Description
Title of the Invention: RESIN COMPOSITION

Technical Field
[0001]
The present invention relates to a resin composition.
The present application claims priority to JP 2023-138774 filed in Japan on August 29,

2023, the content of which is incorporated herein by reference.

Background Art
[0002]

Marine structures and ships are known to be painted with an antifouling paint to prevent
the deposition of marine organisms that cause corrosion at portions in contact with seawater and
a decrease in navigation speed.

Known antifouling paints include self-polishing antifouling paints. Self-polishing
antifouling paints typically contain a hydrolyzable resin and an antifouling agent. With a paint
film formed with such an antifouling paint, the surface of the paint film is gradually dissolved in
seawater and renewed (self-polished) and thus, the antifouling agent is constantly exposed on the
paint film surface. Thus, the paint film exhibits an antifouling effect over a long period of time.
[0003]

The following have been proposed as self-polishing antifouling paints.

- A paint composition containing a copolymer containing a structural unit based on a
metal atom-containing polymerizable monomer containing a divalent metal atom (Patent
Literature 1).

- A paint composition containing a copolymer containing a structural unit based on a
silicon-containing polymerizable monomer and a structural unit based on a metal atom-

containing polymerizable monomer containing a divalent metal atom (Patent Literature 2).

Citation List
Patent Literature
[0004]
Patent Literature 1: JP 2002-012630 A
Patent Literature 2: JP 2004-300410 A

Summary of Invention
Technical Problem
[0005]



For the paint composition described in Patent Literature 1, a paint film formed with a
paint composition containing no antifouling agent may have failed to exhibit a sufficient
antifouling effect.

For the paint composition described in Patent Literature 2, a paint film formed with the
paint composition exhibits an excellent antifouling effect even when the paint composition
contains no antifouling agent. However, when the paint composition contains an organic solvent
together with the copolymer, the paint composition has problems of poor storage stability and a
possible increase in its viscosity with time during storage.

The viscosity can be reduced by further addition of an organic solvent to the paint
composition, but in that case, the volatile organic compound (VOC) content increases.

Meanwhile, a paint composition having antifouling properties is also required to have
excellent transparency from the viewpoint of appearance.

[0006]

An object of the present invention is to provide a resin composition that can form a paint

film exhibiting excellent transparency and antifouling effect and is unlikely to increase in its

viscosity during storage, thereby exhibiting excellent storage stability.

Solution to Problem
[0007]

The present invention has the following aspects.

[1] A resin composition containing:

a (meth)acrylic copolymer containing:

a structural unit (A) based on a metal atom-containing polymerizable monomer (a)
containing a structure represented by Formula (1) or (2) below and an ethylenically unsaturated
bond; and

a structural unit (B) based on at least one polysiloxane block-containing polymerizable
monomer (b) selected from the group consisting of a polymerizable monomer represented by
Formula (b1) below, a polymerizable monomer represented by Formula (b2) below, a
polymerizable monomer represented by Formula (b3) below, and a polymerizable monomer
represented by Formula (b4) below; and

an organic solvent, in which

a content of the structural unit (A) is from 5 to 35 mass%, a content of the structural unit
(B) 1s from 35 to 75 mass%, and a content of the structural unit based on a (meth)acrylic
macromonomer is less than 13 mass% relative to a total mass of all structural units constituting
the (meth)acrylic copolymer,

a weight-average molecular weight of the (meth)acrylic copolymer is 2000 or more and
6500 or less, and

a VOC content is 500 g/L or less:

-CO-0-M-0O-CO- (1)



-CO-O-M-R’ (2)

CH2=CR*-CO-0-(CyH2u-0),-CywHaw-(SiR*R¥*-0)-SiR¥R*R¥ (b1)

CH,=CR*-CO-O-(CyHaw-O)v-CywHaw-Si(OSiR*R*R*)3 (b2)

CHy=CR*-CO-0O-(Cx'Hai-O)r-Cr Hanr-Si((OSiR?R*),-OSiR*R**R*),-
OSi((0SiR?*R™);-OSiR*RAR*),-C ¢ Hao'-(O-CpHap )¢ -O-CO-CR*=CH> (b3)

CH=CR!'%-CO-O-(CxH2k-0)-CHom-(SiR'’R1*-0),-SiR 1R *-CoH2o-(0-CpHzp)g-O-CO-
CRY=CH2 (b4)

where M represents Zn, Cu, Mg, or Ca, and R” represents a monovalent organic acid
residue,

R% represents a hydrogen atom or a methyl group, u represents an integer from 2 to 5, v
represents a number from O to 50, w represents an integer from 2 to 5, x represents a number
from 3 to 80, and 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,

R* represents a hydrogen atom or a methyl group, u’ represents an integer from 2 to 5, v’
represents a number from O to 50, w' represents an integer from 2 to 5, and R* to R*! each
independently represent an alkyl group, -(OSiR*'R>?),-OSiR¥R¥R, where y represents an
integer from O to 20, and R>! to R represent an alkyl group, or -R°-(OC2Hz),-ORY’, where y’
represents an integer from 1 to 20, R represents an alkylene group, and R represents an alkyl
group,

R? and R? each independently represent a hydrogen atom or a methyl group, k’ and p’
each independently represent an integer from 2 to 5, I’ and q' each independently represent a
number from O to 50, m’ and o' each independently represent an integer from 2 to 5, r and s each
independently represent a number from 0 to 20, and R?® to R?* each independently represent an
alkyl group, and

R'® and R each independently represent a hydrogen atom or a methyl group, k and p
each independently represent an integer from 2 to 5, | and q each independently represent a
number from 0O to 50, m and o each independently represent an integer from 2 to 5, n represents a
number from 3 to 80, and 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.

[2] The resin composition according to [1] above, in which a content of the (meth)acrylic
copolymer is from 10 to 65 mass% relative to a total mass of the resin composition.

[3] A resin composition containing:

a (meth)acrylic copolymer containing:

a structural unit (A) based on a metal atom-containing polymerizable monomer (a)
containing a structure represented by Formula (1) or (2) below and an ethylenically unsaturated
bond; and

a structural unit (B) based on at least one polysiloxane block-containing polymerizable

monomer (b) selected from the group consisting of a polymerizable monomer represented by
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Formula (b1) below, a polymerizable monomer represented by Formula (b2) below, a
polymerizable monomer represented by Formula (b3) below, and a polymerizable monomer
represented by Formula (b4) below; and

an organic solvent, in which

a content of the structural unit (A) is from 5 to 35 mass%, a content of the structural unit
(B) is from 35 to 75 mass%, and a content of the structural unit based on a (meth)acrylic
macromonomer is less than 13 mass% relative to a total mass of all structural units constituting
the (meth)acrylic copolymer,

a weight-average molecular weight of the (meth)acrylic copolymer is 2000 or more and
6500 or less,

a content of the organic solvent is 50 mass% or less relative to a total mass of the resin
composition, and

a viscosity measured by a Gardner bubble viscometer at 25°C and a solid content
concentration of 50 mass% is Z or less:

-CO-0-M-0O-CO- (1)

-CO-O-M-R’ (2)

CH2=CR*-CO-0-(CyH2u-O)y-CuHaw-(SiRPR¥*-0),-SiR*R*R¥ (b1)
CH=CR*-CO-O-(CyHaw-O)v-CywHaw-Si(OSiR*R*R*)3 (b2)
CH=CR?*-CO-0O-(Cx'Hai-O)p-CiHany-Si((OSiR?PR*),-OSiR?‘R?**R?1),-OSi((OSiR 2R ),
OSiR?RR?),-CyHay-(0-CpHap' ) -O-CO-CR?=CH> (b3)
CH,=CR!'*-CO-O-(CxHx-0)1-CmHam-(SiR PR *-0),-SiR 1R 1-C sH2-(0-CpHz2p)g-O-CO-
CRY=CH> (b4)

where M represents Zn, Cu, Mg, or Ca, and R represents a monovalent organic acid
residue,

R represents a hydrogen atom or a methyl group, u represents an integer from 2 to 5, v
represents a number from O to 50, w represents an integer from 2 to 5, x represents a number
from 3 to 80, and 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,

R* represents a hydrogen atom or a methyl group, u’ represents an integer from 2 to 5, v’
represents a number from O to 50, w’ represents an integer from 2 to 5, and R* to R*! each
independently represent an alkyl group, -(OSiR*'R3),-OSiR>R¥R, where y represents an
integer from O to 20, and R>! to R represent an alkyl group, or -R%°-(OC>Ha4)y-ORY, where y'
represents an integer from 1 to 20, R represents an alkylene group, and R represents an alkyl
group,

R?? and R? each independently represent a hydrogen atom or a methyl group, k' and p’
each independently represent an integer from 2 to 5, I’ and q each independently represent a
number from 0 to 50, m’ and o’ each independently represent an integer from 2 to 5, r and s each
independently represent a number from O to 20, and R?® to R?* each independently represent an

alkyl group, and



R'% and R each independently represent a hydrogen atom or a methyl group, k and p
each independently represent an integer from 2 to 5, 1 and q each independently represent a
number from O to 50, m and o each independently represent an integer from 2 to 5, n represents a
number from 3 to 80, and 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.

Advantageous Effects of Invention
[0008]
According to the present invention, there can be provided a resin composition that can
form a paint film exhibiting excellent transparency and antifouling effect and is unlikely to

increase in its viscosity during storage, exhibiting excellent storage stability.

Description of Embodiments
[0009]

Embodiments of the present invention will be specifically described below, but the
present invention is not limited to the following embodiments and can be carried out with
various modifications within the scope of the gist of the present invention.

In the present specification and claims, a numerical range represented by "to" means a
numerical range including the numerical value before the "to" as the lower limit value and after
the "to" as the upper limit value. For example, "from A to B" is synonymous with "A or more
and B or less".

The following definitions of terms apply throughout the present specification and claims.

"(Meth)acrylic copolymer"” means a copolymer in which at least a part of the structural
units is a structural unit derived from a (meth)acrylic monomer. The (meth)acrylic copolymer
may further have a structural unit derived from a monomer (e.g., a vinyl monomer, such as
styrene) besides the (meth)acrylic monomer.

"Structural unit” means a structural unit derived from a monomer formed by
polymerization of the monomer, or a structural unit in which a part of the structural units is
converted into another structure by treatment of a polymer.

"Monomer" means a compound having polymerizability (polymerizable monomer).

"(Meth)acrylic monomer" means a monomer having a (meth)acryloyl group.

"(Meth)acryloyl group” is a generic term for an acryloyl group and a methacryloyl group.
"(Meth)acrylate” is a generic term for acrylate and methacrylate. "(Meth)acrylic acid" is a
generic term for acrylic acid and methacrylic acid. "(Meth)acrylonitrile" is a generic term for
acrylonitrile and methacrylonitrile. "(Meth)acrylamide" is a generic term for acrylamide and
methacrylamide. "(Meth)acrylic macromonomer” is a generic term for an acrylic macromonomer
and a methacrylic macromonomer and means a macromonomer containing a structural unit

derived from a (meth)acrylic monomer.



"VOC" means an organic compound (volatile organic compound) that easily volatilizes at
normal temperature and normal pressure. The normal temperature and normal pressure refer to
from 10°C to 30°C and from 1000 Pa to 1050 Pa.

[0010]
Resin Composition (1)

A resin composition according to one aspect of the present invention (hereinafter also
described as "resin composition (1)") contains a specific (meth)acrylic copolymer (hereinafter
also referred to as "copolymer (X)") and an organic solvent.

The copolymer (X) contained in the resin composition (1) may be one type or two or
more types. The same also applies to the organic solvent.

The resin composition (1) may further contain an additional component besides the
copolymer (X) and the organic solvent as necessary.

[0011]
Copolymer (X)

The copolymer (X) contains a structural unit (A) based on a metal atom-containing
polymerizable monomer (a) (hereinafter also referred to as "monomer (a)") and a structural unit
(B) based on a polysiloxane block-containing polymerizable monomer (b) (hereinafter also
referred to as "monomer (b)").

The copolymer (X) may further contain a structural unit (hereinafter also referred to as
"structural unit (C)") based on a polymerizable monomer (hereinafter also referred to as
"monomer (c)") besides the monomer (a) and the monomer (b) as necessary.

[0012]
Structural Unit (A)

The monomer (a) contains a structure represented by Formula (1) or (2) below
(hereinafter also referred to as "structure (I)") and an ethylenically unsaturated bond
(polymerizable carbon-carbon double bond):

-CO-O-M-0O-CO- (1)
-CO-0-M-R° (2)

where M represents Zn, Cu, Mg, or Ca, and R” represents a monovalent organic acid
residue.
[0013]

In Formulae (1) and (2), O or R” adjacent to M is ionically bonded to M.

The copolymer (X) has the structure (I) (a carboxylate structure ionically bonded to M),
and thus a paint film containing the copolymer (X) exhibits self-polishing properties.

[0014]

From the viewpoint of further improvement in the water resistance of the paint film, M is
preferably Zn or Cu and more preferably Zn.
[0015]



The organic acid residue of R? refers to the remaining portion of an organic acid from
which one proton is removed (e.g., the remaining portion of a carboxy group of a carboxylic acid
from which one proton is removed), and the organic acid residue ionically bonds to M instead of
the proton.

The organic acid is preferably a carboxylic acid, and examples include monocarboxylic
acids, such as monochloroacetic acid, monofluoroacetic acid, acetic acid, propionic acid, octylic
acid, versatic acid, isostearic acid, palmitic acid, cresotic acid, a-naphthoic acid, B-naphthoic
acid, benzoic acid, 2,4,5-trichlorophenoxyacetic acid, 2,4-dichlorophenoxyacetic acid,
quinolinecarboxylic acid, nitrobenzoic acid, nitronaphthalenecarboxylic acid, pyruvic acid,
naphthenic acid, abietic acid, hydrogenated abietic acid, and (meth)acrylic acid. Among these,
the organic acid is more preferably versatic acid or (meth)acrylic acid.

RY is preferably an organic acid residue other than a (meth)acryloyloxy group in terms of
storage stability.

[0016]

The structural unit (A) has a structure in which an ethylenically unsaturated bond of the
monomer (a) is cleaved into a single bond.

The structural unit (A) is preferably at least one selected from the group consisting of a
structural unit (A1) represented by Formula (11) below and a structural unit (A2) represented by
Formula (21) below.

[0017]
[Chem. 1]
R1—C—CO0—M—0OCO—C—R?
| cee (1)
CH, CH,
R3—C—COO0—M— R%2
(21)
CH,
[0018]

Here, M represents Zn, Cu, Mg, or Ca, R! to R? each independently represent a hydrogen
atom or a methyl group, and R*? represents a monovalent organic acid residue.

R??is the same as R,
[0019]

Examples of the monomer forming the structural unit (A1) include a monomer (al)

represented by Formula (1) below.



Examples of the monomer forming the structural unit (A2) include a monomer (a2)
represented by Formula (2) below.
CH>=C(R")-CO-0O-M-0O-CO-C(R?)=CH> (1)
CH>=C(R*-CO-O-M-R* (2)

M, R! to R?, and R*? are each as described above.
[0020]

Specific examples of the monomer (al) include the following:

Zinc acrylate [(CH,=CHCOO),Zn], zinc methacrylate [(CH>=C(CH3)COO),Zn], copper
acrylate [(CH,=CHCOQ),Cu], copper methacrylate [(CH,=C(CH3)COO)>Cu], magnesium
acrylate [(CH2=CHCOO):Mg], magnesium methacrylate [(CH2=C(CH3)COO):Mg], calcium
acrylate [(CH2=CHCOQO):Ca], and calcium methacrylate [(CH2=C(CH3)COOQ):Ca].

Among the above, from the viewpoint of the water resistance of the paint film containing
the copolymer (X), the monomer (al) is preferably zinc acrylate, zinc methacrylate, copper
acrylate, or copper methacrylate.

Any one of these monomers may be used alone, or two or more may be used in
combination.

[0021]

The monomer (al) is obtained, for example, by a method of reacting an inorganic metal
compound containing a metal element corresponding to M in Formula (1) with (meth)acrylic
acid in a diluting agent, such as an organic solvent, or in a reactive diluting agent having a
polymerizable unsaturated group, such as an ethylenically unsaturated monomer. The mixture
containing the metal-containing polymerizable monomer obtained by this method exhibits
excellent compatibility with an organic solvent and any other monomer and can be easily
polymerized. The reaction is preferably carried out in the presence of water, and the content of
water in the reactants is preferably in the range of 0.01 to 30 mass%. Examples of the inorganic
metal compound include oxides, hydroxides, and chlorides of a metal selected from Zn, Cu, Mg,
and Ca.

[0022]

Specific examples of the monomer (a2) include the following:

metal monochloroacetate (meth)acrylates, such as magnesium monochloroacetate
(meth)acrylate, calcium monochloroacetate (meth)acrylate, zinc monochloroacetate
(meth)acrylate, and copper monochloroacetate (meth)acrylate; metal monofluoroacetate
(meth)acrylates, such as magnesium monofluoroacetate (meth)acrylate, calcium
monofluoroacetate (meth)acrylate, zinc monofluoroacetate (meth)acrylate, and copper
monofluoroacetate (meth)acrylate; metal acetate (meth)acrylates, such as magnesium acetate
(meth)acrylate, calcium acetate (meth)acrylate, zinc acetate (meth)acrylate, and copper acetate
(meth)acrylate; metal propionate (meth)acrylates, such as magnesium propionate (meth)acrylate,
calcium propionate (meth)acrylate, zinc propionate (meth)acrylate, and copper propionate

(meth)acrylate; metal octylate (meth)acrylates, such as magnesium octylate (meth)acrylate,
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calcium octylate (meth)acrylate, zinc octylate (meth)acrylate, and copper octylate
(meth)acrylate; metal versatate (meth)acrylates, such as magnesium versatate (meth)acrylate,
calcium versatate (meth)acrylate, zinc versatate (meth)acrylate, and copper versatate
(meth)acrylate; metal isostearate (meth)acrylates, such as magnesium isostearate (meth)acrylate,
calcium isostearate (meth)acrylate, zinc isostearate (meth)acrylate, and copper isostearate
(meth)acrylate; metal palmitate (meth)acrylates, such as magnesium palmitate (meth)acrylate,
calcium palmitate (meth)acrylate, zinc palmitate (meth)acrylate, and copper palmitate
(meth)acrylate; metal cresotate (meth)acrylates, such as magnesium cresotate (meth)acrylate,
calcium cresotate (meth)acrylate, zinc cresotate (meth)acrylate, and copper cresotate
(meth)acrylate; metal a-naphthoate (meth)acrylates, such as magnesium a-naphthoate
(meth)acrylate, calcium a-naphthoate (meth)acrylate, zinc a-naphthoate (meth)acrylate, and
copper a-naphthoate (meth)acrylate; metal $-naphthoate (meth)acrylates, such as magnesium -
naphthoate (meth)acrylate, calcium B-naphthoate (meth)acrylate, zinc 3-naphthoate
(meth)acrylate, and copper B-naphthoate (meth)acrylate; metal benzoate (meth)acrylates, such as
magnesium benzoate (meth)acrylate, calcium benzoate (meth)acrylate, zinc benzoate
(meth)acrylate, and copper benzoate (meth)acrylate; metal 2,4,5-trichlorophenoxyacetate
(meth)acrylates, such as magnesium 2.,4,5-trichlorophenoxyacetate (meth)acrylate, calcium
2,4,5-trichlorophenoxyacetate (meth)acrylate, zinc 2,4,5-trichlorophenoxyacetate (meth)acrylate,
and copper 2,4,5-trichlorophenoxyacetate (meth)acrylate; metal 2,4-dichlorophenoxyacetate
(meth)acrylates, such as magnesium 2,4-dichlorophenoxyacetate (meth)acrylate, calcium 2,4-
dichlorophenoxyacetate (meth)acrylate, zinc 2,4-dichlorophenoxyacetate (meth)acrylate, and
copper 2,4-dichlorophenoxyacetate (meth)acrylate; metal quinolinecarboxylate (meth)acrylates,
such as magnesium quinolinecarboxylate (meth)acrylate, calcium quinolinecarboxylate
(meth)acrylate, zinc quinolinecarboxylate (meth)acrylate, and copper quinolinecarboxylate
(meth)acrylate; metal nitrobenzoate (meth)acrylates, such as magnesium nitrobenzoate
(meth)acrylate, calcium nitrobenzoate (meth)acrylate, zinc nitrobenzoate (meth)acrylate, and
copper nitrobenzoate (meth)acrylate; metal nitronaphthalenecarboxylate (meth)acrylates, such as
magnesium nitronaphthalenecarboxylate (meth)acrylate, calcium nitronaphthalenecarboxylate
(meth)acrylate, zinc nitronaphthalenecarboxylate (meth)acrylate, and copper
nitronaphthalenecarboxylate (meth)acrylate; and metal pyruvate (meth)acrylates, such as
magnesium pyruvate (meth)acrylate, calcium pyruvate (meth)acrylate, zinc pyruvate
(meth)acrylate, and copper pyruvate (meth)acrylate.

Among the above, from the viewpoint of the water resistance of the paint film containing
the copolymer (X), the monomer (a2) is preferably a monomer in which M is Zn or Cu.

Any one of these monomers may be used alone, or two or more may be used in
combination.
[0023]

The monomer (a2) is obtained, for example, by a method of reacting an inorganic metal

compound containing a metal element corresponding to M in Formula (2) with (meth)acrylic

9



acid and an organic acid corresponding to the organic acid residue R*? in Formula (2) in a
diluting agent, such as an organic solvent, or in a reactive diluting agent having a polymerizable
unsaturated group, such as an ethylenically unsaturated monomer. Examples of the inorganic
metal compound include the same inorganic metal compounds as those for obtaining the
monomer (al).

[0024]

The copolymer (X) can also contain the structural unit (A1) and the structural unit (A2).
That is, the copolymer (X) can also contain a structural unit based on the monomer (al) and a
structural unit based on the monomer (a2).

[0025]

In the copolymer (X) containing the structural unit (A1) and the structural unit (A2), the
molar ratio of the structural unit (A1) to the structural unit (A2) in the copolymer (X), the
structural unit (A1)/the structural unit (A2), is preferably from 10/90 to 90/10, more preferably
from 20/80 to 80/20, and even more preferably from 30/70 to 70/30.

When the molar ratio is not more than the upper limit value, the viscosity of the resin
composition containing the copolymer (X) and the organic solvent tends to decrease, while when
the molar ratio is not less than the lower limit value, the self-polishing properties of the paint
film containing the copolymer (X) tend to be maintained over a long period.

[0026]

For the copolymer (X) containing a structural unit based on the monomer (al) and a
structural unit based on the monomer (a2), a monomer mixture containing the monomer (al) and
the monomer (a2) may be used for the production of the copolymer (X).

[0027]

The monomer mixture containing the monomer (al) and the monomer (a2) is obtained,
for example, by a method of reacting an inorganic metal compound containing a metal element
corresponding to M in Formulae (1) and (2) with (meth)acrylic acid and an organic acid
corresponding to the organic acid residue R*? in Formula (2) in a diluting agent, such as an
organic solvent, or in a reactive diluting agent, such as an ethylenically unsaturated monomer.
[0028]

In that case, the amount of the organic acid corresponding to R*? used is preferably from
0.01 to 3 times, more preferably from 0.01 to 0.95 times, and even more preferably from 0.1 to
0.7 times the molar amount of the inorganic metal compound. When the content of this organic
acid is 0.01 times or more the molar amount of the inorganic metal compound, precipitation of a
solid in the production process of this monomer mixture is suppressed and the self-polishing
properties and crack resistance of the resulting paint film are further improved. When the content
of the organic acid is 3 times or less the molar amount of the inorganic metal compound, the
antifouling properties of the resulting paint film tend to be maintained for a long period.

[0029]
Structural Unit (B)
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The monomer (b) is at least one selected from the group consisting of a polymerizable
monomer represented by Formula (b1) below (hereinafter also referred to as "monomer (b1)"), a
polymerizable monomer represented by Formula (b2) below (hereinafter also referred to as
"monomer (b2)"), a polymerizable monomer represented by Formula (b3) below (hereinafter
also referred to as "monomer (b3)"), and a polymerizable monomer represented by Formula (b4)
below (hereinafter also referred to as "monomer (b4)").

The structural unit (B) has a structure in which an ethylenically unsaturated bond of the
monomer (b) is cleaved into a single bond.

[0030]

CH2=CR¥*-CO-0-(CyH2u-0)\-CwHau-(SiR*R¥*-0)-SiR¥R*R* (b1)
CH2=CR*-CO-O~(CyHaw-0)y-CwHaw-Si(OSiR*R*R*); (b2)
CH2=CR?**-CO-0O-(CxHak-O)r-Cim'Hom-Si((OSiR?’R%)-OSiR?!R?**R?)»-0Si((OSiR?6R?);-
OSiR?R¥R%),-CyHao-(0-CpHap)q-0-CO-CR?=CH: (b3)
CH»=CR!'*-CO-0-(CxH21-0)-CmHom-(SiR'’R1¢-0),-SiR 1R ¢-C Ha-(O-CpHzp)-O-CO-
CR"=CH: (b4)

[0031]

Here, R* represents a hydrogen atom or a methyl group, u represents an integer from 2 to
5, v represents a number from 0O to 50, w represents an integer from 2 to 5, x represents a number
from 3 to 80, and 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,

R* represents a hydrogen atom or a methyl group, u’ represents an integer from 2 to 5, v’
represents a number from O to 50, w’ represents an integer from 2 to 5, and R* to R* each
independently represent an alkyl group, -(OSiR*'R3?),-OSiR3R3R%, where y represents an
integer from 0O to 20, and R3! to R represent an alkyl group, or -R%-(OC;Ha),-OR’, where y’
represents an integer from 1 to 20, R represents an alkylene group, and R represents an alkyl
group,

R?? and R? each independently represent a hydrogen atom or a methyl group, k' and p’
each independently represent an integer from 2 to 5, I and q' each independently represent a
number from O to 50, m’ and o’ each independently represent an integer from 2 to 5, r and s each
independently represent a number from 0 to 20, and R?® to R?* each independently represent an
alkyl group, and

R'% and R each independently represent a hydrogen atom or a methyl group, k and p
each independently represent an integer from 2 to 5, 1 and q each independently represent a
number from O to 50, m and o each independently represent an integer from 2 to 5, n represents a
number from 3 to 80, and 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.

[0032]
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In Formula (b1), u represents an integer from 2 to 5 and is preferably 2 or 3 in terms of
low cost. The monomer (b1) with u of 2 and the monomer (b1) with u of 3 may be used in
combination.

v is an average degree of polymerization of the polyether structure and represents a
number from O to 50. v of 50 or less tends to improve the water resistance of the paint film. In
particular, v is preferably 30 or less because of excellent recoatability with an old paint film. v
may be O but is preferably greater than O because of the tendency toward better recoatability with
an old paint film. v is preferably greater than 0 and 30 or less, more preferably from 3 to 25, and
even more preferably from 5 to 20.

w represents an integer from 2 to 5 and is preferably 2 or 3.

x 1s an average degree of polymerization of the polysiloxane structure and represents a
number from 3 to 80. When x is not less than the lower limit value, the paint film readily exhibits
an antifouling effect even in a case where the resin composition or paint composition containing
the copolymer (X) contains no antifouling agent. When x is not more than the upper limit value,
the monomer (b1) is compatible with the monomer (a) and the like and thus the resulting
copolymer (X) has good solubility in organic solvents. X is preferably from 5 to 50 and more
preferably from 8 to 40.

The alkyl group and the alkoxy group in R* to R each preferably have from 1 to 18
carbons. Examples of the substituent in the substituted phenyl group and the substituted phenoxy
group include an alkyl group and an alkoxy group.

R to R¥ are each preferably an alkyl group with 1 to 18 carbons, more preferably a
methyl group or an ethyl group, and particularly preferably a methyl group.

R¥ to R u, v, w, and x are each independent, and when identical symbols are present in
molecules or between molecules, they may be different.

[0033]

Specific examples of the monomer (b1) with v of 0 include FM-0711, FM-0721, and FM-
0725 (all the above are trade names) available from JNC Corporation, and X-24-8201, X-22-
174DX, and X-22-2426 (all the above are trade names) available from Shin-Etsu Chemical Co.,
Ltd. Examples of the monomer (b1) with v greater than O include F2-254-04 and F2-254-14
(trade names) available from Dow Corning Toray Co., Ltd.

One monomer (b1) may be used alone, or a plurality of those may be used in
combination.

[0034]

In Formula (b2), v’ is an integer from 2 to 5 and is preferably 2 or 3 in terms of low cost.
The monomer (b2) with u' of 2 and the monomer (b2) with u' of 3 may be used in combination.

v'is an average degree of polymerization of the polyether structure and represents a
number from 0 to 50. When V' is 50 or less, the water resistance of the paint film readily
improves. In particular, v' is preferably 30 or less because of excellent recoatability with an old

paint film. v' may be O but is preferably greater than 0 because of the tendency toward better
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recoatability with an old paint film. v' is preferably greater than O and 30 or less, more preferably
from 3 to 25, and even more preferably from 5 to 20.

w' represents an integer from 2 to 5 and is preferably 2 or 3.

The alkyl group in R*® to R* is preferably an alkyl group with 1 to 18 carbons, and
examples include a methyl group, an ethyl group, an n-propyl group, and an n-butyl group.
Among these, the alkyl group is preferably a methyl group or an ethyl group and particularly
preferably a methyl group.

y 1s an average degree of polymerization of the polysiloxane structure and represents an
integer from O to 20. y’ represents an average degree of polymerization of the polyether structure
and represents an integer from 1 to 20. When y and y' are not more than the upper limit values,
the monomer (b2) is compatible with the monomer (a) and the like and the resulting copolymer
(X) has good solubility in organic solvents. y and y’ are each preferably 10 or less and more
preferably 5 or less.

Examples of the alkyl group in R3! to R¥ and R% include the same alkyl groups as those
in R* to R*, and preferred aspects are also the same. In R*, the alkylene group preferably has
from 1 to 18 carbons.

R*to R*, u', v, w', y and y' are each independent, and when identical symbols are
present in molecules or between molecules, they may be different.

[0035]

Specific examples of the monomer (b2) with v' of 0 include TM-0701 (trade name)
available from JNC Corporation, X-22-2404 (trade name) available from Shin-Etsu Chemical
Co., Ltd., and F2-250-01 and F2-302-01 (all the above are trade names) available from Dow
Corning Toray Co., Ltd. Examples of the monomer (b2) with v' greater than 0 include F2-302-04
(trade name) available from Dow Corning Toray Co., Ltd.

One monomer (b2) may be used alone, or a plurality of those may be used in
combination.

[0036]

In Formula (b3), k' and p' represent an integer from 2 to 5 and are preferably 2 or 3 in
terms of low cost. The monomers (b3) with k' and p’ of 2 and 3 may be used in combination.

I'and q' are each an average degree of polymerization of the polyether structure and
represent a number from O to 50. When 1" and q' are 50 or less, the water resistance of the paint
film readily improves. In particular, 1' and q' are preferably 30 or less because of excellent
recoatability with an old paint film. I' and q' may be O but are preferably greater than O because
of the tendency toward better recoatability with an old paint film. I' and q' are preferably greater
than 0 and 30 or less, more preferably from 3 to 25, and even more preferably from 5 to 20.

m' and o’ represent an integer from 2 to 5 and are preferably 2 or 3.

r and s are each an average degree of polymerization of the polysiloxane structure and
represent an integer from O to 20. When r and s are not more than the upper limit values, the

monomer (b3) is compatible with the monomer (a) and the like and the resulting copolymer (X)
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has good solubility in organic solvents. r and s are preferably 10 or less and more preferably 5 or
less.

The alkyl group in R?® to R%* is preferably an alkyl group with 1 to 18 carbons, and
examples include a methyl group, an ethyl group, an n-propyl group, and an n-butyl group.
Among these, the alkyl group is preferably a methyl group or an ethyl group and particularly
preferably a methyl group.

R®ZtoR? K, I'm', n', 0, p, ', 1, and s are each independent, and when identical symbols
are present in molecules or between molecules, they may be different.

[0037]

Specific examples of the monomer (b3) with I' and q' of 0 include F2-312-01 (trade
name) available from Dow Corning Toray Co., Ltd. Examples of the monomer (b3) with I' and q'
greater than O include F2-312-04 (trade name) available from Dow Corning Toray Co., Ltd.

One monomer (b3) may be used alone, or a plurality of those may be used in
combination.

[0038]

In Formula (b4), k and p represent an integer from 2 to 5 and are preferably 2 or 3 in
terms of low cost. The monomers (b4) with k and/or p of 2 and/or 3 may be used in combination.

I and q are each an average degree of polymerization of the polyether structure and each
represent a number from 0 to 50. When 1 and q are 50 or less, the water resistance of the paint
film readily improves. In particular, 1 and q are preferably 30 or less because of excellent
recoatability with an old paint film. I and q may be O but are preferably greater than 0 because of
the tendency toward better recoatability with an old paint film. | and q are preferably greater than
0 and 30 or less, more preferably from 3 to 25, and even more preferably from 5 to 20.

m and o represent an integer from 2 to 5 and are preferably 2 or 3.

n is an average degree of polymerization of the polysiloxane structure and represents a
number from 3 to 80. When n is not less than the lower limit value, the paint film readily exhibits
an antifouling effect even in a case where the resin composition or paint composition containing
the copolymer (X) contains no antifouling agent. When n is not more than the upper limit value,
the monomer (b4) is compatible with the monomer (a) and the like and thus the resulting
copolymer (X) has good solubility in organic solvents. n is preferably from 5 to 50 and more
preferably from 8 to 40.

The alkyl group and the alkoxy group in R!® to R each preferably have from 1 to 18
carbons. Examples of the substituent in the substituted phenyl group and the substituted phenoxy
group include an alkyl group and an alkoxy group.

R!® to R!¢ are each preferably an alkyl group with 1 to 18 carbons, more preferably a
methyl group or an ethyl group, and particularly preferably a methyl group.

R'2to R k, 1, m, n, o, p, and q are each independent, and when identical symbols are
present in molecules or between molecules, they may be different.

[0039]
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Specific examples of the monomer (b4) with 1 and q of 0 include FM-7711, FM-7721,
and FM-7725 (all the above are trade names) available from JNC Corporation, and F2-311-02
(trade name) available from Dow Corning Toray Co., Ltd. Examples of the monomer (b4) with 1
and q greater than O include F2-354-04 (trade name) available from Dow Corning Toray Co.,
Ltd.

One monomer (b4) may be used alone, or a plurality of those may be used in
combination.

[0040]

In terms of the crack resistance of the paint film and the adhesion to the substrate, the
structural unit (B) is preferably composed only of a structural unit based on the monomer (b1) or
(b2), which is a monomer (b) containing an ethylenically unsaturated bond at one end.

In terms of recoatability, the structural unit (B) preferably contains a structural unit based
on the monomer (b1) or (b2) and a structural unit based on the monomer (b3) or (b4).

[0041]

When the structural unit (B) contains a structural unit based on the monomer (b1) or (b2)
and a structural unit based on the monomer (b3) or (b4), the ratio (molar ratio) of the structural
unit based on the monomer (b3) or (b4)/the structural unit based on the monomer (b1) or (b2) is
preferably from 1/99 to 80/20 and more preferably from 3/97 to 60/40. When the ratio is 80/20
or less, a paint film with excellent crack resistance and adhesion to the substrate is readily
formed. When the ratio is 1/99 or more, the long-term antifouling properties and recoatability of
the paint film formed by the resin composition or paint composition containing the copolymer
(X) further improve.

[0042]
Structural Unit (C)

The monomer (c) is a polymerizable monomer other than the monomer (a) and the
monomer (b).

The monomer (¢) is any monomer copolymerizable with the monomer (a) and the
monomer (b), and examples include compounds containing an ethylenically unsaturated bond
(however, excluding the monomer (a) and the monomer (b)).

[0043]

Specific examples of the monomer (c) include the following:

hydrophobic group-containing (meth)acrylic ester monomers, such as substituted or
unsubstituted alkyl (meth)acrylates [e.g., methyl (meth)acrylate, ethyl (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,
behenyl (meth)acrylate, 1-methyl-2-methoxyethyl (meth)acrylate, 3-methoxybutyl
(meth)acrylate, and 3-methyl-3-methoxybutyl (meth)acrylate]; substituted or unsubstituted
aralkyl (meth)acrylates [e.g., benzyl (meth)acrylate and m-methoxyphenylethyl (meth)acrylate,
p-methoxyphenylethyl (meth)acrylate]; substituted or unsubstituted aryl (meth)acrylates [e.g.,
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phenyl (meth)acrylate, m-methoxyphenyl (meth)acrylate, p-methoxyphenyl (meth)acrylate, and
o-methoxyphenylethyl (meth)acrylate]; alicyclic (meth)acrylates [e.g., isobornyl (meth)acrylate
and cyclohexyl (meth)acrylate]; trifluoroethyl (meth)acrylate, perfluorooctyl (meth)acrylate, and
perfluorocyclohexyl (meth)acrylate;

oxyethylene group-containing (meth)acrylic ester monomers, such as 2-methoxyethyl
(meth)acrylate, 2-ethoxyethyl (meth)acrylate, 2-butoxyethyl (meth)acrylate, butoxydiethylene
glycol (meth)acrylate, methoxytriethylene glycol (meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, phenoxyethyl (meth)acrylate, and 2-(2-ethylhexaoxy)ethyl (meth)acrylate;

hydroxy group-containing (meth)acrylic ester monomers, such as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate, and glycerol
(meth)acrylate;

terminally alkoxy allylated polyether monomers, such as methoxypolyethylene glycol
allyl ether, methoxypolypropylene glycol allyl ether, butoxypolyethylene glycol allyl ether,
butoxypolypropylene glycol allyl ether, methoxypolyethylene glycol-polypropylene glycol allyl
ether, and butoxypolyethylene glycol-polypropylene glycol allyl ether;

epoxy group-containing vinyl monomers, such as glycidyl (meth)acrylate, a-
ethylglycidyl acrylate, and 3,4-epoxybutyl (meth)acrylate;

primary or 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 dimethylaminopropyl (meth)acrylamide;

heterocyclic basic monomers, such as vinylpyrrolidone, vinylpyridine, and
vinylcarbazole;

organosilyl group-containing vinyl monomers, such as trimethylsilyl (meth)acrylate,
triethylsilyl (meth)acrylate, tri-n-propylsilyl (meth)acrylate, tri-n-butylsilyl (meth)acrylate, tri-n-
amylsilyl (meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-n-octylsilyl (meth)acrylate, tri-n-
dodecylsilyl (meth)acrylate, triphenylsilyl (meth)acrylate, tri-p-methylphenylsilyl
(meth)acrylate, tribenzylsilyl (meth)acrylate, triissopropylsilyl (meth)acrylate, triisobutylsilyl
(meth)acrylate, tri-s-butylsilyl (meth)acrylate, tri-2-methylisopropylsilyl (meth)acrylate, tri-t-
butylsilyl (meth)acrylate, ethyldimethylsilyl (meth)acrylate, n-butyldimethylsilyl (meth)acrylate,
diisopropyl-n-butylsilyl (meth)acrylate, n-octyldi-n-butylsilyl (meth)acrylate,
diisopropylstearylsilyl (meth)acrylate, dicyclohexylphenylsilyl (meth)acrylate, t-
butyldiphenylsilyl (meth)acrylate, lauryldiphenylsilyl (meth)acrylate, triisopropylsilyl methyl
malate, triisopropylsilyl amyl malate, tri-n-butylsilyl-n-butyl malate, t-butyldiphenylsilyl methyl
malate, t-butyldiphenylsilyl-n-butyl malate, triisopropylsilyl methyl fumarate, triisopropylsilyl
amyl fumarate, tri-n-butylsilyl-n-butyl fumarate, t-butyldiphenylsilyl methyl fumarate, and t-
butyldiphenylsilyl-n-butyl fumarate;
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acid anhydride group-containing vinyl monomers, such as maleic anhydride and itaconic
anhydride;

carboxy group-containing ethylenically unsaturated monomers, such as methacrylic acid,
acrylic acid, crotonic acid, vinylbenzoic acid, fumaric acid, itaconic acid, maleic acid, citraconic
acid, monomethyl maleate, monoethyl maleate, monobutyl maleate, monooctyl maleate,
monomethyl itaconate, monoethyl itaconate, monobutyl itaconate, monooctyl itaconate,
monomethyl fumarate, monoethyl fumarate, monobutyl fumarate, monooctyl fumarate,
monoethyl citraconate, tetrahydrophthalic acid mono-hydroxyethyl (meth)acrylate,
tetrahydrophthalic acid mono-hydroxypropyl (meth)acrylate, tetrahydrophthalic acid
monohydroxybutyl (meth)acrylate, phthalic acid monohydroxyethyl (meth)acrylate, phthalic acid
monohydroxypropyl (meth)acrylate, succinic acid monohydroxyethyl (meth)acrylate, succinic
acid monohydroxypropyl (meth)acrylate, maleic acid monohydroxyethyl (meth)acrylate, and
maleic acid monohydroxypropyl (meth)acrylate;

unsaturated dicarboxylic acid diester monomers, such as dimethyl maleate, dibutyl
maleate, dimethyl fumarate, dibutyl fumarate, dibutyl itaconate, and di-perfluorocyclohexyl
fumarate;

cyano group-containing vinyl monomers, such as acrylonitrile and methacrylonitrile;

vinyl ether monomers, such as alkyl vinyl ethers [e.g., ethyl vinyl ether, propyl vinyl
ether, butyl vinyl ether, hexyl vinyl ether, and 2-ethylhexyl vinyl ether]; and cycloalkyl vinyl
ethers [e.g., cyclohexyl vinyl ether];

vinyl ester monomers, such as vinyl acetate, vinyl propionate, vinyl butyrate, and vinyl
benzoate;

aromatic vinyl monomers, such as styrene, vinyltoluene, and a-methylstyrene;

halogenated olefins, such as vinyl chloride, vinylidene chloride, vinyl fluoride,
vinylidene fluoride, and chlorotrifluoroethylene;

polyfunctional monomers, such as ethylene glycol di(meth)acrylate, diethylene glycol
di(meth)acrylate, triethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate, 1,4-
butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, neopentyl glycol di(meth)acrylate,
1,9-nonanediol di(meth)acrylate, 1,10-decanediol di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, allyl
methacrylate, triallyl cyanurate, diallyl maleate, and polypropylene glycol diallyl ether; and
Macromonomers.

[0044]

Examples of the macromonomer include a compound having an ethylenically unsaturated
bond-containing group and having two or more structural units derived from a monomer having
an ethylenically unsaturated bond-containing group. The two or more structural units present in
the macromonomer may be the same as or different from each other.

Examples of the ethylenically unsaturated bond-containing group include

CH>=C(COOR)-CHz-, a (meth)acryloyl group, a 2-(hydroxymethyl)acryloyl group, and a vinyl
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group, where R represents a hydrogen atom, an unsubstituted or substituted alkyl group, an
unsubstituted or substituted alicyclic group, an unsubstituted or substituted aryl group, or an
unsubstituted or substituted heterocyclic group. Examples of the substituent include at least one
selected from the group consisting of an alkyl group (excluding a case where R is a substituted
alkyl group), an aryl group, -COOR®!, a cyano group, -OR%, -NR%**R*, -CONR%R®®, a halogen
atom, an allyl group, an epoxy group, a siloxy group, and a group exhibiting hydrophilicity or
ionicity, where R® to R® each independently represent a hydrogen atom, an alkyl group, an
alicyclic group, or an aryl group.

As the monomer having an ethylenically unsaturated bond-containing group, for
example, any of the various monomers described above as examples of the monomer (c) can be
used (however, excluding macromonomers).

Specific examples of the macromonomer include those disclosed in WO 2013/108880.

One or two or more of these monomers (c) can be appropriately selected and used as
necessary.

[0045]

From the viewpoint of facilitating the low viscosity when the copolymer (X) is dissolved
in an organic solvent even at a high solid content, the monomer (c) is preferably a
monofunctional monomer having one ethylenically unsaturated bond, and the ethylenically
unsaturated bond is particularly preferably derived from an acryloyl group. That is, the monomer
(c) is particularly preferably a monofunctional monomer having one acryloyl group.

[0046]

In terms of providing the paint film formed by the resin composition or paint composition
containing the copolymer (X) with the flexibility, crack resistance, or peeling resistance, and
long-term self-polishing properties in a balanced manner, the structural unit (C) preferably
contains a structural unit based on a hydrophobic group-containing (meth)acrylic ester monomer.

The hydrophobic group-containing (meth)acrylic ester monomer is preferably an alkyl
(meth)acrylate.

[0047]

In terms of the solubility and crack resistance of the paint film formed by the resin
composition or paint composition containing the copolymer (X), the structural unit (C)
preferably contains a structural unit based on an oxyethylene group-containing (meth)acrylic
ester monomer.

The oxyethylene group-containing (meth)acrylic ester monomer is preferably a
compound represented by Formula (3-1) below (hereinafter also referred to as "monomer (c1)").
Z'-(CH,CH,0)R?! (3-1)

where Z! represents an acryloyloxy group or a methacryloyloxy group, R?! represents a
hydrogen atom, an alkyl group with 1 to 10 carbons, or an aryl group, and t represents an integer
from 1 to 15.

[0048]
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In Formula (3-1), the hydrolysis rate of the monomer (c1) tends to be higher in a case
where Z! is an acryloyloxy group compared to a case where Z! is a methacryloyloxy group. Z!
can be freely selected according to the dissolution rate of the paint film formed by the resin
composition or paint composition containing the copolymer (X).

Examples of the alkyl group with 1 to 10 carbons in R?! include a methyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a pentyl group, a
hexyl group, and a 2-ethylhexyl group. The alkyl group preferably has from 1 to 4 carbons, more
preferably from 1 to 3 carbons, and even more preferably 1 or 2 carbons. The aryl group is
preferably an aryl group with 6 to 20 carbons, and examples include a phenyl group and a
naphthyl group.

From the viewpoint of water resistance and crack resistance, t is preferably an integer
from 1 to 10, more preferably an integer from 1 to 5, even more preferably an integer from 1 to
3, and particularly preferably 1 or 2.

[0049]
Content of Each Structural Unit

The content of the structural unit (A) is from 5 to 35 mass%, preferably from 10 to 30
mass%, and more preferably from 15 to 25 mass% relative to the total mass (100 mass%) of all
structural units constituting the copolymer (X). When the content of the structural unit (A) is not
less than the lower limit value, the paint film formed by the resin composition or paint
composition containing the copolymer (X) exhibits even better self-polishing properties. When
the content of the structural unit (A) is not more than the upper limit value, the paint film formed
by the resin composition or paint composition containing the copolymer (X) exhibits excellent
crack resistance, maintains the self-polishing properties over a long period, and exhibits even
better antifouling effect.

[0050]

The content of the structural unit (B) is from 35 to 75 mass%, preferably from 35 to 70
mass%, and more preferably from 35 to 65 mass% relative to the total mass of all structural units
constituting the copolymer (X). When the content of the structural unit (B) is not less than the
lower limit value, the paint film formed by the resin composition or paint composition containing
the copolymer (X) exhibits excellent antifouling properties even in a case where an antifouling
agent is not used in the resin composition or paint composition containing the copolymer (X).
When the content of the structural unit (B) is not more than the upper limit value, the paint film
formed by the resin composition or paint composition containing the copolymer (X) exhibits
excellent crack resistance, maintains the self-polishing properties over a long period, and
exhibits even better antifouling effect.

[0051]

The total content of the structural unit based on the monomer (b3) and the structural unit

based on the monomer (b4) in the structural unit (B) is preferably 15 mass% or less, more

preferably 10 mass% or less, and even more preferably 5 mass% or less relative to the total mass
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of all structural units constituting the copolymer (X). When the total content of the structural unit
based on the monomer (b3) and the structural unit based on the monomer (b4) is not more than
the upper limit value, the copolymer (X) is readily produced without gelation due to crosslinking
during production of the copolymer (X). In addition, the viscosity of the solution of the
copolymer (X) tends to decrease.

[0052]

The total content of the structural unit (A) and the structural unit (B) is preferably from
40 to 90 mass%, more preferably from 45 to 85 mass%, and even more preferably from 50 to 80
mass% relative to the total mass of all structural units constituting the copolymer (X).

The content of the structural unit (C) is preferably from 10 to 60 mass%, more preferably
from 15 to 55 mass%, and even more preferably from 20 to 50 mass% relative to the total mass
of all structural units constituting the copolymer (X).

[0053]

In a case where the structural unit (C) contains a structural unit based on an oxyethylene
group-containing (meth)acrylic ester monomer, the content of this structural unit is preferably
from 1 to 60 mass%, more preferably from 5 to 55 mass%, and even more preferably from 10 to
50 mass% relative to the total mass of all structural units constituting the copolymer (X). When
the content of this structural unit is not less than the lower limit value, the paint film formed by
the resin composition or paint composition containing the copolymer (X) has higher
hydrophilicity and even better self-polishing properties. When the content of this structural unit
is not more than the upper limit value, the paint film formed by the resin composition or paint
composition containing the copolymer (X) has moderate hydrolyzability, maintains the self-
polishing properties over a long period, and exhibits even better antifouling effect.

[0054]

In a case where the structural unit (C) contains a structural unit based on a monomer (c)
other than the oxyethylene group-containing (meth)acrylic ester monomer, such as a
hydrophobic group-containing (meth)acrylic ester monomer, the content of this structural unit is
preferably from 1 to 60 mass% and more preferably from 5 to 55 mass% relative to the total
mass of all structural units constituting the copolymer (X). When the content of this structural
unit is within the range above, the paint film formed by the resin composition or paint
composition containing the copolymer (X) has higher flexibility, crack resistance, and peel
resistance, and exhibits even better antifouling effect. In addition, when the content of this
structural unit is not more than the upper limit value, the paint film formed by the resin
composition or paint composition containing the copolymer (X) has appropriate hydrolyzability,
maintains the self-polishing properties over a long period and exhibits even better antifouling
effect.

[0055]
In a case where the structural unit (C) contains a structural unit based on a (meth)acrylic

macromonomer, the content of this structural unit is less than 13 mass%, preferably 10 mass% or
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less, more preferably 8 mass% or less, and even more preferably 4 mass% or less relative to the
total mass of all structural units constituting the copolymer (X). In addition, the copolymer (X)
still more preferably contains no structural unit based on a monomer (c) selected from
macromonomers. When the content of the structural unit based on a (meth)acrylic
macromonomer is not more than the upper limit value, the paint film formed by the resin
composition or paint composition containing the copolymer (X) has good transparency.

[0056]

The total of the structural unit (A), the structural unit (B), and the structural unit (C) is
100 mass%.

The content (mass%) of each structural unit in the copolymer can be measured by a
known method, such as gas chromatography, high-performance liquid chromatography, or
nuclear magnetic resonance spectroscopy.

[0057]

At least a part of the structural units constituting the copolymer (X) is a structural unit
based on a (meth)acrylic monomer.

The content of the structural unit based on a (meth)acrylic monomer is preferably from
20 to 100 mass% and more preferably from 40 to 100 mass% relative to the total mass of all
structural units constituting the copolymer (X).

The monomers (b1) to (b4) described above are all (meth)acrylic monomers, and the
structural unit (B) is a structural unit based on a (meth)acrylic monomer.

Both the monomers (al) and (a2) described above are (meth)acrylic monomers, and when
the structural unit (A) is a structural unit based on the monomer (al) or (a2), the structural unit
(A) 1s also a structural unit based on a (meth)acrylic monomer.

In a case where the copolymer (X) contains the structural unit (C), the structural unit (C)
may or may not contain a structural unit based on a (meth)acrylic monomer.

[0058]

The copolymer (X) is preferably a copolymer obtained by polymerization of a monomer
mixture containing the monomer (a) and the monomer (b). Such a copolymer tends to exhibit
even better water resistance than a copolymer produced by polymerizing a monomer mixture
containing a monomer (a0) having an ethylenically unsaturated bond and a carboxy group and
the monomer (b) into a copolymer (X0) having a carboxy group and converting the carboxy
group of the resulting copolymer (X0) into the structure (I).

Typically, the content of the monomer (a) is from 5 to 35 mass% and the content of the
monomer (b) is from 35 to 75 mass% relative to 100 mass% of the monomer mixture. The
monomer mixture is preferably composed of 5 to 35 mass% of the monomer (a), 35 to 75 mass%
of the monomer (b), and 10 to 60 mass% of the monomer (c) relative to a total mass of 100
mass%, and more preferably composed of 10 to 30 mass% of the monomer (a), 35 to 70 mass%

of the monomer (b), and 10 to 55 mass% of the monomer (c).
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In addition, in a case where the monomer (c) contains a (meth)acrylic macromonomer,
the content of the (meth)acrylic macromonomer is typically less than 13 mass%, preferably 10
mass% or less, more preferably 8 mass% or less, and even more preferably 4 mass% or less
relative to a total mass of 100 mass% of the monomer mixture.

[0059]

The content of each monomer is a proportion to the total amount of the monomer
mixture. The more preferred content range of each monomer is the same as the preferred content
range of the structural unit based on each monomer.

That is, the structural units constituting the copolymer (X) are typically such that the
content of the structural unit (A) is from 5 to 35 mass% and the content of the structural unit (B)
1s from 35 to 75 mass% relative to a total mass of 100 mass% of all structural units constituting
the copolymer (X). The structural units constituting the copolymer (X) are preferably composed
of 5 to 35 mass% of the structural unit (A), 35 to 75 mass% of the structural unit (B), and 10 to
60 mass% of the structural unit (C), and more preferably composed of 10 to 30 mass% of the
structural unit (A), 35 to 70 mass% of the structural unit (B), and 10 to 55 mass% of the
structural unit (C) relative to a total mass of 100 mass% of all structural units constituting the
copolymer (X).

[0060]

The weight-average molecular weight of the copolymer (X) is 2000 or more and 6500 or
less, preferably 2000 or more and 5000 or less, more preferably 2500 or more and 4500 or less,
and even more preferably 3000 or more and 4000 or less.

When the weight-average molecular weight of the copolymer (X) is not more than the
upper limit value, the resin composition containing the copolymer (X) and the organic solvent
exhibits excellent storage stability and is unlikely to increase in viscosity with time during
storage. Thus, a paint composition with a high solid content (low VOC) and a low viscosity is
easily obtained. When the weight-average molecular weight is not less than the lower limit
value, the paint film formed by the resin composition or paint composition containing the
copolymer (X) exhibits even better durability, and exhibits excellent long-term antifouling
properties.

[0061]

The number-average molecular weight (Mn) of the copolymer (X) is preferably from
1000 to 2500 and more preferably from 1500 to 2000.

The polydispersity (Mw/Mn) of the copolymer (X) is preferably from 1.5 to 5.0 and more
preferably from 2.2 to 3.0.

The weight-average molecular weight and number-average molecular weight of the
copolymer (X) are each measured by gel permeation chromatography (GPC) using polystyrene
as a reference resin.

[0062]
Method for Producing Copolymer (X)
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Examples of the method for producing the copolymer (X) include the following
production methods (o) and (B).

Production method (a)): a method of polymerizing a monomer mixture containing the
monomer (a) and the monomer (b).

Production method (): a method of polymerizing a monomer mixture containing the
monomer (a0) having an ethylenically unsaturated bond and a carboxy group and the monomer
(b) to produce the copolymer (X0) having a carboxy group, and converting the carboxy group of
this copolymer (X0) into the structure (I).

[0063]

Production Method (o):

In the production method (o), a monomer mixture containing the monomer (a) and the
monomer (b) (hereinafter also referred to as "monomer mixture (a1)") is polymerized.

The monomer mixture (a1) may further contain the monomer (c).

[0064]

The composition of the monomer mixture (1), that is, the types of monomers
constituting the monomer mixture (a1) and the content (mass%) of each monomer relative to the
total mass of all monomers, is the same as the composition of the copolymer (X), that is, the
types of monomers forming each structural unit constituting the copolymer (X) and the content
(mass%) of each structural unit relative to the total mass of all structural units.

[0065]

A known polymerization method can be applied as the polymerization method of the
monomer mixture (al), such as a solution polymerization method, a suspension polymerization
method, a bulk polymerization method, or an emulsion polymerization method. In terms of
productivity and paint film performance, a solution polymerization method is preferred.

The polymerization is carried out by a known method using a known polymerization
initiator. Examples include a method of reacting the monomer mixture (al) in the presence of a
radical initiator at a reaction temperature of 60 to 120°C for 4 to 14 hours. In the polymerization,
a chain transfer agent may be used as necessary.

[0066]

A known radical initiator can be used as the radical initiator, and examples include 2,2-
azobisisobutyronitrile, 2,2-azobis(2,4-dimethylvaleronitrile), 2,2-azobis(2-methylbutyronitrile),
benzoyl peroxide, cumene hydroperoxide, lauryl peroxide, di-t-butyl peroxide, and t-butyl
peroxy-2-ethylhexanoate.

The content of the polymerization initiator is not particularly limited and can be
appropriately set. Typically, the content of the polymerization initiator is approximately from 0.1
to 20 parts by mass relative to 100 parts by mass of the polymerizable monomer.

[0067]
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A known agent can be used as the chain transfer agent, and examples include mercaptans,
such as n-dodecyl mercaptan; thioglycolic esters, such as octyl thioglycolate; a-methylstyrene
dimer; and terpinolene.

The content of the chain transfer agent is not particularly limited and can be appropriately
set. Typically, the content of the chain transfer agent is approximately from 0.0001 to 10 parts by
mass relative to 100 parts by mass of the polymerizable monomer.

[0068]

A common organic solvent can be used as the solvent used in the solution
polymerization, such as toluene, xylene, methyl isobutyl ketone, or n-butyl acetate.
[0069]

Production Method (B):

In the production method (§), a monomer mixture containing the monomer (a0) and the
monomer (b) (hereinafter also referred to as "monomer mixture (f1)") is polymerized to produce
the copolymer (X0) having a carboxy group, and the carboxy group of this copolymer (X0) is
converted into the structure (I).

The monomer mixture (f1) may further contain the monomer (c).

[0070]

The composition of the monomer mixture (1) is the same as the composition of the
monomer mixture (al) except that the monomer (a) is the monomer (a0).

Examples of the monomer (a0) include (meth)acrylic acid, crotonic acid, isocrotonic
acid, maleic acid, fumaric acid, itaconic acid, monomethyl maleate, and monomethylfumarate.

The polymerization of the monomer mixture ($1) can be carried out in the same manner
as the polymerization of the monomer mixture (a1) in the production method (o).

[0071]

Examples of the method for converting the carboxy group of the copolymer (XO0) into the
structure represented by Formula (1) include a method of reacting the copolymer (X0) with a
metal oxide, such as zinc oxide.

Examples of the method for converting the carboxy group of the copolymer (XO0) into the
structure represented by Formula (2) include a method of reacting the copolymer (X0), an
organic acid corresponding to the organic acid residue R*? in Formula (21) above, and a metal
oxide, such as zinc oxide.

The metal of the metal oxide corresponds to the M above.

The reaction of the copolymer (X0) with the metal oxide or the reaction of the copolymer
(X0) with the organic acid and the metal oxide can be carried out, for example, by raising the
temperature to the reflux temperature and then continuing the reaction for 10 to 20 hours while a
distilled mixture of the organic acid, water, and the organic solvent is removed and the same
amount of the organic solvent is replenished.

[0072]

Organic Solvent
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The resin composition (1) contains the organic solvent, improving the paint suitability of
the paint composition containing the resin composition (1), the water resistance and film
formability of the paint film, and the like.

The organic solvent is not particularly limited, and a common organic solvent can be
used. Examples include hydrocarbon-based solvents, such as toluene and xylene; ether-based
solvents, such as propylene glycol monomethyl ether-2-acetate; ketone-based solvents, such as
methyl isobutyl ketone; and ester-based solvents, such as n-butyl acetate. Any one of these can
be used alone, or two or more can be used in combination.

[0073]
Additional Component

An additional component, such as those exemplified for the paint composition described
later, can be used as an additional component. However, the additional component is not limited
to these and can be appropriately selected from various known additives according to the
application of the resin composition (1).

Examples of the applications of the resin composition (1) include paint compositions.
[0074]

In the resin composition (1), the content of the copolymer (X) is preferably 45 mass% or
more, more preferably 50 mass% or more, even more preferably 55 mass% or more, particularly
preferably 60 mass% or more, and most preferably 64 mass% or more relative to the total mass
of the resin composition (1). When the content of the copolymer (X) is not less than the lower
limit value, the paint composition with a small VOC content can be easily obtained.

The content of the copolymer (X) is preferably an amount such that the viscosity of the
resin composition (1), as measured by a Gardner bubble viscometer at 25°C, is not more than the
preferred upper limit value described later, and is preferably 80 mass% or less and more
preferably 85 mass% or less, although this also varies depending on the weight-average
molecular weight, glass transition temperature, presence or absence of a crosslinked structure,
and the like of the copolymer (X).

[0075]

In the resin composition (1), the content of the organic solvent is 50 mass% or less,
preferably 45 mass% or less, and more preferably 40 mass% or less relative to the total mass of
the resin composition (1). When the content of the organic solvent is not more than the upper
limit value, the paint composition with a small VOC content can be easily produced.

The content of the organic solvent is preferably an amount such that the viscosity of the
resin composition (1), as measured by a Gardner bubble viscometer at 25°C, is not more than the
preferred upper limit value described later. The content of the organic solvent is preferably 15
mass% or more and more preferably 20 mass% or more relative to the total mass of the resin
composition (1) although this also varies depending on the weight-average molecular weight,
glass transition temperature, presence or absence of a crosslinked structure, and the like of the

copolymer (X).
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[0076]

The solid content (residue on heating) of the resin composition (1) is preferably 50
mass% or more, more preferably 55 mass% or more, and even more preferably 60 mass% or
more relative to the total mass of the resin composition (1). When the solid content is not less
than the lower limit value, the paint composition with a small VOC content can be easily
produced.

From the viewpoint of the viscosity of the resin composition (1), the solid content of the
resin composition (1) is preferably 85 mass% or less and more preferably 80 mass% or less
relative to the total mass of the resin composition (1).

The solid content is measured by the method described in Examples below.

[0077]

When the solid content concentration of the resin composition (1) is 50 mass%, the
viscosity of the resin composition (1) measured by a Gardner bubble viscometer at 25°C
(hereinafter also referred to as "Gardner viscosity") is Z or less, preferably W or less, more
preferably V or less, and even more preferably T or less.

When the solid content concentration of the resin composition (1) is 50 mass%, the
viscosity of the resin composition (1) measured by a Brookfield viscometer at 25°C (hereinafter
also referred to as "Brookfield viscosity") is preferably less than 5000 mPa-s, more preferably
less than 3000 mPa-s, even more preferably less than 2000 mPa-s, and particularly preferably
less than 1000 mPa-s.

When the viscosity (Brookfield viscosity or Gardner viscosity) of the resin composition
(1) is not more than the upper limit value, without further adding an organic solvent for dilution
to the resin composition (1), the resin composition (1) can be blended with an antifouling agent
and/or the like and/or to be painted, producing a paint composition with a low VOC content.

The resin composition (1) preferably has a viscosity not more than the above preferred
upper limit with a solid content of at least 50 mass%.

The lower limit of the viscosity of the resin composition (1) is not particularly limited. In
terms of preventing or reducing sagging of the paint during painting, the Gardner viscosity at
25°C 1s preferably B or more, and the Brookfield viscosity at 25°C is preferably 100 mPa-s or
more.

Thus, when the solid content concentration of the resin composition (1) is 50 mass%, the
Gardner viscosity at 25°C of the resin composition (1) is preferably B or more and Z or less. The
Brookfield viscosity at 25°C of the resin composition (1) is preferably 100 mPa-s or more and
less than 5000 mPa-s, more preferably 100 mPa-s or more and less than 3000 mPa-s, even more
preferably 100 mPa-s or more and less than 2000 mPa-s, and particularly preferably 100 mPa-s
or more and less than 1000 mPa-s.

[0078]
The viscosity of the resin composition (1) can be adjusted by the solid content of the

resin composition (1) (the content of the copolymer (X) and the additional component), the
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weight-average molecular weight, glass transition temperature, presence or absence of a
crosslinked structure, and the like of the copolymer (X). For example, the viscosity tends to
decrease as the solid content, particularly the content of the copolymer (X), decreases. In
addition, the viscosity tends to decrease as the weight-average molecular weight or glass
transition temperature of the copolymer (X) decreases.

[0079]

The resin composition (1) can be prepared, for example, by producing the copolymer (X)
as described above, and adding and mixing the organic solvent and/or the additional component
as necessary. When the copolymer (X) is produced by a solution polymerization method, the
organic solvent does not need to be added.

The VOC content of the resin composition (1) is preferably 500 g/L or less, more
preferably 480 g/L or less, and even more preferably 440 g/L or less. When the VOC content is
not more than the upper limit value, the amount of the organic solvent to be volatilized can be
sufficiently suppressed.

The VOC content of the resin composition (1) is preferably 350 g/L or more in terms of
viscosity and paintability.

The VOC content can be adjusted by the content of the organic solvent.

[0080]

Here, the VOC content of the resin composition is the mass of VOC per liter of the resin
composition and is calculated from the following Formula using the values of the specific
gravity and solid content (residue on heating) of the resin composition.

VOC content (g/L) = specific gravity of resin composition x 1000 x (100 - solid content
(mass%))/100

The specific gravity is calculated by filling a specific gravity cup with a volume of 100
mL with the resin composition at 25°C and measuring the mass.

The solid content (residue on heating) is measured by the method described in Examples
below.

[0081]
Operation Effects

In the resin composition (1) described above, the copolymer (X) has a specific
composition (the content of the structural unit (A) is from 5 to 35 mass%, the content of the
structural unit (B) is from 35 to 75 mass%, and the content of the structural unit based on the
(meth)acrylic macromonomer is less than 13 mass%) and a weight-average molecular weight of
2000 or more and 6500 or less. Thus, the resin composition (1) can form a paint film exhibiting
excellent transparency and antifouling effect and is unlikely to increase in viscosity during
storage, exhibiting excellent storage stability.

[0082]
The copolymer (X) contains the structural unit (A) and thus has the structure (I) in which

a carboxy group is protected by a specific group. Thus, it is hydrolyzable in seawater and the
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like. Thus, the paint film containing the copolymer (X) exhibits self-polishing properties in
seawater and the like. That is, the copolymer (X) has the structure (I) and is not dissolved in
seawater in this state. However, when the structure (I) is hydrolyzed by the contact with
seawater, a carboxy group and the like are formed, and the copolymer (X) is dissolved in
seawater. The surface of the paint film is gradually dissolved in seawater and renewed (self-
polished).

In addition, the copolymer (X) contains the structural unit (B) and thus has a polysiloxane
block. Thus, marine organisms and other stains are less likely to attach to the surface of the paint
film containing the copolymer (X), and the paint film exhibits an excellent antifouling effect
even when the paint film does not contain an antifouling agent. When the paint film contains an
antifouling agent, the antifouling agent is constantly exposed on the paint film surface because
the paint film surface is renewed, stably exhibiting the antifouling effect by the antifouling agent
over a long period.

In addition, the copolymer (X) has a combination of the specific amount of the structural
unit (A) containing the hydrophilic structure (I) as a hydrolyzable structure and the specific
amount of the structural unit (B) containing the hydrophobic polysiloxane block and thus has an
even better long-term antifouling effect. This is considered as follows. The copolymer (X)
contains the specific amount of the hydrophilic structure (I) and the specific amount of the
hydrophobic polysiloxane block and thus forms the paint film into a phase-separated film. Thus,
hydrolysis is repeated only on the surface layer of the paint film, thereby preventing or reducing
excessive dissolution and swelling of the paint film. This and other effects allow the paint film to
stably exhibit the excellent antifouling effect over a long period.

[0083]

In a resin composition known in the art containing: a copolymer containing a specific
amount of a hydrophilic structure (I) and a specific amount of a hydrophobic polysiloxane block
as described above; and an organic solvent, the copolymer has both hydrophilicity and
hydrophobicity, and thus the viscosity increases with time and the storage stability decreases.
When the resin composition increases in viscosity, the content of the organic solvent needs to be
increased to adjust the viscosity to a level suitable for a paint, increasing the VOC content.

In the resin composition (1), the weight-average molecular weight of the copolymer (X)
is in a specific low molecular weight range, thus allowing good storage stability. Thus, the resin
composition (1) can be formed into a solution with a high solid content and a low viscosity, and
using the resin composition (1) can produce a paint composition with a low VOC content.

The copolymer (X) with the composition in the above range and the weight-average
molecular weight of more than 6500 tends to increase in viscosity with time. This is considered
as follows. Because the cohesive force of the polymer increases and the copolymer (X) has both
hydrophilicity of the structural unit (A) and hydrophobicity of the structural unit (B), the size of
the polymer chain gradually changes in the organic solvent with time, thereby reducing the

solubility in the organic solvent and increasing the viscosity.
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When the viscosity of the resin composition with increased viscosity is measured again
after heating at a high temperature, such as the polymerization temperature of the copolymer (X),
the viscosity returns to a value immediately after production, and no change in the molecular
weight is observed. Thus, the copolymer (X) is presumed to take time to reach the optimum
polymer chain size in the organic solvent.

[0084]

The resin composition (1) exhibits the above effects and thus is suitable for a paint
composition, particularly for an antifouling paint composition. The resin composition (1) can be
used as a paint composition as it is or formed into a paint composition by mixing with an
antifouling agent or the like as necessary. However, the application of the resin composition (1)
is not limited to this, and the resin composition (1) can also be used for applications other than
the paint composition.

[0085]
Resin Composition (2)

A resin composition according to another aspect of the present invention (hereinafter also
described as "resin composition (2)") contains the copolymer (X) and the organic solvent.

The copolymer (X) and the organic solvent are each the same as described above.

The resin composition (2) may contain one or two or more copolymers (X). The same
applies to the organic solvent.

The resin composition (2) may further contain an additional component besides the
copolymer (X) and the organic solvent as necessary.

An additional component, such as those exemplified for the paint composition described
later, can be used as an additional component.

[0086]

In the resin composition (2), the content of the copolymer (X) is preferably from 10 to 65
mass%, more preferably from 15 to 60 mass%, and even more preferably from 20 to 55 mass%
relative to the total mass of the resin composition (2). When the content of the copolymer (X) is
not less than the lower limit value, the paint film obtained from the resin composition (2)
exhibits even better antifouling properties. When the content of the copolymer (X) is not more
than the upper limit value, the resin composition (2) exhibits even better paintability.

[0087]

In the resin composition (2), the content of the organic solvent is any amount such that
the VOC content is 500 g/L or less, but is preferably from 10 to 50 mass%, more preferably from
15 to 50 mass%, and even more preferably from 20 to 45 mass% relative to the total mass of the
resin composition (2). When the content of the organic solvent is not more than the upper limit
value, the VOC content is sufficiently low. When the content of the organic solvent is not less
than the lower limit value, the viscosity of the resin composition (2) is readily reduced.

[0088]

29



The solid content (residue on heating) of the resin composition (2) is any amount such
that the VOC content is 500 g/L or less, but is preferably from 50 to 85 mass%, more preferably
from 55 to 80 mass%, and even more preferably from 55 to 75 mass% relative to the total mass
of the resin composition (2). When the solid content is not less than the lower limit value, the
VOC content is sufficiently low. When the solid content is not more than the upper limit value,
the viscosity of the resin composition (2) is readily reduced.

[0089]

The VOC content of the resin composition (2) is 500 g/L or less, preferably 480 g/L or
less, and more preferably 440 g/L or less. When the VOC content is not more than the upper
limit value, the amount of the organic solvent to be volatilized can be sufficiently suppressed.

The VOC content of the resin composition (2) is preferably 350 g/L or more in terms of
viscosity and paintability.

The VOC content can be adjusted by the content of the organic solvent.

[0090]

When the solid content concentration of the resin composition (2) is 50 mass%, the
Gardner viscosity of the resin composition (2) is preferably Z or less, more preferably W or less,
even more preferably V or less, and particularly preferably T or less.

The Brookfield viscosity at 25°C of the resin composition (2) is preferably less than 5000
mPa-s, more preferably less than 3000 mPa-s, and even more preferably less than 1000 mPa-s.

When the viscosity (Brookfield viscosity or Gardner viscosity) of the resin composition
(2) is not more than the upper limit value, without further adding an organic solvent for dilution
to the resin composition (2), the resin composition (2) can be blended with an antifouling agent
and/or the like and/or to be painted, producing a paint composition with a low VOC content. In
addition, the resin composition (2) with the viscosity not more than the above upper limit value
is easy to paint.

The resin composition (2) preferably has a viscosity not more than the above preferred
upper limit with a solid content of at least 50 mass%.

[0091]

The lower limit of the Brookfield viscosity at 25°C of the resin composition (2) is not
particularly limited, but in terms of the physical properties of the paint film, the Gardner
viscosity at 25°C is preferably B or more and more preferably 100 mPa-s or more.

Thus, when the solid content concentration of the resin composition (2) is 50 mass%, the
Gardner viscosity at 25°C of the resin composition (2) is more preferably B or more and Z or
less. The Brookfield viscosity at 25°C of the resin composition (2) is preferably 100 mPa-s or
more and less than 5000 mPa-s, more preferably 100 mPa-s or more and less than 3000 mPa-s,
even more preferably 100 mPa-s or more and less than 2000 mPa-s, and particularly preferably
100 mPa-:s or more and less than 1000 mPa-s.

[0092]
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The resin composition (2) can be prepared, for example, by producing the copolymer (X)
as described above, and adding and mixing the organic solvent and/or the additional component
as necessary. When the copolymer (X) is produced by a solution polymerization method, the
organic solvent does not need to be added.

The resin composition (2) can be prepared, for example, by producing the copolymer (X)
and adding and mixing the organic solvent and/or the additional component as necessary in the
same manner as the resin composition (1).

[0093]
Operation Effects

In the resin composition (2) described above, the copolymer (X) has a specific
composition (the content of the structural unit (A) is from 5 to 35 mass%, the content of the
structural unit (B) is from 35 to 75 mass%, and the content of the structural unit based on the
(meth)acrylic macromonomer is less than 13 mass%) and a weight-average molecular weight of
2000 or more and 6500 or less. Thus, the resin composition (2) can form a paint film exhibiting
excellent transparency and antifouling effect and is unlikely to increase in viscosity during
storage, exhibiting excellent storage stability.

In addition, in the resin composition (2), the copolymer (X) has a specific composition
(the content of the structural unit (A) is from 5 to 35 mass%, the content of the structural unit (B)
is from 35 to 75 mass%, and the content of the structural unit based on the (meth)acrylic
macromonomer is less than 13 mass%) and a weight-average molecular weight of 2000 or more
and 6500 or less, and the Gardner viscosity of the resin composition (2) is Z or less when the
solid content concentration is 50 mass%. Thus, the paint film exhibits even better transparency
and antifouling effect, and the resin composition (2) exhibits even better storage stability.
[0094]

The resin composition (2) exhibits the above effects and thus is suitable for a paint
composition, particularly for an antifouling paint composition. The resin composition (2) can be
used as a paint composition as it is or formed into a paint composition by mixing with an
antifouling agent or the like as necessary. However, the application of the resin composition (2)
is not limited to this, and the resin composition (2) can also be used for applications other than
the paint composition.

[0095]
Paint Composition

A paint composition according to one aspect of the present invention contains the resin
composition (1) or (2) described above and thus contains the copolymer (X) and an organic
solvent.

The copolymer (X) and the organic solvent are each the same as described above.

The paint composition may contain one or two or more copolymers (X). The same

applies to the organic solvent.
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The paint composition may further contain an additional component besides the
copolymer (X) and the organic solvent as necessary.

At least a part of the components contained in the paint composition is derived from the
resin composition (1) or (2) described above. A part of the components contained in the paint
composition may be a component not derived from the resin composition (1) or (2) described
above (a component blended during production of the paint composition).

[0096]
Additional Component

The paint composition may further contain a silicone oil. The paint composition
containing a silicone oil forms a paint film with even better antifouling properties.

Examples of the silicone oil include straight silicone oils, such as dimethyl silicone oil,
methylphenyl silicone oil, and methyl hydrogen silicone oil; and modified silicone oils. The
modified silicone oil is a silicone oil in which an organic group (hereinafter also referred to as
"modifying group") other than a methyl group and a phenyl group is introduced into some of
silicon atoms of a straight silicone oil. Examples of the modifying group include a chlorophenyl
group, a methylstyrene group, a long-chain alkyl group (e.g., an alkyl group with 2 to 18
carbons), a polyether group, a carbinol group, an aminoalkyl group, an epoxy group, and a
(meth)acryloyl group. Any one of these silicone oils can be used alone, or two or more can be
used in combination. Among the above, the silicone oil is preferably a polyether-modified
silicone oil having a polyether group as a modifying group in terms of antifouling properties.
[0097]

A commercially available product can be used as the silicone oil. Examples of the
commercially available product include "KF-96", "KF-50", "KF-54", "KF-56", and "KF-6016"
(all above available from Shin-Etsu Chemical Co., Ltd.), "TSF451" (available from Momentive
Performance Materials Inc.), "Fluid 47" (available from Rhone-Poulenc S.A. (France)),
"SH200", "SH510", "SH550", "SH710", "DC200", "ST-114PA", and "FZ209" (all above
available from Dow Corning Toray Co., Ltd.).

[0098]

The paint composition may further contain an antifouling agent from the viewpoint of the
antifouling properties of the paint film. The paint composition containing an antifouling agent
forms a paint film with even better antifouling properties.

Examples of the antifouling agent include inorganic antifouling agents and organic
antifouling agents, and one or two or more of these can be appropriately selected and used
according to the required performance.

Specific examples of the antifouling agent include a copper-based antifouling agent, such
as copper (I) oxide, copper thiocyanate, and copper powder; a compound of another metal (such
as lead, zinc, or nickel); an amine derivative, such as diphenylamine; a nitrile compound; a
benzothiazole-based compound; a maleimide-based compound; and a pyridine-based compound.

One of these can be used alone, or two or more can be used in combination.
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[0099]

More specific examples of the antifouling agent include 4-bromo-2-(4-chlorophenyl)-5-
(trifluoromethyl)-1H-pyrrole-3-carbonitrile, manganese ethylenebisdithiocarbamate, zinc
dimethyldithiocarbamate, 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine, 2,4,5,6-
tetrachloroisophthalonitrile, N,N-dimethyldichlorophenylurea, zinc ethylenebisdithiocarbamate,
copper rhodanide, 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, N-
(fluorodichloromethylthio)phthalimide, N,N’-dimethyl-N’-phenyl-(N-
fluorodichloromethylthio)sulfamide, 2-pyridinethiol-1-oxide zinc salt (also referred to as "zinc
pyrithione"), tetramethylthiuram disulfide, a Cu-10% Ni solid solution alloy, 2.,4,6-
trichlorophenylmaleimide, 2,3,5,6-tetrachloro-4-(methylsulfonyl)pyridine, 3-iodo-2-propynyl
butylcarbamate, diiodomethyl p-tolyl sulfone, bisdimethyldithiocarbamoyl zinc
ethylenebisdithiocarbamate, phenyl(bispyridyl)bismuth dichloride, 2-(4-thiazolyl)benzimidazole,
medetomidine, pyridinetriphenylborane, and 4,5-dichloro-2-n-octyl-isothiazolin-3-one.

[0100]

Among the above, in terms of antifouling properties, the antifouling agent preferably
contains at least one selected from the group consisting of copper (I) oxide, 4-bromo-2-(4-
chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-carbonitrile (hereinafter also referred to as
"antifouling agent (d1)"), medetomidine, and 4,5-dichloro-2-n-octyl-isothiazolin-3-one.

When copper (I) oxide and the antifouling agent (d1) are used in combination, the ratio
(mass ratio) of copper (I) oxide/antifouling agent (d1) is preferably from 80/20 to 99/1 and more
preferably from 90/10 to 99/1.

At least one selected from the group consisting of copper (I) oxide, the antifouling agent
(d1), medetomidine, and 4,5-dichloro-2-n-octyl-isothiazolin-3-one may be combined with
another antifouling agent.

[0101]

The paint composition may contain a silicon compound (with proviso that a silicone oil is
excluded), such as dimethylpolysiloxane, or a fluorine-containing compound, such as a
fluorinated hydrocarbon, for the purpose of imparting lubricity to the surface of the paint film
and preventing the attachment of organisms.

[0102]

The paint composition may contain any of various pigments, a defoamer, a leveling
agent, a pigment dispersant (e.g., an anti-settling agent), an anti-sagging agent, a matting agent,
an ultraviolet absorber, an antioxidant, a heat resistance improver, a slip agent, a preservative, a
plasticizer, a viscosity control agent, and/or the like.

[0103]

Incorporating a plasticizer into the paint composition can enhance the crack resistance

and peeling resistance of the paint film. The plasticizer is preferably chlorinated paraffin in terms

of obtaining effects of improving the crack resistance and peeling resistance of the paint film.
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In terms of functioning as an anti-settling agent and/or an anti-sagging agent and
obtaining effects of improving the storage stability of the paint composition and/or the pigment
dispersibility, the plasticizer is preferably an organic wax, such as a semisynthetic wax or a
synthetic wax, and more preferably a polyethylene wax, an oxidized polyethylene wax, or a
polyamide wax.

[0104]

Examples of the pigment include zinc oxide, talc, silica, barium sulfate, potassium
feldspar, aluminum hydroxide, magnesium carbonate, mica, carbon black, red iron oxide,
titanium oxide, phthalocyanine blue, kaolin, and gypsum. In particular, the pigment is preferably
zinc oxide and/or talc.

Examples of the anti-settling agent and anti-sagging agent other than a thermoplastic
resin include a bentonite-based material, a fine silica-based material, a stearate salt, a lecithin
salt, and an alkyl sulfonate salt.

[0105]

In the paint composition, the content of the copolymer (X) is preferably from 10 to 65
mass%, more preferably from 15 to 60 mass%, and even more preferably from 20 to 55 mass%
relative to the total mass of the paint composition. When the content of the copolymer (X) is not
less than the lower limit value, the paint composition exhibits even better antifouling properties.
When the content of the copolymer (X) is not more than the upper limit value, the paint
composition exhibits even better paintability.

[0106]

In the paint composition, the content of the organic solvent is any amount such that the
VOC content is 500 g/L or less, but is preferably from 10 to 50 mass%, more preferably from 15
to 50 mass%, and even more preferably from 20 to 45 mass% relative to the total mass of the
paint composition. When the content of the organic solvent is not more than the upper limit
value, the VOC content is sufficiently low. When the content of the organic solvent is not less
than the lower limit value, the viscosity of the paint composition is readily reduced.

[0107]

In a case where the paint composition contains a silicone oil, the content of the silicone
oil in the paint composition is preferably from 0.1 to 40 mass% and more preferably from 1 to 20
mass% relative to the total mass of the paint composition. When the content of the silicone oil is
not less than the lower limit value, even better antifouling properties can be achieved. When the
content of the silicone oil is not more than the upper limit value, the paint film exhibits even
better dissolution stability.

[0108]

In a case where the paint composition contains an antifouling agent, the content of the
antifouling agent in the paint composition is not particularly limited, but is preferably from 10 to
200 parts by mass and more preferably from 50 to 150 parts by mass relative to 100 parts by

mass of the copolymer (X). When the content of the antifouling agent is not less than the lower
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limit value, the paint film formed by the paint composition exhibits even better antifouling
effect. When the content of the antifouling agent is not more than the upper limit value, the paint
film exhibits even better physical properties.

[0109]

The solid content (residue on heating) of the paint composition is any amount such that
the VOC content is 500 g/L or less, but is preferably from 50 to 85 mass%, more preferably from
55 to 80 mass%, and even more preferably from 55 to 75 mass% relative to the total mass of the
paint composition. When the solid content is not less than the lower limit value, the VOC content
1s sufficiently low. When the solid content is not more than the upper limit value, the viscosity of
the paint composition is readily reduced.

[0110]

The VOC content of the paint composition is 500 g/L or less, preferably 480 g/L or less,
more preferably 440 g/L or less, and even more preferably 420 g/L. or less. When the VOC
content is not more than the upper limit value, the amount of the organic solvent to be volatilized
is sufficiently suppressed.

The VOC content of the paint composition is preferably 350 g/L. or more in terms of the
viscosity and paintability of the paint composition.

The method for measuring the VOC content is the same as described above.

[0111]

The Brookfield viscosity at 25°C of the paint composition is preferably less than 5000
mPa-s, more preferably less than 3000 mPa-s, and even more preferably less than 1000 mPa-s.
When the viscosity of the paint composition is not more than the upper limit value, the paint
composition is easy to paint.

The lower limit of the Brookfield viscosity at 25°C of the paint composition is not
particularly limited, but in terms of the physical properties of the paint film, the Gardner
viscosity at 25°C is preferably B or more and more preferably 100 mPa-s or more.

[0112]

The paint composition can be prepared, for example, by preparing the resin composition
of the present aspect as described above, and adding and mixing the additional component and a
further organic solvent as necessary. In this case, the VOC content and viscosity of the paint
composition can be adjusted by the viscosity of the resin composition, the amount of the organic
solvent added to the resin composition, and the like.

[0113]

The paint composition can be used for forming a paint film (antifouling paint film) on the
surface of a substrate of an underwater structure and the like, such as ships, various fishing nets,
harbor facilities, oil fences, bridges, and seabed bases.

The paint film using the paint composition can be formed on the surface of the substrate

directly or via an underlying paint film.
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The underlying paint film can be formed using a wash primer; a primer, such as a
chlorinated rubber primer or an epoxy primer; an intermediate paint; and/or the like.

The paint film can be formed by a known method. For example, the paint film can be
formed by painting the paint composition onto the surface of a substrate or onto an underlying
paint film by means, such as brush painting, spray painting, roller painting, or dip painting; and
then drying.

The paint amount of the paint composition can be usually set at an amount such that a dry
paint film has a thickness of 10 to 400 pum.

The paint film can be dried usually at room temperature, and may be dried by heating as
necessary.

[0114]
Operation Effects

In the paint composition described above, the copolymer (X) has a specific composition
(the content of the structural unit (A) is from 5 to 35 mass%, the content of the structural unit (B)
is from 35 to 75 mass%, and the content of the structural unit based on the (meth)acrylic
macromonomer is less than 13 mass%) and a weight-average molecular weight of 2000 or more
and 6500 or less. Thus, as the resin composition (1) or (2) described above, the paint
composition can form a paint film exhibiting excellent transparency and antifouling effect and is

unlikely to increase in viscosity during storage, exhibiting excellent storage stability.

Examples
[0115]

Hereinafter, the present invention will be described in further detail through examples
and comparative examples, but the present invention is in no way limited by these examples. In
Examples, "parts" indicates "parts by mass".

The evaluations in Examples were performed by the methods developed below.

[0116]
Solid Content (Residue on Heating)

In an aluminum dish, 0.50 g of a sample (resin composition) was weighed, and 3 mL of
toluene was added with a dropper to spread the sample uniformly on the bottom of the dish, and
the sample was preliminarily dried. The preliminary drying is a treatment for spreading the
sample over the entire dish and facilitating the volatilization of the solvent in the main drying. In
the preliminary drying, the sample and toluene were heated on a water bath at 70 to 80°C to
dissolve the sample, and the resulting solution was evaporated to dryness. After the preliminary
drying, the main drying was performed with a hot air dryer at 105°C for 2 hours. From the mass
of the sample before the preliminary drying (mass before drying) and the mass of the sample
after the main drying (mass after drying), the solid content (residue on heating) was determined
according to the following equation:

Solid content (mass%) = mass after drying (g)/mass before drying (g) x 100
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[0117]
Brookfield Viscosity

The viscosity of the sample was measured by a Brookfield viscometer at 25°C, and the
value was shown as the Brookfield viscosity.
[0118]
Gardner Viscosity

A sample was placed in a dried Gardner bubble viscosity tube (hereinafter also referred
to simply as "viscosity tube") up to the index line of the viscosity tube, and the tube was sealed
with a cork stopper. The viscosity tube containing the sample was vertically immersed in a
constant-temperature water bath adjusted to a predetermined temperature (25.0 £ 0.1°C) for at
least 2 hours to keep the sample at a constant temperature. A viscosity tube serving as a
reference tube and the viscosity tube containing the sample were simultaneously rotated by 180°,
and the viscosity (Gardner viscosity) was determined by comparing the bubble rising speed of
the sample with that of the reference tube.
[0119]
Measured Solution Acid Value

About 4.0 g of a sample (resin composition) was precisely weighed (A (g)) in a beaker,
and 50 mL of toluene/95% ethanol solution at a ratio of 50/50 was added. After stirring in a
tightly closed container for 5 minutes, potentiometric titration was performed using a Hiranuma
automatic titrator (AUTO TITRATOR COM-1600) with a 0.5 mol/L. potassium hydroxide
solution (ethanol solution) with a factor (f) of 1.003 at 20°C available from Kishida Chemical
Co., Ltd. The maximum slope point of the titration curve was taken as the end point (titration
volume = B (mL), titer of KOH solution = f). Blank measurement was performed in the same
manner (titration volume = C (mL)), and the measured solution acid value was calculated
according to the following equation:
Measured solution acid value (mg KOH/g) = {(B-C) x 0.5 x 56.11 x f}/A
[0120]
Weight-Average Molecular Weight (Mw) and Number-Average Molecular Weight (Mn)

The weight-average molecular weight (Mw) and the number-average molecular weight
(Mn) of the polymer were measured using gel permeation chromatography (GPC) (HLC-8220,
available from Tosoh Corporation). Columns, a TSKgel a-M (7.8 mm x 30 cm, available from
Tosoh Corporation) and a TSK guardcolumn a (6.0 mm X 4 cm, available from Tosoh
Corporation), were used. The calibration curve was prepared using
F288/F1/F28/F80/F40/F20/F2/A1000 (standard polystyrenes, available from Tosoh Corporation)
and a styrene monomer.
[0121]
VOC Content

The VOC content of the resin composition was calculated from the following equation:
VOC content (g/L.) = specific gravity of composition x 1000 x (100 - solid content)/100
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The method for measuring the solid content is as described above. The specific gravity
was calculated by filling a specific gravity cup with a volume of 100 mL with the resin
composition at 25°C and measuring the mass.

[0122]
Storage Stability of Resin Composition

The viscosity change rate was determined as an index of the storage stability of the resin
composition by the following method.

The Brookfield viscosity (Brookfield viscosity before storage) (mPa-s) of the produced
resin composition was measured. The resin composition was placed in a 150-mL glass bottle and
stored at 25°C for 10 days. Thereafter, the Brookfield viscosity (Brookfield viscosity after
storage) (mPa-s) of the resin composition was measured, and the viscosity change rate (%) was
calculated by the following equation:

Viscosity change rate (%) = Brookfield viscosity after storage (mPa-s)/Brookfield viscosity
before storage (mPa-s) x 100

[0123]

Paint Film Consumption Degree Test

The produced resin composition was painted with an applicator onto a hard vinyl chloride
plate of 50 mm x 50 mm X 2 mm (thickness) so as to have a dry film thickness of 120 um and
dried to form a paint film, thereby obtaining a test plate. The test plate was mounted on a rotating
drum placed in seawater, and the drum was rotated at a peripheral speed of 7.7 m/s (15 knots).
This state was maintained for 3 months, and the film thickness (um) of the paint film was
measured 3 months after the placement. From the measured film thickness, the consumed film
thickness (120 pm - measured film thickness) after 3 months was calculated, and the value was
taken as the consumption degree.

[0124]
Visual Appearance of Paint Film

The produced resin composition was painted with an applicator onto a glass plate so as to
have a dry film thickness of approximately 130 pm and dried to form a paint film, thereby
obtaining a test plate. The appearance of the test plate was visually observed to confirm whether
white cloudiness occurred.

[0125]
Haze Value of Paint Film

The haze value of the test plate used for the visual appearance evaluation of the paint film
was measured using a haze meter (product name "Haze Meter NDH8000", available from
Nippon Denshoku Industries Co., Ltd.) in accordance with JIS K 7136.

[0126]
Static Antifouling Properties
The produced resin composition was painted with a brush onto a sandblasted steel plate

onto which a rust-preventive paint had been applied in advance so as to have a dry film thickness
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of 200 to 300 um and dried to form a paint film, thereby obtaining a test plate. After the test plate
was allowed to stand undisturbed for 6 months, the proportion of the area to which marine
organisms were attached (attachment area by marine organisms) to the total area of the paint film
was examined, and the static antifouling properties were evaluated according to the following
criteria.

©: The attachment area by marine organisms is 10% or less.

o: The attachment area by marine organisms is more than 10% and 20% or less.

A: The attachment area by marine organisms is more than 20% and 40% or less.

X: The attachment area by marine organisms is more than 40%.

[0127]
Materials Used

PGM: Propylene glycol methyl ether.

Monomer (M1): A metal atom-containing polymerizable monomer mixture synthesized
in Production Example M1 described later.

Monomer (M2): A metal atom-containing polymerizable monomer mixture synthesized
in Production Example M2 described later.

FM-0711: trade name, available from JNC Corporation (polysiloxane block-containing
polymerizable monomer represented by Formula (b1) above, where v = 0, R* to R* = methyl
groups, w = 3, and x = 10).

X-24-8201: trade name, available from Shin-Etsu Chemical Co., Ltd. (polysiloxane
block-containing polymerizable monomer represented by Formula (b1) above, where v = 0, R*
to R¥ = methyl groups, w = 3, and x = 25).

FM-7721: trade name, available from JNC Corporation (polysiloxane block-containing
polymerizable monomer represented by Formula (b4) above, where 1 and q =0, m and o = 3, R!2
to R'' = methyl groups, and n = 65).

MMA: methyl methacrylate.

EA: ethyl acrylate.

MTA: 2-methoxyethyl acrylate.

BA: n-butyl acrylate.

MMA-MM: a methyl methacrylate macromonomer synthesized in Production Example
MMA-MM described later.

AIBN: 2,2'-azobisisobutyronitrile.

AMBN: 2,2'-azobis(2-methylbutyronitrile).

Nofmer MSD: trade name, a-methylstyrene dimer, available from NOF Corporation.
[0128]

Production Example M1

A reaction vessel equipped with a stirrer, a temperature controller, and a dropping funnel

was charged with 85.4 parts of PGM and 40.7 parts of zinc oxide, and the temperature was raised

to 75°C while the mixture was stirred. Subsequently, a mixture of 43.1 parts of methacrylic acid,
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36.1 parts of acrylic acid, and 5 parts of water was added dropwise from the dropping funnel at a
constant rate over 3 hours. After further stirring for 2 hours, 36 parts of PGM was added, thereby
obtaining a transparent metal atom-containing polymerizable monomer mixture (monomer (M1))
with a solid content of 44.8 mass%.

[0129]

Production Example M2

A reaction vessel equipped with a stirrer, a temperature controller, and a dropping funnel
was charged with 72.4 parts of PGM and 40.7 parts of zinc oxide, and the temperature was raised
to 75°C while the mixture was stirred. Subsequently, a mixture of 30.1 parts of methacrylic acid,
25.2 parts of acrylic acid, and 51.6 parts of versatic acid was added dropwise from the dropping
funnel at a constant rate over 3 hours. After further stirring for 2 hours, 11 parts of PGM was
added, thereby obtaining a transparent metal atom-containing polymerizable monomer mixture
(monomer (M2)) with a solid content of 59.6 mass%.

[0130]
Production Example MMA-MM

In a polymerization apparatus equipped with a stirrer, a cooling tube, and a thermometer,
900 parts of deionized water, 60 parts of sodium 2-sulfoethyl methacrylate, 10 parts of potassium
methacrylate, and 12 parts of methyl methacrylate (MMA) were placed and stirred, and the
temperature was raised to 50°C while the inside of the polymerization apparatus was purged with
nitrogen. Into the polymerization apparatus, 0.08 parts of 2,2"-azobis(2-methylpropionamidine)
dihydrochloride was added as a polymerization initiator, and the temperature was further raised
to 60°C. After the temperature was raised, MMA was continuously added dropwise at a rate of
0.24 parts/min for 75 minutes using a dropping pump. The reaction solution was maintained at
60°C for 6 hours and then cooled to room temperature, thereby obtaining a dispersant 1, a
transparent aqueous solution with a solid content of 10 mass%.

[0131]

Next, in a polymerization apparatus equipped with a stirrer, a cooling tube, and a
thermometer, 145 parts of deionized water, 0.1 parts of sodium sulfate, and 0.25 parts of the
dispersant 1 (solid content 10 mass%) were placed and stirred to form a uniform aqueous
solution. Subsequently, 100 parts of MMA, 0.008 parts of bis[(difluoroboryl)
diphenylglyoximate] cobalt (I) as a chain transfer agent, and 0.8 parts of "Perocta O" (trade
name) (1,1,3,3-tetramethylbutylperoxy 2-ethylhexanoate, available from NOF Corporation) as a
polymerization initiator were added to form an aqueous suspension.

[0132]

Next, the inside of the polymerization apparatus was purged with nitrogen, and the
temperature was raised to 80°C to react the aqueous suspension for 4 hours. To further increase
the polymerization rate, the temperature was raised to 90°C and maintained for 2 hours.
Thereafter, the reaction liquid was cooled to 40°C, thereby obtaining an aqueous suspension

containing a macromonomer. This aqueous suspension was filtered, and the filter cake was
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washed with deionized water, dehydrated, and dried at 40°C for 16 hours, thereby obtaining a
macromonomer (MMA-MM). The resulting MMA-MM had a number-average molecular weight
of 1600 and a molecular weight distribution (Mw/Mn) of 2.0.

[0133]

Production Example A-1

A reaction vessel equipped with a stirrer, a temperature controller, and a dropping device
was charged with 30 parts of xylene, 15 parts of n-butanol, and 4 parts of EA, and the
temperature was raised to 100°C while the mixture was stirred. Subsequently, a mixture of 26.6
parts (12 parts in terms of solid content) of the monomer (M1), 40 parts of FM-0711, 30.3 parts
of MMA, 13.9 parts of EA, 1 part of AIBN, 7.5 parts of AMBN, and 1.5 parts of Nofmer MSD
was added dropwise from a dropping funnel at a constant rate over 6 hours. After completion of
the dropwise addition, 0.5 parts of tert-butyl peroxyoctoate and 4.0 parts of xylene were added
dropwise at a constant rate over 30 minutes. After further stirring for 1 hour, 16.4 parts of xylene
was added, thereby obtaining a resin composition A-1 containing a copolymer.

Table 1 shows the evaluation results of the properties (solid content, measured solution
acid value, Gardner viscosity immediately after production (hereinafter also described as "initial
viscosity"), weight-average molecular weight and number-average molecular weight of the
contained copolymer, and film haze value), storage stability (viscosity change rate), and paint
film performance (consumption degree) of the resin composition A-1.

[0134]
Production Examples A-2 to A-15

Resin compositions A-2 to A-15 were produced in the same manner as in Production
Example A-1 except for changing the type and amount of monomer and the type and amount of
initiator as shown in Tables 1 to 3, and adjusting the amount of xylene after completion of the
dropwise addition according to the amount of additives so that the theoretical solid content was
55 mass%.

Tables 1 to 3 show the evaluation results of the properties (solid content, initial viscosity,
and weight-average molecular weight and number-average molecular weight of the contained
copolymer) and storage stability (viscosity change rate) of the resin compositions A-2 to A-15.
[0135]

In Tables 1 to 3, the numerical values shown in the columns of "Monomer" and
"Initiator” indicate the charged amounts (parts). The values shown in parentheses for the charged
amounts of the monomers (M1) and (M2) are the charged amounts as solid contents, and the
values shown above are the total charged amounts including the organic solvent.

[0136]
[Table 1]

Production Example

A-1 A2 | A3 | A4 | A5 | A6

41



Mi 26.6 | 26.6 | 26.6 | 31.1 | 31.1 | 26.6
Monomer (a) 12y [ (12) | A2 | (14) | A4 | (12)
M2
FM-0711 40 65 40 40 35 50
Monomer (b) X-24-8201
FM-7721
MMA 30.3 18 17 16 30 28
EA 17.9 5 26 30 14 10
Monomer (¢) MA 5
BA 7
MMA-MM
o AIBN 1 1 1 1 1 1
Initiator
AMBN 7.5 7.5 6.5 55 8.5 7.5
Chain transfer
Nofmer MSD 1.5 1.5 1.5 1.5 1.5 1.5
agent
Solid content [mass%] 555 | 551 | 552 | 554 | 552 | 553
Measured solution acid
31.2 | 304 | 309 | 363 | 369 | 313
value [mg KOH/g]
Weight-average molecular
) . 5500 | 5800 | 6200 | 6200 | 4800 | 5800
Properties weight
Number-average molecular
i 2200 | 2500 | 2400 | 2400 | 2100 | 2500
weight
Initial viscosity Q GH -V \Y% TU | LM
VOC content [g/L] 440 | 440 | 440 | 440 | 440 | 440
Storage stability | Viscosity change rate [%] | 110 120 140 130 140 140
[0137]
[Table 2]
Production Example
A7 | A8 [ A9 | A-10 | A-11 | A-12 | A-13
M 31.1 | 31.1 | 31.1 | 37.7 26.6 | 26.6
14 | a4 | a4 | a7 (12) | (12)
Monomer (a)
20.1
M2
(12)
FM-0711 30 40 30 35 40 20 20
Monomer (b) X-24-8201 20
FM-7721 20
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MMA 26 26 26 18 17 17 17
EA 30 30 30 30 26 26 26
Monomer (¢) MA 5 5 5
BA
MMA-MM
AIBN 2.5 1 1 1 1 1 1
Initiator
AMBN 4 2.5 16 8.5 6.5 7.5 8.5
Chain transfer
Nofmer MSD 1.5 1.5 1.5 1.5 1.5 1.5 1.5
agent
Solid content
4777 | 46.3 | 555 | 555 | 552 | 552 | 554
[mass%]
Measured solution
acid value [mg 326 | 31.7 | 364 | 444 | 309 | 314 | 31.2
KOH/g]
Properties Weight-average
) 6400 | 6700 | 3600 | 4900 | 6000 | 6200 [ 6000
molecular weight
Number-average
. 2500 | 2500 | 1500 | 2200 | 2500 | 2400 | 2500
molecular weight
Initial viscosity WX | WX w Vw G YZ Z
VOC content [g/L.] | 505 | 520 | 440 | 440 | 440 | 440 | 440
.| Viscosity change rate
Storage stability (%] 170 | 330 [ 130 | 140 110 120 130
(4
[0138]
[Table 3]
Production Example
A-14 A-15
26.6 26.6
M1
Monomer (a) (12) (12)
M2
FM-0711 40 40
Monomer (b) X-24-8201
FM-7721
MMA
EA 6 35
Monomer (c)
MA 34
BA
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MMA-MM 8 13
AIBN 1 1
Initiator
AMBN 7 5.4
Chain transfer
Nofmer MSD 1.5 1.5
agent
Solid content [mass%] 55.6 55.6
Measured solution acid
29.6 29.6
value [mg KOH/g]
Weight-average molecular
i . 4800 5800
Properties weight
Number-average molecular
] 1700 2000
weight
Initial viscosity CD C
VOC content [g/L] 440 440
Storage stability | Viscosity change rate [%] 120 120

[0139]
Examples 1 to 11 and Comparative Examples 1 to 4

Examples 1 to 11 and Comparative Examples 1 to 4 using the resin compositions A-1 to
A-15 are shown in Table 4. In Table 4, the numerical values shown in the column of
"composition” indicate the blending amount (parts). The blending amount of the resin
composition is the amount of the entire resin composition.

Table 4 shows the evaluation results of the paint film performance (degree of
consumption, static antifouling properties, and visual appearance) of the paint films obtained
from the described resin compositions.

In addition, for Examples 1 and 11, and Comparative Example 4, the evaluation results of
the film haze values of the paint films obtained from the described resin compositions are shown.
[0140]

[Table 4]

44



9¢

C

0]

onfea dzey WL

pouANYM

pousIyM |

Apy3is
K10A

WEBN%H_EH

huoredsuer]:

huotedsuel])

huoredsuer ]|

huoredsuer

huoredsuey

huotedsuel ]

uoredsuel ]

huotedsuer I

huotedsueaThiuoredsuer])

huotedsuer |}

huotedsuel

Jouereadde enstp

sonzadord

Jurmnojnue onels

(4%

Y

Sy

¥l

St

Se

1o

8¢

91

So1 €9

0¢

Ly

9a13op uondwnsuo))

ouetnIofad)

wyy Jured

SI-v

vi-v

eIV

[45%

11-v

01-v

oV

8V

LV

uonsodwod

ursoy

9V

SV

v

eV

44

00T

1-v

¥

11

01

ordwexyq

Janeredwo))

ordwexyq

J1dwexy saneieduwo))

ordwexyq

45



[0141]

The resin compositions A-1 to A-6 and A-10 to A-14 had a small change in viscosity
during storage, exhibiting excellent storage stability. In addition, the paint films of these resin
compositions had an appropriate consumption degree. Furthermore, the paint films of Examples
1 to 11 using these resin compositions exhibited excellent static antifouling properties and had a
good visual appearance evaluation, exhibiting excellent light transmittance.

Moreover, the paint films of Examples 1 and 11 obtained from the resin compositions A-
1 and A-14 can be said to have excellent light transmittance also from the low film haze value.

On the other hand, the resin composition A-7 with the content of the structural unit (B) in
the copolymer of less than 35 mass% had a high viscosity and poor ability to reduce VOC, also
exhibiting poor storage stability.

The resin composition A-8 with the weight-average molecular weight of the copolymer
of more than 6500 exhibited poor storage stability.

The resin composition A-9 with the weight-average molecular weight of the copolymer
lower than that of the resin composition A-7 exhibited improved storage stability but had poor
long-term antifouling properties due to an excessively high consumption degree of the paint film.
This was also confirmed by the evaluation results of the static antifouling properties of
Comparative Example 3 using the resin composition A-9.

The paint film obtained from the resin composition A-15 with the content of the
structural unit based on MMA-MM in the copolymer of 13 mass% or more had a high film haze

value, exhibiting poor light transmittance.

Industrial Applicability
[0142]

According to the present invention, there can be provided a resin composition that can
form a paint film exhibiting excellent antifouling effect and is unlikely to increase in viscosity
during storage, exhibiting excellent storage stability.

The paint film obtained using the resin composition of the present invention can be

suitably used for preventing adhesion of marine organisms.
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Claims

[Claim 1]

A resin composition comprising:

a (meth)acrylic copolymer and an organic solvent,

the (meth)acrylic copolymer including:

a structural unit (A) based on a metal atom-containing polymerizable monomer (a)
including a structure represented by Formula (1) or (2) and an ethylenically unsaturated bond;
and

a structural unit (B) based on at least one polysiloxane block-containing polymerizable
monomer (b) selected from the group consisting of a polymerizable monomer represented by
Formula (b1), a polymerizable monomer represented by Formula (b2), a polymerizable monomer
represented by Formula (b3), and a polymerizable monomer represented by Formula (b4);
wherein

a content of the structural unit (A) is from 5 to 35 mass%, a content of the structural unit
(B) is from 35 to 75 mass%, and a content of the structural unit based on a (meth)acrylic
macromonomer is less than 13 mass%, relative to a total mass of all structural units constituting
the (meth)acrylic copolymer,

a weight-average molecular weight of the (meth)acrylic copolymer is 2000 or more and
6500 or less, and

a VOC content is 500 g/L or less:

-CO-0-M-0-CO- (1)

-CO-O-M-R’ (2)

CHy=CR*-CO-0-(CyH2u-0)y-CyHaw-(SiR*R*-0),-SiR*R*R¥ (b1)
CH2=CR*-CO-O~(CyHaw-0)v-CwHaw-Si(OSIR**R*R*)3 (b2)
CH2=CR*-CO-0-(Cx'Har-O)r-Cor Han-Si((OSiR?R*)-OSiR*R*R*),-OSi((OSiR*6R™");-
OSiR?R%R%),-CyHao-(0-CpHap)q-0-CO-CR?=CH2 (b3)
CH2=CR'#-CO-O-(CxHx-0)1-CnHom-(SiR PR ¢-0),-SiR 1R '*-CoH20-(0-CpHzp)g-O-CO-
CR'=CH; (b4)

where M represents Zn, Cu, Mg, or Ca, and R” represents a monovalent organic acid
residue,

R’ represents a hydrogen atom or a methyl group, u represents an integer from 2 to 5, v
represents a number from O to 50, w represents an integer from 2 to 5, x represents a number
from 3 to 80, and 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,

R* represents a hydrogen atom or a methyl group, u’ represents an integer from 2 to 5, v’
represents a number from O to 50, w’ represents an integer from 2 to 5, and R* to R*! each
independently represent an alkyl group, -(OSiR>'R>?),-OSiR3R3R>, where y represents an
integer from 0 to 20, and R3! to R¥ represent an alkyl group, or -R%*-(OC,;Hz),-ORY’, where y’
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represents an integer from 1 to 20, R represents an alkylene group, and R represents an alkyl
group,

R?? and R? each independently represent a hydrogen atom or a methyl group, k' and p’
each independently represent an integer from 2 to 5, I’ and q each independently represent a
number from O to 50, m’ and o’ each independently represent an integer from 2 to 5, r and s each
independently represent a number from 0 to 20, and R?® to R each independently represent an
alkyl group, and

R'% and R!f each independently represent a hydrogen atom or a methyl group, k and p
each independently represent an integer from 2 to 5, 1 and q each independently represent a
number from O to 50, m and o each independently represent an integer from 2 to 5, n represents a
number from 3 to 80, and 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.

[Claim 2]
The resin composition according to claim 1, wherein a content of the (meth)acrylic

copolymer is from 10 to 65 mass% relative to a total mass of the resin composition.

[Claim 3]

A resin composition comprising:

a (meth)acrylic copolymer comprising:

a structural unit (A) based on a metal atom-containing polymerizable monomer (a)
comprising a structure represented by Formula (1) or (2) and an ethylenically unsaturated bond;
and

a structural unit (B) based on at least one polysiloxane block-containing polymerizable
monomer (b) selected from the group consisting of a polymerizable monomer represented by
Formula (b1), a polymerizable monomer represented by Formula (b2), a polymerizable monomer
represented by Formula (b3), and a polymerizable monomer represented by Formula (b4); and

an organic solvent, wherein

a content of the structural unit (A) is from 5 to 35 mass%, a content of the structural unit
(B) 1s from 35 to 75 mass%, and a content of the structural unit based on a (meth)acrylic
macromonomer is less than 13 mass% relative to a total mass of all structural units constituting
the (meth)acrylic copolymer,

a weight-average molecular weight of the (meth)acrylic copolymer is 2000 or more and
6500 or less,

a content of the organic solvent is 50 mass% or less relative to a total mass of the resin
composition, and

a viscosity measured by a Gardner bubble viscometer at 25°C and a solid content

concentration of 50 mass% is Z or less:
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-CO-0-M-0-CO- (1)

-CO-O-M-R’ (2)

CHy=CR*-CO-0-(CyH2u-0)y-CyHaw-(SiR*R*-0),-SiR*R*R¥ (b1)
CH,=CR*-CO-O-(CyHaw-O)v-CywHaw-Si(OSiR*R*R*)3 (b2)
CH2=CR*-CO-0-(Cx'Har-O)r-Cor Han-Si((OSiR?R*)-OSiR*R*R*),-OSi((OSiR*6R™");-
OSiR*R*R*),-CyHao-(0-CpHap' )g-O-CO-CR?=CH; (b3)
CH2=CR'#-CO-O-(CxHx-0)1-CnHom-(SiR PR ¢-0),-SiR 1R '*-CoH20-(0-CpHzp)g-O-CO-
CRY=CH3 (b4)

where M represents Zn, Cu, Mg, or Ca, and R” represents a monovalent organic acid
residue,

R% represents a hydrogen atom or a methyl group, u represents an integer from 2 to 5, v
represents a number from O to 50, w represents an integer from 2 to 5, x represents a number
from 3 to 80, and 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,

R* represents a hydrogen atom or a methyl group, u’ represents an integer from 2 to 5, v’
represents a number from O to 50, w' represents an integer from 2 to 5, and R* to R*! each
independently represent an alkyl group, -(OSiR>'R>?),-OSiR3R3R>, where y represents an
integer from O to 20, and R>! to R represent an alkyl group, or -R°-(OC2Hz),-ORY’, where y’
represents an integer from 1 to 20, R represents an alkylene group, and R represents an alkyl
group,

R? and R? each independently represent a hydrogen atom or a methyl group, k’ and p’
each independently represent an integer from 2 to 5, I’ and q' each independently represent a
number from O to 50, m’ and o' each independently represent an integer from 2 to 5, r and s each
independently represent a number from 0 to 20, and R to R?* each independently represent an
alkyl group, and

R'® and R each independently represent a hydrogen atom or a methyl group, k and p
each independently represent an integer from 2 to 5, | and q each independently represent a
number from 0O to 50, m and o each independently represent an integer from 2 to 5, n represents a
number from 3 to 80, and 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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