that the
daciont b RESoshe Ytbd ~(A) B the DRGaITBolysTioxarmé Hiixtite ture
L%B}Lcom rising the product are excluded from,the silicone oil (C), based
oM FRAPL00 aftd'by weidht of e reictich Cufablé€ silEoné fribBer G-t +on
and the organopolysiloxane mixture (B). 15 4. The curable composition as

of: described in claim 3, wherein

(Bl} an organopoclysiloxane represented by the following

Formula {(1):

?RZ \ ‘ORZ
R?0 ?iO Sla OR?
2 2
OR /
Formula (1}: n-1 OR
wherein, in Formula (1), n is an integer of 2 or more and a

plurality of R® each is independently a non-substituted or
substituted monovalent hydrocarbon group having 1 to 8 carbon
atoms, and
(BZ) an organopolysiloxane having at least one structure
represented by Formula (2) in a molecule:

Formula (2): =SiR°CH
wherein, in Formula (2), R’ is a non-substituted or
substituted divalent hydrocarbon group or a divalent
hydrocarbon group having an ether bond, provided that when R®

in Formula (2} is the divalent hydrocarbon group having an
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the silicone oil (C) is methylphenyl silicone oil and/or polyether-modified

silicone oil. 20 S. The curable compasition as described in claim 3,

wherein the silicone oil (C) is an org%nopolysiloxane having at least one

group represented by the following Formula (3) in a molecule: Formula

(3) =SiR90SiR5bY3-b 63 wherein, in Formula (3), R4 is a non-substituted
erndl ubstjtuted djvalent hydrocarbon group or a divalent hydrocarbon

Grotiy Raving 5 8the? bond?R598 AHonRSUbStituted Hr ubstititesh two or
mo m%no.valerlt ih{ﬁrocarbgn group; Y is a hydrolyzable %OUpi and bis 0,

©9 or 2 BroURRa thatWheh R ESmut218)5S thé divatentakyltotaremt 1Y

11 9roun having an ether bond, excluded is an 10 organopolysiloxane in

Witich twé o AfctR rifetHyISifoxyy groups are bonded to a Si atom directly

linked to a carbon atom of R4. 6. The curable composition as described in
any of claims 1 15 to 5, obtained by further mixing additives selected from
the %rouP consisting of a curing catalyst, an antifouling agent and a

2 coiBrant "7 2K thrde RBipostiontcomisiig- (@) anc Laim 1, wherein

fhe organopolysiloxane having a hgdroxyl group and/or an alkoxyl group and
6

§ PrGETCL ODtingay alPR2OMEIRINRHER Yéadiioriar:

3. The curable composition as described in claim 1 or 2,
obtained by further mixing 0.1 to 200 parts by weight of a

silicone oil (C), provided that the reaction curable silicone
rubber (A) and the organopolysiloxane mixture (B) comprising
the product are excluded from the silicone oil (C), based on

total 100 parts by weight of the reaction curable silicone

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

4. The curable composition as described in claim 3, wherein
the silicone o0il (C) is methylphenyl silicone oil and/or

polyether-modified silicone oil.

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

Formula (3}: =SiRY%0SiR%Yay
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(Bl) an organopolysiloxane represented by the following Formula (1): 64
OR2 OR2 202 R SiSi-OR 1 1 Formula 1) ORZ n-1 OR2 wherein, in
Formula (1), n is an integer of 2 or r‘ﬁ%re, and a plurality of R2 each is
independently a non-substituted or substituted monovalent hydrocarbon
group having 1 to 8 carbon 5 atoms, and (B2) an organopolysiloxane
wh having at IeEast one structure represented by the following Formula (2) in
5 Mbtectfle:” BOIRURA (2} +STR3OM Whefdn, THESHMEE-EY, RB s a
b r]Con-subs ituted or 10 substituted divalent hydrocarbon group or a divalent
SULS{ kS EATBoR GFeus Raving HrPEther Bond X provided thatwhen B3 in
hud Formula (2) is the divalent hydrocarbon group having an ether bond,
Y LG UdRY is B oy ahB o SilGyane i shie B or more trimethylsiloxy
groups are bonded to a Si atom directly 15 linked to a carbon atom of R3.

8. An ahtifGulihg parttomposifion fomprieing the taraBe e pesition of

hvd any of claims 1 to 7. 20 9. An antifouling coating film formed from the
YATHiiSIING PAftRémposition of claim B. 65 10. A base material with an

antifouling coating film, coated with the antifouling coating film of claim 9.
Y is a hydrolyzable group; and

b is 0, 1 or 2,
provided that when R in Formula (3} is the divalent
hydrocarbon group having an ether bond, excluded is an
organopolysiloxane in which two or more trimethylsiloxy

groups are bonded to a Si atom directly linked to a carbon

atom of R4,

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

and a colorant.

7. A curable composition comprising:

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

(b) a product obtained by an R®CH elimination reacticn of:
(B1) an organopolysiloxane represented by the following

Formula {1):
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5 11. An underwater structure with an antifouling coating film, coated with
the antifouling coating film of claim %. 12. A ship outside plate with an
antifouling coating film, coated- with the antifouling coating film of claim 9.
10 13. An antifouling method for a base material comprising coating a
surface of the base material with the antifouling coating film of claim 9.

OR? OR?
2 I- 2
R20+—SiO Si—OR
OR? OR?
Formula {(1): n-1

wherein, in Formula {1}, n 1s an integer of 2 or more, and

a plurality of R® each is independentliy a non-substituted or

substituted monovalent hydrocarbon group having 1 to 8 carbon

atoms, and

(BZ) an organcpolysiloxane having at least one structure

represented by the following Formula (2) in a molecule:
Formula (2): =3iR’OH

wherein, in Formula (2}, R® is a non-substituted or

substituted divalent hydrocarbon group or a divalent

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

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

ether bond, excluded is an organcpolysiloxane in which two or

more trimethylsiloxy groups are bonded to a Si atom directly

linked to a carbon atom of R°.

8. An antifouling paint composition comprising the curable

composition of any of claims 1 to 7.

9. An antifouling coating film formed from the antifouling

paint composition of claim 8.
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10. A base material with an antifouling coating film,

coated with the antifouling coating film of claim 9.

11. An underwater structure with an antifouling cecating

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

1z. A ship outside plate with an antifouling ccating film,

coated with the antifouling coating film of claim 9.

13. An antifouling method for a base material comprising

coating a surface of the base material with the antifouling

coating film of claim 9.



