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TECHNICAL

present invention relates to an antifouling

X
o

h
paint composition. More particularly, it relates to an
antifouling paint composition which is capable of
iﬁhibiting attachment and accumulation of marine
organisms and seaweeds on the underwater structures,

fishing nets and the ship bottom.

BACKGROUND ART

The submerged portions of.the ships and marine
structures are provided with an antifouling coating
containing rosin or organic tin for the purposs of

reventing corrosion or the drop of cruising speesd of the
ships due to attachment of marine éreatures such as
barnacles, teredos, and algae. Such an antifouling
coating is also provided on the nets used at the
nurseries of fishes or marine products f£or the purpcse of

shellfishes by the attachment of marine organisms on the
nets.

The antifouling effect of these antifouling
coatings is demonstrated as the rosin and antifouling

substance(s) contained in the coating are eluted into
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seawater. Thersfcore, when the coating is left immersed
in seawater for a long reriod of time, the =2luting

substance is gradually dacrezsed while the non-elutin
matter is left in the coating, and at the same time
coating surface becomes jagged, which tends to
evcessively reduce the effact of the coating to prevent
attachment ané accumulation of marine organisms. In the
case of organotin-containing sel? polishing type paint,
the coating surface 1s gradually dissolved away to
constantly renew the surface so that the antifouling
substance will be always kept exposed on the coating
surface to allow long-time retention of its antifouling
effect. This type of antifouling paint, howevef, hés a
possibility to give baneful influence to Iishes and
shellfishes because of strong toxicity of organic tin
contained therein. Thus, requast is intensifying in the
industry for the development of a self polishing type '
antifouling paint composition which is low in toxicilty
and capable of exhibiting its antifouling effect in the

sea for a prolonged period of time. Many studiss have

H

-
-

rpe paints free o

[Pl

bean made on the self polishing

organic tin. For example, JP-A-62-57464 and JP-A-62-
84168 describe the antifouling paint compositions using
the copolymers having a metal-containing group at the end
of the side chain. Also, JP-A-5-171066 discloses an
antifouling paint composition containing a cocpolymer

comprising a me+al-containing monomaI having 2 to 3

double bcnds, as a vehicle.
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the antifouling paints using metal-
containing copclymers such as descrited in

Lo aaa

nd JP-A-52-84168 merntioned above are reduced in their

3

self polishing action with time, so that theilr

antifouling effect can hardly last for a long pericd cf
time. TIf the metal content per polymsr molecular weight

is increased for improving the self polishing
characteristics of these antifouling paints, the formed
coating becomes hard and frail and tends to develoD
éracks or exfoliate.

On the other hand, the antifoulling paint using
a copolymer such as described in JP-A-5-171066, although
capable of maintaining its self polishing action for a
long period of time tends to have an insufficient rate of
consumption of the coating, hence is not necessarily
satisfactory in long-time antifouling effect of coating.
Also, the foamed coating tends to become hard and fragil
with the lapse of time, and further this type of paint is
unsatisfactory in 1its recoatability on the old coating
formed Zrom an organotin-based paint and so on, SO that

the recoating film tends to crack or exfollate.

DISCLOSURE OF THE INVENTICN

An object of the present invention is to
provide a self polishing type antifouling paint
composition which 1is capable of displaving an excellent

antifouling effect in seawater for a prolonged period of

time and also shows excellent crack resistance and
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recoating properties on the old coating formed frcom an

organotin-based paint and so cn.

s a rasult of extensive studiss on the subject

w

th

matter, the present inventors found that an antifouling

paint containing as vehicle a metal-ccntaining copolymer
consisting of specific polymerizable monomers 1s capable
of maintianing an excellent antifouling effact in

or a long period of time and also has excellent

th

seawater
recoatability on the old ceoating formed frecm an
organotin-based paint and so on.

The present inventibn provides an antiZfouling
paint composition containing as vehicle a copolymer from
a mixture of (a,) a metal-confaining polymerizaﬁle
monomer having two unsaturated gToups and {a,) a metal-

containing monomer represented by the following formula

(I):

whersin R! represents a hydrogen atom cr & methvl group;
M represents Mg, Zn or Cu:; and R* represents an organic

acid residue.

The present invention also provide an
antifouling paint composition containing as vehicle a
copolymer from a mixture of (a) a metal-containing
polymerizable monomer and (b) a polyme

represented by the following formula (II):
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f
CH, = C-Q-O R*-0-R° (II)
I
0
wherein R® rspresents a hvdrogen atom or a methyl group:

R' represents an alkyl group having 1 to 10 carbon atoms,
a cycloalkyl group cr & phenyl gzoup: and R® represents
an alkyl grcup having 1 to 10 carbon atecms, a cycloalkyl

group or a phenyl group.

BEST MODE FOR CARRYING OUT THE INVENTION

The métal-containing polymerizable monomer (a)
used as a constituent of the copolymer serving as a
vehicle in the present invention is a substance which can
afford a long-lasting high self polishing characteristics

to the formed coating and also shows an excellent

}—

antifouling effact. Preferably, it is selected from the
metal-containing polymerizable monomers (a.) having two
unsatuated groups or the metal-containing polyvmerizable
monomers (a,) represented by the formula (I) shown above.
Examples of the metal-containing polymerizable
monomers (a,) having two unsaturated groups usable in the
present invention include magnesium acrylats
[ (CH.=CHCOO):Mg], magnesium methacrylate [CH.,=C(CH,)CO00],

Mg], zinc acrylate [ (CH,=CHCOO0).Zn], zinc methacrylate

-

[ (CH.=C(CH;)C00):Zn], cOpper acrylate [(CH,=CHCO 0),Cul, and

opper methacrvlate [(CH =C(CH )C00.Cu]. These metal-
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containing polymerizable monomers (a,) may be used either

+ure of twe cr meore cI them as

When the term "(meth)acrylate” 1s useé in the present

4
}—
[§1]
t
o

specification, it means "acrvlate or methacry
The metal-containing polymerizable monomers
(a.) usable in the pressent invention ars thos=a
represented by the above-shown formula (I). In the
formula (I), R* represents a hydrogen &atom oz a methyl
group; M represents Mg, Zn or Cu as & metal; and R?

represents an organic acid residue. The organic acid

esidues include, for instance, those derziv

H

monovalent organic acids such as monﬁchlo:oacetic écid,
monofluorocacetic acid, propionic acid, octylic acid,
versatic acid, isostearic acid, palmitic acid, cresotinic
acid, @ -naphthoic acid, 3 -naphthoic acid, benzoic acid,
2,4,5—t:ichlcrophenoxyacetic acid, 2.,4-
dicblorophenoxyacetic'acid, quinolinecarboxylic acid,
nitrobenzoic acid, nitronaphthalenecarboxylic acid and
pulvinic acid. Cf these organic acid residues, the fatty
acid tvpe is especially preferred for the antifouling
paints and can provide a coating which can stay free of

oliation for a long period cI time.

5

th

ot

e}

cracks or ex

th

of the metal-ccntaining polvmerizable

n

Example
monomers (a;) representec by the above formula (I)
include, for example, magnesium monochloroacetate
(meth)acrylate ({meth)acrylate meaning acrylate or

methacrvlate in the s ecification) zinc monochlorcacetate

F
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copper monochloroacetate (methjacrylate,

A\ a~ -y - P —~
<z a, Z1INC

(meth)acrylate,
propionate (meth)acrylate, magnesium ociyiate

(meth)acrylate, ZxnC octvlate (meth)acrylate, copperl

octviats (meth)acrvlate, magnesium versatate

(meth)acrylate, zinc versatate (meth)acrylate, copper

versatate (meth)acrylate, magnesium palmitate

(meth)acrylate, zinc palmitate (meth)acrylate, CODper

paimitate (meth)acrylate, magneasiutm crasctinate
(meth)acrylate, zinc cresotinate (meth)acrylate, COPDPEr
cresotinate (meth)acrylate, magnesium ¢ -naphthoate

(meth)acryvlate, zinc a-naphthoate'(meth)acrylate,
copper a -naphthoate (meth)acrylate, magnesium o -
naphthoate (meth)acrylate. -inc 0 -naphthoatse

B -naphthoate (meth)acrylate,

magnesium penzoate (meth)acrylats, zinc benzoate

(meth)aczrylate, copper tenzoate (meth)acrylate,

magnesium 2,4,5—trichloroacetate (meth)acryliate, zinc

2.4,5—trichlorophenoxyacetate (math)

2,4,5-trichlorophenoxyacetate {m

2,4—dichlorophenoxyacetate (me

dichlorophenoxyacetate (meth)acryla e
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quinclinecarboxyvlate (meth)acrylate, magnesium
nitrobenzcate (meth)acrylate, zinc nitrotenzoaxe
(meth)acrylate, copper nitrobenzoate (meth)acrylate,
magnesium nitronaphthalenecarboxylate (meth)acryiate,
zinc nitronaphthalenecarboxylate (meth)acrylate, cCoODper
nitronaphthalenecarboxylate (meth)acrylate, magnesium
pulvinate (meth)acrylate, zinc pulvinate (meth)acrylate,
and copper pulvinate (meth)acrylate. These metal-
containing polvmerizable monomers (a,) may be used either
singly or as a mixture of two or more of them as
required. zinc-containing polymerizable monomers are
especially preferred.

Combined use of a metal-containing
polymerizable monomer (a,) having two unsaturated groups
and a metal-containing polymerizable monomer (&)
represented by the formula (I) as the metal-containing

olyvmerizable monomer (a) 1is preferred as the self

g
W

olishing of the formed coating are maintained for a long

R3

time and a sufficient rate of consumption of the coating
is exhibited. The combination of zinc (meth)acrylate and
fatty acid type zinc (meth)acrylate 1is especially
preferred.

The composition of the metal-containing

olvmerizable monomer (&) 1in the copolymer used as a

g

wehicle in the present invention is not subject to any
specific restrictions, but preferably it 1is within the
range of 10 to 80% by weight. A composition of 10% by

weight or more oI said monomer {(a) tends TC afford a
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pertinent self peclishing characteristics to the formed
coating, while the antifouling propertiszs of the coating
'tend +5 be maintained for a loag period of time when said
composition is made 80% by weight or less. The more
-prefarre@ range of said compositicn i1s Zrom 20 to 50% by
weight.

In case a2 metal-containing polymerizable
monomer (a,) having two unsaturated groups and a metal-
containing polymerizable monomer (&;) represented by the
‘formula (I) are used as the metal-containing
polymerizable monomer (&) which is a constituent of the

I

cf (&)

~—-

vehicle-forming copolymer, the ratio (mol3
_units/(azf unifs in the copolymer preferably £falls within
the range from 20/80 to 80/20. This 1is for the reason
that the ratio of 80/20 or below tends to provide a

satisfactory self polishing characteristics, while the

ct

nds to =2nable the formed

1

=

»

ratio of 20/80 or above

cating to maintain its self polishing characteristics

Q
n)

or a long period of time. The

H

said ratio is from 30/70 to 70/30.

The polvmerizable monomer (b) used as another
constituent of the vehicle copolvmer is the one
represented by the formula (II) and can afford excellent
rate of consumption and long-time s21f polishing

ack resistance

H

characteristics, as well as excellent ¢

being

-

]

(2

and peel resistance, to the formed coating b
combined with the above (&) component. Particularly,

when the above (a,) component is combined with the abov
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(b) compcnent, the rate of consumption cf the ccatin

-

(5
(e}
it
ct
oy
(5
—
f

be more enhanced as compared with tae us
compenent alone. Also, when the above (a:) ccmponent is
combined with the above (b) component, the long-time self
polishing characte:istics of the coating can be more
improved as compared with the use of the (a:) component
alone.

Examples cf the pclymerizable monomers (b)
include 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl
(meth)acrylate, phenoxyvethyl (meth)acrylate, 2-(2-

ethylhexaoxy)ethyl (meth)acr?late, l-methyl-2-

[

methoxvethvl acrylate, 3-methoxybutyl acrylate, 3-methyl-
Y v b Y Y Y

3-methoxyvbutyl acrvlate, m—méthoxypﬁenyl (meth)acrylate,
p-methoxyphenyl (meth)acrylate, o-methoxyphenvlethyl
(meth)acrylate, m-methoxvphenylethyl (meth)acrylate, and
p—methoxyphenylethyl (meth)acrylate. These monomers may
be used either singly or as a mixture of two or more of
them as reguired. Of'these monomers. 2-methoxyethvl
acrylate and 3-methoxybutyl acrylate are preferred.

No specific restrictions ars imposed on the
composition of the polymerizable monomer (b) in the
vehicle copolymer used in the present invention, but the
composition preferably falls within
90% bty weight. When the composition is set to De 1% by
weight or above, the formed coating tends to improve in

flexibility and crack and peel resistance, while a

-

composition of 290% by weight or below of said monomer (Db)
b

tends to make better the balance between crack and peel
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resistance of the fcrmed coating and its long-time self

polishing characteristics. The more preferred range of

said compositicn is from 5 to 60% by weight, even more

preferably from 10 to 50% by weight.

If necessary, there can be used an unsaturated

monomer
(c) copolymerizable with said monomer (a;), (&:) or (b)
as still another constituent of the copolymer used as

vehicle in the present invention. The monomer (c) used

in the present invention is not subject to any specific

restrictions as far as it is copolymerizable with said
monomer (a;), (a:) or (b). As such monomer (c), there
can be used, for instance, (meth)acrylic acid ester
nibiners such as 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, benzyl (meth)acrylate, phenyl

(meth)acrylate, iscbonyl (meth)acrylate, cyclohexyl

(meth)acrylate, and glycidyl (meth)acrylate:; hydroxyl .
group-containing monomers such as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-

hydroxypropyl (meth)acrylatte, 2-hydroxybutyl
(meth)acrylate and 4-hydroxybutyl (meth)acrylate: adducts
of 2-hydroxyethyl (meth)acrylate with ethylene oxide,

propylene oxide, y-butyrolactone or é&-caprolactone;

dimers or trimers such as 2-hydroxyethyl (meth)acrylate
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and 2-hydrcxypropyl (meth)acrylate: monomers having

plural hydroxyl groups such as glvcerol (meth)acrylate;
vinyl monomers containing primary and secondary amino
groups such as butylaminoethyl (meth)acrylate and
(meth)écrylamide: vinyl monomers containing tertiary
amino groups such as dimethylamincethyl (meth)acrylate,
diethylaminoethyl (meth)acrylate, dimethylaminopropyl
(meth)acrylate, dimethylaminobutyl (meth)acrylate,
dibutylaminoethyl (meth)acrylate, dimethylaminoethyl
(meth)acrylate, and dimethvlaminopropyl (meth)acrylate;
heterocyclic basic monomers such as vinvlpyrrolidone,
vinylpyridine, and vinycarbazole; and vinyl monomers such
as styrene, vinyltoluene, o -methylstyrene,

(meth)acrylonitrile, vinyl acetate and vinyl propionate.

These monomers may be used either .singly or as a mixture

of two or more of them.

The composition of the unsaturated monomer (c )
in the copolymer as a vehicle copolymer used in the
present invention is not specifically defined, but it is
preferably in the range from 0 to 89% by wesight for the
reason that by defining the composition to be 89% by
weight or below, the formed coating is provided with
hydrolyzing properties and tends to be made

favorable

tetter in balance between the long-time self polishing

characteristics and crack and peel resistance. The more

preferred range of said composition is from 7 to 75% by
weight, even more preferably from 10 to 60% by weight.

The preparation process for the copolymer used
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as vanicle in the present inventicn is not specified; it
can, for instance, De producedé from & orocess which
comprises mixing said monomers and reacting this mixture

initiator at

3

in the presence of & radical polymerizatio
60 to 160°C for 5 to 14 houIs. As ths polymerization

method, there can oe employed solution polymerization in
which the reaction is carried out in an organic solvent,

as well as cther methods such as emulsion polymerization

and suspension polymerization, but employment of solution

- polymerization using an ordinary organic solvent such as

toluene, xylene, methyvl isobutyl ketone, n-butyl acetate
or the like 1is advantageous in Terims 0f productivity and
procduct ﬁerformance.

The copolymer serving as & vehicle in the
antifouling paint composition of the present invention is
preferably used in a ratio of usually 20 to 25% DY weight
(solids) as resin.compcnent in the composition. This is
pased on the fact t+hat ths presence of the resin
component in a proper content is conducive to the

improvement of coating properties such as crack

resistance anc also makes it easier to contain a

sufficient amount of the antifouling toxicant in the
antifouling paint composition to 1et it maintain high

antifouling perfermance.
The antifouling aint composition of the
b= k

present invention comprises said copolymer as vehicle, soO

that the formed coating can hold antifouling performance.

The antifouling performance can pe further enhanced by
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containing an antifculing toxicant.

The anzifouling toxicant usz2d in the
antifouling paint composition of the present invention
can be properly selected according to the product

performance requirement. There can be used, for

instance, coppery antifouling toxicarnt such as cuprous

th

oxide, copper thiocyanate and copper powdsr, compounds ©
other metals such as lead, zinc, nickel, =tc., amine
derivatives such as diphenylamine, nitrile compounds,
benzothiazole compounds, maleimide compounds, pyridine
compounds, and the like. These substances may be used
either singly or as a mixture of two or more of them.

In the antifouliné paint'compositioﬁ of the
present invention, it 1is also possible to blend a silicon
compound such as dimethyl polysiloxane or silicone oil or
a fluorine-containing compound such as carbon Zluoride

(==Y

imparting lubricity to +he coating

H,

for the purpcse ©
surface to prevent aftachment of crganisms. It 1is
further possibie tc blend where necessary &l extender
pigment, color pigment, plasticizer, various types of
paint additives, other resins, etc., in the composition
of the present invention.

For forming a coating by using the antifouling

paint composition cif the present invention, said

fo

composition is coated either directliy or after applying

rimer coat with a washer rimer, chlorinated —ubber or
P

ace of a base

.
ar

[(H]
n
th

epoxy primer, cr an intercoat, on th

such as ship. fishing net, or underwater structure such
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as port facility, cil £fence, bridge, submarine
by a means such as brush ccating,

spray coating, roller ccating, deposition coating, etc.

The amount of coating of the compesition is usually such

as will provide a coating thickness cf 350 to 400 Xm &5
Drving of the coat is tsually conducted at

room temperature, but 1t may be performed under heating.

The present invention 1is further illustrated by
the following examples and comparative examples, but the
present invention 1is not restricted by these examples in
any way. In the following Examples and Comparative

Examples, all "parts” are by weight unless otherwise

noted.

Examples 1-13 and Comparative Examples 1-4
Thirty parts of propylene glycol methvl ether

(PGM) and 40 parts of »ylene were supplied into a four-

necked flask preovided with a condenser, a thermometer, &

dropping funnel and a stirrer, and heated to 100C wit

stirring. Then a mixture of the monomers and

polymerization initiator shown in Table 1 was added

dropwise from the dropping funnsl at a constant rate over

a period of 3 hours. After completion of the dropwise

addition, one part of t-dbutyl peroctoate and 10 parts of

xylene were further added dropwiss over & pericd of 2

hours, followed bv 2-hour stirring and succeeding

addition of 20 parts of xylene TO obtain the wvehicle

copolymer sclutions A1-A13 and Bl-34 having the property
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values shown 1in Table 1.

rnus obtained copolvmer solutions Al-

o]
]
e
W
to]
rt
D

A13, there wers prepared +he antifouling paint
compositions (Examples 1-13) according ©o the
formulaticns shown 1n Taple 2. Also, using the copolymer
solutions Bl-B4, there were prepared the antifouling
paint compositions of Comparative Txamples 1-4 accerding
to the formulations shown in Tables 2. Turther, using a
tributyltin methacrylate/methyl methacrylate copolymer
solution C1l (solid content: 50%; tin content in soliés:
20%; solvent: xylene), there was prepared an antifouling

paint composition of Referential txample 1 according to

[\

+he formulation shown 1in Table
The above antifouling peint compositions were
then subjected to a coating consumption test, an

antifouling test and a crack and peel test in the

following ways-.

ng consumpticn test

‘_I.

(1) Coaﬁ
Each of the antifouling paint compositions was
applied on a S0 x 50 x 2 mm thick hard vinvl chleoride

1

plate to a dry cecating thickness cf 240 &tLm, and the
coated plate was secured to & submergedé rotary drum. The
drum was rotatsd at & peripheral speed of 15 knots, and

the consumed coating thickness on the plate secured to

the drum was measured every three months. The results
are shown in Table 3.

(2) Antifouling test

Each of the antifouling paint compositicns was
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applied on a sandblasted and antirust-coated steel plate

to a drv coating thickness of 240 Lm to maks a test
plate. The test plate was kept stationarilyv immersed in

seawater in Hiroshima Bay. Hiroshima Prefecture, for 36

(m)
v

morths, and the area (%) of the plate incrusted with
extraneous matter was examined every six moaths. The
results are shown in Table 4.

(3) Crack and pesei tes

Each of the antifouling paint compositions of

Examples 1-13 and Comparative Examples 1-4 was applied on
the following bases (1),(2)and (3) to a dry coating
+hickness of 240 Zm to make the test plates (&), (3) and

(C). The test plate (C) has been coated with the same

antifouling paint as used in making the base (3).

Base (l1): A sandblasted steel plate with antirust
coating.
Base (2): A 240 uUm thick coating of the antifouling

ial Example 1 was

t

paint composition of Referen
formed on the base (1), and this was immersed
in sterized and filtered seawater fcor three

months and then dried at rocm temperature for

1

one week.
Base (3): A 240 um thick coating of each of the
antifouling paint compositions of Examples 1-
13 and Comparative Examples 1-4 was formed on
the base (1), and this was immersed in
sterilized and filterad seawater for three

months and then dried at room temperature for
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The tzst plates (&), (E) and (C) wera immersed
in sterilized aad filtered seawater IoX 12 months. Thevy

ware taken out of seawater every ¢ months

or one week, and the ccnditlion

H
o]
]
3
ct
L
3
g
]
H
b
ct
[
H
(b
[\
O
th

£ the coating was observed. The

@)

condition was indicated by % when the ccating was free

of cracks and peeling: O when the coating was partly
cracked; 2 when the coating was partly peeled; and
when the coating was cracked and peeled allcver. The
results are shown in Table 5.

Tn the case of the antifouling paint
compositions of Comparativé Exampies 1-4, although some
of them showed self polishing characteristics for a
prolonged periocd of time, these compositions had a

tendency to deteriorate in recoatability on the old

coating of an organoctin-containing coating, etc.. Alsco,
+he coatings formed with these compositions were cracked

and peeled. In contrast, the antifouling paint
compositions of the present invention (Examples 1-13)
using the Copolymers Al1-Al2 showed long-time self
polishing characteristics and excellent antifouling
performance, and had good recoatability on the cld
coating of an organotin-centaining coating etc., and

thair coatings had high crack and peel resistance.

£

Industrial Applicability

The coating formed from the antifouling paint
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composition of the present invention exhibits excellent

antifouling effect &s it is dissolved into seaw
ceonstantly at a pertinent rate and capable of maintaining
its self polishinag characteristics for 2 long period o=
+ime, and also has excellent recoatability on the old
coating such &s formed from an organotin-based paint and
so on. Thus, th2 product of the present invention 1is
very beneficial to the industries as 20 antifouling
coating for preventing attachment of marine organisms and

seaweeds tTO submerged structures. fishing nets and the

bottom of ship.



Table 1

Al A2 A3 A4 AS
Metal-éontaining Zinc acrylate 12 16 8 12
polymerizable monomers Zinc methacrylate
(a,)(parts) Copper acrylate - 1 16 B
_MeLal—conLaining Zinc versatate acrylate s |24 12 18
polymerizable monomers Zinc versatate methacrylate -
(a;) (parts) Zzinc isostearale aérylate
Zinc isostearate methacrylate -
Copper versatate acrylate 24
Polymerizable monomers 2-Methoxyethylacrylate _ 25 35
(h)(parts) 3-Methoxybutylacrylate
3-Mcthyl-J3-methoxybutyl acrylate S
| Unsaturaled monomers MeLhyl methacrylate 20 10 10 30 )
(¢cY(parts) ELthyl acrylate 50 50 50 25 |35
—Polymerization initiator | t-Bulyl peroctoate 5 q 6 i e -
{parts)
Property value Garduer viscosity (25T ) -1 | -4 43 +4 Y
lleating residue (wt%) %0.2 L«w 9 149.4 {50.9 |50.1

£002 4290100 0l



Table 1 (Cont'd)

AG

A7

AB

A9 Al0 | a1l [Aa12 [a13 [B1 B2 B3 B4
16 6 8
12 6 35 B 35
16 40 40
24 9
28 9 35 | 35
12
12
24
10 10 10 10 10 13 40
40 40 30 40 30
125
10 13 13 5 10 5 40
10 {35 10 47 25 10 25 34 60 50 60 20
4 3 |7 5 1 4 6 |5 3 3 1.5 [0.7
T21 | 4w +21 X Y | +22 |+z Y +S +W +R |+
50.6 |50.3 | 51.1]49.7 |50.4 [50.9 |50.5|49.7 |50.3[49.3|50.2}149.8

4

[Re]

€002 4890100 0}
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Table 2

Example

Comparative

Example

Referantial

Fxample

¢ T7 18 |9 [ro{n 12

13

2 3 4

3

40

40

10

40

410

40

40

40

|40

€00¢ 18qoi00 0l



Table 2 (Cont'd)

Cuprous oxide |20 [20 [20 [20 [20 [20 [20 [20 [20 J20 |20 V20 [20 |20 [20 [20 [20 |20

Z2inc oxide 15 {15 {15 {15 |15 {15 |15 {15 |15 |15 |15 |15 |15 {15 |15 |15 |15 |15 )
Silica powder |3 |3 |3 [3 [3 {3 {3 |3 |3 |3 v 13 |13 |3 |3 {3 |3 |3

Disperon 4200 [1 {1 |1 |1 |1 [ |1 |1 |1 v |1 |1 |2 |r 11 |1 |1 1

Xylene 8 |8 (1w ls s |8 |5 108 |8 {10 [8 |8 |5 |5 |5 |5 |5

(Note) Disperon 4200 (made by Kusumoto Kasei K.K., anti-sagging agent)

NS
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Table 3

Example
1 2 3 4 5 6 7 b 9 10 {11 J12 13

Consumed 3 months 16 28 8 16 32 35 28 15 18 19 13 30 52
coaling 6 months 30 53 14 29 56 63 51 25 34 33 23 55 95
Lhickness |9 months a8 |79 |21 |43 |82 {90 |75 |35 {51 {a7 {32 |79 137
(/tm) 12 months |64 |106 |25 |56 |108 {115 [100 |44 |68 {60 |40 |104 |181

15 months |81 |130 |32 |71 | 137 |144 [127 {55 |85 |76 |52 [130 |222

18 months |96 |152 |37 |84 |161 {170 |141 {64 |[100 {90 {61 |154 |-

51 wmonths |110 |174 |42 |97 |186 | 196 | 165 |74 |115 {102 |71 |180 |-

24 months (123 {197 |46 |110 {210 | 221 |188 {82 131 |124 {80 |203 |-
Monthly average of 5.1 18.211.9 4.6 |8.6 |9.2(7.8]3.4|5.5{5.2{3.3|8.5 |[14.8
consumed coating |
thickness (ftm)

Note) In Example 13 the coating applied of aboul 240 /tm was entirely consumed after 18

months.
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Table 3 (Cont'd)

T’"‘}T’T’i’j‘?’—f~
4 17 e
s |6 118 a0
B3 9 |18 4
12 —ts |2
Te |18 |4
19 |18 12
21 <8 la
e

_—/———‘——-‘—’/-/——1

Comparative Example

[ 2]
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Table 4

Example Comparative
Example
T 12 13 14 |5 6 |7 |8 |9 |10 11 {12 }13 1 |2 13 4
Trirasted |6 months |0 |0 o o jo jo o [0 )0 o 1o (o jo |o }o 10 |70
area (1) |12 months|o (o (o |o Jo |o jo jo 4o 30 10 o (o Yo o {70 {100
5 months 10 o [0 (o |o o jo 1o 1o 1o 1o |o [0 |o |too {100
T4 wonths o 1o o [o (o fo jo jo o o (0O ;0O 0o |10 |0 |100 |100
3o months 1o 1o o |o o {o jo jo jo jo {6 10 10 30 |30 | 100 {100
3¢ wonths 1o |0 |10 o |10 jo o (o O o o o |o |70 |50 |100 {100

9]
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.Table 5
Example Comparative
Example
12345678—9—101112]311_234
Crack and |6 months |a |O |© |© |0 (O |0 |O O O |0 |o o o lo o |o lo
peel IRICHICHICRIcRIcRIcRICRICRICEICHICRICEIC R ICIIO IO
resistance clo|lo|lo |6 |o|o|olo|o|o |o|o oo |6 oo
12 months | |[© |O |© |© |O0 |0 |0 (0 |0 |0 |6 |0 o |0 |6 |0 |0
BlOo |0 |[0|a|alo|0o 0|0 |olo oo |0 |x |x |6
clo o100 © |0 |0 |0 |o|o |olo|o o |o|o

N
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10 October 2003

1. An antifouling paint composition comprising, as
a vehicle, a copolymer from a monomer mixture comprising
of (a.) a metal-containing polymerizable monomer having
two unsaturated groups and (&.) a metal-containing

polymerizable monomer represented by the following

formula (I):

wherein R! represents a hydrogen atom or & methyl group:;

M represents Mg, 7zn or Cu; and R® represents an organic

acid residue.

2. An antifouling paint compcsition comprising., as
a vehicle, a copolymer from a monomer mixture comprising
(2) a metal-containing polymerizable monomer and (b) a

polymerizable monomer represented by +he following

formula (II):

wherein R? represents a hvdrogen atom or & methyl group:
R' represents an alkyl group having 1 to 10 carbon atoms,

a cycloalkyl group or a phenyl groub; and R® represzants
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an alkyl group having 1 to 10 carbon atoms, & cvcloalkyl

group or a phenyl group.

-

3. An antifouling paint composition according to

L—

Claim 2, wherein the metal-containing polymerizable

monomer (&) is a metal-containing polymerizable monomer

(a,) having two unsaturated groups.
4. 2n antifculing paint composition according to
Cclaim 2, wherein the metal-containing polymerizable

monomer (a) is & metal-containing polymerizalbe monomex

'(a,) represented by the formula (I):

|
‘CH, = Cc-C-0-M-R? ' (1)

wherein R! represents a hydrogen atom or a methvl group:

M represents Mg, Zn oOr cu:; and R®* represents an organic

acid residue.

5. An antifouling paint composition according to
Claim 2, wherein the metal-containing polymerizable

monomer (a) is a mixture of (a.) & metal-containing
polymerizable monomer having two unsaturated groups and

{a;) a metal-containing polymerizable monomer represented

py the formula (I).



