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DESCRIPTION

TITLE OF INVENTION

Antifouling Coating Composition, Antifouling Film, Composite Film, and In-
Water Structure
TECHNICAL FIELD

The present invention relates to an antifouling coating composition, and more
specifically, to an antifouling coating composition containing a hydrolyzable resin that
gradually dissolves in water by hydrolysis. Also, the present invention relates to an
antifouling film formed from the antifouling coating composition and a composite film
having the antifouling film, and an in-water structure such as a ship having the
antifouling film or the composite film.

BACKGROUND ART

Organisms such as barnacles, mussels and algae are likely to adhere on ships,
fish nets, and other in-water structures. Such adhesion of organisms will lead the
problem of hindrance of efficient travel and waste of the fuel in ships and the like. In
fish nets and the like, the problems of clogging and shortening of the service life arise.
Conventionally, for preventing adhesion of organisms to these in-water structures, a
measure of applying an antifouling paint on surfaces of an in-water structure has been
taken.

As the above antifouling paint, an antifouling paint containing a hydrolyzable
resin having a hydrolyzable group such as a metal-atom-containing group in a resin
side chain as a binder resin (vehicle) is recently used because in such an antifouling
paint, the antifouling film surface is gradually self-polished by hydrolysis by being
dipped in water, and as a result, an antifouling effect can be exerted for a long period of
time [for example, Patent Literature 1 (Japanese Patent Laying-Open No. 62-57464),
Patent Literature 2 (Japanese Patent Laying-Open No. 10-298455) and Patent Literature
3 (Japanese Patent Laying-Open No. 2001-342432)]. However, in the conventional

antifouling paint, it is necessary to separately blend a large amount of antifouling agent
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for exerting an antifouling effect for a long period of time.

In order to solve these problems, for example, in Patent Literature 4 (Japanese
Patent Laying-Open No. 2004-300410) and Patent Literature 5 (Japanese Patent
Laying-Open No. 2004-307816), there are proposed antifouling coating compositions
containing, as a vehicle, a copolymer containing a polymerizable monomer unit
containing (meth)acryl-modified silicon at one terminal and/or both terminals and a
metal-atom-containing polymerizable monomer unit containing a divalent metal atom.
However, coating films formed from the antifouling coating compositions described in
Patent Literature 4 and Patent Literature 5 are insufficient in crack resistance, and the
coating films can be cracked by being dipped in water (sea water or the like) for a long
period of time, or under an environment where drying and wetting are repeated,
although they exhibit an excellent antifouling property.
CITATION LIST
PATENT LITERATURE
PTL 1. Japanese Patent Laying-Open No. 62-57464
PTL 2: Japanese Patent Laying-Open No. 10-298455
PTL 3: Japanese Patent Laying-Open No. 2001-342432
PTL 4. Japanese Patent Laying-Open No. 2004-300410
PTL 5: Japanese Patent Laying-Open No. 2004-307816
SUMMARY OF INVENTION
TECHNICAL PROBLEM

It is an object of the present invention to provide an antifouling coating
composition capable of forming a coating film that exhibits an excellent antifouling
property over a long period of time and is excellent in crack resistance even when no
antifouling agent is contained or the blending amount thereof is small. Another object
of the present invention is to provide an antifouling film formed from the antifouling
coating composition, a composite film having the antifouling film, and an in-water
structure such as a ship having the antifouling film or the composite film.

SOLUTION TO PROBLEM
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According to the present invention, there is provided an antifouling coating
composition containing a hydrolyzable resin having at least one kind of silicon-
containing group selected from the group consisting of the groups represented by the
following general formulas (I), (II), (III) and (IV) and a metal-atom-containing group
containing a divalent metal atom M, and a thermoplastic resin and/or a plasticizer,
wherein the total content of the thermoplastic resin and/or plasticizer is 3 to 100 parts

by mass per 100 parts by mass of the hydrolyzable resin.
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Here, in the general formula (I), a and b each independently represent an integer
of 2 to 5, m represents an integer of 0 to 50, and n represents an integer of 3 to 80. R’
to R” each independently represent an alkyl group, an alkoxy group, a phenyl group, a

substituted phenyl group, a phenoxy group or a substituted phenoxy group.
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Here, in the general formula (II), ¢ and d each independently represent an
integer of 2 to 5, and p represents an integer of 0 to 50. R®, R’ and R® each

independently represent an alkyl group, R or R’

R%1is
R23
|
O—?TI OSiRZSRBR?YT
RZA X

(wherein x represents an integer of 0 to 20; and R* to R*’ are the same or
different and each represent an alkyl group), and
R is
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(wherein y represents an integer of 1 to 20; and R*® and R* are the same or

different and each represent an alkyl group).
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Here, in the general formula (III), e, f, g and h each independently represent an
integer of 2 to 5, q and s each independently represent an integer of 0 to 50, and r
represents an integer of 3 to 80. R’ to R'? each independently represent an alkyl group,
an alkoxy group, a phenyl group, a substituted phenyl group, a phenoxy group or a

substituted phenoxy group.
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Here, in the general formula (IV), i, j, k and | each independently represent an

integer of 2 to 5, t and u each independently represent an integer of 0 to 50, and v and
w each independently represent an integer of 0 to 20. R to R** are the same or

different and each represent an alkyl group.
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The metal-atom-containing group of the hydrolyzable resin is preferably at least
one kind of group selected from the group consisting of the groups represented by the
following general formulas (V) and (VI).

o)
——-g—O—M—-RaD (V)

Here, in the general formula (V), M represents a divalent metal atom, and R*

represents an organic acid residue or an alcohol residue.
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Here, in the general formula (VI), M represents a divalent metal atom.

In the antifouling coating composition of the present invention, the
hydrolyzable resin is preferably a resin containing a constituent unit derived from at
least one kind of silicon-containing polymerizable monomer (a) selected from the
group consisting of a monomer (al) represented by the following general formula (I°),
a monomer (a2) represented by the following general formula (II’), a monomer (a3)
represented by the following general formula (IIT") and a monomer (a4) represented by

the following general formula (IV’), and a constituent unit derived from a metal-atom-

containing polymerizable monomer (b) containing a divalent metal atom M.
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Here, in the general formula (I'), R*' represents a hydrogen atom or a methyl

group, and a, b, m, n and R' to R® represent the same meaning as mentioned above.
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Here, in the general formula (II”), R represents a hydrogen atom or a methyl

group, and ¢, d, p and R® to R represent the same meaning as mentioned above.
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Here, in the general formula (III’), R** and R* represent a hydrogen atom or a
methyl group, and e, f, g, h, q, r, s and R to R" represent the same meaning as

mentioned above.
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Here, in the general formula (IV?), R** and R*® represent a hydrogen atom or a
methyl group, and i, j, k, 1, t, u, v, w and R to R* represent the same meaning as
mentioned above.

Preferably, the metal-atom-containing polymerizable monomer (b) containing a

divalent metal atom M includes at least one kind selected from the group consisting of

a monomer (bl) represented by the following general formula (V’) and a monomer (b2)
represented by (VI°).
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Here, in the general formula (V*), R represents a hydrogen atom or a methyl

group, and M and R’ represent the same meaning as mentioned above.

R38 @] @] RSB

H20=é—g—O~M~O—g—é=CHz vh

Here, in the general formula (VI*), R* and R* represent a hydrogen atom or a
methyl group, and M represents the same meaning as mentioned above.

- In the hydrolyzable resin, the ratio between the content of the constituent unit
derived from the silicon-containing polymerizable monomer (a) and the content of the
constituent unit derived from the metal-atom-containing polymerizable monomer (b)
containing a divalent metal atom M is preferably in the range of 30/70 to 90/10 by mass
ratio.

The thermoplastic resin is preferably at least one kind selected from the group
consisting of chlorinated paraffin, polyvinyl ether, rosin and a vinyl chloride-
isobutylvinyl ether copolymer.

The plasticizer is preferably at least one kind selected from the group consisting
of a phthalate ester plasticizer and a phosphate ester plasticizer.

The antifouling coating composition of the present invention may contain O to
20 parts by mass of an antifouling agent per 100 parts by mass of the total amount of
the hydrolyzable resin, the thermoplastic resin and the plasticizer.

Also, according to the present invention, there are provided an antifouling film
formed from the antifouling coating composition, and a composite film having the
same. The composite film of the present invention has a primer film formed from an
antirust paint, and an antifouling film formed from the antifouling coating composition
overlaid on the primer film. The composite film of the present invention may further
have an intermediate film formed on the entire or part of a surface of the primer film
between the primer film and the antifouling film. One preferred example of the
intermediate film is a coating film formed from an antifouling coating composition

containing an antifouling agent.
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Further, according to the present invention, an in-water structure having the
antifouling film or composite film is provided. As a preferred example of the in-water
structure, a ship can be recited.

ADVANTAGEOUS EFFECTS OF INVENTION

According to the antifouling coating composition of the present invention, even
when an antifouling agent is not contained, or the blending amount thereof is small,
high antifouling performance can be exerted stably for a long period of time, and an
antifouling film that is excellent in crack resistance can be formed. The antifouling
coating composition of the present invention can be suitably used as an antifouling
paint for preventing surfaces or inner surfaces of in-water structures such as ships; fish
nets typically for farming and other fishing equipment; harbor facilities; oilfences;
intake equipment of an electric generation plant or the like; piping such as water
conduits for cooling; bridges, buoyage; industrial water system facilities; and
submarine bases.

DESCRIPTION OF EMBODIMENTS

<Antifouling coating composition>

The antifouling coating composition of the present invention contains, as a
vehicle ingredient, a hydrolyzable resin (1) having a specific silicon-containing group as
will be described later and a metal-atom-containing group containing a divalent metal
atom M [hereinafter, referred to simply as a hydrolyzable resin (i)], and a thermoplastic
resin and/or a plasticizer (ii). The total content of the thermoplastic resin and/or
plasticizer (ii) is within the range of 3 to 100 parts by mass per 100 parts by mass of the
hydrolyzable resin (i). According to the antifouling coating composition of the
present invention, it is possible to form an antifouling film that is hydrolyzed at an
appropriate speed over a long period of time (particularly, this property is also called a
self-polishing property), and hence, it is possible to obtain an antifouling film that
exerts high antifouling performance stably for a long period of time (excellent in long-
term antifouling property) and is excellent in crack resistance. When the antifouling

coating composition is applied to a ship or the like, for example, the antifouling film is
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to be dipped in water (sea water or the like) for a long period of time, and repeatedly
exposed to the cycle of being dipped in water for a certain term and then landed, and
hence the antifouling film is requested to have such flexibility that is durable to such a
condition. According to the antifouling coating composition of the present invention,
it is possible to form an antifouling film that is less likely to be cracked even by dipping
in water for a long period of time or by repeated cycles as mentioned above. In the
following, the antifouling coating composition of the present invention will be
specifically described.

[Hydrolyzable resin (i)]

The hydrolyzable resin (i) contained in the antifouling coating composition of
the present invention has at least one kind of silicon-containing group selected from the

group consisting of a group represented by the following general formula (I):
1 T
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a group represented by the following general formula (II):
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a group represented by the following general formula (III):
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a group represented by the following general formula (IV):
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and at least one kind of metal-atom-containing group containing a divalent

b

metal atom M. The hydrolyzable resin (i) having such a specific silicon-containing
group and a metal-atom-containing group exhibits the property of gradually
hydrolyzing in water (particularly in sea water) due to the hydrolyzability of the metal-
atom-containing group. Therefore, when the antifouling film formed from the
antifouling coating composition containing the hydrolyzable resin (i) as a vehicle is
dipped in water, its surface is self-polished, and as a result, the coating film surface is
renewed, so that organisms are difficult to adhere even when an antifouling agent is not
contained, and antifouling performance is exhibited until the coating film is completely
exhausted.

In the general formula (I), a and b each independently represent an integer of 2
to 5, m represents an integer of 0 to 50, and n represents an integer of 3 to 80. R'to
R® each independently represent an alkyl group, an alkoxy group, a phenyl group, a
substituted pheny! group, a phenoxy group or a substituted phenoxy group.

In the general formula (II), c and d each independently represent an integer of 2
to 5, and p represents an integer of 0 to 50. R®, R” and R® each independently
represent an alkyl group, R® or R®. R%is

R23
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(wherein x represents an integer of 0 to 20; and R* to R*’ are the same or

different and each represent an alkyl group), and R’ is

—RZB-(-oczH4}-§0R29

(wherein y represents an integer of 1 to 20; and R*® and R* are the same or
different and each represent an alkyl group).

In the general formula (III), e, f, g and h each independently represent an integer
of 2 to 5, q and s each independently represent an integer of 0 to 50, and r represents an
integer of 3 to §0. R’ to R'? each independently represent an alkyl group, an alkoxy
group, a phenyl group, a substituted phenyl group, a phenoxy group or a substituted
phenoxy group.

In the general formula (IV), 1, j, k and | each independently represent an integer
of 2 to 5, t and u each independently represent an integer of 0 to 50, and v and w each
independently represent an integer of 0 to 20. R'? to R* are the same or different and
each represent an alkyl group.

The hydrolyzable resin (1) may have two or more kinds of silicon-containing
groups selected from the group consisting of the groups represented by the general
formulas (1), (II), (III) and (IV). In this case, the hydrolyzable resin (i) may have two
or more kinds of the groups represented by the general formula (I), two or more kinds
of the groups represented by the general formula (II), two or more kinds of the groups
represented by the general formula (III), and/or two or more kinds of the groups
represented by the general formula (IV).

Since the metal-atom-containing group containing a divalent metal atom M is
able to keep the self-polishing property of the coating film stably for a long period of
time, and thus allows formation of a coating film that is excellent in long-term
antifouling property and excellent in crack resistance and adherence with a base, it is
preferably at least one kind of group selected from the group consisting of a group

represented by the following general formula (V):
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and a group represented by the following general formula (VI):

7 7
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In the general formulas (V) and (VI), M represents a divalent metal atom, and
5 R represents an organic acid residue or an alcohol residue. The hydrolyzable resin
(i) may have both the general formulas (V) and (VI). As the divalent metal atom M,
for example, Mg, Zn and Cu can be recited, and Zn or Cu is preferred.
While the hydrolyzable resin (i) is not particularly limited insofar as it has a
silicon-containing group and a metal-atom-containing group as mentioned above, an
10 acrylic resin containing a constituent unit derived from at least one kind of the silicon-
containing polymerizable monomer (a) selected from the group consisting of a
monomer (al) represented by the following general formula (I"), a monomer (a2)
represented by the following general formula (II’), a monomer (a3) represented by the
following general formula (III") and a monomer (a4) represented by the following
15 general formula (IV’) and a constituent unit derived from the metal-atom-containing

polymerizable monomer (b) containing a divalent metal atom M may be suitably used.
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Here, in the general formula (I’), R*' represents a hydrogen atom or a methyl

1 R .
group, and a, b, m, nand R to R’ represent the same meaning as mentioned above.

R32 O
- ” . BT 8) v
HQC—':C—"C”’“O—GCCHZCO"};CdHZd'SI%OSIR R'R 3 (”)
20

Here, in the general formula (II), R* represents a hydrogen atom or a methyl
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group, and ¢, d, p and R® to R® represent the same meaning as mentioned above.
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Here, in the general formula (I1I), R* and R* represent a hydrogen atom or a
methyl! group, and e, f, g, h, g, r, s and R® to R"? represent the same meaning as

mentioned above.
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Here, in the general formula (IV?), R* and R* represent a hydrogen atom or a
methyl group, and 1, }, k, [, t, u, v, w and R" to R* represent the same meaning as
mentioned above.

The monomer (al) represented by the general formula (I”), the monomer (a2)
represented by the general formula (II’), the monomer (a3) represented by the general
formula (III") and the monomer (a4) represented by the general formula (IV’) are
respectively silicon-containing polymerizable monomers having silicon-containing
groups represented by the general formulas (I), (II), (II) and (IV).

Since the metal-atom-containing polymerizable monomer (b) containing a
divalent metal atom M as mentioned above is able to keep the self-polishing property

of a coating film stably for a long period of time, and thus is able to form a coating film
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having an excellent long-term antifouling property, and excellent crack resistance and
adherence with a base, it preferably contains at least one kind selected from the group
consisting of the monomer (b1) represented by the following general formula (V) and
the monomer (b2) represented by (VI”).

R37 O

V'
HgC=(l3——g—-O——M—-R30 )

Here, in the general formula (V*), R*’ represents a hydrogen atom or a methyl

group, and M and R? 0 represent the same meaning as mentioned above.

3% O o R®
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Here, in the general formula (VI’), R*® and R* represent a hydrogen atom or a
methyl group, and M represents the same meaning as mentioned above.

The monomer (bl) represented by the general formula (V') and the monomer
(b2) represented by the general formula (VI”) are respectively metal-atom-containing
polymerizable monomers having metal-atom-containing groups represented by the
general formulas (V) and (VI).

[1] Silicon-containing polymerizable monomer (a)

The silicon-containing polymerizable monomer (al) that can form the
hydrolyzable resin (i) is represented by the general formula (I°), and in the formula, a
and b each independently represent an integer of 2 to 5, m represents an integer of 0 to
50, and n represents an integer of 3 to 80. R to R’ each independently represent an
alkyl group, an alkoxy group, a phenyl group, a substituted phenyl group, a phenoxy
group or a substituted phenoxy group, and R?! represents a hydrogen atom or a methyl
group. By using the silicon-containing polymerizable monomer (al) as the silicon-
containing polymerizable monomer (a), the hydrolyzable resin (i) which is an acrylic
resin having a silicon-containing group represented by the general formula (I) in a side
chain is obtained.

In the general formula (I") (ditto with the general formula (1), ditto with the
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following), m represents the average polymerization degree of a polyether structure,
and may be 0, but is preferably more than O because there is a tendency that the
recoating property with an old coating film is excellent. Further, m is preferably 50 or
less because the water resistance of the coating film tends to be excellent, and is
preferably 30 or less because the recoating property with an old coating film tends to be
excellent. m is more preferably in the range of 3 to 25, and is further preferably in the
range of 5 to 20.

In the general formula (I'), a is preferably 2 or 3, and the one wherein a is 2 and
the one wherein a is 3 may be used together. b is preferably 2 or 3.

In the general formula (I"), n represents the average polymerization degree of a
silicon-containing structure, and is an integer in the range of 3 to 80. By settingnto 3
or larger, 1t is possible to develop a higher antifouling effect.  Also by setting n to 80
or less, excellent compatibility with other polymerizable monomers is exhibited, and
solubility in a general organic solvent of the obtained hydrolyzable resin (i) can be
improved. n is preferably in the range of 5 to 50, and is more preferably in the range
of 8 to 40.

In the general formula (I), R’ to R are preferably an alkyl group having 1 to 18
carbon atoms, more preferably a methyl group or an ethy! group, and further preferably
a methyl group.

Concrete examples of the silicon-containing polymerizable monomer (al)
represented by the general formula (I”) include “FM-0711", “FM-0721", and “FM-
07257 (trade names) which are products of CHISSO CORPORATION, and “X-24-
82017, “X-22-174DX”, and “X-22-2426" (trade names) which are products of Shin-
Etsu Chemical Co., Ltd. as those wherein m is 0.  As those wherein m is more than 0,
“F2-254-04" and “F2-254-14” (trade names) which are products of Nippon Unicar
Company Limited and so on are recited. While products of Nippon Unicar Company
Limited as the concrete examples of the silicon-containing polymerizable monomer
(al) are described by their trade names, silicone business in Nippon Unicar Company

Limited was assigned to Dow Corning Toray Co., Ltd. in 2004, and corresponding
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products are now available from the assignee. This also applies to the products of
Nippon Unicar Company Limited as will be described below.

The hydrolyzable resin (i) may contain two or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (al) as the silicon-
containing polymerizable monomer (a).

The silicon-containing polymerizable monomer (a2) that can form the
hydrolyzable resin (i) is represented by the general formula (IT’), and in the formula, ¢
and d each independently represent an integer of 2 to 5, and p represents an integer of 0
t0 50. R® R” and R® each independently represent an alkyl group, R? or R®, and R**
represents a hydrogen atom or a methyl group. R"and R® are as described above.

By using the silicon-containing polymerizable monomer (a2) as the silicon-containing
polymerizable monomer (a), the hydrolyzable resin (i) which is an acrylic resin having
a silicon-containing group represented by the general formula (I) in a side chain is
obtained.

In the general formula (II") (ditto with the general formula (II), ditto with the
following), p represents the average polymerization degree of a polyether structure, and
may be 0, but is preferably more than 0 because there is a tendency that the recoating
property with an old coating film is excellent. Further, p is preferably 50 or less
because the water resistance of the coating film tends to be excellent, and is preferably
30 or less because the recoating property with an old coating film tends to be excellent.
p is more preferably in the range of 3 to 25, and is further preferably in the range of 5 to
20.

In the general formula (II°), ¢ is preferably 2 or 3, and the one wherein ¢ is 2
and the one wherein ¢ is 3 may be used together. d is preferably 2 or 3.

In the general formula (II’), x and y each represent the average polymerization
degree of a silicon-containing structure or a polyether structure introduced into a side
chain, and is an integer in the range of 0 to 20 and an integer in the range of 1 to 20,
respectively. By setting x and y to 20 or less, excellent compatibility with other

polymerizable monomers is exhibited, and solubility of the obtained hydrolyzable resin
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() in a general organic solvent can be improved. x and y are preferably in the range
of 10 or less, and more preferably in the range of 5 or less.

In the general formula (II’), as an alkyl group that can be selected in R® to R®
and R* to R?, for example, a methyl group, an ethyl group, a n-propy!l group, a n-butyl
group and the like are recited. A methyl group or an ethyl group are preferred, and a
methyl group is more preferred.

Concrete examples of the silicon-containing polymerizable monomer (a2)
represented by the general formula (II’) include “TM-0701" (trade name) which is a
product of CHISSO CORPORATION, “X-22-2404" (trade name) which is a product of
Shin-Etsu Chemical Co., Ltd., and “F2-250-01" and “F2-302-01" (trade names) which
are products of Nippon Unicar Company Limited as those wherein pis 0.  As those
wherein p is more than 0, “F2-302-04” (trade name) which is a product of Nippon
Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain twb or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (a2) as the silicon-
containing polymerizable monomer (a).

The silicon-containing polymerizable monomer (a3) that can form the
hydrolyzable resin (i) is represented by the general formula (III’), and in the formula, e,
f, g and h each independently represent an integer of 2 to 5, q and s each independently
represent an integer of 0 to 50, and r represents an integer of 3 to 80. R’ to R'? each
independently represent an alkyl group, an alkoxy group, a phenyl group, a substituted
phenyl group, a phenoxy group or a substituted phenoxy group, and R* and R*
represent a hydrogen atom or a methyl group. By using the silicon-containing
polymerizable monomer (a3) as the silicon-containing polymerizable monomer (a), the
hydrolyzable resin (i) which is an acrylic resin having a silicon-containing group
represented by the general formula (IIT) (This silicon-containing group is a cross-
linking group that cross-links polymer main chains.) is obtained.

In the general formula (III") (ditto with the general formula (III), ditto with the

following), q and s represent the average polymerization degree of a polyether structure,
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and may be 0, but are preferably more than 0 because there is a tendency that the
recoating property with an old coating film is excellent. Further, q and s are
preferably 50 or less because the water resistance of the coating film tends to be
excellent, and are preferably 30 or less because the recoating property with an old
coating film tends to be excellent. q and s are more preferably in the range of 3 to 295,
and are further preferably in the range of 5 to 20.

In the general formula (III'), e and h are preferably 2 or 3, and those wherein e
and h are 2 and 3 may be used together. {and g are preferably 2 or 3.

In the general formula (III’), r represents the average polymerization degree of a
silicon-containing structure, and is an integer in the range of 3 to 80. By settingrto 3
or larger, it is possible to develop a higher antifouling effect. Also by setting r to 80
or less, excellent compatibility with other polymerizable monomers is exhibited, and
solubility in a general organic solvent of the obtained hydrolyzable resin (i) can be
improved. r is preferably in the range of 5 to 50, and is more preferably in the range
of 8 to 40.

In the general formula (II"), R® to R'? are preferably an alkyl group having 1 to
18 carbon atoms, more preferably a methyl group or an ethyl group, and further
preferably a methyl group.

Concrete examples of the silicon-containing polymerizable monomer (a3)
represented by the general formula (III’) include “FM-77117, “FM-7721”, and “FM-
77257 (trade names) which are products of CHISSO CORPORATION, and “F2-311-
02” (trade name) which is a product of Nippon Unicar Company Limited as those
wherein g and s are 0. As those wherein g and s are more than 0, “F2-354-04" (trade
name) which is a product of Nippon Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain two or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (a3) as the silicon-
containing polymerizable monomer (a).

The silicon-containing polymerizable monomer (a4) that can form the

hydrolyzable resin (i) is represented by the general formula (IV*), and in the formula, i,
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j, k and | each independently represent an integer of 2 to 5, t and u each independently
represent an integer of 0 to 50, and v and w each independently represent an integer of
0t020. R" to R* are the same or different and each represent an alkyl group, and
R*® and R*® represent a hydrogen atom or a methyl group. By using the silicon-
containing polymerizable monomer (a4) as the silicon-containing polymerizable
monomer (a), the hydrolyzable resin (i) which is an acrylic resin having a silicon-
containing group represented by the general formula (IV) (This silicon-containing
group is a cross-linking group that cross-links polymer main chains.) is obtained.

In the general formula (IV”) (ditto with the general formula (IV), ditto with the
following), t and u each represent the average polymerization degree of a polyether
structure, and may be 0, but is preferably more than 0 because there is a tendency that
the recoating property with an old coating film is excellent. Further, t and u are
preferably 50 or less because the water resistance of the coating film tends to be
excellent, and are preferably 30 or less because the recoating property with an old
coating film tends to be excellent. tand u are more preferably in the range of 3 to 25,
and are further preferably in the range of 5 to 20.

In the general formula (IV’), i and | are preferably 2 or 3, and those wherein i
and ] are 2 and 3 may be used together. j and k are preferably 2 or 3.

In the general formula (IV”), v and w each represent the average polymerization
degree of a silicon-containing structure introduced into a side chain, and are an integer
in the range of 0 to 20. By setting v and w to 20 or less, excellent compatibility with
other polymerizable monomers is exhibited, and solubility of the obtained hydrolyzable
resin (1) in a general organic solvent can be improved. v and w are preferably in the
range of 10 or less, and more preferably in the range of 5 or less.

In the general formula (IV’), as an alkyl group that can be selected in R" to R,
for example, a methyl group, an ethyl group, a n-propyl group, a n-but.yl group and the
like are recited. A methyl group or an ethyl group are preferred, and a methyl group is
more preferred.

Concrete examples of the silicon-containing polymerizable monomer (a4)
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represented by the general formula (IV”) include “F2-312-01" (trade name) which is a
product of Nippon Unicar Company Limited, for example, as those wherein t and u are
0. As those wherein t and u are more than 0, “F2-312-04” (trade name) which is a
product of Nippon Unicar Company Limited and so on are recited.

The hydrolyzable resin (i) may contain two or more kinds of constituent units
derived from the silicon-containing polymerizable monomer (a4) as the silicon-
containing polymerizable monomer (a).

The hydrolyzable resin (i) may contain constituent units derived from two or
more kinds of silicon-containing polymerizable monomers selected from the silicon-
containing polymerizable monomers (al), (a2), (a3) and (a4). Among these, as one
preferred embodiment, a form using both a polymerizable monomer containing
(meth)acryl-modified silicon at one terminal [silicon-containing polymerizable
monomer (al) and/or (a2)] and a polymerizable monomer containing (meth)acryl-
modified silicon at both terminals [silicon-containing polymerizable monomer (a3)
and/or (a4)] can be recited.

Among the entire constituent units forming the hydrolyzable resin (i), the
content of the constituent unit derived from the silicon-containing polymerizable
monomer (a) is preferably 1 to 60% by mass, more preferably 5 to 50% by mass, and
further preferably 10 to 40% by mass. With the content of 1% by mass or more, an
antifouling effect tends to appear even when an antifouling agent is not separately
contained, and with the content of 60% by mass or less, a good balance between a long-
term antifouling property and adherence with a base tends to be obtained.

[2] Metal-atom-containing polymerizable monomer (b)

The metal-atom-containing polymerizable monomer (b) is a monomer for
introducing a metal-atom-containing group containing a divalent metal atom M into the
hydrolyzable resin (i). Without a metal-atom-containing group, the hydrolyzability of
the obtained resin is insufficient so that an excellent self-polishing property of a coating
film is not obtained, and it is difficult to obtain a coating film exhibiting an excellent

antifouling property. Without a metal-atom-containing group, adherence with a base
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and crack resistance of a coating film tend to be defective. ~ As the divalent metal atom
M, Mg, Zn, Cu and so on can be recited, and Zn or Cu is preferable.

The metal-atom-containing polymerizable monomer (b1) that can form the
hydrolyzable resin (i) is represented by the general formula (V’), and in the formula,
R’ represents a hydrogen atom or a methyl group, M represents a divalent metal atom,
and R*" represents an organic acid residue or an alcohol residue. By using the metal-
atom-containing polymerizable monomer (b1) as the metal-atom-containing
polymerizable monomer (b), the hydrolyzable resin (i) which is an acrylic resin having
a metal-atom-containing group represented by the general formula (V) is obtained.

In R¥, as an organic acid forming an organic acid residue, for example,
monobasic organic acids such as acetic acid, monochloroacetic acid, monofluoroacetic
acid, propionic acid, caproic acid, caprylic acid, 2-ethylhexyl acid, capric acid, versatic
acid, 1sostearic acid, palmitic acid, cresotinic acid, oleic acid, elaidic acid, linoleic acid,
linolenic acid, stearolic acid, ricinoleic acid, ricinoelaidic acid, brassidic acid, erucic
acid, a-naphthoic acid, 8-naphthoic acid, benzoic acid, 2.4,5-trichlorophenoxyacetic
acid, 2.4-dichlorophenoxyacetic acid, quinoline carboxylic acid, nitrobenzoic acid,
nitronaphthalenecarboxylic acid, and pyruvic acid are recited. Among these, using the
one having a fatty acid organic acid residue is preferred because a coating film without
cracking and peeling tends to be kept for a long period of time. In particular, zinc
oleate (meth)acrylate or zinc versatate (meth)acrylate having high flexibility is
preferably used as the metal-atom-containing polymerizable monomer (b1).

As other preferred organic acids, monobasic cyclic organic acids other than
aromatic organic acids can be recited. As monobasic cyclic organic acids, for
example, those having a cycloalkyl group such as naphthenic acid, and resin acids such
as tricyclic resin acids and salts thereof can be recited.  As a tricyclic resin acid, for
example, a monobasic acid having a diterpene hydrocarbon backbone can be recited,
and as such, for example, compounds having abietane, pimarane, isopimarane, and
labdane backbones can be recited. More concretely, for example, abietic acid,

neoabietic acid, dehydroabietic acid, hydrogenated abietic acid, palustric acid, pimaric
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acid. isopimaric acid. levopimaric acid, dextropimaric acid, sandaracopimaric acid, and
salts thereof are recited. Among these, abietic acid, hydrogenated abietic acid and
salts thereof are preferred because hydrolysis appropriately occurs, and an excellent
long-term antifouling property and excellent crack resistance of a coating film are
obtained, and the acids are easily available.

The monobasic cyclic organic acid does not have to be highly purified, and, for
example, pine resin, resin acid of pine and so on may be used. As such, for example,
rosin, hydrogenated rosin, disproportionated rosin and naphthenic acid can be recited.
The rosin referred to herein includes gum rosin, wood rosin, tall oil rosin and so on.
Rosin, hydrogenated rosin and disproportionated rosin are preferred in that they are
cheap and easily available, and excellent in handleability and exert a long-term
antifouling property.

The acid value of the monobasic cyclic organic acid is preferably 100 mg
KOH/g or more and 220 mg KOH/g or less, more preferably 120 mg KOH/g or more
and 190 mg KOH/g or less, and further preferably 140 mg KOH/g or more and 185 mg
KOH/g or less. When the one having an acid value within the above range is used as
a monobasic cyclic organic acid forming R, the hydrolysis speed of the hydrolyzable
resin (i) is appropriate, so that the self-polishing property of the coating film can be
kept stably for a long period of time, and thus the antifouling effect can be kept for a
longer term.

An organic acid residue of the metal-atom-containing polymerizable monomer
(b1) may be formed of only one kind of organic acid or two or more kinds of organic
acids.

As a production method of the metal-atom-containing polymerizable monomer
(b1) having an organic acid residue as R*, for example, a method of reacting an
inorganic metal compound, with a carboxylic group-containing radical polymerizable
monomer such as (meth)acrylic acid. and a nonpolymerizable organic acid (an organic
acid forming the organic acid residue) in an organic solvent containing an alcoholic

compound can be recited. A constituent unit derived from the metal-atom-containing
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polymerizable monomer (b1) may be formed by a method of reacting a resin obtainable
by polymerization of a monomer mixture containing a carboxylic group-containing
radical polymerizable monomer such as (meth)acrylic acid, with a metal compound,
and a nonpolymerizable organic acid (an organic acid forming the organic acid residue).

The metal-atom-containing polymerizable monomer (b2) that can form the
hydrolyzable resin (i) is represented by the general formula (VI”), and in the formula,
R and R¥ represent a hydrogen atom or a methyl group, and M represents a divalent
metal atom. By using the metal-atom-containing polymerizable monomer (b2) as the
metal-atom-containing polymerizable monomer (b), the hydrolyzable resin (i) which is
an acrylic resin having a metal-atom-containing group (this metal-atom-containing
group is a cross-linking group that cross-links polymer main chains) represented by the
general formula (VI) is obtained.

Concrete examples of the metal-atom-containing polymerizable monomer (b2)
include magnesium acrylate [(CH,=CHCOO),Mg], magnesium methacrylate
[(CH,=C(CH3)COQ0),Mg], zinc acrylate [(CH,=CHCOO),Zn], zinc methacrylate
[(CH,=C(CH3)COO0),Zn], copper acrylate [(CH,=CHCOO),Cu], and copper
methacrylate [(CH,=C(CH;3)COO),Cu]. These may be used alone or in combination
of two or more kinds that are appropriately selected as necessary.

As a production method of the metal-atom-containing polymerizable monomer
(b2), for example, a method of reacting a polymerizable unsaturated organic acid such
as (meth)acrylic acid with a metal compound in an organic solvent containing an
alcoholic compound together with water can be recited. In this case, it is preferred to
adjust the content of water in the reactant within the range of 0.01 to 30% by mass.

The hydrolyzable resin (i) may contain both a constituent unit derived from the
metal-atom-containing polymerizable monomer (bl) and a constituent unit derived
from the metal-atom-containing polymerizable monomer (b2). When both the metal-
atom-containing polymerizable monomer (b1) and the metal-atom-containing
polymerizable monomer (b2) are used as monomers forming the hydrolyzable resin (i),

the ratio between contents of the constituent unit derived from the metal-atom-
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containing polymerizable monomer (bl) and the constituent unit derived from the
metal-atom-containing polymerizable monomer (b2) in the hydrolyzable resin (i) is
preferably in the range of 20/80 to 80/20 (molar ratio), and is more preferably in the
range of 30/70 to 70/30 (molar ratio). By adjusting the ratio of contents within this
range, an antifouling film exerting an excellent antifouling property for a long period of
time and having excellent crack resistance and adherence with a base tends to be easily
obtained even when no or a small amount of antifouling agent is contained.

In the entire constituent units forming the hydrolyzable resin (i), the content of
the constituent unit derived from the metal-atom-containing polymerizable monomer
(b) is preferably 5 to 30% by mass, and more preferably 10 to 20% by mass. By
setting the content to 5% by mass or more, adherence with a base improves, and the
self-polishing property of a coating film formed therefrom tends to be kept stably for a
longer term, and by setting the content to 30% by mass or less, the effect of improving
the balance between the long-term self-polishing property, and crack resistance after
dipping in sea water and adherence with a base becomes more significant, and the long-
term self-polishing property is kept, and physical properties of a coating film tend to
improve.

In the hydrolyzable resin (i), the ratio between the content of the constituent
unit derived from the silicon-containing polymerizable monomer (a) and the content of
the constituent unit derived from the metal-atom-containing polymerizable monomer
(b) 1s preferably in the range of 30/70 to 90/10 by mass ratio, and is more preferably in
the range of 45/55 to 85/15. By setting the ratio to 30/70 or more, an antifouling
effect tends to develop even when an antifouling agent is not separately contained.
When the ratio is less than 30/70, flexibility of a coating film obtained therefrom can be
impaired, or the self-polishing property of the coating film can be too high. By setting
the ratio to 90/10 or less, an excellent balance between the long-term antifouling
property and adherence with a base tends to be obtained. When the ratio exceeds
90/10, hydrolysis of a coating film obtained therefrom can be impaired, so that there is

a possibility that the self-polishing property of the coating film is impaired.
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[3] Different monomer component (c)

The hydrolyzable resin (i) may contain a constituent unit derived from a
monomer component (c) other than the silicon-containing polymerizable monomer (a)
and the metal-atom-containing polymerizable monomer (b).

The different monomer component (c) is not particularly limited insofar as it is
an unsaturated monomer capable of copolymerizing with the silicon-containing
polymerizable monomer (a) and the metal-atom-containing polymerizable monomer (b),
and for example, (meth)acrylic acid ester monomers such as methyl (meth)acrylate,
ethyl (meth)acrylate, 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate,
phenoxyethyl (meth)acrylate, 2-(2-ethylhexaoxy)ethyl (meth)acrylate, 1-methyl-2-
methoxyethyl (meth)acrylate, 3-methoxybutyl (meth)acrylate, 3-methyl-3-
methoxybutyl (meth)acrylate, m-methoxyphenyl (meth)acrylate, p-methoxyphenyl
(meth)acrylate, o-methoxyphenylethyl (meth)acrylate, m-methoxyphenylethyl
(meth)acrylate, p-methoxyphenylethyl (meth)acrylate, n-propyl (meth)acrylate, i-
propyl (meth)acrylate, n-butyl (meth)acrylate, i-butyl (meth)acrylate, t-butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, benzyl (meth)acrylate, phenyl (meth)acrylate, isobornyl (meth)acrylate,
cyclohexyl (meth)acrylate and glycidyl (meth)acrylate; hydroxy group-containing
monomers such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate and 4-hydroxybutyl
(meth)acrylate; adducts of 2-hydroxyethyl(meth)acrylate, with ethylene oxide,
propylene oxide, y-butyrolactone, e-caprolactone or the like; dimers or trimers such as
2-hydroxyethyl (meth)acrylate and 2-hydroxypropyl (meth)acrylate; monomers having
plural hydroxy groups such as glycerol (meth)acrylate; primary and secondary amino
group-containing vinyl monomers such as butylaminoethyl (meth)acrylate and
(meth)acrylamide; tertiary amino group-containing vinyl monomers such as
dimethylaminoethyl (meth)acrylate, diethylaminoethyl (meth)acrylate,
dimethylaminopropyl (meth)acrylate, dimethylaminobutyl (meth)acrylate,

dibutylaminoethyl (meth)acrylate, dimethylaminoethyl (meth)acrylamide and
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dimethylaminopropyl (meth)acrylamide; heterocyclic basic monomers such as vinyl
pyrrolidone, vinyl pyridine and vinyl carbazole; and vinyl monomers such as styrene,
vinyltoluene, a-methylstyrene, (meth)acrylonitrile, vinyl acetate and vinyl propionate
can be recited.

The content of the constituent unit derived from the different monomer
component (¢) in the entire constituent units forming the hydrolyzable resin (i) is
preferably 0.1 to 89% by mass, more preferably 7 to 75% by mass, and further
preferably 10 to 70% by mass. By setting the content to 0.1% by mass or more, it
becomes possible to regulate the balance of various characteristics of the antifouling
coating composition obtained therefrom, and by setting the content to 89% by mass or
less, the coating film formed therefrom is provided with excellent hydrolyzability for a
long period of time, and an excellent antifouling property appears even when an
antifouling agent is not used, and the balance with adherence of the coating film with
respect to a base tends to be excellent.

The production method of the hydrolyzable resin (i) is not particularly limited,
and for example, a method of reacting a monomer mixture of the aforementioned
monomers in the presence of a radical initiator at a reaction temperature of 60 to 180°C
for 5to 14 hours. As the radical initiator, for example, 2.2-azobisisobutyronitrile, 2,2-
azobis(2,4-dimethylvaleronitrile), 2.2-azobis(2-methylbutyronitrile), benzoyl peroxide,
cumene hydroperoxide, lauryl peroxide, di-t-butylperoxide, t-butylperoxy-2-
ethylhexanoate and the like are recited.  As a polymerization method, an emulsion
polymerization method, a suspension polymerization method and the like can be
employed in addition to a solution polymerization method carried out in an organic
solvent, however, a solution polymerization method using a general organic solvent
such as toluene, xylene, methyl isobutyl ketone, or n-butyl acetate is advantageous
from the view point of productivity and performance of the hydrolyzable resin (i).

Also, when the metal-atom-containing polymerizable monomer (b2) is used, it
is preferred to use a chain transfer agent to make the antifouling coating composition

highly solid, to improve the productivity and to prevent generation of cullet at the time
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of polymerization. As the chain transfer agent, a chain transfer agent other than
mercaptan, such as a styrene dimer is preferred from the view point of compatibility
with the metal-atom-containing polymerizable monomer (b).

The weight average molecular weight of the hydrolyzable resin (i) is generally
within the range of 1000 to 3000000, preferably within the range of 3000 to 100000,
and more preferably within the range of 5000 to 50000, although it differs depending
on the polymerization condition. When the weight average molecular weight is 1000
or more, an antifouling property tends to appear when a coating film is formed, and
when the weight average molecular weight is 3000000 or less, the hydrolyzable resin
(i) tends to be dispersed uniformly in the coating composition. The weight average
molecular weight referred to herein means the weight average molecular weight in
terms of polystyrene measured by gel permeation chromatography (GPC).

The fact that the hydrolyzable resin (i) is a resin containing one or more kinds
of silicon-containing groups represented by the general formulas (I) to (IV) (a resin
containing a constituent unit derived from one or more kinds of the silicon-containing
polymerizable monomers (al) to (a4)) can be confirmed by using, for example, 'H-
NMR, ICP emission spectrometry. The fact that the hydrolyzable resin (i) is a resin
containing one or more kinds of the metal-atom-containing groups represented by the
general formulas (V) to (VI) (a resin containing a constituent unit derived from one or
more kinds of the metal-atom-containing polymerizable monomers (b1) to (b2)) can be
confirmed, for example, by using atomic absorption spectrometry.

In the antifouling coating composition of the present invention, the content of
the hydrolyzable resin (1) is preferably 30 to 97% by mass in solids contained in the
antifouling coating composition. When the content is less than 30% by mass,
adherence of the coating film with respect to a base deteriorates, and an antifouling
effect tends not to be sufficiently exerted. When the content is more than 97% by
mass, crack resistance of the coating film tends to deteriorate. Solids contained in an
antifouling coating composition refers to the sum of the ingredients other than a solvent

contained in the antifouling coating composition.
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[Thermoplastic resin and/or plasticizer (ii)]

The antifouling coating composition of the present invention contains the
thermoplastic resin and/or plasticizer (ii) together with the hydrolyzable resin (i). By
adding the thermoplastic resin and/or plasticizer (ii), crack resistance of a coating film
can be improved. Since it becomes possible to control the polishing rate (polishing
speed) of the coating film to an appropriate speed., it is advantageous also in the point
of the long-term antifouling property of the coating film.

As the thermoplastic resin, for example, chlorinated paraffin; chlorinated
polyolefins such as chlorinated rubber, chlorinated polyethylene and chlorinated
polypropylene; polyvinyl ether; polypropylene sebacate; partially hydrogenated
terphenyl; polyvinyl acetate; poly(meth)acrylic acid alkyl esters such as methyl
(meth)acrylate copolymers, ethyl (meth)acrylate copolymers, propyl (meth)acrylate
copolymers, butyl (meth)acrylate copolymers and cyclohexyl (meth)acrylate
copolymers; polyether polyols; alkyd resins; polyester resins; vinyl chloride resins such
as a vinyl chloride-vinyl acetate copolymer, a vinyl chloride-vinyl propionate
copolymer, a vinyl chloride-isobutyl vinyl ether copolymer, a vinyl chloride-isopropy!
vinyl ether copolymer and a vinyl chloride-ethyl vinyl ether copolymer; silicon oil; fats
and oils and purified substances thereof; vaseline; liquid paraffin; rosin, hydrogenated
rosin, naphthenic acid, fatty acids and divalent metal salts thereof; and so on can be
recited. Examples of the fats and oils and purified substances thereof include fats and
oils that are solid at normal temperature, such as, for example, wax (including animal-
derived wax such as bees wax, plant-derived wax and so on) and fats and oils that are
liquid at normal temperature such as castor oil. These thermoplastic resins may be
used alone or in combination of two or more kinds.

Among the above, chlorinated paraffin, polyvinyl ether, polyether polyols, rosin,
and a vinyl chloride-isobutyl vinyl ether copolymer are particularly preferred, and in
particular, chlorinated paraffin, polyvinyl ether, rosin and a viny! chloride-isobutyl
vinyl ether copolymer can be more preferably used because they are suited for

adjusting plasticity of a coating film and an exhausted amount of a coating film.
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As the plasticizer, for example, phthalate ester plasticizers such as dioctyl
phthalate (DOP), dimethyl phthalate, dicyclohexyl phthalate and diisodecyl phthalate
(DIDP); aliphatic dibasic acid ester plasticizers such as isobutyl adipate and dibutyl
sebacate; glycol ester plasticizers such as diethyleneglycol dibenzoate and
pentaerythritol alkyl ester; phosphate ester plasticizers such as tricresyl phosphoric acid
(tricresyl phosphate), triaryl phosphoric acid (triaryl phosphate) and trichloroethyl
phosphoric acid; epoxy plasticizers such as epoxy soybean oil and octyl epoxystearate;
organotin plasticizers such as dioctyl tin laurate and dibutyl tin laurate; trioctyl
trimellitate, triacetylene and the like can be recited. These plasticizers may be used
alone or in combination of two or more kinds.

Among these, phthalate ester plasticizers such as dioctyl phthalate (DOP),
dimethyl phthalate, dicyclohexyl phthalate and diisodecyl phthalate (DIDP), and
phosphate ester plasticizers such as tricresyl phosphoric acid (tricresyl phosphate),
triaryl phosphoric acid (triaryl phosphate) and trichloroethy! phosphoric acid are
particularly excellent in compatibility with the hydrolyzable resin and the thermoplastic
resin, and are able to improve crack resistance uniformly over the entire coating film,
and hence can be preferably used.

The antifouling coating composition of the present invention may contain only a

thermoplastic resin, or only a plasticizer, or contain both of a thermoplastic resin and a

plasticizer. Using both a thermoplastic resin and a plasticizer is preferred because a

coating film having excellent toughness and plasticity is obtained.

The total content of the thermoplastic resin and/or plasticizer (ii) is within the
range of 3 to 100 parts by mass, and preferably 5 to 50 parts by mass per 100 parts by
mass of the hydrolyzable resin (). When the total content of the thermoplastic resin
and/or plasticizer (ii) is less than 3 parts by mass per 100 parts by mass of the
hydrolyzable resin (i), the effect of improving the crack resistance by addition of the
thermoplastic resin and/or plasticizer (ii) tends not to be recognized, and when the
content of the thermoplastic resin and/or plasticizer (ii) is extremely small or the

thermoplastic resin and/or plasticizer (ii) is not contained, an appropriate polishing rate
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(polishing speed) is not obtained, and a long-term antifouling property may not be
imparted. Further, when the total content of the thermoplastic resin and/or plasticizer
(ii) exceeds 100 parts by mass per 100 parts by mass of the hydrolyzable resin (i),
adherence of the coating film with a base deteriorates, and the antifouling property
tends to deteriorate.

[Antifouling agent]

While an antifouling film obtained from the antifouling coating composition of
the present invention exerts excellent antifouling performance owing to the antifouling
effect based on the self-polishing property exhibited by the hydrolyzable resin (i), the
antifouling coating composition may be mixed with an antifouling agent as necessary
for further improving the antifouling performance or further improving long-term
continuity of the antifouling property.  As the antifouling agent, those known in the art
may be used without particular limitation, and for example, inorganic compounds,
organic compounds containing a metal and organic compounds not containing a metal
can be recited.

Concrete examples of the antifouling agent include metal salts such as zinc
oxide; cuprous oxide; manganese ethylene-bis-dithiocarbamate; zinc
dimethyldithiocarbamate; 2-methylthio-4-t-butylamino-6—cyclopropyia.rnino-s;triazine;
2,4,5,6-tetrachloroisophthalonitrile; N,N-dimethyldichlorophenyl urea; zinc ethylene-
bis-dithiocarbamate; rhodan copper (cuprous thiocyanate); 4,5-dichloro-2-n-octyl-4-
1sothiazoline-3-on (4,5,-dichloro-2-n-octyl-3(2H)isothiazolone); N-
(fluorodichloromethylthio)phthalimide; N,N’-dimethyl-N’-phenyl-(N-
fluorodichloromethylthio)sulfamide; 2-pyridinethiol-1-oxide zinc salt (zinc pyrithione)
and copper salt (copper pyrithione); tetramethylthiuram disulfide; 2,4,6-trichlorophenyl
maleimide; 2,3.5,6-tetrachloro-4-(methylsulfonyl)pyridine; 3-iodo-2-propylbutyl
carbamate; dilodomethyl-para-trisulfone; phenyl(bispyridyl)bismuth dichloride; 2-(4-
thiazolyl)-benzimidazole; triphenylboronpyridine salt; stearylamine-triphenylboron;
laurylamine-triphenylboron; bis dimethyl dithiocarbamoyl zinc

ethylenebisdithiocarbamate; 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-
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phenylmethanesulfenamide; 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-(4-
methylphenyl)methanesulfeneamide; N’-(3,4-dichlorophenyl)-N,N’-dimethyl urea; N’-
tert-butyl-N-cyclopropyl-6-(methylthio)-1,3,5-triazine-2,4-diamine; and 4-bromo-2-(4-
chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-carbonitrile and so on can be recited.
These antifouling agents may be used alone or in combination of two or more kinds.

The content of the antifouling agent may be 20 parts by mass or less per 100
parts by mass of the total amount of the hydrolyzable resin (i) and the thermoplastic
resin and/or plasticizer (ii) (that is, the hydrolyzable resin (i), the thermoplastic resin
and the plasticizer). When the content of the antifouling agent is more than 20 parts
by mass, defects such as cracking and peeling can arise in the coating film.

[Other additives]

The antifouling coating composition of the present invention may contain other
additives than the hydrolyzable resin (i) and the thermoplastic resin and/or plasticizer
(i1).  As other additives, for example, a pigment, a solvent, a water binder, an anti-
sagging agent, an anti-flooding agent, an anti-settling agent, a defoaming agent, a
coating film exhaustion conditioner, a UV absorber, a surface conditioner, a viscosity
conditioner, a leveling agent, a pigment disperser and so on can be recited.

As the pigment, for example, extender pigments such as sedimentary barium,
talc, clay, chalk, silica white, alumina white, bentonite, calcium carbonate, magnesium
carbonate, silicic acid, silicates, aluminum oxide hydrates and calcium sulfate; and
coloring pigments such as titanium oxide, zircon oxide, basic lead sulfate, tin oxide,
carbon black, white lead, graphite, zinc sulfide, zinc oxide, chromic oxide, yellow
nickel titanium, yellow chromium titanium, yellow iron oxide, red iron oxide, black
iron oxide, azoic red and yellow pigment, chromium yellow, phthalocyanine green,
phthalocyanine blue, ultramarine blue and quinacridone can be recited. These
pigments may be used alone or in combination of two or more kinds.

As the solvent, for example, hydrocarbons such as toluene, xylene,
ethylbenzene, cyclopentane, octane, heptane, cyclohexane and white spirit; ethers such

as dioxane, tetrahydrofuran, ethylene glycol monomethyl ether, ethylene glycol
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monoethyl! ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether,
diethylene glycol monomethy! ether and diethylene glycol monoethyl ether; esters such
as butyl acetate, propyl acetate, benzyl acetate, ethylene glycol monomethyl ether
acetate and ethylene glycol monoethyl ether acetate; ketones such as ethylisobutyl
ketone and methylisobutyl ketone; alcohols such as n-butanol and propyl alcohol; and
the like can be recited. These solvents may be used alone or in combination of two or
more kinds.

The antifouling coating composition of the present invention may be prepared,
for example, by adding, to the hydrolyzable resin (i) or a resin composition containing
the same, the thermoplastic resin and/or plasticizer (ii), and optionally an antifouling
agent, and other additives such as a pigment and a solvent as necessary, and mixing
them by using a mixing machine such as a ball mill, a pebble mill, a roll mill, a sand
grinding mill, or a high-speed disperser.

As described above, according to the antifouling coating composition of the
present invention, since the hydrolyzable resin (i) itself serving as a vehicle exhibits
excellent antifouling performance, it is possible to eliminate the antifouling agent that
is separately blended, or to reduce the blending amount thereof. As a result, it is
possible to achieve reduction in specific gravity of the antifouling coating composition
(paint specific gravity). The reduced paint specific gravity allows reduction in weight
of the antifouling coating composition required for forming a coating film of a certain
volume, and this allows reduction in the number of paint cans required for applying a
certain volume when the paint is sold by weight, and is advantageous in effective
utilization of resources and improvement in transportation efficiency.

More concretely, while conventional mainstreams were antifouling coating
compositions mainly containing a large amount of cuprous oxide as an antifouling
agent, the paint specific gravity was as high as about 1.5 to 1.8 because the specific
gravity of cuprous oxide was as high as about 5.9.  According to the present invention,
by not blending an antifouling agent having high specific gravity such as cuprous oxide,

or reducing the blending amount thereof, it is possible to reduce the paint specific
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gravity to about 1.0 to 1.1.  Assuming the dry film thickness of the coating film be
100 pm, the theoretical application amount (kg) of a paint per 1 m? of application area
is represented by the following formula:

Theoretical application amount (kg) = 10 X paint specific gravity/nonvolatile
content volume ratio (%)
Here, the nonvolatile content volume ratio (%) means a solid content in terms of
volume of the paint. According to the above formula, assuming the nonvolatile
content volume ratio be 50%, the theoretical application amount of the paint having a
paint specific gravity of 1.0 is 0.2 kg, and the theoretical application amount of the
paint having a paint specific gravity of 1.6 is 0.32 kg. In this manner, according to the
present invention, it is possible to reduce the use weight of the paint required for
coating an object to be coated.

<Antifouling film and composite film>

The antifouling film of the present invention can be formed by applying the
antifouling coating composition on a surface of an object to be coated according to a
routine method, and then removing a solvent by volatilization at room temperature or
under heating as necessary. The application method is not particularly limited, and for
example, conventionally known methods such as a dipping method, a spray method,
brush application, a roller, electrostatic coating, and electrodeposition coating can be
recited. Examples of the object to be coated include, but are not limited to, ships; fish
nets typically for farming and other fishing equipment; harbor facilities; oilfences;
intake equipment of an electric generation plant or the like; piping such as water
conduits for cooling; bridges, buoyage; industrial water system facilities; and
submarine bases. The antifouling film formed by using the antifouling coating
composition of the present invention has an excellent long-term antifouling property
and excellent crack resistance. Also adherence with a base is excellent. An
application surface of the object to be coated may be pretreated as necessary, or on a
primer film of another paint such as an antirust paint (anticorrosion paint) formed on an

object to be coated, an antifouling film formed from the antifouling coating
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composition of the present invention may be formed to produce a composite film.

Here, as described above, according to the antifouling coating composition of
the present invention, since the hydrolyzable resin (i) itself serving as a vehicle exhibits
excellent antifouling performance, the antifouling agent that is separately blended can
be eliminated, or the blending amount thereof can be reduced. Therefore, by the
antifouling coating composition of the present invention, it is possible to form a clear
(highly transparent) antifouling film. An antifouling film formed from a conventional
antifouling coating composition mainly containing a large amount of cuprous oxide as
an antifouling agent generally takes on a reddish color phase due to the contained
cuprous oxide, and the color phase thereof is limited, however, according to the present
invention, various applications utilizing the transparency of the obtained antifouling
film are possible. In forming a clear antifouling film, it is preferred that the
antifouling coating composition of the present invention does not contain a coloring
pigment.

For example, in the composite film having a primer film formed from an
antirust paint or the like and an antifouling film of the present invention formed on the
primer film, by using a clear antifouling film as the antifouling film and those having
various color phases as the antirust paint, it is possible to provide a coated object such
as an in-water structure having a composite film-formed surface having a color phase
that is not conventionally realized, while having an antifouling property. Also by
forming an intermediate film of a paint having various color phases between the primer
film of an antirust paint or the like and the clear antifouling film, it is possible to
provide a coated object having a color phase that is not conventionally realized. As
the paint forming the intermediate film, for example, various paints such as an
antifouling paint, an epoxy resin paint, a urethane resin paint, an acrylic resin paint, a
chlorinated rubber paint, an alkyd resin paint, a silicon resin paint, and a fluorine resin
paint may be used. The antifouling paint forming the intermediate film may be the
antifouling coating composition of the present invention, or a different antifouling

coating composition such as a conventional antifouling coating composition containing
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a relatively large amount of antifouling agent. The intermediate film may be formed
on the entire surface of the primer film, or may be formed on part of the surface. The
intermediate film and the primer film may be a used old coating film. In this case, the
antifouling film of the present invention may be used for repairing the old coating film.

Also by forming the intermediate film between the primer film of an antirust
paint or the like and the clear antifouling film into the form of, for example, a character,
pattern, design, or picture having various color phases, various design features can be
imparted to the coated object. Also by interposing a film or a seal member in the form
of a character, pattern, design, or picture having various color phases, in place of the
intermediate film interposed between the primer film and the clear antifouling film,
various design features can be imparted to the coated object.

Examples

In the following, the present invention will be described more specifically by
way of examples and comparative examples, however, it is to be noted that the present
invention will not be limited to these.

[1] Preparation of metal-atom-containing polymerizable monomer (b)

(Production Example M1: Preparation of metal-atom-containing polymerizable
monomer mixture M1)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 85.4 parts by mass of PGM (propylene glycol methyl
ether) and 40.7 parts by mass of zinc oxide, and the temperature was raised to 75°C
under stirring.  Then, from the dropping funnel, a mixture of 43.1 parts by mass of
methacrylic acid, 36.1 parts by mass of acrylic acid and 5 parts by mass of water was
dropped at a constant velocity over 3 hours.  After further stirring for 2 hours, 36 parts
by mass of PGM was added, to obtain a transparent metal-atom-containing
polymerizable monomer mixture M1. The solid content was 44.8% by mass. The
metal-atom-containing polymerizable monomer mixture M1 contains zinc
(meth)acrylate which is the monomer (b2) as the metal-atom-containing polymerizable
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(Production Example M2: Preparation of metal-atom-containing polymerizable
monomer mixture M2)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 72.4 parts by mass of PGM and 40.7 parts by mass of
zinc oxide, and the temperature was raised to 75°C under stirring.  Then, from the
dropping funnel, a mixture of 30.1 parts by mass of methacrylic acid, 25.2 parts by
mass of acrylic acid and 51.6 parts by mass of versatic acid was dropped at a constant
velocity over 3 hours.  After further stirring for 2 hours, 11 parts by mass of PGM was
added, to obtain a transparent metal-atom-containing polymerizable monomer mixture
M2. The solid content was 59.6% by mass. The metal-atom-containing
polymerizable monomer mixture M2 contains, as the metal-atom-containing
polymerizable monomer (b), zinc (meth)acrylate which is the monomer (b1)
represented by the general formula (V) (R3 % {s a versatic acid residue), and zinc
(meth)acrylate which is the monomer (b2).

(Production Example M3: Preparation of metal-atom-containing polymerizable
monomer mixture M3)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 60 parts by mass of xylene, 13 parts by mass of PGM
and 40.7 parts by mass of zinc oxide, and the temperature was raised to 75°C under
stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of
methacrylic acid, 27 parts by mass of acrylic acid, 37.7 parts by mass of oleic acid, 2.3
parts by mass of acetic acid and 5.8 parts by mass of propionic acid was dropped at a
constant velocity over 3 hours. After further stirring for 2 hours, 77 parts by mass of
xylene and 46 parts by mass of PGM were added, to obtain a transparent metal-atom-
containing polymerizable monomer mixture M3. The solid content was 39.6% by
mass. The metal-atom-containing polymerizable monomer mixture M3 contains, as
the metal-atom-containing polymerizable monomer (b), zinc (meth)acrylate which is
the monomer (b1) represented by the general formula (V’) (R*° is at least one kind of

an oleic acid residue, an acetic acid residue, and a propionic acid residue) and zinc
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(meth)acrylate which is the monomer (b2).

[2] Preparation of hydrolyzable resin

(Production Example S1: Preparation of hydrolyzable resin composition S1)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 65 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of methyl
methacrylate, 43.9 parts by mass of ethyl acrylate, 10 parts by mass of “FM-0721"
(product of CHISSO CORPORATION), 21.7 parts by mass of the metal-atom-
containing polymerizable monomer mixture M1 of Production Example M1, 10 parts
by mass of xylene, 1.2 parts by mass of a chain transfer agent (a-methylstyrene dimer),
2.5 parts by mass of azobisisobutyronitrile (AIBN) and 3 parts by mass of
azobismethylbutyronitrile (AMBN) was dropped at a constant velocity over 6 hours.
After end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass
of xylene were dropped over 30 minutes, and after further stirring for 1 hour and 30
minutes, 10.1 parts by mass of xylene was added to obtain a hydrolyzable resin
composition S1.

The obtained hydrolyzable resin composition S1 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide) and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S1 was 6800 in terms of polystyrene. The
hydrolyzable resin isolated from the obtained hydrolyzable resin composition S1 by
methanol reprecipitation was collected into a platinum crucible, added with sulfuric
acid, and then heated in a pressurized decomposition vessel. After volatilizing
sulfuric acid, the hydrolyzable resin was completely ashed. The ashed matter was
subjected to alkaline fusion after left standing to cool, and analyzed by an ICP emission
analyzer (“SPS5100” available from Seiko Instruments inc.) to find a Si atom. Also,
the hydrolyzable resin was analyzed by an atomic absorption spectrophotometer

(“AA6300” available from Shimadzu Corporation) to find a signal from a Zn atom.
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(Production Example S2: Preparation of hydrolyzable resin composition S2)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 65 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of methyl
methacrylate, 13.9 parts by mass of ethyl acrylate, 40 parts by mass of “FM-0711"
(product of CHISSO CORPORATION), 21.7 parts by mass of the metal-atom-
containing polymerizable monomer mixture M1 of Production Example M1, 10 parts
by mass of xylene, 1.2 parts by mass of a chain transfer agent (a-methylstyrene dimer),
2.5 parts by mass of AIBN and 0.8 parts by mass of AMBN was dropped at a constant
velocity over 6 hours.  After end of the dropping, 0.5 parts by mass of t-
butylperoctoate and 10 parts by mass of xylene were dropped over 30 minutes, and the
mixture was further stirred for 1 hour and 30 minutes, and then added with 10.1 parts
by mass of xylene, to obtain a hydrolyzable resin composition S2.

The obtained hydrolyzable resin composition S2 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S2 was 8800 in terms of polystyrene.

(Production Example S3: Preparation of hydrolyzable resin composition S3)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM and 61 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 25 parts by mass of ethyl
acrylate, 40 parts by mass of “X-24-8201" (product of Shin-Etsu Chemical Co., Ltd.),
28.4 parts by mass of the metal-atom-containing polymerizable monomer mixture M2
of Production Example M2, 20 parts by mass of PGM, 2.5 parts by mass of AIBN and
1 part by mass of AMBN was dropped at a constant velocity over 4 hours.  After end
of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene

were dropped over 30 minutes, and the mixture was further stirred for 1 hour and 30
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minutes, and then added with 4.6 parts by mass of xylene, to obtain a hydrolyzable
resin composition S3.

The obtained hydrolyzable resin composition S3 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S3 was 8200 in terms of polystyrene.

(Production Example S4: Preparation of hydrolyzable resin composition S4)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 35 parts by mass of PGM and 41 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 15 parts by mass of ethyl
acrylate, 50 parts by mass of “X-24-8201” (product of Shin-Etsu Chemical Co., Ltd.),
42.5 parts by mass of the metal-atom-containing polymerizable monomer mixture M3
of Production Example M3, 5 parts by mass of PGM, 2.5 parts by mass of AIBN and 1
part by mass of AMBN was dropped at a constant velocity over 6 hours.  After end of
the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene
were dropped over 30 minutes, and the mixture was further stirred for 1 hour and 30
minutes, and then added with 5.5 parts by mass of xylene, to obtain a hydrolyzable
resin composition S4.

The obtained hydrolyzable resin composition S4 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S4 was 7200 in terms of polystyrene.

(Production Example S5: Preparation of hydrolyzable resin composition S5)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 26.4 parts by mass of methyl

methacrylate, 25.5 parts by mass of ethyl acrylate, 30 parts by mass of a silicon-
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containing monomer A, 31.3 parts by mass of the metal-atom-containing polymerizable
monomer mixture M1 of Production Example M1, 10 parts by mass of xylene, 1.5 parts
by mass of a chain transfer agent (a-methylstyrene dimer), 2.5 parts by mass of AIBN
and 4 parts by mass of AMBN was dropped at a constant velocity over 6 hours.  After
end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of
xylene were dropped over 30 minutes, and the mixture was further stirred for 1 hour
and 30 minutes, and then added with 10.8 parts by mass of xylene, to obtain a
hydrolyzable resin composition SS.

The obtained hydrolyzable resin composition S5 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S5 was 6400 in terms of polystyrene.

(Production Example S6: Preparation of hydrolyzable resin composition S6)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring. Then, from the dropping funnel, a mixture of 21.4 parts by mass of methyl
methacrylate, 25.5 parts by mass of ethyl acrylate, 5 parts by mass of styrene, 30 parts
by mass of a silicon-containing monomer B, 31.3 parts by mass of the metal-atom-
containing polymerizable monomer mixture M1 of Production Example M1, 10 parts
by mass of xylene, 1.5 parts by mass of a chain transfer agent (a-methylstyrene dimer),
2.5 parts by mass of AIBN and 2.5 parts by mass of AMBN was dropped at a constant
velocity over 6 hours. After end of the dropping, 0.5 parts by mass of t-
butylperoctoate and 10 parts by mass of xylene were dropped over 30 minutes, and the
mixture was further stirred for 1 hour and 30 minutes, and then added with 10.8 parts
by mass of xylene, to obtain a hydrolyzable resin composition S6.

The obtained hydrolyzable resin composition S6 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and

the weight average molecular weight of the hydrolyzable resin contained in the
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hydrolyzable resin composition S6 was 6900 in terms of polystyrene.

(Production Example S7: Preparation of hydrolyzable resin composition S7)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring. Then, from the dropping funnel, a mixture of 26.4 parts by mass of methyl
methacrylate, 14.5 parts by mass of ethyl acrylate, 5 parts by mass of 2-methoxyethyl
acrylate, 20 parts by mass of “FM-0711" (product of CHISSO CORPORATION), 20
parts by mass of “TM-0701" (product of CHISSO CORPORATION), 31.3 parts by
mass of the metal-atom-containing polymerizable monomer mixture M1 of Production
Example M1, 10 parts by mass of xylene, 1.5 parts by mass of a chain transfer agent (a-
methylstyrene dimer), 2.5 parts by mass of AIBN and 2.5 parts by mass of AMBN was
dropped at a constant velocity over 6 hours. After end of the dropping, 0.5 parts by
mass of t-butylperoctoate and 10 parts by mass of xylene were dropped over 30
minutes, and the mixture was further stirred for 1 hour and 30 minutes, and then added
with 10.8 parts by mass of xylene, to obtain a hydrolyzable resin composition S7.

The obtained hydrolyzable resin composition S7 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S7 was 7000 in terms of polystyrene.

(Production Example S8: Preparation of hydrolyzable resin composition S8)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM and 61 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 35 parts by mass of ethyl
acrylate, 30 parts by mass of a silicon-containing monomer C, 28.4 parts by mass of the
metal-atom-containing polymerizable monomer mixture M2 of Production Example
M2, 20 parts by mass of PGM, 2.5 parts by mass of AIBN and 2 parts by mass of
AMBN was dropped at a constant velocity over 4 hours.  After end of the dropping,
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0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene were dropped
over 30 minutes, and the mixture was further stirred for | hour and 30 minutes, and
then added with 4.6 parts by mass of xylene, to obtain a hydrolyzable resin composition
S8.

The obtained hydrolyzable resin composition S8 was analyzed by GPC (“HLC-
8§220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S8 was 7700 in terms of polystyrene.

(Production Example S9: Preparation of hydrolyzable resin composition S9)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 26.4 parts by mass of methyl
methacrylate, 35.5 parts by mass of ethyl acrylate, 20 parts by mass of a silicon-
containing monomer D, 31.3 parts by mass of the metal-atom-containing polymerizable
monomer mixture M1 of Production Example M1, 10 parts by mass of xylene, 1.5 parts
by mass of a chain transfer agent (a-methylstyrene dimer), 2.5 parts by mass of AIBN
and 5.5 parts by mass of AMBN was dropped at a constant velocity over 6 hours.

After end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass
of xylene were dropped over 30 minutes, and the mixture was further stirred for 1 hour
and 30 minutes, and then added with 10.8 parts by mass of xylene, to obtain a
hydrolyzable resin composition S9.

The obtained hydrolyzable resin composition S9 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition S9 was 6000 in terms of polystyrene.

(Production Example S10: Preparation of hydrolyzable resin composition S10)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel

and a stirrer was charged with 15 parts by mass of PGM, 65 parts by mass of xylene
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and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of methyl
methacrylate, 43.9 parts by mass of ethyl acrylate, 10 parts by mass of “FM-7711”
(product of CHISSO CORPORATION), 21.7 parts by mass of the metal-atom-
containing polymerizable monomer mixture M1 of Production Example M1, 10 parts
by mass of xylene, 2 parts by mass of a chain transfer agent (a-methylstyrene dimer),
2.5 parts by mass of AIBN and 7.5 parts by mass of AMBN was dropped at a constant
velocity over 6 hours. After end of the dropping, 0.5 parts by mass of t-
butylperoctoate and 10 parts by mass of xylene were dropped over 30 minutes, and the
mixture was further stirred for 1 hour and 30 minutes, and then added with 10.1 parts
by mass of xylene, to obtain a hydrolyzable resin composition S10.

The obtained hydrolyzable resin composition S10 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S10 was 5400 in terms of
polystyrene. The hydrolyzable resin isolated from the obtained hydrolyzable resin
composition S10 by methanol reprecipitation was collected into a platinum crucible,
added with sulfuric acid, and then heated in a pressurized decomposition vessel. After
volatilizing sulfuric acid, the hydrolyzable resin was completely ashed. The ashed
matter was subjected to alkaline fusion after left standing to cool, and analyzed by an
ICP emission analyzer (“SPS5100” available from Seiko Instruments inc.) to find a Si
atom. Also, the hydrolyzable resin was analyzed by an atomic absorption
spectrophotometer (“AA6300” available from Shimadzu Corporation) to find a signal
from a Zn atom.

(Production Example S11: Preparation of hydrolyzable resin composition S11)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 65 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under

stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of methyl
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methacrylate, 33.9 parts by mass of ethyl acrylate, 20 parts by mass of “FM-7721”
(product of CHISSO CORPORATION), 21.7 parts by mass of the metal-atom-
containing polymerizable monomer mixture M1 of Production Example M1, 10 parts
by mass of xylene, 1.5 parts by mass of a chain transfer agent (a-methylstyrene dimer),
2.5 parts by mass of AIBN and 5 parts by mass of AMBN was dropped at a constant
velocity over 6 hours. After end of the dropping, 0.5 parts by mass of t-butyl
peroctoate and 10 parts by mass of xylene were dropped over 30 minutes, and the
mixture was further stirred for 1 hour and 30 minutes, and then added with 10.1 parts
by mass of xylene, to obtain a hydrolyzable resin composition S11.

The obtained hydrolyzable resin composition S11 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S11 was 6200 in terms of
polystyrene.

(Production Example S12: Preparation of hydrolyzable resin composition S12)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 26.4 parts by mass of methyl
methacrylate, 40.5 parts by mass of ethyl acrylate, 15 parts by mass of a silicon-
containing monomer E, 31.3 parts by mass of the metal-atom-containing polymerizable
monomer mixture M1 of Production Example M1, 10 parts by mass of xylene, 2 parts
by mass of a chain transfer agent (a-methylstyrene dimer), 2.5 parts by mass of AIBN
and 8 parts by mass of AMBN was dropped at a constant velocity over 6 hours.  After
end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of
xylene were dropped over 30 minutes, and the mixture was further stirred for 1 hour
and 30 minutes, and then added with 10.8 parts by mass of xylene, to obtain a
hydrolyzable resin composition S12.

The obtained hydrolyzable resin composition S12 was analyzed by GPC
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(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S12 was 5600 in terms of
polystyrene.

(Production Example S13: Preparation of hydrolyzable resin composition S13)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 26.4 parts by mass of methy!
methacrylate, 35.5 parts by mass of ethyl acrylate, 20 parts by mass of a silicon-
containing monomer F, 31.3 parts by mass of the metal-atom-containing polymerizable
monomer mixture M1 of Production Example M1, 10 parts by mass of xylene, 1.5 parts
by mass of a chain transfer agent (a-methylstyrene dimer), 2.5 parts by mass of AIBN
and 7.5 parts by mass of AMBN was dropped at a constant velocity over 6 hours.
After end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass
of xylene were dropped over 30 minutes, and the mixture was further stirred for 1 hour
and 30 minutes, and then added with 10.8 parts by mass of xylene, to obtain a
hydrolyzable resin composition S13.

The obtained hydrolyzable resin composition S13 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S13 was 5500 in terms of
polystyrene.

(Production Example S14: Preparation of hydrolyzable resin composition S14)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 65 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under
stirring.  Then, from the dropping funnel, a mixture of 32.3 parts by mass of methyl

methacrylate, 13.9 parts by mass of ethyl acrylate, 5 parts by mass of “FM-7711"
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(product of CHISSO CORPQRATION), 35 parts by mass of “FM-0711" (product of
CHISSO CORPORATION), 21.7 parts by mass of the metal-atom-containing
polymerizable monomer mixture M1 of Production Example M1, 10 parts by mass of
xylene, 1.2 parts by mass of a chain transfer agent (a-methylstyrene dimer), 2.5 parts
by mass of AIBN and 4 parts by mass of AMBN was dropped at a constant velocity
over 6 hours. After end of the dropping, 0.5 parts by mass of t-butylperoctoate and 10
parts by mass of xylene were dropped over 30 minutes, and the mixture was further
stirred for 1 hour and 30 minutes, and then added with 10.1 parts by mass of xylene, to
obtain a hydrolyzable resin composition S14.

The obtained hydrolyzable resin composition S14 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S14 was 9000 in terms of
polystyrene.

(Production Example S15: Preparation of hydrolyzable resin composition S15)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 35 parts by mass of PGM and 31 parts by mass of xylene,
and the temperature was raised to 100°C under stirring.  Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 25 parts by mass of ethyl
acrylate, 10 parts by mass of “FM-7721" (product of CHISSO CORPORATION), 30
parts by mass of “X-24-8201" (product of Shin-Etsu Chemical Co., Ltd.), 28.4 parts by
mass of the metal-atom-containing polymerizable monomer mixture M2 of Production
Example M2, 30 parts by mass of xylene, 2.5 parts by mass of AIBN and 2.5 parts by
mass of AMBN was dropped at a constant velocity over 4 hours. After end of the
dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene were
dropped over 30 minutes, and the mixture was further stirred for 1 hour and 30 minutes,
and then added with 4.6 parts by mass of xylene, to obtain a hydrolyzable resin
composition S15.

The obtained hydrolyzable resin composition S15 was analyzed by GPC
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(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S15 was 7200 in terms of
polystyrene.

(Production Example S16: Preparation of hydrolyzable resin composition S16)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 40 parts by mass of PGM and 31 parts by mass of xylene,
and the temperature was raised to 100°C under stirring.  Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 15 parts by mass of ethyl
acrylate, 10 parts by mass of “FM-7711" (product of CHISSO CORPORATION), 10
parts by mass of “FM-7721” (product of CHISSO CORPORATION), 30 parts by mass
of “FM-0711" (product of CHISSO CORPORATION), 42.5 parts by mass of the
metal-atom-containing polymerizable monomer mixture M3 of Production Example
M3, 10 parts by mass of xylene, 2.5 parts by mass of AIBN and 4.5 parts by mass of
AMBN was dropped at a constant velocity over 6 hours. After end of the dropping,
0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene were dropped
over 30 minutes, and the mixture was further stirred for 1 hour and 30 minutes, and
then added with 5.5 parts by mass of xylene, to obtain a hydrolyzable resin composition
S16.

The obtained hydrolyzable resin composition S16 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S16 was 6400 in terms of
polystyrene.

(Production Example S17: Preparation of hydrolyzable resin composition S17)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM, 59 parts by mass of xylene
and 4 parts by mass of ethyl acrylate, and the temperature was raised to 100°C under

stirring.  Then, from the dropping funnel, a mixture of 26.4 parts by mass of methyl
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methacrylate, 15.5 parts by mass of ethyl acrylate, 2 parts by mass of a silicon-
containing monomer G, 38 parts by mass of the silicon-containing monomer D, 31.3
parts by mass of the metal-atom-containing polymerizable monomer mixture M1 of
Production Example M1, 10 parts by mass of xylene, 1.2 parts by mass of a chain
transfer agent (o-methylstyrene dimer), 2.5 parts by mass of AIBN and 5.5 parts by
mass of AMBN was dropped at a constant velocity over 6 hours. After end of the

dropping, 0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene were

dropped over 30 minutes, and the mixture was further stirred for 1 hour and 30 minutes,

and then added with 10.8 parts by mass of xylene, to obtain a hydrolyzable resin
composition S17.

The obtained hydrolyzable resin composition S17 was analyzed by GPC
(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S17 was 5600 in terms of
polystyrene.

(Production Example S18: Preparation of hydrolyzable resin composition S18)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 35 parts by mass of PGM and 31 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 18 parts by mass of methyl methacrylate, 45 parts by mass of ethyl
acrylate, 10 parts by mass of the silicon-containing monomer G, 10 parts by mass of
“TM-0701" (product of CHISSO CORPORATION), 28.4 parts by mass of the metal-
atom-containing polymerizable monomer mixture M2 of Production Example M2, 30
parts by mass of xylene, 2.5 parts by mass of AIBN and 5 parts by mass of AMBN was
dropped at a constant velocity over 4 hours.  After end of the dropping, 0.5 parts by
mass of t-butylperoctoate and 10 parts by mass of xylene were dropped over 30
minutes, and the mixture was further stirred for 1 hour and 30 minutes, and then added
with 4.6 parts by mass of xylene, to obtain a hydrolyzable resin composition S18.

The obtained hydrolyzable resin composition S18 was analyzed by GPC
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(“HLC-8220GPC” available from TOSOH CORPORATION, eluent:
dimethylformamide), and the weight average molecular weight of the hydrolyzable
resin contained in the hydrolyzable resin composition S18 was 6000 in terms of
polystyrene.

(Production Example T1: Preparation of resin composition T1)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM and 65 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 42.1 parts by mass of methyl methacrylate, 37.9 parts by mass of
ethyl acrylate, 20 parts by mass of “FM-0711" (product of CHISSO CORPORATION),
10 parts by mass of xylene, 11.9 parts by mass of PGM, 1.2 parts by mass of a chain
transfer agent (a~-methylstyrene dimer), 2.5 parts by mass of AIBN and 2 parts by mass
of AMBN was dropped at a constant velocity over 6 hours. After end of the dropping,
0.5 parts by mass of t-butylperoctoate and 10 parts by mass of xylene were dropped
over 30 minutes, and the mixture was further stirred for 1 hour and 30 minutes, and
then added with 10.1 parts by mass of xylene, to obtain a resin composition T1.

The obtained resin composition T1 was analyzed by GPC (“HLC-8220GPC”
available from TOSOH CORPORATION, eluent: dimethylformamide), and the weight
average molecular weight of the resin contained in the resin composition T1 was 6200
in terms of polystyrene.

(Production Example T2: Preparation of resin composition T2)

A four-neck flask equipped with a condenser, a thermometer, a dropping funnel
and a stirrer was charged with 15 parts by mass of PGM and 70 parts by mass of xylene,
and the temperature was raised to 100°C under stirring. Then, from the dropping
funnel, a mixture of 42.1 parts by mass of methyl methacrylate, 17.9 parts by mass of
ethyl acrylate, 10 parts by mass of “FM-7711" (product of CHISSO CORPORATION),
30 parts by mass of “FM-0711" (product of CHISSO CORPORATION), 10 parts by
mass of xylene, 11.9 parts by mass of PGM. 3 parts by mass of a chain transfer agent

(a-methylstyrene dimer), 2.5 parts by mass of AIBN and 7 parts by mass of AMBN
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was dropped at a constant velocity over 6 hours. After end of the dropping, 0.5 parts
by mass of t-butylperoctoate and 10 parts by mass of xylene were dropped over 30
minutes, and the mixture was further stirred for 1 hour and 30 minutes, and then added
with 5.1 parts by mass of xylene, to obtain a resin composition T2.

The obtained resin composition T2 was analyzed by GPC (“HLC-8220GPC”
available from TOSOH CORPORATION, eluent: dimethylformamide), and the weight
average molecular weight of the resin contained in the resin composition T2 was 8600
in terms of polystyrene.

(Production Example T3: Preparation of hydrolyzable resin composition T3)

A four-neck flask equipped with a stirrer, a condenser, a temperature control
device, a nitrogen introducing tube, and a dropping funnel was charged with 64 parts
by mass of xylene and 16 parts by mass of n-butanol, and kept at 100°C. The solution
was added dropwise with a mixed liquid of a monomer according to the formulation
(part by mass) of Table 2 and 2.3 parts by mass of t-butylperoxy-2-ethylhexanoate at a
constant velocity over 3 hours, and retained at this temperature for 30 minutes after end
of the dropping. Then, a mixed liquid of 16 parts by mass of xylene, 4 parts by mass
of n-butanol and 0.2 parts by mass of t-butylperoxy-2-ethylhexanoate was added
dropwise at a constant velocity over 30 minutes, and retained at this temperature for 1
hour and 30 minutes after end of the dropping, to obtain a resin varnish. The solid
content in the obtained resin varnish was 49.8% by mass, and the acid value of the resin
in the resin varnish was 130.

Next, in a similar reaction vessel, 100 parts by mass of the resin varnish, 25.4
parts by mass of zinc acetate, 39.2 parts by mass of naphthenic acid (NA-163, acid
value 165 mg KOH/g, product of Yamato Yushi Kogyo), and 110 parts by mass of
xylene were added, and heated to 130°C, and acetic acid was removed together with the
solvent, to obtain a hydrolyzable resin composition T3 having a solid content 0f 41.5%
by mass.

The obtained hydrolyzable resin composition T3 was analyzed by GPC (“HLC-

8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
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the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition T3 was 8000 in terms of polystyrene.

(Production Example T4: Preparation of hydrolyzable resin composition T4)

A four-neck flask equipped with a stirrer, a condenser, a temperature control
device, a nitrogen introducing tube, and a dropping funnel was charged with 64 parts
by mass of xylene and 16 parts by mass of n-butanol, and kept at 115°C. The solution
was added dropwise with a mixed liquid of @ monomer according to the formulation
(part by mass) of Table 2 and 3 parts by mass of t-butylperoxy-2-ethylhexanoate at a
constant velocity over 3 hours, and retained at this temperature for 30 minutes after end
of the dropping. Then, a mixed liquid of 16 parts by mass of xylene, 4 parts by mass
of n-butanol and 0.2 parts by mass of t-butylperoxy-2-ethylhexanoate was added
dropwise at a constant velocity over 30 minutes, and retained at this temperature for 1
hour and 30 minutes after end of the dropping, to obtain a resin varnish. The solid
content in the obtained resin varnish was 49.7% by mass, and the acid value of the resin
in the resin varnish was 160.

Next, in a similar reaction vessel, a reaction was conducted in a similar manner
as in Production Example T3 except that 100 parts by mass of the resin varnish, 29.6
parts by mass of copper acetate, and 14.5 parts by mass of pivalic acid (acid value: 550
mgKOH/g) were used, to obtain a hydrolyzable resin composition T4 having a solid
content of 45.2% by mass.

The obtained hydrolyzable resin composition T4 was analyzed by GPC (“HLC-
8220GPC” available from TOSOH CORPORATION, eluent: dimethylformamide), and
the weight average molecular weight of the hydrolyzable resin contained in the
hydrolyzable resin composition T4 was 6500 in terms of polystyrene.

Table 1 and Table 2 show the charged amount (part by mass) of each material
used for preparation of a hydrolyzable resin composition or a resin composition in
Production Examples S1 to S18 and T1 to T4, Gardner viscosity (measured at 25°C
using a Gardner bubble viscometer) and solid content (% by mass) of the obtained

hydrolyzable resin composition or resin composition, and the weight average molecular

-
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weight of the hydrolyzable resin or resin contained in the composition.
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Trade names and abbreviations shown in Table 1 and Table 2 are as follows.
(1) FM-0711 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer whereinm =0, b =3, n= 10, and R'to R® and R*' are methyl
groups in the general formula (I7).
(2) FM-0721 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer whereinm =0, b =3, n =65, and R' to R® and R*' are methy!
groups in the general formula (I”).
(3) X-24-8201 (trade name, product of Shin-Etsu Chemical Co., Ltd.): Silicon-
containing polymerizable monomer whereinm =0, b= 3, n =25, and R' to R® and R®'
are methyl groups in the general formula (7).
(4) Silicon-containing monomer A: Silicon-containing polymerizable monomer
whereinm =10, b=3,n =10, and R to R® and R”' are methyl groups in the general
formula (I’), which is a 1 : 1 (molar ratio) mixture of those wherein a is 2 and 3. (This
monomer was sold by Nippon Unicar Company Limited under the trade name “F2-254-
04”.)
(5) Silicon-containing monomer B: Silicon-containing polymerizable monomer
whereinm =4, b=3,n=10, and R' to R and R*' are methyl groups in the general
formula (I’), which isa 1 : 1 (molar ratio) mixture of those wherein a is 2 and 3. (This
monomer was sold by Nippon Unicar Company Limited under the trade name “F2-254-
14”)
(6) TM-0701 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer wherein p = 0, d = 3, and R® to R® and R** are methyl groups
in the general formula (II”).
(7) Silicon-containing monomer C: Silicon-containing polymerizable monomer
wherein p =0, d = 3, R to R” and R* are methyl groups, and R® is R* (x = 3, R* to R
are methyl groups) in the general formula (II"). (This monomer was sold by Nippon
Unicar Company Limited under the trade name “F2-302-017.)
(8) Silicon-containing monomer D: Silicon-containing polymerizable monomer

wherein p =10, d = 3, R® to R” and R*? are methyl groups, and R® is R? (x =3, R* to
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R’ are methyl groups) in the general formula (II’), which isa I : 1 (molar ratio)
mixture of those wherein ¢ is 2 and 3. (This monomer was sold by Nippon Unicar
Company Limited under the trade name “F2-302-04".)

(9) FM-7711 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer wherein q and s =0, fand g =3, r = 10, and R’ to RIZ, R** and
R** are methyl groups in the general formula (III°).

(10) FM-7721 (trade name, product of CHISSO CORPORATION): Silicon-containing
polymerizable monomer wherein q and s =0, fand g = 3, r = 65, and R’ to Rw, R* and
R** are methyl groups in the general formula (III°).

(11) Silicon-containing monomer E: Silicon-containing polymerizable monomer
wherein q and s = 10, fand g = 3, r = 10, and R’ to R', R* and R* are methyl groups
in the general formula (III"), which isa 1 : 1 (molar ratio) mixture of those wherein e
and h are 2 and 3. (This monomer was sold by Nippon Unicar Company Limited under
the trade name “F2-354-04".)

(12) Silicon-containing monomer F: Silicon-containing polymerizable monomer
wherein t and u =0, jand k =3, v and w = 3, and R"” to R*, R* and R* are methyl
groups in the general formula (IV”). (This monomer was sold by Nippon Unicar
Company Limited under the trade name “F2-312-017.)

(13) Silicon-containing monomer G: Silicon-containing polymerizable monomer
wherein t and u =10, j and k =3, v and w = 3, and R" to R**, R*® and R*® are methyl
groups in the general formula (IV*), which is a 1 : 1 (molar ratio) mixture of those
wherein i and | are 2 and 3. (This monomer was sold by Nippon Unicar Company
Limited under the trade name “F2-312-04".)

(14) MMA: methyl methacrylate

(15) EA: ethyl acrylate

(16) 2-MTA: 2-methoxyethyl acrylate

(17) ST: styrene

(18) CHMA: cyclohexyl methacrylate

(19) CHA: cyclohexyl acrylate
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(20) M-90G: methoxypolyethyleneglycol methacrylate (NK ester M-90G, product of
Shin-Nakamura Chemical Co., Ltd.)
(21) AA: acrylic acid
(22) MAA: methacrylic acid
(23) Kayaester O: t-butylperoxy-2-ethylhexanoate (product of Kayaku Akuzo
Corporation)
(24) AIBN: azobisisobutyronitrile
(25) AMBN: azobismethylbutyronitrile

<Examples 1 to 38, Comparative Examples 1 to 24>

According to the formulation (part by mass) of Tables 3 to 6, antifouling
coating compositions were prepared by mixing the hydrolyzable resin compositions or
resin compositions S1 to S18 and T1 to T4 obtained in Production Examples S1 to S18

and T1 to T4, and other ingredients shown in Tables 3 to 6 using a high-speed disperser.
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The details of ingredients described in Tables 3 to 6 are as follows.
[1] cuprous oxide: product of NC Tech Co., Ltd. “NC-301”
[2] zinc oxide: "zinc oxide Type 2” product of SAKAI CHEMICAL INDUSTRY CO.,
LTD.
[3] antifouling agent 1: ZPT (zinc pyrithione) (“Zinc Omadine™ product of Arch
Chemicals)
[4] antifouling agent 2: CuPT (copper pyrithione) (“Copper Omadine” product of Arch
Chemicals)
[5] antifouling agent 3: 1,1-dichloro-N-[(dimethylamino)sulfonyl]-1-fluoro-N-(4-
methylphenyl)methanesulfenamide (“Preventol ASS” product of LANXESS)
[6] antifouling agent 4: 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one (4,5-dichloro-2-n-
octyl-3(2H)isothiazolone) (“Sea-Nine 211 product of Rohm and Haas Company)
[7] antifouling agent 5: 4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-
carbonitrile (“Econea” product of Janssen PMP)
[8] titanium oxide: “TI-PURE R-900” product of Du Pont Kabushiki Kaisha
[9] yellow iron oxide: “TAROX synthetic iron oxide LL-XLO” product of Titan
Kogyo , Ltd.
[10] azoic red pigment: “FUJI FAST RED 2305A” product of Fuji Pigment CO., Ltd.
[11] phthalocyanine blue: “CYANINE BLUE G-105” product of Sanyo Color Works
[12] red iron oxide: “Toda Color KN-R” product of Toda Kogyo Corp.
[13] thermoplastic resin 1: chlorinated paraffin ("TOYOPARAX AS50” product of
TOSOH CORPORATION)
[14] thermoplastic resin 2: polyvinyl ether (“Lutonal A25” product of BASF Japan
Ltd.)
[15] thermoplastic resin 3: rosin (“WW rosin” product of ARAKAWA CHEMICAL
INDUSTRIES, LTD.)
[16] thermoplastic resin 4: vinyl chloride-isobutylvinyl ether copolymer (“Laroflex
MP25” product of BASF Japan Ltd.)
[17] plasticizer 1: DOP (dioctyl phthalate) (“DOP” product of MITSUBISHI GAS
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CHEMICAL COMPANY INC.)

[18] plasticizer 2: DIDP (diisodecyl phthalate) (“DIDP” product of CHISSO
CORPORATION)

[19] plasticizer 3: TCP (tricresyl phosphate) (“TCP” product of DAIHACHI
CHEMICAL INDUSTRY CO., LTD.)

[20] plasticizer 4: triaryl phosphate ("Reofos 65” product of AIINOMOTO CO., INC))
[21] barium sulfate: “Barite powder FBA™ product of Naigai Talc Co., Ltd.

[22] anti-settling agent: “DISPARLON A600-20X™ product of KUSUMOTO
CHEMICALS, Ltd.

For antifouling films respectively formed from the antifouling coating
compositions thus obtained, the long-term antifouling property, adherence with a base,
crack resistance, polishing property and transparency were evaluated according to the
following evaluation methods. The evaluation results are shown in Tables 7 to 10.

(1) Long-term antifouling property

An obtained antifouling coating composition was applied on a blast plate
previously coated with an antirust paint so that the dry film thickness was 300 pm, and
dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The obtained test plate was subjected to an organism adhesion
test using an experimental raft installed at a marine laboratory of NIPPON PAINT
MARINE COATINGS CO., Ltd. in Tamano, Okayama Prefecture, Japan, and the
antifouling property was evaluated. In the tables, the number of months indicates the
term in which the raft is dipped. The numerical values in the tables represent the
proportion (%) of organism adhesion area in the coating film area (visually determined)
and 15% or less was determined as acceptable.

(2) Adherence with a base (grid adhesion test)

Using a test plate A that is obtained by applying an obtained antifouling coating
composition on a blast plate previously coated with an antirust paint so that the dry film
thickness was 150 um, and drying by leaving it still in a room for two days and nights;

and a test plate B that is obtained by applying the same antifouling coating composition
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as used in formation of the coating film on a surface of a coating film of a substrate
obtained by dipping the test plate A in sterilized and filtered sea water for 3 months and
leaving it still in a room for one night and day so that the dry film thickness was 150
um, and drying by leaving it still in a room for two days and nights, a grid adhesion test
(gap interval 2 mm, cell number 25) was conducted in conformance with JIS K
5600.5.6. The numerical values in the tables represent a score of a test result
evaluated in accordance with the following criteria.

Score 10: Each scratch is thin and smooth in both sides, and has no peeling at an
intersection of the scratch and in each square.

Score 8: Slight peeling is observed at an intersection of scratch, no peeling is observed
in each square, and the area of a defected part is within 5% of the entire square area.
Score 6: Peeling is observed on both sides and at an intersection of scratch, and the area
of a defected part is 5 to 15% of the entire square area.

Score 4: The width of peeling due to scratch is large, and the area of a defected part is
15 to 35% of the entire square area.

Score 2: The width of peeling due to scratch is larger than that of score 4, and the area
of a defected part is 35 to 65% of the entire square area.

Score 0: The area of peeling is 65% or more of the entire square area.

(3) Crack resistance

(a) Crack resistance against dipping in sea water (Evaluation of condition of
coating film after dipping in sea water)

The state of a coating film of the test plate after dipping the raft for 6 months in
the long-term antifouling property test was observed by visual check and rubbing, and
evaluated. The state where no crack was observed was evaluated as A, and the state
where a crack was observed was evaluated as B.

(b) Crack resistance against repeated drying and wetting (drying and wetting
alternating test)

An obtained antifouling coating composition was applied on a blast plate

previously coated with an antirust paint so that the dry film thickness was 300 um, and
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dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The obtained test plate was dipped in sea water of 40°C for 1
week, and dried in a room for 1 week, and a drying and wetting alternating test
including the above operations as one cycle was repeated up to the 20th cycle. When
a crack occurred in the coating film during the test, the test ended at the point of time
when the crack occurred, and the cycle number at that point was recorded in the table.
The sample where no crack occurred even after 20 cycles was evaluated as A.

(4) Polishing property (Coating film exhausted amount (polishing speed) test)

An obtained antifouling coating composition was applied on a blast plate
previously coated with an antirust paint so that the dry film thickness was 300 pum, and
dried by leaving it still in a room for two days and nights, to obtain a test plate having
an antifouling film. The test plate was pasted on a lateral face of a cylinder having a
diameter of 750 mm and a length of 1200 mm, and continuously rotated in sea water at
a circumferential velocity of 15 knots for 24 months, and the coating film exhausted
amount of the test plate was measured every 3 months (accumulated reduction amount
[um] of coating film thickness).

(5) Transparency of coating film

An obtained antifouling coating composition was applied on a glass plate of 130
mm wide x 100 mm long x 2.0 mm thick so that the dry film thickness was 150 um by
using an applicator, and dried by leaving it still in a room for one night and day, to
obtain a test plate having an antifouling film. The test plate was put on newspaper,
and transparency of the coating film was visually evaluated in accordance with the
following criteria.
A: Completely transparent, and characters on the newspaper can be easily recognized.
B: Slightly transparent, and characters on the newspaper can be slightly recognized.

C: Completely masked, and characters on the newspaper cannot be recognized.
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As shown in Tables 7 to 10, antifouling films obtained from the antifouling
coating compositions of examples are excellent in long-term antifouling property,
adherence with a base, and crack resistance. On the other hand, antifouling films
obtained from the antifouling coating compositions of comparative examples were
insufficient in long-term antifouling property, or lacked crack resistance or adherence
with a base even though an excellent long-term antifouling property was exhibited.
Also, exclusion of a thermoplastic resin or a plasticizer can lead to an excess coating

film exhausted amount (Comparative Examples 6 and 15).
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1. An antifouling coating compaosition comprising:
a hydrolyzable resin having at least one kindlafo-containing group
5 selected from the group consisting of the groupsasented by the following general

formulas (1), (II), (1ll) and (IV) and a metal-ateoontaining group containing a
divalent metal atom M; and

a thermoplastic resin and/or a plasticizer, wirerei

the total content of said thermoplastic resin anglasticizer is 3 to 100 parts

10 by mass per 100 parts by mass of said hydrolyzaisia:

o] R1
“ ! 3pap5
-_—— i— iRRR
C O+C8HZEO');CbH2b‘<€T' O}'SER (I)
R? n

[wherein a and b each independently represenitager of 2 to 5, m represents
an integer of 0 to 50, and n represents an intefg@tto 80; and Rto R each
independently represent an alkyl group, an alkaxyig, a phenyl group, a substituted

15 phenyl group, a phenoxy group or a substituted gxyegroup];

@)
i . .
._..C__o-é-QCHQCO%;CdHdeSt+081R5R7R8)3 )

[wherein ¢ and d each independently representiteger of 2 to 5, and p
represents an integer of 0 to 50; R” and R each independently represent an alkyl
group, Ror R;

20 wherein R represents

R23
)

0-Si OSIR*R28R?7
e
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(wherein x represents an integer of 0 to 20; afddRR’ are the same or
different and each represent an alkyl group), and

R® represents
MR"’B—%OCQW}; OR?

5 (wherein y represents an integer of 1 to 20; affcaRd R° are the same or

different and each represent an alkyl group)];

O |?11
---C 0—+C Hzao_}—CfHZf S'— Sli
R10 r R12

(I

__CQHZQ-GOChHZh Q- (]-.iv"'"’

[wherein e, f, g and h each independently reptemeimteger of 2to 5, g and s
each independently represent an integer of O ta®@ [ represents an integer of 3 to
10 80; and R to R*? each independently represent an alkyl group, koxglgroup, a
phenyl group, a substituted phenyl group, a phempayp or a substituted phenoxy

OSIR2OR21R??
R‘9 w

"""'C O+C|H2|O‘)'C)H2] Si—-0—8i— CkHZK OCHy O C— ('V)

3
}OSERGR‘!GRW
RM v 2

[wherein i, j, k and | each independently représeninteger of 2to 5, tand u

group]; and

15 each independently represent an integer of O ta®®y and w each independently
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represent an integer of 0 to 20; and ® R are the same or different and each

represent an alkyl group].

2. The antifouling coating composition accordiaglaim 1, wherein said
metal-atom-containing group is at least one kindgrofup selected from the group
consisting of the groups represented by the folgvgeneral formulas (V) and (VI):

i
—c—o—m—r® V)

[wherein M represents a divalent metal atom, affdépresents an organic acid
residue or an alcohol residue]; and

i S
—C—0—M~0Q—C— (V1)

[wherein M represents a divalent metal atom].

3. The antifouling coating composition accordiaglaim 1, wherein said
hydrolyzable resin comprises a constituent uniiveerfrom at least one kind of
silicon-containing polymerizable monomer (a) sedddrom the group consisting of a
monomer (al) represented by the following genemahfila (I'), a monomer (a2)
represented by the following general formula (l&)monomer (a3) represented by the
following general formula (lII') and a monomer (a€presented by the following
general formula (IV’), and a constituent unit dexdvrom a metal-atom-containing

polymerizable monomer (b) containing a divalentahatom M:

Ra‘lO R1
! il ! 3dmS 3
=C—C— j— R
H,0=C—C o—écaHan-}-—mch%«{sr o}st "
RZ /n

[wherein R* represents a hydrogen atom or a methyl groupaabdm, n and

R! to R represent the same meaning as previously menfioned
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HzC——cln-——c o—{-ccHZCO—}~cdH2d-——St{— OS;R5R7R8) {I3)]

[wherein R? represents a hydrogen atom or a methyl groupcaddp and &
to R represent the same meaning as previously menfioned
R O R® R
ol - L
HQC-':C—“C-"O"('CQHQGO'};Gngf Slpl O Sll
R10 r Ri?

(y

—C Hzg—éocthh—)—o C—~CH2
RSd

5 [wherein R® and R* represent a hydrogen atom or a methyl group, afdyeh,
g, r, s and Rto R* represent the same meaning as previously meniicered

—Si OSIR®R?'R??
19 w

R 0 Cﬁ
' — w—
HZC._C C O'%C Hg,o'}'CJHzl"‘Sl"O""s‘“GkHZK‘('OC‘Hz'%—O“C C CH “V’)

R13
|

D—SII OSIRISRIERY
R14 v ’ 2

[wherein R® and R° represent a hydrogen atom or a methyl group, ané,il,
t, u, v, w and B to RP? represent the same meaning as previously menfioned
10
4. The antifouling coating composition accordioglaim 3, wherein said
metal-atom-containing polymerizable monomer (b)udes at least one kind selected
from the group consisting of a monomer (b1) represkby the following general

formula (V') and a monomer (b2) represented by VI
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RST (o)

Pl \%A
H,C=C—~C—0—M—R*® (V)

[wherein R’ represents a hydrogen atom or a methyl group,dvesents a
divalent metal atom, and®®Rrepresents an organic acid residue or an alcesalue];

and

R O 0o R¥®
(vt

il T
Hzc=cl;-c—o—-M-o—-o-—c==CHz
[wherein R® and R® represent a hydrogen atom or a methyl group, and M

represents a divalent metal atom].

5. The antifouling coating composition accordiaglaim 3, wherein the ratio
between the content of said constituent unit ddrivem the silicon-containing
polymerizable monomer (a) and the content of sarttuent unit derived from the
metal-atom-containing polymerizable monomer (b)taoring a divalent metal atom M

is in the range of 30/70 to 90/10 by mass ratio.

6. The antifouling coating composition accordiaglaim 1, wherein said
thermoplastic resin is at least one kind seleateah fthe group consisting of chlorinated

paraffin, polyvinyl ether, rosin and a vinyl chide-isobutylvinyl ether copolymer.

7. The antifouling coating composition accordiaglaim 1, wherein said
plasticizer is at least one kind selected fromgiaip consisting of a phthalate ester

plasticizer and a phosphate ester plasticizer.
8. The antifouling coating composition accordioglaim 1, containing O to

20 parts by mass of an antifouling agent per 106 iy mass of the total amount of

said hydrolyzable resin, said thermoplastic resith aid plasticizer.
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9. An antifouling film formed from the antifoulincoating composition

according to claim 1.

10. A composite film having a primer film form&dm an antirust paint, and
an antifouling film formed from the antifouling dirag composition according to claim

1, overlaid on said primer film.

11. The composite film according to claim 10fier having an intermediate
film formed on the entire or part of a surface aiisprimer film between said primer

film and said antifouling film.
12. The composite film according to claim 11, vele said intermediate film
is a coating film formed from an antifouling coatinpomposition containing an

antifouling agent.

13. An in-water structure having the antifoulfiigh according to claim 9 or

the composite film according to any one of claifigd 12.

14. A ship having the antifouling film accorditgyclaim 9 or the composite

film according to any one of claims 10 to 12.
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