190

Frat

DESCRIPTION

ANTIFOULING COATING COMPOSITION, ANTIEFOULING COATING FILM AND
ANTIFOULING SUBSTRATE, AND METHOD FOR PRODUCING ANTIFOULING

SUBSTRATE

TECHENLCAL FIELD
{00017
The present invention relates to an antifouling coating
composition that has long-term storage stability and gives a
coating film exhibiting excellent antifouling properties and
water resistance (long-term mechanical properties); an

antifouling coating film formed therefrom and an antifouling

a

substrate having such a ceoating film; and antifouling substrate

production method.
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The surfaces of substrates such as ships, underwater
structures and fishing nets that are exposed to water for a long
term easily undergo the adherence theretc of various aguatic
creatures including animals such as ocyster, mussel and barnacle,;
plants such as laver, and bacteria. The propagation of these

aguatic creatures on the substrate surfaces would cause various
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problems: where the substrate is a ship, for example, the surface
roughness increases from the waterline to the bottom of a ship,
resulting in the decrease in the speed of a ship and increase in
fuel cost of a ship. Where the substrate is a fishing net such
5 as a culturing
aguatic creatu

net and a fixed net, the clogging of the mesh by

res could cause serious problems such as the death
10

of cultured creatures and caught fish because of oxygen deficiency

Where the substrate is a water supply and exhaust pipe for seawater

systems.

of e.g., a thermal power plant and a nuclear power plant, it may
water) is clogged or flow rate is decreased to disturb circulation
[0003]

happen that the water supply and exhaust pipe for seawater (cooli
>

™
i

(o]

Regarding such problems, in order to prevent the adherence
15 o©f aquatic creatures onto various substrates, the research and

development of antifouling paints to be applied on the substrates
(antifouling coating composition)
00043

are underway.
As a conver
20

component

a

(binder component)
thereof,

a
cosg

ot

coating composition containing a hydrolyzable resin as a resin
is known.

As a typical examp
ing composition containing a hydrolyzable resin
having a triorganosilyl group has been developed.
composition is appl

p—

e

+1h

io
e bott

7

To

92}

uch a cosa

s

ing
m of ships and the like in order
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to prevent aquatic creatures from adhering thereto.
10005]

The hydrolyzable resins having a triorganosilyl group that
are generally known are the cones obtained by (co)pelymerizing as

a monomer coemponent triiscpropylsilyl acrylate (TIPSA) and/orx

triisopropylsilyl methacrylate (TIPSMA). For example, the
following Patent Literatures 1 to 7 disclose antifouling coating

compositions containing these (co)polymers.

(0006]
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Patent Literature discloses a coating composition

composed of a copolymer conta
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ning 55 to 75 parts by weight of

tri-i-propylsilyl (meth)acrylate (a), 2 to 20 parts by weight of

r

A

methoxyethyl acrylate (b) and 43 to 5 parts by weight of other

pelymerizable monomer (), with respect to of 100 parts by weight
of total monomer components, and an antifouling agent.

(00073

Patent Literature 2 discleses an antifouling coating
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compcesition containing, as a vehicle, a copolymer obtainable
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triorganosilyl methacryiate monomer, a specific
alkoxya.kyl methacrylate monomer and an ethylenic unsaturated
monomer copolymerizable with these monomers.

{00087

Patent Literature 3 discloses an antifouling coat
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n containing a copolymer obtained from a specifi
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triorganosilyl methacrylate monomer and a specific methoxyalkyl
methacrylate monomer, and rosin copper salt or a rosin derivative
copper salt.

[0009]

g

atent Literature 4 discloses a cocating composition
containing, as essential components, a copolymer obtained from
silyl-based monomer having an acryloyiqu group and a specific
monomer, and an antifouling agent.

[0010]

Patent Literature 5 discloses a coating composition
containing, as essential components, a rosin-based compound, an
organosilyl ester group-having polymer cbtained from a
silyl-based monomer having acryloyloxy group and the like, and

an antifouling agent.

Patent Literature 6 discloses an antifouling coating

composition containing a triisopropylsilyl (meth)acrylate

;__!
Q
¢t

copolymer obtainable by copolymerizing triisopropylsilyl

(meth)acrylate, methyl methacrylate and another (meth)acrylic
acid ester and having a specific glass transition temperature and
a specific number average molecular weight; a rosin copper sait

or a ro

1]

in derivative copper salt; and cuprous oxide.

1

[0017]

e

Patent Literature 7 discloses an antifouling coating
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composition containing a polymer obtained by polymerizing a
polymerizable unsaturated carboxylic triorganosilyl and having
a number average molecular weight of 1000 to 20000, and a rosin

zinc salt or a rosin derivative zinc salt.

CITATION LIST

PATENT LITERATURE

[0013]

Patent Literature 1: JP-A-2001-226440
Patent Literature 2: JP-A-2005-82725
Patent Literature 3: W02010/071180
Patent Literature 4: JP-A-07-102193
Patent Literature 5: JP-A-10-30071
Patent Literature 6: JP-B-4340777

Patent Literature 7: W02009/066632

SUMMARY
TECHNICAL PROBLEM
[0014]
However, antifouling coating compositions containing, as
a hydrolyzable resin component, a homopolymer or copolymer of
TIPSA or TIPSMA that are disclosed in Patent Literature 1 to 7
need to be improved in terms of their properties, as follows.

[0015]
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ng to the study of the present inventors, the
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ot

antifouling coating f£ilm formed from the antifouling coating

composition containing a homopolymer of TIPSEZ 1s good in terms
of its coating film consumption property (renewability), but

allows hydrolysis reaction within the coating film to take place
relatively early and thus tends to undergo cracking not long after
immersed in water. In addition, the homopolymer of TIPSA becomes

readily decomposed during the production of coating material or

the storage of coating material by the incorporation of moisture

fode

and temperature increase. Particularly in the presence of
divalent metallic ions, the viscosity of the resulting coating
material 1s increased with the passage of time.

[001le]

The coatingmaterial viscosity is increased presumably when
the homopolymer, fromwhicha triisopreopylsilyl group is released,
becomes an acid polymer (having a carboxyl group at its side
chains), and carboxyl groups are bonded toc one another via a
divalent metal ion such as a copper ion and a zinc ion derived
from cuprous cxide and zinc oxide, respectively, and are
three-~dimensionally crosslinked.
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On the other hand, the antifculing coating composition
containing a homeopolymer of TIPSMA has good storage stability and

generally has high water resistance, thus making it difficult for



hydrolysis reaction toprogress within the coating filmrelatively
early. However, this composition has poor coating film
consumption property (renewability), and therefore gives an
antifouling coating £ilm that has insufficient static antifouling
properties. For example, this antifouling coating film, when

often used for ships staying in port, exhibits insufficient

j$h3
f

ntifouling properties. In addition, because TIPSMA has a high
Tg, this antifouling coating film tends to have an excessively
high hardness, and thus cannot follow flexure as well as swelling
ard shrinkage of ship steel plates, easily causing cracking.
[0018]

The coating compositions containing any of TIPSA and TIPSMA
copolymers disclesed in the Patent Literatures 1 to 7 enable its
antifouling coating filmto have improved coating film consumption
property and static antifouling properties. However, appearance
properties and adhesion of their antifouling coating films when
immersed in seawater (particularly when immersed for a long term),

storage stability of such coating compositions have not been

Q.

an
improved sufficilently in a balanced manner yet.
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As described above, it has been impossible for conventional

iorganosilyl group-having

a t

I8

cecating compositions containin

3

hydrolyzable resin to form antifouling coating films

satisfactorily exhibiting all of antifouling properties,
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appearance properties and adhesion and for such conventional
coating compositions to exhibit satisfactory storage stability,
and thus the regpective properties have been under trade-off
relationship among one another.

[0020]

In view of the failure to overcome the problems by such
conventional antifouling coating compositions containing
triisopropylsilyl (meth)acrylate polymers, the present inventors
found that by allowing a copolymer of triisopropylsilyl
methacrylate and triisopropylsilyl acrylate to have specific
ratios of structural units derived from respective monomersg, it
is possible for an antifouling coating composition to have good
long-term storage stability, and for a éoating film formed from
said coating composition to have good long-term antifouling

properties and long-term water resistance, with good balance.

{00211

That is, it is an object of the embodiments discloged herein
to provide an antifouling coating composition that is excellent
in long-term storage stability and gives a coating film excellent
in long-term antifouling properties and’long—term water
resistance.
[0021a]

In a first agpect, there is provided a silylacrylic
copolymer for use a binder component of an antifouling coating

composition, the silylacrylic copolymer
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comprising a structural unit (1) derived from triisopropylsilyl
methacrylate (i), a monomer structural unit (2) derived from
triisopropylsilyl acrylate (ii) and a structural unit (3) derived
from a polymerizable monomer having a polymerizable double bond
(1ii), which excludeg the above (i) and (ii), the silylacrylic
copolymer satisf?ing the following Reguirements 1 and 2;

Reguirement 1: the content weight ratio ([(1)+(2)]1/(3)) of
the total weight ((1)+(2)) of the structural unit (1) and the
structural unit (2) to the content weight of the structural unit
(3) is 50/50 to 90/10; and

Requirement 2: the content weight ratio ((1)/(2)) of the
content weight of the structural unit (1) to the content weight
of the structural unit (2) is 60/40 to 95/5.

[0021Db]

In a second aspect, there is provided an antifouling coating
compogition comprising the silylacrylic copolymer (A) as defined
herein.

[0022]

It is another object of the present disclosure to provide

an antifouling coating film and an antifouling substrate that are

prepared by using the coating composition and being excellent in



10

15

20

long-term antifouling properties and long-term water resistance;
and a method for producing an antifouling substrate excellent in
long-term antifouling properties and long-term water resistance.
[0022a]

In a third aspect, there is provided an antifouling coating
film formed by curing the antifouling coating composition as
defined above.

[0022b]

In a fourth aspect, there is provided an antifouling
substrate formed by coating or impregnating a substrate with the
antifouling coating composition as defined above, and curing the
coating composition, which is used to coat or impregnate the
substrate, to thereby form an antifouling coating film on the
substrate.

[0022¢]

In a £ifth aspect, there is provided a method for producing
an antifouling substrate, the method comprising coating or
impregnating a substrate with the antifouling coating compogition
as defined above; and curing the coating composition, which is
used to coat or impregnate the substrate, to thereby form an

antifouling coating film on the substrate.
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TECHNICAL SOLUTION
[0023]

The antifouling coating composition according to the
present invention comprises a silylacrylic copolymer (A) that
comprises a structural unit (1) derived from triisopropylsilyl
methacrylate (i), a monomer structural unit (2) derived from
triisopropylsilyl acrylate (ii) and a structural unit (3) derived

from a polymerizable monomer having a polymerizable double bond
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(1ii}, which excludes the above (i) and (ii), and satisfies the
following Requirements 1 and 2;

Reguirement 1: the content weight ratio ([(1)+(2)]1/(3)) of
the total weight ((1)+(2)) of the structural unit (1) and the
structural unit (2) to the content weight of the structural unit
(3) is 50/50 to 90/10; and

Requirement 2: the content weight ratio ({1)/{2)) of the
content weight of the structural unit (1) to the content weight
of the structural unit (2) is more than 50/50 and not more than
95/5.

[0024]

In the antifouling coating composition of the present
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invention, the polymerizable monomer (1ii) is preferably an ester
having & polymerizable double bond, or a carboxylic acid having

a poiymerizable double bond.

0025)

g
i,

It is preferable that the antifouling coating composition
of the present invention further comprises a rosin and/or &
monocarboxylic acid compound (B).

[0026)

It is preferable that in the antifouling ccating composition
of the present invention, the content weight ratio (Wa/Wa) of the
content weight (Wp) of the silylacrylic copolymer (A) to the
content weight (Wz) of the rosins and/or monocarboxylic acid
compound (B) is 99.9/C.1 to 30/70.

[00271%

It is preferable that the antifouling coating composition

th

cf the present invention further comprises at least one selected

from the group consisting of a copper compound (L), an organic

5

ntifouling agent (D)}, and other additive(s) (E) including a
plasticizer (el), an extender pigment (e2), a pigment dispersant
(e3), a coloring pigment (e4), an anti-sagging agent (ed), an

anti-settling agent (e6) and a dehvdrating agent (e7), and a

The antifouling coating f£film according to the present
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invention is formed by curing the antifouling coating composition.
[0029]

The antifouling substrate according to the present
invention is formed by coating or impregnating a substrate with
the antifouling coating composition, and curing the coating
composition, which is used to coat or impregnate the substrate,

to thereby form an antifouling coating film on the substrate.

It is preferable that the antifouling substrate of the

present invention contacts with seawater or fresh water.
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It is preferable that in the antifoulin
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the present invention, the substrate is at least one selected from

[5)]

the group consisting of an underwater structure, a ship and a
fishing gear.
(0032]

A methoed for producing an antifouling substrate according
to the present invention comprises coating or impregnating a

substrate with the antifouling coating composition; and curing

coat or impregnate the

O

™
L

Q.

S use

fode

the coating compesition, which

substrate, to thereby form an antifouling ccating

e

=

ilm on the

1

The silylacrylic copolymer, which is used as a binder
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component of the antifculing coating composition, according to
the present invention comprises a structural unit (1) derived from
triisopropylsilyl methacrylate (i), amenomer structural unit (2)

derived fromtriisopropyisilyl acrylate (ii) anda structura

i-MJ

unit

3) derived from a polymerizable monomer having a polymerizable

—

double bond (iii), which excludes the above (i} and {(ii), the
silylacrylic copolymer satisfying the follewing Requirements 1
and 2;

Reguirement 1: the content welght ratio ([{(1)}+{(2}1/(3)) of
the total weight ((1)+{2)) of the structural unit (1) and the
structural unit (2) to the content weight of the structural unit
(3) is 50/50 £090/10; and

- o
Requirement 2:
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content weignt of the structural unit (1) to the content weight

\!
4

of the structural unit {(2Z) is more than 50/50 and not more thar
95/5.

ADVANTAGEQOUS EFFECTS OF THE INVENTION
(0034}

The antifouling coating composition according to the
present invention is excellent in jong-term storage stability (in
particular, less increase in its viscosity during long-term
storage) and gives a coating film excellent in long-term

antifouling properties |

v
fte

j—r
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n particu

r static antifouling
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properties ) and long-termwater resistance {(long-termmechanical
properties: adhesion, abrasion resistance, crack resistance, and

appearance properties such as fracture, cf a coating £ilm when

immersed in water, particularly seawater), with good balance.
The antifouling coating film and the antifouling substrate

according to the present invention exhibit excellent long-term
antifouling properties and long~term water resistance (long-term

1

mechanical properties) with good balance. Furthermore, the

method for producing the antifouling substrate according to the
present invention can provide an antifouling substrate exhibiting
excellent long-term antifouling properties and long-term water

reslst

Nnce.

Qs

EMBODIMENTS OF THE INVENTION
100357
Hereinafter, the antifouling coating composition, the

antifouling coating film and the antifouling substrate, and the

th

antifouling substrate production method, according to the present

invention, are described in detai

Antifouling coating compositioni

he present

Fh
f

ouling coating composition o

iy

The anti
invention {antifouling paint) comprises a specific silylacrylic
copelymer (A). The antifouling paint of the present invention

may contain an optional component according to purpose.
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. Silylacrylic copoiymer (A}

The silylacrylic copolymer (A) comprises a structural unit
(1) derived from triisopropylsilyl methacrylate (i), a moncmer

structural unit (2) derived from triisopropylsilyl acrylate (ii)

and a structural (3} derived from a polymerizable monomer

(iii) having a polymerizable double bond, which excludes the above

This silylacrylic copolymer satisfies the following
Requirements 1 and 2.
Reguirement 1: the content weight ratio ([ (1)+(2)]1/(3)) of

' ((1Y+(2)) of the structural unit (1) and the

joy

the total weigd!

;_r

tructural unit (2) to the content weight of the structural unit
(3) is 50/50 teo 90/10, desirably 60/40 to 80/20, in terms of

improving coating film hydrolvzability {(consumption property),

static antifouling properties and the like.

iy

Requirement 2: the content weight ratio ((1)/(2)}) of the

he structural unit (1) to the content weight

ct

content welght of
cf the structural unit (2} is more than 50/50 and not more than
85/5, desirably 60/40 te 90/10, in terms of improving coating film
water resistance {(mechanical properties), coating film

iton property), static antifouling

o]
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hydrclyzability (consumpt

-
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properties, storage stability and the like.
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[0038]

For convenience sake, the content weight ratios in the

foud

Regquirement 1 and the Requirement 2 are also called the content
welight ratio (I) and the content weight ratio (II), respectively.
[0039}

It is preferred that the silylacrylic copolymer (A) is
contained in the antifouling coating compesition of the present
invention usually in an amount of 10 to 50% by weight, preferably
15 to 30% by weight, in terms of improving coating workability,
long-term storage stability, coating film water resistance
(mechanical properties), coating film hydrolyzability
(consumption property), static antifouling properties, coating
film appearance and the like. It is preferred that the
silylacrylic copolymer {(A) is contained, with respect to 100% by
weight of the solid content (heat residue or non-volatile content)

of the antifouling coating composition of the present invention,

usually in an amount of about 5 to 50% by weight, preferably about

[

C to 30% by weilght, in terms of improving ccating workability,
long-term storage stabiiity, coating film water resistance
(mechanical properties), ccoating film hydroiyzability
(consumption property), static antifouling properties and

coating film appearance. The solid content (heat residue)

contained in the antifouling coating compesition is obtained by

}=-

keeping 1.5 g of the antifouling coating composition in a
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thermostat chamber at 125°C for 1 hour to remove volatile contents.
[0040]

The polymerizable moncmer having a polymerizable double
bond (iii) refers to a monomer excluding the triisopropylsilyl
methacrylate (1) and the triisopropylsilyl acrylate (ii)} and
having a polymerizable double bond (for example, vinyl group,
(meth)acryloyl group), and is copolymerized with the above (i},
{ii} or the monomer (iii).

10041

[y

The polymerizable monomer (iii) is preferably an ester
having a polymerizable double bond, or a carboxylic acid having
a polymerizable dcuble bond. The peclymerizable monomer (iii),
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triisopropylsilyl methacrylate (i) and the triisopropylsilyl
acrylate (iil), and has reactivity with the triisopropylsilyl
methacrylate (1) that is a similar degree to reactivity with the

triisopropylsilyl acryiate (ii). Therefore, the produced
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ylic copolymer (A) has structural units derived from

r

espective monomers which are uniformly {randomly) incorporated,

and has good compatibility alsc with re ct to a solvent. In

0
)

P
other words, when the pclymerization reactivity is extremely

different among respective monomers and the copolymerization of
respective monomers is difficult, a problem such that copolymers

having structural units in a non-uniform manner or homopolymers
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are obtained is caused. By contrasi, when the polymerizable
monomer {iii) is the compounds described above, the occurrence
of the above problem is redueced, and stable production of the

ilylacrylic copolymer (A) is achieved.

Examples of the ester and the carboxylic acid used as the

CURY 3 -
i

polymerizable monomer (iil), which exclude

ot

he triisopropylsilyl

acrylate (i) and the triisopropylsilyl acrylate (ii), include

(9
ot
5

{methyacrylic acid esters, monocarpboxylic acids, dicarboxylic
10 acids and half-esters (monoester), diesters and vinyl esters
therecf. Examples of the polymerizable monomer (iil) other than

the esters and the carboxylic acids include styrenes.

)

[a—

=

004
Specific examples of the polymerizable monomer (iii)

15 include (meth)acrylic acid esters such as methyl {(meth)acrylate,
ethyl{meth)acrylate, butyl(meth)acrylate, Z-ethylhexyl
(meth)acrvlate, lauryl (meth)acrylate, tridecyl (meth)acrylate,

stearyl {(meth)acrylate, allyl {(meth)acrylate, cycliohexyl

crylate, benzyl (meth)acrylate, isobonyl (meth)acrylate,

Qs

3
(meth)

-

20 methoxy (meth)acrylate, ethoxny {(meth)acrylate, glycidyl
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, hydroxyetnyl
(meth)acrylate, hydroxypropyl (meth)acrylate, hydroxybutyl

{meth}acrylate;

monocarboxylic acids such as (meth)acrylic acids;
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dicarboxylic acids such as itaconic acid, maleic acid and
succinic acid, and half-esters (monoesters) anddiesters thereof;

styrenes such as styrene and a—methyl styrene; and

vinyl esters such as vinyl acetate and vinyl propionate.

These are used singly, or two or more kinds thereof may be

combined.

The silylacrylic copolymer (A) preferably has a weight
average mclecular weight of 5000 to 100000, more preferably 10000
to 60000. By emplcying the silylacrylic copolymer (A} having a
weight average molecular weight falling within these ranges, the

antifouling cocating composition gives a coating £ilm that has good

fr
.

jo%

hydrelyzability and has much improve

¥
e

static antifouling

properties and further excellent long-term mechanical properties
(e.g. adhesion of the antifouling coating film of the present
invention to a substrate, an under-coating film and the like, and
appearance properties such as cracking of the antifouling coating

film, in the case of immersion in water for a long term).

The value of the weight average molecular weight is that
as measured by gel permeation chromatography (GPC), and determined

P

by using standard polystyrene calibration curve. The GPC

3

b

conditions in molecular welght measurement are as fcllows.

GPC conditions
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Pump: “HLC-8120GPC” (manufactured by Tosoch Corporation)
Column: “SuperHzZ000+H4000” (manufactured by Tosch Corporation,
6 mm (inner diameter), 15 cm {length) £for each column)

Eluent: tetrahydrofran (THF)

Other conditions

Fl rate: 0.500 ml/min.

O

Detector: RI

Column thermcostat chamber temperature: 40°C

Standard substance: polystyrene
Sample preparation method: To a solution containing the copolymer

(A}, a small amount cf calcium chloride is added to dehydrate the
solution, which is followed by filtration with a membrane filter.

The cobtained filtered material is used as a semple for GPC

In the silylacrylic copolymer (A), the content weight ratic

¢t

([(1)+{2)]1/(3)) {the content weight ratio (I)) of the total weight

uQ

{((1y+{2)) of the structural unit (1) and the structural unit (2)

he structural unit (3) is 50/50 to 90/10,

h
¢t

to the content weight o©

preferably 55/45 to 85/15, more preferably 60/40 to 80/20.

ide

When the content weight ratic {I) is within the above ran
it is possible to obtain an antifouling coating composition having

good coating film hydrelyzability (consumption property), static
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antifouling properties and coating f£ilm water resistance
(mechanical properties).
[0048]

The content weight ratio {(1)/{2)) (the content weight ratio
(II)) of the content weight of the structural unit (1) to the
content weight of the structural unit (2) is more than 50/50 and
not more than 85/5, preferably 55/45 to 90/10, more preferably
60/40 to 85/15, particularly preferably 65/35 to 80/20.
[0049]

When the content weight ratio (II) iswithin the above range,
the antifouling coating film formed from the antifouling coating
composition, when immersed in water, particularly seawater,

exhibits sufficient coating film consumption preperty

(=

(renewapility), and therefore exhibits good long-term

antifoulin roperties such as static antifoulin roperties
» I3

foomt

making it possible for cracking to occur less often for a lon

Q

term.
00507

The silylacrylic copolymer (A) is prepared by
copolymerizing the triisopropylsilyl methacrylate (i), the
triisopropylsilyl acrylate (1i) and the polymerizable monomer
having a polymerizable double bond (1ii) by a known polymerization
method. An exemplary polymerization method is a radical or ionic

polymerizaticn in sclution polymerization, bulk polymerization,
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semi-batch polymerization, suspension polymerization,
coordination polymerization, living polymerization or
emulsification polymerization.

0051}

P

In particular, in terms of improving the productivity and
manufacturing werkability of the silylacrylic copolymer (A) as
well as preparing the copolymer (A) having low viscosity, it is
preferable to subject the above (1)-(iii) to solution
polymerization by using an organic sclvent commonly used such as
toluene, =xylene, methyl isobutyl ketone and n-butyl acetate.
When the copolymer (A) has a low viscosity as described above,

the amount of a solvent added to reduce the viscosity of the

[
|__l

anti

bt

ouling coating composition can pbe lowered, leading to the

decrease in the VOC value. The reduced viscosity of the
antifouling coating composition can enhance the coating
workablility of the coating compesition, and the appearance

properties (leveling properties) and the like of the antifouling

As radical polyvmerization catalysts, xnown ones can be
widely used, such as azo compounds such as
2,2 ~azopis(2-methylbutyronitrile) (AMBN) ,
2,2'-azobis {2, 4~-dimethylvaleronitrile) and

2,2’ —azobis-isobutyronitrile; and peroxides such as
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enzoylpercxide, t-butylperoxy-2-ethylhexanoate,
t-butylperoxybenzoate, t-butylperoxyoctoate, as described in
Jp-A-2001-151830, paragraph [{0099]) and the like.

The ratio ¢f charge (weight) of the above (i) to (iii), which
are monomers subjected to polymerization reaction, tends to
correspond to the content (weight) ratio of the structural units
{1y to (3) contained in the resultant copolymer, respectively.
Thus, regarding the Reguirements 1 and 2, the content welght ratio
(Iy and the content weight ratio (II) can be controlled to be

desired ones, based on the amcunts (weights) of charge ¢f (1) to

(iii) and on the weight ratio of charge (({(i)/{ii) or
((I)+{2d)) /(= (1) + 115y )) .
(00547

~

2. Rosin or Monocarboxylic acid compound (B)

The antifouling coating compositicn of the present

invention may comprise & rosin or a monocarboxylic acid compound

3

(B), in terms of promoting the elution of the antifouling agent

from the antifouling coating formed from the composition in

fot
=

il

h

order to improve particularly static antifouling properties.
Exampies of the rosinused herein include rosins such as gum rosin,

wood rosin and tail oil rosin, and rosin derivatives such as a

Pty

hydrogenated rosin and a disproportionated rosin. Examples o

the monocarboxylic acid compound include aliphatic or alicyclic
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meonocarboxylic acids, menocarboxylic acid derivatives thereof
and metal salts thereof.
[0055]

Specific examples of the monocarboxylic acid compounds
inciude naphthenic acid, cycloalkenylcarboxylic acids,
bicycloalkenylcarboxylic acids, versatic acid, trimethyl
isobutenyl cyclohexene carboxylic acid, stearic acid,
hydroxystearic acid, salicylic acid, and metal salts thereof.
[0056]

In the antifouling coating composition of the present
invention, the content weight ratio (Wi/Ws) of the content weight
{Wa} of the copolymer (A) to the content weight (Wz) ¢f the rosin
or monocarboxylic acid compound (B) is preferably 29.8/0.1 to
30/70, more preferably 95/5 to 35/65, still more preferably 90/10

to 40/60. When the content weight ratio is within these ranges,

ct

he grindability (coating film consumption proverty) of the

g.,.l

=
:

antifouling cecating film formed from the antifouling coating

3

composition is increased, and thereby the antifouling properties

-

(

y particular static antifouling properties; can bDe enhanced.

v
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3. Copper compound (C)

The antifouling coating composition of the present

invention, in order to provide an antifouling coating film formed
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ing coating composition that has further inmproved
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antifouling properties, may further comprise a copper compound
{C). The copper compound may be any of organic cr incrganic copper
compounds, with examples thereof including cuprous cxide, copper
thiocyanate, cupronickel and copper pyrithione.

[0058]

In the antifouling coating composition of the present
invention, the content of the copper compound (C), with respect
to 100 parts by weight of the copolymer (A), is preferably 10 o
800 parts by weight, more preferably 100 to 750 parts by weight,
in terms of improving long-term antifouling properties of the
antifouling ceating film. The content of the copper compound (C),

with respect to 100% by weight of the antifouling coatin
g g

()
o0

composition {containing a solivent), is usually about 0.1 to 7

by weight,
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{0059]

It is preferable that these copper compounds are copper
compounds that do not contain 2% or more ¢f metallic copper based
on their total weight.

[0060]

4, Organic antifouling agent (D)
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antifouling properties, particularly improved antifouling
effects on plant marine organism. The organic antifouling agent

(D) is not particularly limited as long as being organic compounds

that provide the antifculing ccating film with antifouling

properties, excluding the above-mentioned organ copper
ompounds.

[0061]

Examples cf the crganic antifouling agent (D) include metal
pyrithiones such as zinc pyrithione,
4,5-dichloro~-2-n~octyl-4-isothiazoliin-3-one,
4-promo=-2- (4d-chlorophenyl}-5-{trifluoromethyl)~1H-pyrrocle-3-c

arbonitrile, pyridinetriphenylborane,

N, N-dimethyldichloropheny

i""“

urea,
2,4,6~trichlorophenylmnaleinide,
2,4,5,6-tetrachlorolisophthalnitrile,
bisdimethyldithiocarbamoylzinc ethylenebisdithiocarbamate,
chlcoromethyl-n-octyldisulfide,

N, N’ -dimethyl-N’~phenyl-(N-fluorcdichloromethylithio) sul

|
e

i

amide,

&
T

tetraalkylthiuramdisulfide, zinc dimethyldithiocarbamate, zinc

ethylenebisdichioccarbanate

4~

2,3~dichlorc-N=-(27,6" ~diethylphenylimaleimide and

[

In the antifouling coating compositicn of the present
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invention, the content of the organic antifouling agent (D), with
respect to 100 parts by weight of the copolymer (A), is preferably
6.1 to 500 parts by weight, more preferably 0.5 to 300 parts by

weight, in terms of allowing the antifouling coating film formed

o

i

rom the antifouling coating composition to have improved

.

maintenance of long-term antifcouling properties and coating £ilm
water resistance {(maintaining of mechanical properties). The
content of the organic antifouling agent (D), with respect to 100%
by weight of the antifouling coating composition (containing a
solvent), is usually about 0.1 to 30% by weight, preferably about
0.1 to 20% by weight.

{00637

5. Otner additive({s

—
.

The antifouling coating composition of the present
inventilon may comprise at least one additive (E) selected from

the group consisting ¢f a plasticizer (el), an extender pigment

{e2), a pigment dispersant (e3), a coloring pigment (ed), an

anti-sagging agent {(eb), an anti-settling agent (e6) and

ped

s

dehydrating agent (e7). EHereinafter, these additives (E} are

described in detail.

on

poae

It is preferable that the antifouling cecating compositi

of the present invention comprises a plasticizer (el} in order



uling coating film that has improved crack

to give an antifo
(el) include paraffin

Zer )

b=

L C

o
}J.

resistance. Examples of the plast
chiloride (chlorinated paraffin}, petroleum resinsg, ketone resins,
TCP {(tricresyl phosphate)}, polyvinyl ethyl ether and
llowing the antifouling coating

dialkylphthalate.
film formed from th oculing coating composition to have
(mechanical properties)

lWDTOVQG "oatlng film water resistance

and ccating film hydrolyzability {consumption property), the
plasticizer (el}, among these, is preferably paraffin chloride

(chli orlnated paraffin), petroleum resins or ketone resins. The

10
(el) may be used singly, or two or more kinds thereof

plasticizer

may be combined.

[C065]
Paraffin chloride may have any of linearmolecular structure
15 or branched molecular structure, and may be at a liguid state or

a solid state (for example: powder state) under room temperature
23°C) condition.

A3 N

{(for example:

[ocee;

Paraffin chloride has carbons in which the average number

20 of carbons in one molecule is usually 8 to 30, preferably 10 to
ffin

An antifouling cecating compesition containing such para

26.
that has less

gl

j—

—h

hloride can form an antifouling coating fi
f the average number of carbons

ture) and peeling.

cracking (fractu
suppressing the occurrence of cr

is less than 8, the effect of cks
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in the antifouling coating £ilm may become insufficient. On the
other hand, if the average number of carbons is more than 38, an
antifouling coating film may have decreased hydrolyzability
{(renewability, grindability), thus having deteriorated
antifouling properties.

rooev]

gy

The paraffin chloride usually has a viscosity (unit: Poilse,

C

measurement temperature: 25°C) of 1 or more, preferably 1.2 or
more, and usually has a specific gravity (25°C) of 1.05 to 1.80C,

preferably 1.10 zo 1.7C.

The paraffin chloride usually has a chlorination percentage

-

{chlorine content) with respect to 100% by weight of paraffin

O

chioride, of 35 to 70% by weight, preferably 35 to 65% by weight.
By containing the paraffin chlcoride having such chlorination

percentage, the antifouling coating compesition can forma coating

-

film that has less cracking {(fracture}, peeling and the like.

N .

Specific exampies of such paraffin chioride include “TOYCOPARAX

ge
D
0
b
Fh

1507 and “TOYOPARAX &~70" (both of which are manufactured by Tosoh

Examples of the petrcleum resins include CS-based ones,

CY%~based ones, styrene-based cnes, dichloropentadiene~based ones,

=

and hydrogenated products thereof. Specific examples of the
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petroleum resins include “Quintone 15007 and “Quintone 17007 (both

of which are manufactured by Zeon Corporation)

-

[0070]

J

.

In the antifouling coating composition of the present
invention, the content of the plasticizer

(el), with respect to
100 parts by weight of the copolymer (A), is preferably 0.1 to

300 parts by weight, more preferably 0.1 tc 200 parts by weight,

till more preferably 0.1 to 150 parts by weight, in terms of
allowing the antifouling coating £ilm formed from the antifouling

J—
«

coating composition to have improved coating ?

ilmhydroliyzability
{(consumption property), antifouling properties and coating film
water resistance (mechanical properties).

content of the plasticizer (el}

}» with respect to
15

ford
(@]
[an]
o

by weight of the antifouling coating composition

(containing a
solvent), is usually about 0.1 to 30% by weight, preferably about
0.1

ot

c 20% by weilght.

™~
o
<O
~J
3

Extender pigment

{ez)

20 The extender pigment (e2) can provide the antifoul

ing
coating film formed from the antifouling coating composition with

£ 4

impreved coating film

properties such as crack resistance.
[0073)

Examples of the extender pilgment (e2) include t

-
9

-
(=3
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mica, clay, potassium feldspar, zinc oxide, calcium carbonate,
kaolin, aluminum white, white carbon, aluminum hydroxide,
magnesium carbonate, barium carbonate and barium sulfate. Amon
these, preferred are talc, silica, mica, clay, calcium carbonate,
kaolin, barium sulfate, potassium feldspar and zinc oxide.
Calcium carbonate and white carbon are used also as an
anti-settling agent (e6) described later and a matting agent.
(00747

In the antifouling coating composition of the present

invention, the content of the extender pigment (e2), with respect

—

to 100 parts by weight of the copolymer (A), is preferably 0.1

te 500 parts by welght, more preferably 50 to 300 parts by weight
i b p y g r

fy

in view ¢f allowing the antifouling coating film formed from th

6]

+

antifouling coating composition to have improved coating film
water resistance (mechanical properties) and antifouling
properties and coating film hydrclyzability {(consumption

property) .

(&)
(]
~J
i
i

The content of the extender pigment (eZ) is, with respect
to 100% by weight of the antifouling coating compcsition

(containing a solvent), usually about 0.1 to 50% by wel

4]
!_J
Q
ol
ct

preferably about 0.1 to 40% by weight.
[0076]

Pigment dispersant (e3)
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Examples of the pigment dispersant (e3) include known
various organic and inorganic pigment dispersants. Examples of
the pigment digpersants include aliphatic amines or organic acids
(“Duomeen TDO" manufactured by Licn Co., Ltd.; “Disperbyk-101”
manufactured by BYK CHEMIE).

00777

in the antifouling coating composition of the present
invention, the content of the pigment dispersant (e3), with
respect to 100 parts by weight of the copoiymer (Aj, is preferably

.01

ot
O
b

100 parts by welght, more preferably 0.01 to 50 parts by

<

weight in terms of improving the effect of reducing the coating

material viscosity of the antifouling coating composition and the

Pay

effect of preventing the flooding of the antifouling ccating £ilm.

gment dispersant (e3), with respect

b

The content of the p

\

00% by weight of the antifouling coating composition

-4

to
{containing a solvent), 1s usually about 0.1 to 10% by weight,
preferably about 0.1 to 5% by weight.

0

—
<D

~1
(o]
—

Coloring pigment (ed)

i)

The antifouling coating composition of the present

e

ck

invention may comprise a coloring pigment (e4) in order to provide

he antifouling coating film formed from the antifouling coating

ct

composition with controlled hue and desired hue.

[0607¢]
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Examples of the coloring pigment (ed) include various known
organic and inorganic coloring pigments. Examples of the organic

o

coloring p

e

Q
e
3

ments include carbon black, naphthol red and
phthalocyanine blue. Examples of the inorganic coloring pigments
include red ‘ron oxide, barite powder, titanium white, and yellow
iron oxide.
(0080}

The antifouling coating composition of the present
invention may comprise, together with the coloring pigment (ed)
or instead of the coloring pigment (ed}, a colorant excluding the

coloring pigment (e4), such as dyes.

=t

n the

-
nTLlx

33

culing coating compesition ¢f the present
invention, the content of the coloring pigment (e4), with respect
to 100 parts by weight of the copolymer (A), is preferably 0.01
£o 100 parte by weight, more preferably 0.01 to 10 parts by weight,
in terms of allowing the antifouling coating £ilm formed from the
antifouling coating composition to have improved coloring
properties, shielding properties, exposure discoloration
properties, antifouling properties, and coating film water

resistance (mechanical properties).

The content ¢f the ccloring pigment {(e4), with respect to

100% by weilght of the antifouling coating composition (containing



s usually about 0.1 to 30% by weight, preferably about

a solvent),

~

0.1

[(0083]

Anti-sagging agent

o 20% by weight.

(e5)

invention may comprise an anti-sagging agent
the occurrence of

an anti-runnin

sagging of the coa
the antiifouling coating composition.

—
(813

]

The antifouling cocating compesition of

g agent

ting compo

o

oa L

y in terms of reducing

ion upon co

the present

5)

{
\

1

f the

ng the substrate with

e
artx

{eb) include amide wax,

ora

00841
Examples of the anti-sagging agent
hydrogenated castor oil-based wax, mixtures thereof and syntheti
fine powder silica. The anti-sagging agent {eb) is particularly
preferably amide wax or synthetic fine powder sil By using
ne powder silica as the anti-sagging agent
age stability of the

amide wax or synthetic fi
ossible

-t

[

r

S

(e5

A g

fouling

Fiim)

ot

O

coating

it is possible to p

s

antifouling c

adhesion,

catl

ng

b2

improve

it is po
antifouling coating compesition; and morsover when the formation
tion, on

ling coating £ilm, of a coa

i1 made of the same kind of
coating composition) or different kinds of ceocating compositions,
decrease of adhesion between the

vent

over coating properties

ilm and the over-coating

or

ed by the format
~coating

ing £ilm (over
coating composition (antifouling

fiim {int

\
] .
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ly available products o

00851
Examples of commercial
anti~-sagging agent (e5) include “DISPARLON A630-20XC"
by KUSUMOTC CHEMICALS, CO., LTD. and “ASAT-250F"
LTD.

L CHEMICALS CO.,

manufactured by ITO OI
[0086]
antifouling coating compositicon of the present
nt (eb), with

invention,

10

p

=
(831
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In the

anti-sagging agent
is possible to allow the antifouling coating composition to have

improved storage stability; and moreover when the formation of
i, OnN such

t of the anti-sagging age

ol

the ccnte:

i

respect to 100 parts by weight of the copolymer (A}, is preferably

£

1o

te 100 parts by weight, more preferably 0.1 to 50 parts by
), with respect

2

.
ch

e anti-sagging agent (e

th

The content o

ally about 0.1 to 20% by weight,
=nt of the

When the conte

[*s

I_l.

0
o
u

1
10% by weight.
it

at the range described above,

V is se

3
iy

followed by the formatio

the antifouling coating film is
an antifouling coating £ilm, of a coating film (over—coating £ilm)
made of the same kind of coating composition {antifouling coating
composition) or different kinds of coating compositions, it is
possible to prevent decrease of adhesion between the antifouling
coating £iim and the over-coating film (interlayer adhesion, over
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[00687]

Anti-settling agent (ef)

The antifouling coating composition of the present
invention may comprise an anti-settling agent (e6) in terms of
preventing the coating composition during storage from having

precipitates and allowing the coating composition to have improved

stirring properties.
[cossgl

its

Examples of the anti~settling agent (e6) include amine sa

ganoclay, polyethylene wax and polyethylene

O
)

of Al, Ca or Zn oI

oxide-based wax. In particular, the anti-settling agent (e6) is

ge)
Hs

eferaply polyethylene oxide~based wax. An example of

by B

iglly available products of the pclyethylene cxide-based

9]
9]

ame X

¢}

wax 1s “DISPARLON4Z200-20X” (manufactured by Kusumotc Chemical

B
—t

In the antifouling coating composition of the present

invention, the content of the anti-settling agent (e¢), with

=

\

respect to 100 parts by weight of the copolymer (A), is preferably

T
Qs

0.1 to 100 parts by weight, more preferably 0.1 to 50 parts by
weight. The content of the anti-settlingagent {(e6), with respect

o 100% by weight of the antifouling ccating composition
{(containing & solvent), is usually about 0.1 to 20% by weight,

preferably about 0.1 to 10% by weight. When the content of the



1

™Y

[83]

0

«

anti-settling agent (e6) is set within these ranges, it is possible
to improve the storage stability of the antifouling coating

2

composition; and moreover when the formation of the antifouling

coating film is followed by the formation, on such an antifouling
ati £1ilm £ 1 £41 - £] £33 d of
coating £ilm, of a ceoating film (over-coating film) ccmposed of

~

the same kind of coating composition (antifouling coating
composition) or different kinds of coating compositions, it is

possible to prevent the decrease in the adhesion between the
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inter
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antifouling coating ayer
adhesion, over cocating properties).

10090]

By employing the copolymer (A}, which has good storage

‘

stability, the antifcouling coating composition of the present
invention has excellent storage stability, and as needed, may have

a dehydrating agent (e7) added therein in order to have further

bility. The dehydrating agent

[1}

excellent long-term storage st
(e7) is preferably at least one dehydrating agent selected from
the group consisting of synthetic zeolite, anhydrous gypsum and

gvypsum hemihydrate, as an inorganic dehydrating agent; and

~s

alkoxysilanes such as tetramethozxysilane, tetraethoxysilane,
tetrabutoxysilane, tetraphenoxysilane, methyltriethoxysilane,
dimethyldiethcexysilane and trimethylethoxysilane, their

condensation products, i.e., polyalkoxysilanes, orthoformic acid
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kyl esters such as methyl orthoformate and ethyl orthoformate,
as an organic dehydrating agent. The content of these dehydrating
agents (e7), with respect to 100 parts by weight of the copo
(A}, 1s preferably 0.1 to 50 parts by weight.
5 6. Solvent ()
i

i.._l

Y

me

t

nvention may comprise a solvent

The antifouling cecating composition of the present
solvents in order to a

(F) such as water and orxganic
1low the copolymer {A) and the like to have
increased dispersibility and to control the viscosity of the
10 cemposition. As the solvent (F), the antifouling coating
composition of the present invention may comprise a soclvent
employed when preparing the copolymer (R), or a soclvent separately
added when mixing the copolymer (A) with other optional
components.
15 [gcoul

)

20

(9]

FR
v

[

jail

Examples ©f the organic solvent include aromatic organic
sclvents such as xylene, toluene and ethylbenzene

as methylethylketone,

liphati

; ketones such
methyiisobutylketone and cyclohexanone;
he number of carpon atomsg: about 1 to 10, preferably
bout 2 toc 5) monovalent alcohols such as ethanol,

alcohol, n-butancl and isobutancl;
acetate and butyl acetate.
[0092]

isopropyil
ester solvents such as ethyl
The contenz

of the sclvent

—
xy
=

he antifouling coating
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composition of the present invention, with respect to 100% by
welght of the antifouling coating composition, i1s usually 20 to
80% by weight, preferably 30 to 70% by weight.

r0093]

[Producticon method for antifouling coating composition]

The antifouling coating composition of the present
invention may be produced through the appropriate use of a known
method. An exemplary method is such that the copolymer {(A), and
compenents (B) to (F) as needed are added to a stirring container
at a time or in an arbitrary order, and then these components are
mixed by known stirring and mixing means to disperse or dissoclve
the componerits in a sclvent.

100941

As described above, 1t is preferable that after the

copolymer {(A) and the like are dispersed or dissolved in a solvent,

amide wax (for example, DISPARLONG30-20X and the like) is added,

3]

]

nd dispersed for example for about 10 to 20 min, to prepare the

antifouling coating composition. This ispreferable because upon

+
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applying th ing coating compesition on a

¥

substrate, the occu

b

rence of sagging can be decreased.

d

{00953

Examples of the stirring and mixing means include a

n

high-speed disperser and a sand-grinding mill, basket mill, a

ball mill, & three-roll mill, a Ross mixer and a planetary mixer
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and a universal Shinagawa agitator.
[6096]
[Antifouling coating film and antifouling substrate]
The antifouling coating f£ilm of the present invention is

prepared by letting the antifouling coating composition c¢f the

o

v

present invention dry naturally or subjecting the antifouling
coating composition of the present invention to drying means such
as a heater, to thereby cure the composition.

[0097]

The antifculing substrate of the present invention is formed
by coating a substrate (target, material toc be coated) with the
antifouling coating composition ¢f the present invention by
coating means such as an air spray, an airless spray, a brush and
a roller, or by impregnating a substrate with the antifouling
coating composition of the present invention, and subiecting the
coating compositicn, which is used to coat or impregnate the
substrate, to, for example, natural drying (temperature of about
room temperature) or drying means such as a heater, to dry and
cure the composition to thereby form the antifouling coating £ilm

on the subsitirate.

[0098]
The substrate used herein, whichis not particularly limited,
is preferably a substrate contactingwith seawater or fresh water.

Iy

Specific examples thereof include underwater structures such as
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supply and exhaust ports of various power plants (thermal power

plants an dru lear power plants), ceoastal roads, undersea tunnels,

-

harbor facilities, and siudge-diffusion prevention films
employed for various ocean/river civil engineering works such as
canals and water channels; ships such as FRP ship (particularly,
a part of a ship ranging from its waterline part to its ship
bottom); and fishing materials such as fishing gear such as rope
and fishing nets, flcats and buocys.

[0099]

r~
L

Examples of materials for these substrates, particularly
for ships, are steel, aluminum and wood. Examples of materials

for fishing nets are natural or synthetic fibers. Examples of

-t

ri

M

Qs

materials for floats and buoys are synthetic resins The mat

of the substrate isnot particularly limited as long as antifouling

properties and the like in water are required for the substrate.

In the case of the surface of these substrates, particularly

¢t
o
jad]
[a3
O
h

a ship bottom and the i1ike, usually, a steel-made substrate

surface is under-coated with a primer such as an anticorrosiv

[y

coating material to give a primer-treated substrate, and the
surface of the primer-treated substrate surface is coated by the

method as described above one time or plural times with the

antifouling coating composition of the present inventiocon

o
o
pos
th

1fovling paint). Then, the antifouling coating composition
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used for coating or impregnating {in particular when a substrate
is fishing net or the like) is cured to forman antifouling coating

ilm. As a result, the antifouling coating film is provided which

Hh

is excellent in properties preventing the adherence of aquatic
creatures such as sea lettuce, barnacle, green laver, serpula,
oyster and bryozoans for a long term (antifouling properties,
particularly static antifouling properties); and particularly
when the antifouling coating film contains an antifouling
component {fcr example, copper or copper compounds {component C),
organic antifouling agents {component D)), the antifouling
component can be gradually released over a long period of time.
[0101]

When the subs te is a ship {(particularly its bottom), an
underwater structure or the like {(generally, the substrate surface
may be primer-treated or have a layer formed from any cf epoxy
resins, vinyl resin-based paints, acrylic resin-based paints and
urethane resin-based paints), such a substrate surface is coated
with the antifouling coating composition plural times
{(chick=-ceoating: thickness of the filmdried: about 100 to 600 um),

3

and thereby the resultant antii

t‘n

Joont

ouling substrate exhibitis

-
fa
4
0

i

®

S 4as we

ct

excellent antifouling proper! appropriate

plasticity and excellent crack resistance with good balance.

—

01021

Regarding the production of the antifouling substrate, when



ot
o

15

the substrate is, for example, a steel plate or fishing net with

o
Q.

eteriorated antifouling coating film, the substrate surface
may be directly coated with the antifouling coating composition

of th

6]

present invention, or may be directly impregnated with the
antifouling coating composition of the present invention (when
the substrate is fishing net or the like). When the substrate
is made of a steel, the substrate surface may be previously cocated
with a base material such as an anticorrosive and a primer to form
a pase laver, and then the surface of the base layer may be coated
with the coating composition of the present invention. For the
purpose of repairing, the antifouling coating £film of the present
invention may further be formed on the surface of a substrate on
which the antifculing cocating film of the present invention or

a conventional antifouling coating film has been formed.

The thickness of the antifouling coating fiim, which is not
particularly limited, is for example about 30 to 250 um per coating
operation when the substrate is a ship or an underwater structure.

(0104

[
Lok

As described above, the underwater structure having the
antifouling ceoating f£ilm of the present invention can prevent
aquatic creatures from adhering thereto over a long period of tine,
and as a result thereof, the underwater structure can maintain

its functions over a long periocd of time. The fishing net having



the antifoulin

43
coating £ilm of the
possibility of environmenta
ogyi
creatures.
5

pollution

present invention
1
clogging as a result of the preventi

has less
and is prevented from
n of the adherence of agquatic
EXAMPTES
r01ns]
Hereinafter, with reference to Examples, the present
vention i1s further specifically described, but the present
10 invention is limited inno way with these Examples. Int
cf “Example $” denotes "%
[0106]
{Production Example Al
15

(-

condenser,

the section
by weight” unless otherwise noted

a thermometer,

Under nitrogen atmosphere,
stirring device

dropping funnel was charged with xylene in an amount o

20

A reaction vessel eguipped with a stirring device, a reflux
a nitrogen-introducing

vessel was heate

tube and
unti

[l
£5
vessel reached 8

the

(4}

1 the tem

el
e

T

o)

t
while xylene was stirre

Q.
<
¢t

Wi
peratu

ct

e

[ws
5

re

+
-

&
under an atmospnerlc pressure,

o
W

=

th

the

re
xyl
eaction vessel at 85°C, a monomer mix
by weight of TIPSMA
eight o

ac
ne i
While keeping the temperature of xylen

Al

(M

tion
{+
1 -

of

)

TIPSA |

EA (ethyl acry

ot

rii

1
}_x

the reaction
opr

opY

riiscopropylsilyl methacrylate)

[

e i
comsosedof
lsilvyl acryi
late),

i
ko

10 parts by weight of MMA

ate), 10 parts by weight

{methyl



10

fIsy
o=

methacrylate) and 1 part by weight of AMRBN
(2,2'~azobis(Z—methylbutyronit;iie})wasaddedintofﬁuareaction
vessel with the dropping funnel over a period of 2 hours.
[0107]

Subsequently, 0.5 parts by weight of t-butylperoxyccitoate
was further added to the reaction vessel. Under atmospheric
pressure, while the liguid temperature in the reaction vessel was
kept at 85°C, stirring was performed for 2 hours with the stirring
device. Then, the liquid temperature in the reaction vessel was
raised from 85°C to 110°C, and heating was performed for 1 hour.
Thereafter, into the reaction vessel, 14 parts by weight of xylene
was added and the liguid temperature in the reaction vessel was
lowered. When the liquld temperature reached 40°C, stirring was
stopped. Thereby, a copolymer solution (Al) containing a

silyl (meth)acrylate copolymer (polymer (A)) was prepared.

In accordance with test conditions in “Evaluation of
properties of (co)polymer sclution and (co)polymer” described
later, the heat residue content (% by weight) of the resultant
copolymer solution {(Al) was calculated, and the weight average
molecular weight (Mw) of the polymer contained in the solution

\

was measured {(Results are set forth in Table 1).

-
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[Production Examples AZ to Al6 and Preduction Examples Bl to B7]
The same procedure as in Production Example Al was performed

except that a monomer mixture having a formuiation shown in Table

1 or Takle 2 was used instead of the monomer mixture used in

Production Example Al. Thereby,

§3
[©]
[
|t
W
et
=
@
-t
g
033
0
=
M
[
1h5
+
@

{co)polymer sclution (Al) containing a silyl (meth)acrylate

copolymer (polymer (A)) w

3]

5 prepared, and its heat residue was

calculated, and the weight average molecular weight (Mw) of the

(co)polymer was measured.

ey
O
=
)
o
o

In Tables 1 to 4, (co)polymer solutions A2 to Al6 and

utions Rl

¢t
O

B7 re

},,,,l
iy

(co)polymer so er to solutions contalning

(coypolymers obtained

3
3

P
o
i

roduction Examples A2 to Alé and

>roduction Examples Bl to B7, respectively.
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{01137
[Example 1)
<Preparation of antifouling ccating compocsition>

th

W

Q.

A plastic container {volume: 1000 ml) was charge .

xylene in an amcunt of 18.2 parts by weight as a solvent, and

trimethyl isobutenyl cyclohexene carboxylic acid (50% xylene

ftuN

solution) as the component B in an amount of 4.0 parts by weight.
These components were mixed with a paint shaker until trimethyl

iscbutenyl cyclohexene carboxylic acid became uniformly

dissolved in xylene.

o
Jod
ot
nN
et

o

Subseguently, to the plastic container, the polymer

th
; 3

sclution Al in an amount of 18 parts by weight was added and mixed
with a paint shaker until uniformly dispersed or dissolved.

Thereafter, to the plastic container, additives (1) (3.0 parts
by weight of talc ¥C-1, 4.0 parts by weight of zinc oxide (zinc
oxide No. 3), 45 parts by weight of cuprous oxide NC301, 0.3 part

by weight of Novoperm Red F5RK, 2.0 parts by weight of titanium

white R-5W, 1.0 part by weight of copper ocmadine (copper

P

b

pyrithione) and 2.0 parts by welght of DISPARLON 4200-20X) wer

®
&)
M

added and stirred with a paint shaker for 1 hour to disperse th
cemponants.
[0115]

After dispersing, 2.5 parts by weight of DISPARLON €30~-20X



on

fomd
w

20

50

was added and stirred for 20 minutes with a paint shaker. Then,
the mixture was filtered with a filtering net (opening: 80 mesh),
and the residue was removed o obtain a filtered material (coating
composition Al). Manufacturers and the like of the above various

additives are set forth in Table 8.

clleé

sy
neeed

Using the resultant coating composition, in accordance with
test conditicns described in “Evaluation of coating material
properties”, various properties were evaluated. Results are set
forth in Table 5.

(G117

-

[Examples 2 to 24 and Comparative Examples 1 to 9]

'5

-

The same procedure was performed as in Example 1 except that

the solvent, the polymer solution, the component B and the

[Rees

additives (1) that were used in Exanp

D

e 1 were changed as shown
in Tables 3 and 4, to prepare a coating composition, and various
coating material properties were evaluated. Results are set
forth in Tables 5 and 6.

ro1leg]

Th

b

coat

bt

ng compositions A2 to A24 and the ccating
compositions Bl to B9 that are shown in Table 5 and 6 are the coating

compositions obtained in Examples 2 to 24 and Comparative Example

L to 9, respectively.
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(031237
[Evaluation of properties cf (co)polymer solution and
(co)polymer]

(1) Content of heat residue in (co)polymer sclution

1.5 g (X1 (g)) of the ({(co)polymer solution was kept in a

f,_‘ -

thermostat chamber at 1 atmospheric pressure at 108°C for 3 hours
to remove volatile contents, whereby a heat residue (non-volatile

contents) was obtained. Subsequently, the amount (X; (g))} of the

Y i

]

resultant heatr residue (non-volatile contents) was measured.

{

Based on the following equation, the content (%) ¢f the heat
residue contained in the {(co)polymer solution was calculated.

10124)

I

Content (%) of heat residue = X

N
~
>

hes
X
} L
o
<

(2) Average molecular weight of (co)polymer

The weight average molecular weight (Mw) of the {co)polymer
was measured by GPC (gel permeation chromatography) under the
following conditions.

GPC conditions

RApparatus: “HLC-B120GPC” (manufactured by Tosoh Corporation)
Column: “SuperH2000+H4000” (manufactured by Tosoh Corporation,
6 mm {(inner diameter), 15 cm {length) for each column}

Eluent: tetrahydrofran (THF)

Flow rate: 0.500 ml/min

Detector: RI
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Column thermostat chamber temperature: 40°C
Standard substance: polystyrene
Sample preparation method: To the (co)pelymer solution prepared

a small amount of calicium chloride

I_J
e
[¢)]
jo3)
O
av]
al
[}
Q.
ol
9]
i
E_l
e}
=
xa}
k]
2
3
8]
@

was added to dehydrate the solution, which was followed by

filtration with a membrane filter. The obtained filtered
material was defined as a sample for GPC measurement.

e
<
fousd
Ny
(@3]

By using an E-type viscometer {manufactured by TOKI SANGYO

@]
O
=

TD.)Y, the viscosity (unit: mPa-s) at a liguid temperature

25°C cf the (colpolymer scolution was measured.

R

ation acceleration test (Evaluation of

V2]

{4) Coating £ilm deterio

coating film appearance and adhesion)

A sandblasted plate {150 mm =x 70 mm x 2.6 mm) was coated
by using an applicator with an epoxy-based coating material (epoxy
AC coating material, product name: “Bannoh 5007, manufactured by

Chugoku Marine Paints, Ltd.) such that the thickness of the film

dried would be 150 um, followed by curing, to form a cured coating
film {150 um}. Subseqguently, the cured coating film was coated
by using an applicator with an epoxy binder coating material

(product name: “Bannoh 500N”, manufactured by Chugcku Marine

0

Paints, Ltd.) such that the thickness o

I

[

i

Fh

the m dried would be
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100 um, followed by curing, to form a cured coating £ilm (100 um) .
Thereby, a test plate was prepared.
10127)

Subsequently, the test plate (surface of the cured coating

a3}

ilm formed from epoxy binder coatingmaterial) was coated by using

an applicator with the coating composition of any of the abov

D

1

n

¢t
0]

Examples and Comparative Examples such that the thickness of
film dried would be 130 um, which was followed by drying at 22°C
for 1 day, to form an antifouling coating £ilm (150 um). Further,
this antifouling coating film surface was coated with the above
coating composition such that the thickness of the filmdried would

be 150 um, which was followed by drying at 23°C for 7 days, o

th
l_l-
h

orm an antifouling coating film. Thereby, a test plate with
- -

an antifouling coatin

0
-
foi-
ot
=

was prepared.
[c1zsej

The resultant test plate with the antifcouling coating film
was immersed in artificial seawater at 50°C. Every one month

fter the immersion, the appearance and adhesion cf the

2%

cating

0

4.

fod-

-
E_J
[__J
=3
=,
o
]
} T
s
<
D
n
ot
,_J.
Q
n
¢f
[
Q,
O
Q
193}
)]
(o3
Q
]
¢t

he following evaluationcriter

Evaiuation of Appearance

The degree of fracture of the antifouling coating film
surface of the test plate with the antifouling cecating f£ilm was

visually observed, and was evaluated in accordance with JIS
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K5600-8-4 shown in the fcllowing Table.

10130]
Table 7
Evaluation Point (RN) Classification of Fracture Amount
0 None
1 Density |
2 Density 2
E Density 3
101313

Evaluation of Adhesion

The antifouling coating £ilm surface of the test plate with

the antifouling ceoating film was slit with an NT cutter so as to

transverse direction with one line spaced from another line by

3 L

4 mm, and this resulted in the formation of 9 squares on the coating
film surface. On the coating film surface having the squares,

a Cellotape (trade mark; was press-ceontacted and then guickly

£. Then, the sguares were observed. Subseqguently,

O
h

peeled
provided that the area of the 9 squares was 100%, the percentage
(%) of the area of the coating film remaining on the sguares

{remaining area) after the peeling operation was calculated, and

dnesicn was

—

based on the following evaliuation criteria,

W

evaluated.

[Adhesion evaluation criteri

for
s3]

ot

ng film is 85% or mere.

(=N

C: the area of the remaining coat

1: the area of the remaining coating film is 75 to less than 95%.
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2: the area of the remaining coating film is 50 to less than 75%.

3¢ the area of the remaining coating film is less than 50%.

(5) Coating film consumption property test

nd

o

Fach ceoating composition cbtained in Examples
Comparative Examples was applied by using an applicator on a hard
vinyl chloride plate (50 mm x 50 mm x 1.5 mm) such that the thickness

3

of the film dried would be 150 um and dr

|,~J..

ed, to prepare a test

s
¢

plate.
[0133]

The resultant test plate was attached to a rotating drum,
and whe rotating drum was lmmersed in seawater. At a seawater

temperatu cf 30°C, the drum was rotated at a circumferential

5
M

knots, and the thickness of the film consumed was

h
|—J
o

speed ©
measured every one month. In addition, the monthly average

at

[

C

Q

ng film consumption amount from the start of the immersion

(w
[
E._.! -
]

o 1z months thereafter was calculated. Further, coating film

ol

ppearance after 12 months from the start of the immersion was

observed and evaluated based on the following evaluation criteri

j¥3)

.

‘Evaluation criteria of

0O
0]
v
ot
F 7.
]
Qq
th
lﬂJ
"_._l
=
@
ke
fe!
[$)]
o))
e}
0
]
)
6

AA: the antifouling coating f£ilm surface has no cracking.

—_—
@)
w
[
|3
o+
E_J
@]
5]
"
rf
r_!
ih
o}
j
F_A
o]

2

ke
g
O

e}
0
=
o+
’_J .
[0}
{n
ot
®
[0}
ot




A sandblasted plate (300 mm x 100 mm x 3.2 mm) was coated

by using an air spray with an epoxy-based coating material (epox
Y J¢ J¢

AC coating material, oroduct name: “Bannch 5007, manufactured by

Chugoku Marine Paints, Ltd.) such that the thickness of the film
5 dried would be 150 um, which was followed by curing, to form a
cured coating £ilm (150 ym) . Subsequently, the cured coating £ilm

was coated by using an air spray with an epoxy binder coating
material (product name: “Bannoh 500N”, manufactured by Chugoku

.} such that the thickness of the film dried

(4]
ft
o3
¢
03]
=
ot
.

Marine P
10 ould be 100 pm, which was followed by curing, to form a cured

coating film (100 uym}, to thereby prepare a test plate.

n
ju
]
by

ate | ace of the cured coating

T
L_l

Subsegquently, the test

film formed from the epoxy binder coating material) was coated

‘

15 by using an air spray with the coating composition of any of the

1

amples and Comparative Examples such that the thickness of the

E"J

fiim dried would be 150 pm, and then the composition was dried
at 23°C for 1 day to form an antifouling coating fi
Further, the antifcouling coating film surface was coated with the

20 above coating composition such that the thickness of the filmdried
wouid pe 156 um, and the then composition was dried at 23°C for
7 days to ferman antifouling coating £ilm. Thereby, a test plate
with an antifouling coating film was prepared.

[0136]
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The resultant test plate with the antifouling coating f£ilm

[
[0}

was stationarily immersed in Nagasaki bay, Nagasaki Prefectu

"

e}
<}
o
H
~
O
3
[
3
O
!
fmi
j=y
Q
)
®

after the immersion, the percentage (%) of t

-

[
I...
n

area of the antifouling coating £ilm on which aquatic creature

were adhered {adherence area) was measured wherein the total area

h

of the antifouling coating film of the test plate is defined as
100%, and based on the following evaluation criteria the static

antifouling properties were evaluated.
[Evaluation criterial

0: the adherence area is 0%.

8]

0.5: the adherence area is 0 to 10%,

10 to less than 20%.

s
¢3]

1: the adherence aresa

20

poi-
1

ct
Q
'__l
M
53
2]
Tt
oy
)]
2
O
oA

2: the adherence area

3: tne adherence area i1s 30 to less than 40%.

o
o\°

4: the adherence area is 40 to less than 5

O3
} A
n
u
o
ot
O
r -l
D
[en)
e

5: the adherence area

}-

(7} Storage stability test

The viscosity at 23°C of each coating composition

immedia

(1

ely (within cone day) after prepared in Examples and

1

a3

[

Comparative Examples (initial viscosity (Ku)) was measured in

[

¥

accordance with JIS K 5400 by using a stormer viscometer.

r'xj

urthermore, after each coating composition was stored in a 50°C

thermostat for 3 months, the viscosity at 23°C of each coating



composition (viscosity after storage (Kuj) was measured in

accordance with JIS K 5400 by using a stormer viscometer.

163!

ubsequently, increase of viscosity was calculated based on the

following eguation.

-
o
[
(a2
(86

f—

Viscosity Increase = Viscosity After Storage (K

Viscosity (Ku)
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[0140]

The present invention is described with reference to
embodiments hereinabove, but the present invention is limited in
no way by the above. The configuration and detail of the present

5 invention can have various modificaticons comprehensible within
the scope of the invention by a skilled perscn in the art.
(0141}

The present application claims priority from Japanese

lication No. 2011-248877 filed on November 14, 2011,

i
QO
1
®
]
1
B
i)
T
i
ot
1

10  and all of the disclosure therein is incorporated hereto.

INDUSTRIAL APPLICABILITY

The present invention is applicable to antifouling coating

15  compositions and antifouling coating films, and 1s therefore

emplovable for antifouling substrates.
pioy g
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CLAIMS

1. A silylacrylic copolymer for use as a binder component
of an antifouling coating composition, the silylacrylic copolymer
comprising a structural unit (1) derived from triisopropylsilyl
methacrylate (i), a monomer structural unit (2) derived from
triisopropylsilyl acrylate (ii) and a structural unit (3) derived
from a polymerizable monomer having a polymerizable double bond

(iii), which excludes the above (i) and (ii), the silylacrylic
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copolymer satisfying the following Reguirements 1 and 2;
Reguirement 1: the content weight ratio ([(1)+(2)]1/(3)) of
the total weight ((1)+(2)) of the structural unit (1) and the
structural unit (2) to the content weight of the structural unit
(3) is 50/50 to 90/10; and
Reguirement 2: the content weight ratio ((1)/(2})) of the

content weight of the structural unit (1) to the content weight

of the structural unit (2) is 60/40 to 95/5.

2. The silylacrylic copolymer according to Claim 1,
wherein the polymerizable monomer (iii) is an ester having a
polymerizable double bond, or a carboxylic acid having a

polymerizable double bond.

3. An antifouling coating composition comprising the

gsilylacrylic copolymer (A) as defined in claim 1 or 2.

4. The antifouling coating composition according to
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Claim 3, further comprisging a rosin and/or a monocarboxylic acid

compound (B) .

5. The antifouling coating composition according to
Claim 4, wherein the content weight ratio (Wa/Ws) of the content
weight (Wa) of the silylacrylic copolymer (&) to the content weight
(W) of the rosins and/or monocarboxylic acid compound (B) is

99.9/0.1 to 30/70.

6. The antifouling coating composition according to any
one of Claims 3 to 5, further comprising at least one selected
from the group consisting of a copper compound (C), an orgaiic
antifouling agent (D), other additive(s) (E) including a
plasticizer (el), an extender pigment (e2), a pigment dispersant
{(e3), a coloring pigment (e4), an anti-sagging agent (e5), an
anti-settling agent (e6) and dehydrating agent (e7), and solvent

(F).

7. An antifouling coating £ilm formed by curing the
antifouling coating composition described in any one of Claims

3 to 6.

8. An antifouling substrate formed by coating or

impregnating a substrate with the antifouling coating composition
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described in any one of Claims 3 to 6, and curing the cocating
compogition, which ig used to coat or impregnate the substrate,

to thereby form an antifouling coating film on the substrate.

9. The antifouling substrate according to Claim 8, which

contactes with seawater or fresgh water.

10. The antifouling substrate according to Claim 8 or 9,
wherein the substrate is at least one selected from the group

consisting of an underwater structure, a ship and a fishing gear.

11. A method for producing an antifouling substrate, the
methed compriging coating or impregnating a substrate with the
antifouling coating composition described in any one of Claims
3 to 6; and curing the coating composition, which is used to coat
or impregnate the substrate, to thereby form an antifouling

coating £ilm on the substrate.
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ANTIFOULING COATING COMPOSITION, ANTIFOULING COATING FILM AND
ANTIFOULING SUBSTRATE, AND METHOD FOR PRODUCING ANTIFOULING

SUBSTRATE

ABITRACT
The antifouling coating composition according to the

present invention includes a silylacrylic copolymer including a
structural unit (1) derived from triisopropylsilyl methacrylate
(1), a structural unit (2) derived from triisopropylsilyl acrylate
(ii) and a structural unit (3) derived from a polymerizable monomer
having a polymerizable double bond (iii), which excludes the above
(i) and (ii), the silylacrylic copolymer satisfies specific

reguirements. Thus, an antifouling coating composition that is
excellent in long-term storage stability and gives a coating film
excellent in long-term antifouling properties and long-term water

resistance can be provided.

(No Suitable Figure)



